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NOTICE

Medicine is an ever-changing science. As new research and
clinical experience broaden our knowledge, changes in treat-
ment 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 possibil-
ity of human error or changes in medical sciences, neither
the authors nor the publisher nor any other party who has
been involved in the preparation or publication of this work
warrants that the information contained herein is in every
respect accurate or complete, and they disclaim all responsi-

bility for any errors or omissions or for the results obtained
from use of the information contained in this work. Readers
are encouraged to confirm 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 administration. This recom-
mendation is of particular importance in connection with
new or infrequently used drugs.
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Preface to the First Edition

We wrote this book to provide a multidisciplinary approach
to the full implications of a fetal sonographic or chromo-
somal diagnosis—from prenatal management to long-term
outcome—for an affected child. We believed that what we,
our colleagues, our trainees, and our patients needed was a
compilation of available information to answer many of the
questions that parents ask when a fetal anomaly is diagnosed.

In our experience, pregnant patients frequently receive
conflicting information about the prognosis for the infant,
depending on the sometimes narrow perspective of a sub-
specialist. The diagnosis and management of a fetus with
an anomaly requires that an expertise be developed outside
the traditional boundaries of the existing specialties of ob-
stetrics, pediatrics, and surgery. These traditionally defined
disciplines do not serve us well in addressing problems that
exist outside our usual practice. By convention, pediatric care
begins with the birth of an infant; however, we believe that
pediatricians and pediatric surgeons can significantly con-
tribute to the care of the fetus, their future patient. Similarly,
obstetricians who do not generally provide medical care to
the infant after delivery might enhance their antenatal care
by being better informed about pediatric prognoses and out-
comes. Pediatric surgeons who operate on fetuses or infants
with congenital anomalies have more in common with peri-
natologists and neonatologists than with their other surgical
colleagues. The problem-orientedmultidisciplinary team ap-
proach has analogies in other specialties, such as cardiology,
where the cardiologist, cardiac surgeon, and radiologist all
focus on heart disease.

This book’s intended audience consists of practition-
ers who care for fetuses or neonates with sonographically
detected anomalies, and who seek prenatal and postnatal
information regarding specific conditions. Included in this
audience are general obstetricians, perinatologists, genetic
counselors, neonatologists, pediatricians, pediatric subspe-
cialists, and pediatric surgeons. We have also included infor-
mation on some of the common chromosomal aneuploidies
that may be detected when karyotyping is performed for a
sonographic abnormality. Although the book is directed to-
ward a medical audience, prospective parents were never far

from our minds while we were writing. Most of the chapters
were written by imagining that the prospective parents were
in our offices seeking advice regarding the abnormal fetal
finding. We have attempted to provide a balanced, scholarly,
nondirective approach tomanagement, whichmay differ sig-
nificantly from what prospective parents may find on the
Internet. Each chapter has a consistent format to facilitate
locating specific kinds of information.

We have personally treated patients with most if not all
of the conditions described within the following chapters as
part of our collaborative work that began in the Fetal Diagno-
sis and Treatment Program at New England Medical Center
and Tufts University School of Medicine in Boston in 1993.
While the three of us brought to each case our individual
approaches based on our different subspecialty training, we
collectively recognized the need to present a coordinated and
comprehensive plan to parents faced with a diagnosis of a
fetal abnormality. Dr. Bianchi is a pediatrician, neonatolo-
gist, and medical geneticist who is interested in the correla-
tionofpediatric outcomewithprenatal sonographicfindings;
Dr.Crombleholme is a pediatric surgeonwhohas also trained
in fetal surgical intervention. He writes extensively on the
possibilities for surgical treatment of these diverse conditions
and provides important information on long-term outcome.
Dr. D’Alton is an obstetrician and perinatologist with exper-
tise in antenatal sonographic diagnosis of anomalies.

Because our approach was unique, we felt that a multi-
authored textbook would not specifically address the mul-
tiplicity of expertise necessary to care for the fetal patient.
In establishing our Fetal Treatment Program we worked col-
laboratively to bring our individual training, experience, and
knowledge base to each fetal patient on whom we consulted
and whom we treated. We wanted this book to be more than
a mere collation of facts; we wanted a cohesive approach to
diagnosis, management, and in some cases, treatment of the
fetal patient. We felt that in order for this book to reflect this
approach it would be best for the three of us to have input
into each chapter.

Finally, wemust sharewith the reader that themost dif-
ficult aspectofwriting thisbookwas selectinga title.Although
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we, as the authors, were in complete agreement regarding the
body of knowledge and clinical information we wanted to
convey, it did not fit simply or neatly into a single existing
medical specialty. While it is the general obstetrician or peri-
natologist who first suspects (and diagnoses) an abnormality
in the fetus, it is the pediatric medical or surgical special-
ist who will ultimately treat the newborn infant. In many
medical settings, however, prospective parents of a fetus with
an abnormality never meet with any pediatric specialists, let
alone members of a fetal treatment team. After much debate,
we selected the title, Fetology: Diagnosis & Management of the
Fetal Patient to indicate that the focus of this book is on the
diagnosis and the overall management of the fetal patient.
No one medical specialty is devoted to the care of the fetus.
By definition, therefore, fetology requires a multidisciplinary
team approach.Wewrote this book as a summary of available
information for ourselves, our colleagues, our trainees, and

our patients to answer many of the questions that are asked
when a fetal anomaly is diagnosed.

Fetology, however, is an evolving field. Many of the
subtle prenatal sonographic findings in this book have only
recently been described.We therefore await future clinical re-
search to provide further information on the long-term clin-
ical significance of many of the fetal findings reviewed here.
We hope that this reference serves to increase recognition of
the unique aspects of caring for the fetal patient.Wehope that
by viewing conditions from both the prenatal and postnatal
perspective, we will foster collaboration between the existing
medical specialties, and ultimately benefit the care of fetal
patients and their families.

Diana W. Bianchi, MD
Timothy M. Crombleholme, MD

Mary E. D’Alton, MD



Preface to the Second Edition

We are delighted to introduce this updated edition of our
original textbook, which was intended to provide a multidis-
ciplinary approach to the full implications of a fetal sono-
graphic or chromosomal diagnosis—from prenatal manage-
ment to long-term outcome—for an affected child.

Over the last decade since the publication of the first
edition we have received considerable feedback from both
patients and our colleagues regarding the strengths and areas
needing improvement in the original text. Efficient access to
a compilation of available information to answermany of the
questions that parents ask when a fetal anomaly is diagnosed
has been warmly embraced. Our colleagues have found the
layout of the text to be helpful to extract the relevant pieces
of information that they seek during a patient consultation.
Frequently thismay involve a rapid review of the sonographic
features of a particular abnormality, while at other times it
may require a synopsis of current surgical approaches to the
repair of a complex malformation. Since 2000, the field of
obstetric imaging has advanced rapidly, making many of the
images in our original text dated and not reflective of con-
temporary imaging capabilities. This has required a com-
plete review of all supplied images and we are grateful to our
colleagues and patients for their assistance in providing the
significantly improved illustrations in this latest edition. An-
other novel feature of this edition is the availability of succinct
Key Points at the beginning of each chapter. This allows for
rapid review of a particular condition when perhaps only a
few moments are available for review between patient visits
during a busy clinic.

As with the first edition of Fetology, we remain con-
vinced that the diagnosis and management of a fetus with
an anomaly requires that an expertise be developed outside
the traditional boundaries of the existing specialties of ob-
stetrics, pediatrics, and surgery. The problem-oriented mul-
tidisciplinary team approach, as illustrated by Fetology, has
analogies in other specialties, such as cardiology, where the
cardiologist, cardiac surgeon, and radiologist all focus on
heart disease.

This book’s intended audience remains practitioners
who care for fetuses or neonates with sonographically de-

tected anomalies, and who seek prenatal and postnatal infor-
mation regarding specific conditions. Included in this audi-
ence are general obstetricians, maternal-fetal medicine sub-
specialists, genetic counselors, neonatologists, pediatricians,
pediatric subspecialists, and pediatric surgeons. As well as in-
cluding information on some of the common chromosomal
aneuploidies that may be detected when karyotyping is per-
formed for a sonographic abnormality, we have also included
new chapters summarizing contemporary approaches to first
and second trimester screening for aneuploidy. First trimester
screening, in particular, has undergone marked changes in
standards and potential over the last decade. This includes
sonographic techniques, serum markers, and novel ways of
combining these approaches.

Although the book is directed toward a medical au-
dience, prospective parents remained in our thoughts while
we were updating the text. Most of the chapters were written
by imagining that the prospective parents were in our offices
seeking advice regarding the abnormal fetal finding. We have
attempted to provide a balanced, scholarly, nondirective ap-
proach to management, which may differ significantly from
whatprospectiveparentsmayfindon the Internet. Each chap-
ter has a consistent format to facilitate locating specific kinds
of information.

Fetology beganas a collaborativework at theFetalDiag-
nosis andTreatmentProgramatNewEnglandMedicalCenter
andTuftsUniversity School ofMedicine inBoston in 1993. By
2000, the original Boston team had dispersed to various aca-
demic medical centers throughout the United States, and to-
day the authors represent a diverse international team of fetal
medicine experts, spanning maternal-fetal medicine, neona-
tology, genetics and pediatric surgery. While the four of us
brought to each case our individual approaches based on our
different subspecialty training, we collectively recognized the
need topresent a coordinated and comprehensive plan topar-
ents faced with a diagnosis of a fetal abnormality. Dr. Bianchi
is a pediatrician, neonatologist, and medical geneticist who
is interested in the correlation of pediatric outcome with pre-
natal sonographic findings; Dr. Crombleholme is a pediatric
surgeonwhohas also trained in fetal surgical intervention.He
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writes extensively on the possibilities for surgical treatment
of these diverse conditions and provides important informa-
tion on long-term outcome. Dr. D’Alton is an obstetrician
andmaternal-fetal medicine specialist with expertise in ante-
natal sonographic diagnosis of anomalies. Dr. Malone is also
amaternal-fetal medicine specialist who has spearheaded the
development of new approaches to aneuploidy screening, as
well as directing an international multidisciplinary fetal ther-
apy program.

We have remained loyal to our original premise that a
multi-authored textbook would not specifically address the
multiplicity of expertise necessary to care for the fetal patient.
Each section of our Fetal Treatment Program has been devel-
oped collaboratively by the four of us to bring our individual
training, experience, and knowledge base from each fetal pa-
tient whom we have consulted on and treated. We hope that

our book remainsmore than amere collation of facts, but in-
stead is a cohesive approach to diagnosis, management, and
treatment of the fetal patient. Each of the four of us therefore
have had input into each chapter.

As with the first edition of Fetology, we hope that this
reference serves to increase recognition of the unique aspects
of caring for the fetal patient. We hope that by viewing con-
ditions from both the prenatal and postnatal perspective, we
will foster collaboration between the existingmedical special-
ties, and ultimately benefit the care of fetal patients and their
families.

Diana W. Bianchi, MD
Timothy M. Crombleholme, MD

Mary E. D’Alton, MD
Fergal D. Malone, MD
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CHAPTER

Prenatal Imaging

Key Points

■ In most cases, ultrasound is the method of choice
for imaging the fetus, and the majority of pregnant
women in the United States undergo at least one
ultrasound.

■ Sonographer skill and experience play a great role
in the accuracy of ultrasound.

■ Ongoing quality assurance is important.

■ There have been exciting advances in the field of
prenatal imaging within the past few years
including three-dimensional ultrasound and fetal

magnetic resonance imaging, and the future holds
the promise of great breakthroughs.

■ It is expected that imaging modalities will continue
to improve, and it is hoped that techniques utilized
in the fields of noninvasive prenatal diagnosis will
continue to advance.

■ Accurate prenatal diagnosis of fetal abnormalities
improves patient care by optimizing patient
counseling and allowing for informed patient and
physician decision-making.

INTRODUCTION

The development and practice of fetology has been depen-
dent on advances in the field of prenatal imaging. Without
the ability to accurately visualize the structure andwell-being
of the fetuswithin its own intrauterine environment, it would
not be possible to diagnose or treat the range of abnormali-
ties that can now be addressed by the multidisciplinary fetal
health care team. Rapid advances in the technologic basis of
two imaging methods—ultrasonography and magnetic res-
onance imaging (MRI)—have resulted in highly accurate vi-
sualization of the fetal anatomy.

PRENATAL ULTRASONOGRAPHY

Development

Ultrasonography in obstetrics was first introduced in the late
1950s and has since become the method of choice for imag-

ing the fetus. Gray-scale imaging became available in 1973
and resulted in an enhancement of the ability to differentiate
the appearance of various organs and tissue interfaces. The
advent of real-time sonographic scanning during the 1970s
was vital for the accurate visualization of the constantlymov-
ing fetus. The subsequent development of higher frequency
transabdominal and transvaginal transducers in the late1970s
resulted in vast improvements in the resolution of fetal im-
ages and also pushed back the gestational age barrier for ac-
curate prenatal diagnosis into the late first and early second
trimesters (D’Alton, 1998).

The 1980s saw innovations in obstetric sonographic
technology, including the use of pulsed and color Doppler
sonography, which allowed for detailed analysis of fetal per-
fusion and improvements in the visualization of fetal car-
diac anatomy.More recent advances include the development
of power Doppler, which displays the strength of a Doppler
signal rather than the direction of flow. This technique is
useful in fetal imaging for low-flow states and may aid in the

3
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definition of fetal tumors and assessing placental function
(Ogle and Rodeck, 1998). Three-dimensional ultrasonogra-
phy is now also available for fetal imaging and has revolution-
ized the field of prenatal imaging by allowing simple sono-
graphic acquisition of a “block” of fetal tissue (Timor-Tritsch
and Platt, 2002). Postacquisition computer processing allows
reconstruction of any number of planes through the organ
of interest as well as producing real-time surface rendering
images of the fetus.

Controversies

Ultrasonographic imaging is an integral part of obstetric
practice today. In the United States, it is performed in the
majority of all pregnancies (Horger andTsai, 1989;Goncalves
and Romero, 1993;Martin et al., 2002). Sonography has been
used routinely for accurate dating of pregnancy, confirmation
of pregnancy location and number of gestations, prenatal di-
agnosis of congenital malformations, and assessment of fetal
well-being (American College of Obstetricians and Gynecol-
ogists, 2008). With the increasing availability of ultrasound
equipment, theperformanceofobstetricultrasonographyhas
grown to the point that, in some countries, one or more ul-
trasound examinations are recommended during all preg-
nancies (Royal College of Obstetricians and Gynaecologists,
1994).

Studies evaluating the performance of ultrasonography
in pregnancy have yielded conflicting results. A comprehen-
sive meta-analysis of more than 30 studies assessing the per-
formance of routine prenatal ultrasound in screening for fetal
malformations reported detection rates ranging from 13%
to 82% with a mean of 27.5% (Levi, 2002). Detection rates
have been shown to vary according to the nature and sever-
ity of the anomaly with higher detection rates achieved for
major structural malformations than for minor malforma-
tions (Grandjean et al., 1999). The inconsistent performance
of the second trimester anatomic survey may also be ex-
plained by variations in the populations screened and differ-
ences in the facilities at which the ultrasounds are performed.
For example, both the Helsinki and RADIUS trials demon-
strated significantly higher detection rates when screen-
ing ultrasounds were performed at tertiary care facilities
than when the ultrasounds were performed at community-
based facilities (Crane et al., 1994; Saari-Kemppainen et al.,
1994).

Apart from the detection of congenital abnormalities,
obstetric ultrasonography can be expected to be beneficial
in other aspects of pregnancy management. The routine use
of obstetric ultrasonography has been shown to reduce the
rate of postterm pregnancies and to reduce the use of to-
colytic medications, both because of an improvement in the
accuracy of pregnancy dating (Saari-Kemppainen et al., 1990;
LeFevre et al., 1993). In addition, the routine use of obstet-
ric ultrasonography has been shown to significantly increase
the early detection of multiple gestations, which is essential if
appropriate modifications in pregnancy management are to
be applied (LeFevre et al., 1993).

While the RADIUS Trial did not demonstrate any im-
provement in overall perinatal outcome from routine obstet-
ric ultrasonography, this study has been criticized because of
its poor performance in the detection of anomalies (Ewigman
et al., 1993;Goncalves andRomero, 1993).Other studies have
demonstrated a significant reduction in perinatal mortality
following routine obstetric ultrasonography, mostly because
of an increase in the rate of pregnancy termination for con-
genital anomalies (Saari-Kemppainen et al., 1990). While an
initial meta-analysis of four randomized clinical trials of rou-
tine versus indicated ultrasonography also confirmed a sig-
nificantly lower perinatal mortality rate in patients allocated
to routine scanning (Bucher and Schmidt, 1993), another
more recent review failed to confirm a perinatal mortality
advantage in the general population from routine obstetric
ultrasonography (Neilson, 1998).

Impact of Skill and Experience

Perhaps the most likely reason for the significant discrep-
ancy in the sensitivities of ultrasonography for the detec-
tion of anomalies is the effect of the skill and experience
of the sonographer. There is undoubtedly wide variation in
the skill levels of sonographers between different centers that
practice obstetric ultrasonography. In the RADIUS Trial, for
example, there was a significant difference in the rates of
anomaly detection between participating tertiary and non-
tertiary level centers (Crane et al., 1994). Nontertiary level
centers detected only 13% of congenital anomalies in the
RADIUS Trial and were unable to detect any craniofacial,
cardiac, gastrointestinal, or skeletal malformations. Tertiary
level centers performed significantly better, detecting 35% of
anomalies (Goncalves andRomero, 1993).Other studies have
also demonstrated that in expert hands, second trimester ul-
trasound can detect more than 70% of fetal malformations
(Boyd et al., 1998; Van Dorsten et al., 1998).

In a retrospective study from Vienna, the impact of
sonographer experience was demonstrated by a wide varia-
tion in rates of anomaly detection between different centers
with different skill levels (Bernaschek et al., 1996). In that
study, the overall anomaly detection rate was only 22% for
obstetric ultrasonographyperformed inprivate obstetricians’
offices, 40% in general hospitals, and 90% for ultrasonogra-
phy performed by experts in fetal imaging.

Because of the clear association between the skill or
experience of the sonographer and rates of anomaly detec-
tion, it has been suggested that obstetric ultrasonography
should be performed only in tertiary level centers, where up
to four times asmany fetuses with anomaliesmay be detected
(DeVore, 1994). However, it is not clear that all pregnant pa-
tients will have equal access to tertiary level centers, which
may be especially problematic in rural or other underserved
areas.

Accreditation and Maintenance of Standards

Given the influence of the sonographer’s skill and ex-
perience on the rate of anomaly detection for obstetric
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ultrasonography, it is logical toexpect thatbasic standardsand
requirements for the performance of ultrasonography be de-
lineated. However, in theUnited States there is nomandatory
requirement for licensure or accreditation for practitioners
who provide obstetric ultrasonography services. Minimum
standards are described only in the form of suggested guide-
lines, and any form of accreditation is entirely voluntary in
nature.

The American Institute of Ultrasound in Medicine has
suggested minimum qualifications for all practitioners in-
volved in obstetric ultrasonography (American Institute of
Ultrasound in Medicine, 1993). One of the key components
of such qualification is the completion of an approved res-
idency program, or the performance and interpretation of
at least 500 obstetric ultrasound examinations. Furthermore,
the American Institute of Ultrasound in Medicine now ac-
credits obstetric ultrasonography practices, which involves
evaluation of the credentials of sonographers, quality of fe-
tal images, type of ultrasound equipment, methods of data
storage, and presence of quality control measures in place
(Abuhamad et al., 2004; American Institute of Ultrasound in
Medicine, 2005).

Safety

Theoretical safety risks from ultrasound energy include ther-
maldamageor cavitation,with subsequent tissue injury.Most
prenatal ultrasound examinations produce energies of 10 to
20 mW/cm2, which is well below the arbitrarily defined safe
cutoff level of 100 mW/cm2 (American College of Obste-
tricians and Gynecologists, 2008). Newer prenatal imaging
methods, such as those that use power Doppler, may be asso-
ciated with higher energy outputs, which reinforce the need
to continuously monitor power output during prenatal ul-
trasonography and to achieve the lowest possible energy ex-
posure.

Randomized trials on the safety of diagnostic ultra-
sonography in pregnancy have demonstrated no significant
differences in developmental, neurologic, or psychologic out-
comes, with up to 12 years of follow-up (Stark et al., 1984).
One study did demonstrate a nonsignificant increase in the
frequency of dyslexia in the group exposed to ultrasound in
utero, as compared with the group with no ultrasound expo-
sure (Stark et al., 1984). A subsequent study evaluating school
performance and dyslexia in groups exposed and not exposed
to ultrasound in utero found no differences in any outcome
measures, although there was an association between left-
handedness and in utero ultrasound exposure (Salvesen et al.,
1992, 1993). One study has also suggested an association
between frequent ultrasound exposure in utero (five ultra-
sound examinations) and growth restriction, although this
has not been confirmed by other investigators (Newnham
et al., 1993).

Overall, it appears that routine ultrasonography in
pregnancy is not associated with any adverse outcome for the
fetus. Repeat ultrasound examinations should be performed
only as indicated.

Current Role

The four main roles of prenatal ultrasonography in contem-
porary obstetric practice are

1. to confirm fetal gestational age and number;
2. to search for fetal malformation;
3. to confirm fetal well-being; and
4. to aid in the performance of invasive diagnostic and ther-

apeutic fetal procedures.

The ability of prenatal ultrasonography to accurately
confirm fetal gestational age and number of fetuses is self-
evident. The RADIUS Trial demonstrated a significantly de-
creased chance of postterm induction of labor following
accurate sonographic dating of pregnancy and a signifi-
cant increase in the prenatal detection of multiple gestations
(LeFevre et al., 1993).

The ability of prenatal ultrasonography to diagnose
fetal malformations, both as a screening tool and for tar-
getedexaminations,has alsobeenconfirmed. Inexperthands,
screening ultrasonography can be expected to detect approx-
imately 70% of all fetal malformations (Boyd et al., 1998; Van
Dorsten et al., 1998). However, the detection rate for individ-
ual anomalies varies significantly. While almost all spinal,
renal, and abdominal wall malformations are detected by
screeningprenatal ultrasonography, thedetection rate for iso-
lated cardiac defects is only approximately 50% (Boyd et al.,
1998; Flood and Malone, 2008). Efforts to increase the
second trimester detection rate ofDown syndromeby includ-
ing soft markers for aneuploidy (such as short femur, short
humerus, echogenic bowel, nuchal thickening, and choroid
plexus cysts) may be successful, although it is likely that any
such improvement will be accompanied by an increase in the
false-positive rate (Nyberg et al., 2001; Bromley et al., 2002;
Filly et al., 2004). See Chapters 2 and 3 for further discussion
of first and second trimester screening for Down syndrome.

Prenatal ultrasonography also plays a crucial role in
the confirmation of fetal well-being, especially following the
identification of a fetal abnormality or a condition associated
with a high risk of adverse fetal outcome. Fetal biophysical
profile and pulsed Doppler assessment of fetal arterial flow
maybeused for identifying fetuseswith compromised reserve
that may benefit from either intensive surveillance or elective
premature delivery (American College of Obstetricians and
Gynecologists, 2008).

The ability to perform invasive prenatal diagnostic pro-
cedures safely, as well as fetal therapy, has been significantly
improved by real-time ultrasonography (American College
of Obstetricians and Gynecologists, 2008). Diagnostic proce-
dures during the first trimester, such as chorionic villus sam-
pling and embryofetoscopy, are now commonly performed
under ultrasound guidance. Amniocentesis, fetal blood sam-
pling, vesicocentesis, thoracentesis, and fetal biopsies are also
possible because of the availability of real-time ultrasonog-
raphy. The ability to treat the fetus using blood transfusions,
drug infusions, and shunt placement is now also possible as a
result of advances in sonographic technology and availability.



6

Part I Introduction

Figure 1-1 3D image of a fetal face at 24 weeks’ gestation.

Three-dimensional ultrasound

Three-dimensional (3D) ultrasound allows for multiplanar
imaging enabling the examiner to move back and forth be-
tween different planes due to the capability of viewing the
fetus in three rather than two spatial planes (Figure 1-1). Im-
ages can be reconstructed and the examiner can move the
fetus into ideal desired positions that are often not possible
with conventional ultrasound. In addition, 3D scanning en-
hances imaging capabilities by permitting surface rendering
of a structure. Acquisition of data points through the en-
tire volume of interest is required to produce 3D ultrasound
pictures. Acquisition quality depends on acquisition speed.
Slow speeds result in more scanned slices and are used for
nonmoving organs. Fast speeds are preferable for moving
structures. The “four-dimensional” (4D) real-time imaging
technique requires ultrafast acquisition. 4D ultrasound dis-
plays a continuously updated and newly acquired volume in
any renderingmodality. This creates the impression of amov-
ing structure (Timor-Tritsch and Platt, 2002).

Previously, it was thought that 3D ultrasound provides
only aesthetic images without contributing to prenatal diag-
nosis. There are no accepted indications for 3D ultrasound in
obstetric practice at this point. Fewoutcome studieshave con-
firmed whether or not this technology changes practices or
clinical outcomes (Lee, 2003; American College of Obstetri-
cians and Gynecologists, 2008). Nonetheless, this technology
is rapidly advancing and has been shown to be helpful. It
appears to be useful as an adjunct to 2D ultrasound in fetal
echocardiography and in thediagnosis and further evaluation
of certain fetal anomalies such as cleft lip andpalate and skele-
tal anomalies (Dyson et al., 2000;Garjian et al., 2000; Johnson
et al., 2000;Sepulvedaet al., 2003;Romanetal., 2004;Sklansky
et al., 2004; Merz and Welter, 2005). Goncalves et al. (2006)
recently conducted a study that evaluatedwhether or not con-
ventional ultrasound adds important information to 3D/4D
imaging (Goncalves et al., 2006). Fifty-four fetuses without
abnormalities and45 fetuseswith 82 abnormalities diagnosed
by 2Dultrasoundwere evaluated. Agreement between 3D/4D

and 2D ultrasound occurred in 90.4% of cases. Six anomalies
were missed by 3D/4D when compared to 2D ultrasound.
There were also two discordant diagnoses. There was one
abnormality suspected by 3D/4D ultrasound, which was not
confirmedby2Dultrasound.The sensitivity and specificity of
3D/4D ultrasound and 2D ultrasound was 92.2% and 76.4%
and 96.1% and 72.7%, respectively. This was not found to be
a statistically significant difference. The authors concluded
that the findings of 3D/4D ultrasound are consistent with the
findings from 2D ultrasound.

PRENATAL MAGNETIC RESONANCE
IMAGING

Development

While ultrasound remains the imagingmodality of choice for
the fetusdue to itswidespreadavailability andreasonable cost,
it has several limitations. These include small field of view,
limited soft tissue acoustic contrast, poor image quality in
pregnancies complicated by oligohydramnios, beam attenu-
ation by adipose tissue, and limited visualization of certain
fetal structuresat latergestational ages, forexample, theposte-
rior fossa after 33 weeks of gestation due to bone calcification
(Garel et al., 1998; Coakley et al., 2004). MRI is now being
used in conjunction with ultrasound to provide additional
information for prenatal diagnosis. The advantages of MRI
include the use of multiple planes for reconstruction and a
large field of view making the visualization of complicated
anomalies easier.

MRI has been available for clinical use formore than 20
years, but in more recent times its role in prenatal diagnosis
has increased significantly. Use of MRI was first described in
pregnancy in 1983 (Smith et al., 1983). Its initial application
was for maternal and placental abnormalities. The potential
for MRI in prenatal diagnosis was recognized early on, with
reports of imaging of fetal abnormalities (Lowe et al., 1985;
McCarthy et al., 1985; Weinreb et al., 1985). A serious lim-
itation of these early attempts at prenatal MRI was the long
acquisition times of standard spin echo images. The amount
of fetalmovement that would occur during image acquisition
degraded the images obtained.Thenoise associatedwithMRI
scanning made the likelihood of a fetus sleeping motionless
during the study very small. The quality of the images that
were possible prompted the use of paralyzing agents admin-
istered either by intramuscular injection into the fetus or um-
bilical cord injection to obtain motion-free spin echo images
(Daffos et al., 1988). The invasive nature of this approach
dampened the initial enthusiasm for prenatal MRI.

During the early 1990s, ultrafast MRI sequences and
fast scanners, such as echo planar MRI, were developed
(Johnson et al., 1990; Mansfield et al., 1990). Fetal MRI be-
came practical due to the development of single-shot rapid
acquisition sequence with refocused echoes. This high qual-
ity T2-weighted sequence has a slice acquisition time of less
than 1 second and essentially “freezes” fetal motion (Kiefer
et al., 1994; Semelka et al., 1996; Levine, 2001). The ultrafast
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Figure 1-2 Fetal MRI demonstrating a normal fetus at 28 weeks’
gestation.

scanning technique eliminates, or significantly reduces, the
artifacts caused by fetal movement, making fetal sedation or
paralysis unnecessary for prenatal MRI (Hubbard and Harty,
1999; Levine, 2001) (Figure 1-2).

These ultrafast sequences are now being successfully
employed in imaging the human fetus (Garden et al., 1995;
Levine et al., 1996; Hubbard et al., 1997a, 1997b, 1998;
Yamashita et al., 1997;Quinn et al., 1998;Hubbard andHarty,
1999; Levine, 2003a). Fetal anatomy has been well visualized
by MRI scanning in fetuses more than 18 weeks of gesta-
tion and is increasingly being used as an adjunct to prenatal
ultrasound examination in the evaluation of structural fetal
anomalies, facilitating appropriate prenatal counseling, and
guiding fetal therapy (Levine et al., 1996; Quinn et al., 1998;
Hubbard andHarty, 1999). Themain indication for fetalMRI
is further evaluation of inconclusive ultrasound findings. It is
also useful for evaluationprior to fetal surgery (Levine, 2004).
Definitive indications for fetalMRI have not been established
and recommendations are based on case reports, small case
series, and expert opinion (Coakley et al., 2004).

Safety

Provided that there is no maternal contraindication, most
studies suggest that MRI is safe in pregnancy as it allows
the acquisition of excellent soft tissue contrast without us-
ing ionizing radiation (Levine, 2001). To date there are no
known harmful effects in the developing fetus with the use
of scanners at field strengths of 1.5 T or less (Hubbard and
Harty, 1999). Guidelines for patient safety were issued by
the Safety Committee of the Society of Magnetic Resonance
Imaging. However, several animal studies have suggested the
possibility of teratogenetic effects in early pregnancy (Wolff
et al., 1980; Schwartz andCrooks, 1982;Heinrichs et al., 1988;
Beers, 1989; Tyndall and Sulik, 1991; Mevissen et al., 1994;
Yip et al., 1994). While these studies may not be applicable to
humans, they indicate that MRI should be used with caution
in the first trimester. The risk of acoustic damage to the fetus
is thought to be negligible (Baker et al., 1994; Gover et al.,

1995). Patients can be informed that according to the Safety
Committee of the Society for Magnetic Resonance Imaging,
MRI is reasonablewhenother nonionizing forms of radiation
are inadequate, or when the examination would provide in-
formation that would otherwise require exposure to ionizing
radiation. While there is no evidence that MRI can harm the
fetus (American College of Obstetricians and Gynecologists,
2008), it is important to note that the United States Food and
Drug Administration asserts that the safety of fetal MRI “has
not been established,” and the majority of centers using this
imaging technique in pregnancy limit its use to after the first
trimester and require informed consent prior to the proce-
dure (United States Food and Drug Administration, 1988;
Levine, 2001).

MRI of the Fetal Central Nervous System

MRI had been used to characterize the developing brain as
early as 1983 (Gilles et al., 1983). Ultrasound examination
remains the primary method of prenatal imaging but, espe-
cially in the brain, MRI is becoming an invaluable adjunct,
providing superior characterization of fetal brainmaturation
and morphology. In most instances, MRI is used for fetuses
in which a CNS abnormality has already been demonstrated
or is suspected by ultrasonography (Bilaniuk, 1999; Levine,
1997). The most common CNS abnormalities diagnosed by
ultrasound examination and referred for evaluation by MRI
include cysts, Dandy–Walker malformation or variant, age-
nesis of the corpus callosum, hydrocephalus, vein of Galen
aneurysm, encephaloceles, and otherwise malformed brains.

Ventriculomegaly is a common indication for fetal
MRI. T2-weighted sequences provide excellent imaging of the
size and configuration of the ventricles. Criteria for ventricu-
lomegaly in fetal MRI is based on ultrasound data demon-
strating ventricles of a width of at least 10 mm. However, the
size of the ventricles tends to be slightly larger when obtained
by MRI than the measurements obtained in the same fetus
by ultrasound examination. Once ventriculomegaly is iden-
tified, a detailed examination of the entire fetus should be
performed to detect associated anomalies (see Chapter 16).
When ventricular enlargement is due to amyelomeningocele,
MRI is particularly good for demonstrating theChiari IImal-
formation, the extent of the neural tube defect, and the level
of the sac (Bilaniuk, 1999).

MRI provides excellent tissue discrimination in defin-
ing congenital CNS abnormalities such as calvarial defects,
differentiating hemangioma or lymphangioma from en-
cephalocele or meningocele, and demonstrating partial or
complete agenesis of the corpus callosum. The finding of an
abnormality of the corpus callosum is often not isolated and
frequently indicates the presence of other cerebral abnormal-
ities (Atlas et al., 1986; Barkovich and Norman, 1988) (see
Chapter 6). Occasionally, ultrasound examination may have
difficulty in differentiating partial agenesis of the corpus cal-
losum from normal anatomy. MRI can be helpful in further
delineating this anatomy.

Vein ofGalen aneurysm is a vascularmalformation that
may be misdiagnosed as a cyst or a mass if not examined
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using color Doppler on ultrasound (see Chapter 22). MRI
can demonstrate not only the vascular anatomy, but also the
condition of the brain, which is of concern because these
lesions can be associated with encephalomalacia and macro-
crania. The presence of encephalomalacia in cases of vein
of Galen aneurysm indicates a poor prognosis (Bilaniuk,
1999).

Inaddition,MRIhaschanged thediagnosis andaided in
the management of many cases of suspected CNS abnormal-
ities on ultrasound (Levine et al., 2003, Sharma et al., 2003).
MRI can better clarify a prenatal diagnosis and help patients
make decisions such as whether or not to continue with the
pregnancy. Levine et al. compared 242ultrasound studies and
242MRI studies of theCNS in214 fetuseswith suspectedCNS
abnormalities or at high risk for CNS abnormalities (Levine
et al., 2003). At confirmatory ultrasound, 69 fetuses had nor-
mal CNS imaging. Approximately 80% of fetuses in the study
(171/242) had postnatal follow-up. MRI imaging provided
additional information in 50% (72/145) of cases and actually
found a new major finding in 32% (46/145) of fetuses with
abnormal ultrasound findings. In patients with previable fe-
tuses, this information was utilized to help patients decide
whether to continue or terminate the pregnancy. In patients
with viable fetuses, this information was used to help de-
termine the mode of delivery and the location of delivery
(community hospital vs. tertiary care center).

MRI of the Fetal Neck

Fetal MRI may be particularly useful in evaluating fetal neck
masses. Distinguishing between lymphangioma and a cer-
vical teratoma may be difficult based on ultrasound images
alone (see Chapters 32 and 110). In addition, the risk of a
compromised airway at birth is high with each of these le-
sions. MRI can help with the assessment of the fetal airway so
that proper precautions are taken at delivery. MRI of cervical
fetal masses allows for more global imaging of the mass than
with ultrasound because of the larger field of view. In a re-
port byHubbard et al. (1998), fetalMRIwas able to accurately
diagnose the nature of the mass and define the anatomy of
the airway. In each case, as compared with ultrasound exam-
ination, fetal MRI provided better detail about the size and
position of the mass and its relationship to the airway. MRI
provides the best anatomic definition of the normal fetal cra-
nial structures and their relationship to the mass (Semelka
et al., 1996).

Lymphangiomasappear tobe complexmasseswith cys-
tic and solid components that may compress or surround the
airway (Benacerraf and Frigoletto, 1987; Zadvinskis et al.,
1992; Hubbard et al., 1998). Cervical teratomas arise from
the anterolateral neck and tend to cross the midline (Sherer
et al., 1993). These tumors can be solid and cystic with areas
of calcification and hemorrhage (Rothschild et al., 1994). On
more T2-weighted fast sequences, cystic components can be
evaluated. The oropharynx and trachea are filled with amni-
otic fluid, which is bright and can be differentiated from the
tumor. Areas of acute hemorrhage can be identified by se-
quences that have more T1-weighting, which helps delineate

teratoma from lymphangioma (Hubbard et al., 1998). Hem-
orrhage and calcification can be identified on either gradient
echo or echo planar images.

MRI of the Fetal Chest

The most common thoracic abnormalities identified on
prenatal ultrasound examination include congenital dia-
phragmatic hernia (CDH), congenital cystic adenomatoid
malformation (CCAM) of the lung, bronchopulmonary se-
questration (BPS), and fetal hydrothorax (Morin et al., 1994;
Levine et al., 2003b; Coakley et al., 2004). CDH has been
recognized by herniation of the stomach to the level of the
four-chamber viewof theheart anda shift of themediastinum
away from the hernia (Chinn et al., 1983). Although the sono-
graphic features of CDH are well described (see Chapter 37),
the diagnosis of CDH has been missed in a significant num-
ber of fetuses that have been studied by prenatal ultrasound
(Lewis et al., 1997). Even in cases in which CDH is correctly
diagnosed by ultrasound examination, determination of the
presence or absence of liver herniation may be difficult. Her-
niation of the liver has been found to be a predictor of poor
postnatal outcome in CDH (Metkus et al., 1996). Ultrasound
examination relies on indirect indicators of liver herniation,
suchaskinkingof theumbilical veinas it enters the sinusveno-
sus (Bootstaylor et al., 1995). Fetal MRI can directly identify
the position and degree of herniation of the liver in CDH
(Hubbard et al., 1997a). The fetal liver has high signal inten-
sity on fast gradient echo sequences with T1-weighting, mak-
ing it easily identifiable relative to the diaphragmatic ridge
and the compressed ipsilateral lung. The lung is intermedi-
ate to high in signal intensity, which allows differentiation
from mediastinal structures and herniated viscera (Hubbard
et al., 1997b). With T2-weighting, the fluid filled stomach is
high in signal intensity, equal to the signal intensity in am-
niotic fluid. The selection criteria for fetal surgery for CDH
includes herniation of the liver, making accurate delineation
of this anatomy all themore important (Shaaban et al., 1999).

MRIs inCCAMvary in appearance, depending on their
size and number and size of cysts (see Chapter 35). The larger
the size and number of cysts, the higher the signal intensity
of the CCAMon sequences with T2-weighting.MRI is able to
distinguish CCAM from normal compressed lung and deter-
mine the lobe of the lung from which the tumor arises. BPS
has very high signal intensity as compared with normal lung
and is very homogeneous, with discrete margins (Hubbard
et al., 1997). BPS in late gestation can become isoechogenic
with adjacent lung andmay seem to disappear on ultrasound
examination (see Chapter 34). These lesions show up dis-
tinctly from adjacent normal lung on MRI (Hubbard and
Harty, 1999). One disadvantage of fetal MRI in evaluating
fetal chest masses has been the inability to demonstrate
systemic feeding vessels to BPS. This is a distinct advantage
of color flow Doppler over MRI in evaluating BPS or hybrid
CCAM lesions, which also have a direct aortic blood supply.
Because of its larger field of view, fetal MRI may be especially
helpful in evaluatingunusual chest lesions suchasneurenteric
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cysts, laryngotracheal or bronchial obstruction, or mediasti-
nal masses (Hubbard et al., 1997b) (see Chapter 36).

MRI of the Fetal Abdomen and Pelvis

Inmost instances,ultrasoundexamination is excellent toeval-
uate anomalies of the fetal abdomen and pelvis. There are
instances, however, whenMRI can be helpful. In fetuses with
oligohydramnios, ultrasound evaluation can be extremely
difficult, whereas fetal MRI is unaffected by a lack of am-
niotic fluid. It is often difficult to distinguish proximal from
distal small-bowel obstruction on prenatal ultrasound exam-
ination. There are different MRI signal characteristics that
are helpful in these cases, distinguishing proximal from distal
small bowel (Hubbard andHarty, 1999). Proximal bowel will
have high to intermediate signal intensity on T2-weighted
sequences, similar to amniotic fluid, while distal bowel has
intermediate to low signal intensity. Conversely, distal bowel
has a high signal intensity on T1-weighted sequences because
of meconium filling the bowel lumen. Using these sequences,
dilated loops of bowel may be distinguished as either proxi-
mal or distal (Hubbard andHarty, 1999). Because of the large
field of view, complex anomalies such as persistent cloaca or
cloacal exstrophy may be better imaged on MRI.

The imaging of the fetal urinary tract with ultrasound
examination is excellent and rarely improved on by MRI.
Exceptions to this include cases of obstructive uropathy com-
plicated by oligohydramnios, polycystic kidneys, and renal
tumors. This is also true of sacrococcygeal teratomas, which
arise from Hensen’s node at the tip of the coccyx. Sacrococ-
cygeal teratomas are most commonly exophytic, but can also
extend into the pelvis or abdomen with compression of blad-
der and intestines.

MRI in a Multiple Gestation

In monochorionic twin pregnancies complicated by in-
trauterine fetal demise (IUFD), fetal MRI can be used to
diagnose multicystic encephalomalacia, a devastating neu-
rologic disorder that may occur in up to 20% of monochori-
onic twins complicated by single IUFD (Coakley et al., 2004;
Weiss et al., 2004) (see Chapter 118). FetalMRI is usually per-
formed 2 weeks following demise. A normal MRI following
single IUFD in a monochorionic twin pregnancy is thought
to be reassuring. In addition, fetalMRI has been used in other
complicated monochorionic twins at risk for a possible neu-
rologic ischemic episode such as cases complicated by the
twin–twin transfusion syndrome and cases that have under-
gone invasive prenatal techniques such as selective reduction
using cord ablative techniques (Coakley et al., 2004; Shevell
et al., 2004). The imagingmodality may also be helpful in the
diagnosis of conjoined twins (Malone and D’Alton, 2000)
(see Chapter 121).

FetalMRI is not indicated as aprimary imagingmethod
in any fetal anomaly or condition. As discussed above, how-
ever, there are instances in which the information provided
by fetal MRI complements that obtained by prenatal ultra-
sound examination. The role of MRI in prenatal diagnosis is
still evolving. At present, MRI is best used selectively in cases

in which prenatal sonography is unable to make a definitive
diagnosis, where a larger field of view is required, or in ac-
quiring specific information necessary for selection for fetal
intervention.
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2
CHAPTER

First Trimester Screening
for Aneuploidy

Key Points

■ Nuchal translucency measurement in the first
trimester is the most powerful marker for fetal
Down syndrome.

■ Combination of nuchal translucency with serum
markers in the first trimester detects up to 87% of
cases of Down syndrome for a 5% false-positive
rate.

■ Septated cystic hygroma, or simple nuchal
translucency of 3.0 mm or greater, are indications
for chorionic villus sampling (CVS) without need to
await serum marker results.

■ First trimester absence of the nasal bones, reversal
of flow in the ductus venosus, and tricuspid
regurgitation may have a limited role as
second-line screening tests for select high-risk
patients by expert sonologists.

■ These second-line screening tests are unlikely to
have any value for routine general population
screening.
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INTRODUCTION

The ideal time to screen for fetal aneuploidy is now during
the first trimester of pregnancy. This evolution in screening
policy is due to the significant advances that have been made
in serum and sonographic markers for fetal chromosomal
abnormalities over the past 20 years.

FETAL NUCHAL TRANSLUCENCY

The single most powerful marker available today for differ-
entiating Down syndrome from euploid pregnancies is the
first trimester sonographic measurement of the fetal nuchal
translucency space. Nuchal translucency refers to the normal
subcutaneous fluid-filled space between the back of the fetal
neck and the overlying skin (Figure 2-1). Figure 2-2 demon-
strates an increased nuchal translucency observed in a fetus
subsequently shown to have Down syndrome. By adhering to
a standardultrasonographic technique, it is possible to obtain
accurate measurements of this area in the vast majority of fe-
tuses between 10 and 14 weeks’ gestation. When performing
nuchal translucency sonography, it is absolutely essential to
ensure optimal technique, which can be attained by focusing
on the following criteria (Abuhamad, 2005):

� Fetus should be imaged in the midsagittal plane, ideally
with the fetal spine down.

� The image should be adequately magnified so that only the
fetal head, neck, and upper thorax fill the viewable area.

Figure 2-1 Optimizing the technique for first trimester nuchal
translucency sonography: Nuchal translucency measurement in
a normal fetus at 12 weeks’ gestation. Components of a good
sonographic screening protocol are evident, including adequate
image magnification, midsagittal plane, neutral fetal neck posi-
tion, and correct caliper placement.

Figure 2-2 Increased nuchal translucency measurement of 3.7
mm in a fetus at 12 weeks’ gestation with Down syndrome.

� Fetal neck should be neutral, with care being taken to avoid
measurements in the hyperflexed or hyperextended posi-
tions.

� The skin at the fetal back should be clearly differentiated
from the underlying amniotic membrane, either by visu-
alizing separate echogenic lines or by noting that the skin
line moves with the fetus.

� Measurement calipers should be placed on the inner bor-
ders of the echolucent space, and should be perpendicular
to the long axis of the fetus.

� Ultrasound and transducer settings should be optimized
to ensure clarity of the image and of the borders of the
nuchal space in particular. This may require transvaginal
sonography in certain situations.

There is a direct correlation between increasing nuchal
translucency measurement and risk for Down syndrome,
other aneuploidies, major structural malformations, and
adverse pregnancy outcome (Malone et al., 2000, 2005b;
Nicolaides et al., 2002; Wald et al., 2003b). Possible etiologies
for thedevelopmentof this increasedfluid-filled space include
cardiac failure secondary to structural malformation, abnor-
malities in the extracellular matrix, and abnormal or delayed
development of the lymphatic system (Moscoso, 1995).

NUCHAL TRANSLUCENCY SCREENING
FOR DOWN SYNDROME

Nuchal translucency sonography is the most powerful
marker for general population screening forDown syndrome
(Malone and D’Alton, 2003). The largest study of this form
of screening was performed by the Fetal Medicine Founda-
tion based in London (Snijders et al., 1998). This prospective
study of 96,127 unselected patients at 22 centers required
nuchal translucency sonography to be performed between 10
and 14 weeks’ gestation by specially trained sonographers
who utilized a standardized technique. The overall Down
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syndrome detection rate was 77%, for a 5% false-positive
rate. Another large prospective study from the United
Kingdom that evaluated the role of nuchal translucency so-
nography in general population screening was the SURUSS
Trial (Wald et al., 2003b).A total of 39,983patientshadnuchal
translucency sonography obtained between 10 and 14 weeks’
gestation, and the Down syndrome detection rate was 63%,
for a 5% false-positive rate. The largest prospective trial of
all forms of Down syndrome screening yet performed, the
FASTERTrial, has also validated the important role of nuchal
translucency sonography. This was a multicenter prospective
study from15 centers in theUnited States inwhich 36,306 pa-
tients from the general population had first trimester nuchal
translucency sonography performed (Malone et al., 2005b).
The detection rate for nuchal translucency with maternal age
ranged from70%to64%at 11 and13weeks’ gestation respec-
tively, for a 5% false-positive rate. These large studies from
varied centers and geographic locations confirm that nuchal
translucency sonography must be a key component of first
trimester screening programs for fetal Down syndrome.

COMBINED FIRST TRIMESTER SERUM AND
SONOGRAPHIC SCREENING

Together with the clear role of nuchal translucency sonog-
raphy, research in first trimester screening has consistently
shown that pregnancies with fetal Down syndrome are as-
sociated with altered levels of certain maternal serum mark-
ers, including elevated levels of total human chorionic go-
nadotropin (hCG) and of the free β subunit of hCG (with
a median multiple of the median [MoM] of 1.83 in af-
fected cases) and lower levels of pregnancy-associated plasma

protein A (with a median MoM of 0.38 in affected cases)
(Canick andKellner, 1999). Studies of the combinationof free
β subunit of hCG, pregnancy-associated plasma protein A,
and maternal age uniformly demonstrate a sensitivity for
Down syndrome of approximately 60% with a 5% false-
positive rate.

These first trimester serum markers are largely inde-
pendent of nuchal translucency, which has resulted in the
development of a combined serum and sonographic screen-
ing protocol that would be more effective for screening than
either component alone. The FASTER study evaluated 38,033
patients and demonstrated very high Down syndrome detec-
tion rates, and showed that performance varied significantly
by gestational age. For a 5% false-positive rate, the Down
syndrome detection rates using combined serum and sono-
graphic screening were 87%, 85%, and 82% at 11, 12, and
13 weeks’ gestation respectively (Malone et al., 2005b). For
a 1% false-positive rate, the Down syndrome detection rates
were 73%, 72%, and 67% at 11, 12, and 13 weeks’ gestation
respectively.

Figure 2-3 summarizes the comparative performance
of the various screening options from the FASTER Trial, and
demonstrates that first trimester combined screeninghas very
similar performance to second trimester Quadmarker serum
screening (Malone et al., 2005b). Only when performed at
11 weeks’ gestation does first trimester combined screening
have a significantly better performance than second trimester
Quadmarker serumscreening (87%vs. 81%Downsyndrome
detection, respectively, at a 5% false-positive rate). Addition-
ally, the combined first trimester screening test has the lowest
false-positive rate, compared with either first trimester com-
ponent used alone or compared with second trimester serum
screening. It is also important to realize that only the com-
bination of first trimester nuchal translucency sonography
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Figure 2-3 A. Comparison of first and second trimester screening for Down syndrome: Detection rates of combined
first trimester screening at 11, 12, and 13 weeks’ gestation, compared with second trimester Quad marker serum
screening performed at 15 to 18 weeks’ gestation (each at 5% false-positive rate). B. Comparison of first and second
trimester screening for Down syndrome: False-positive rates of first trimester nuchal translucency alone, PAPP-A and
f�hCG alone, and first trimester combined screening at 12 weeks’ gestation, compared with second trimester Quad
marker serum screening performed at 15 to 18 weeks’ gestation (each for 85% detection rate).
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with first trimester serum markers comes close to the per-
formance of second trimester Quad marker serum screen-
ing.Nuchal translucency alone,withoutbeing combinedwith
serum markers, has significantly inferior performance char-
acteristics.

ENLARGED NUCHAL TRANSLUCENCY AND
CYSTIC HYGROMA IN THE FIRST
TRIMESTER

It is now clear that a subset of fetuses with very large nuchal
translucencymeasurements canbe effectively identified in the
first trimester that have an extremely high risk of fetal ane-
uploidy or other adverse pregnancy outcomes. This finding
has been described as septated cystic hygroma, and is present
when the nuchal translucency space is enlarged extending
along the entire length of the fetus, and in which septations
are clearly visible (Figure 2-4) (Malone et al., 2005a). Septated
cystic hygroma is seen in more than 1 in 300 first trimester
pregnancies. In a recent prospective study of routine first
trimester sonographic screening, septated cystic hygromawas
shown to have a 50% chance of being associated with fe-
tal aneuploidy, with most cases being Down syndrome, as
well as cases of Turner syndrome and trisomy 18. Addition-
ally, among cystic hygroma cases confirmed as being euploid,
approximately 50% had a major structural fetal malforma-
tion, with most cases including cardiac malformations, as
well as othermalformations such as skeletal dysplasias.When
compared with simple increased nuchal translucency, sep-
tated cystic hygroma cases were 5 times more likely to be

aneuploid, 12 times more likely to have cardiac malforma-
tions, and 6 times more likely to result in fetal or neonatal
demise.

The practical benefit of being able to counsel patients in
the first trimester following the identification of septated cys-
tic hygroma is that there is no need to delay decision-making
while awaiting serum marker results or using computerized
risk calculation algorithms. When faced with a 50% chance
of fetal aneuploidy, it is reasonable to offer such patients the
immediate option of CVS, and if fetal aneuploidy has been
excluded, a detailed fetal anatomical evaluation, including fe-
tal echocardiography, should be performed at 18 to 20 weeks’
gestation.

Debate has also occurred regarding the differentiation
between septated cystic hygroma and simple enlarged nuchal
translucency, with some investigators believing that they are
both part of a spectrum of a similar sonographic feature
(Molina et al., 2006). However, the FASTER Trial, a prospec-
tive study of more than 38,000 pregnancies, has also now
demonstrated that whenever a simple nuchal translucency
measurement of 3.0 mm or greater is noted, CVS should be
offered immediatelybecauseof aminimumriskof aneuploidy
of 1 in 6 (Comstock, 2006). With such nuchal translucency
measurements, there is no role for delaying decision-making
while awaiting serummarker results, as such additional infor-
mation does not meaningfully alter the original aneuploidy
risk.Thisfinding therefore suggests thatdebating thepresence
or absence of septations in cases of enlarged nuchal translu-
cency is a moot point, as the risk of aneuploidy either when
a nuchal translucency measurement of 3.0 mm or greater is
noted, or when a septated cystic hygroma is noted, is suffi-
ciently high to warrant immediate diagnostic testing.

A B

Figure 2-4 A. Septated cystic hygroma at 12 weeks of gestation: midsagittal sonographic view of a fetus with sep-
tated cystic hygroma, demonstrating increased nuchal translucency space extending along the entire length of the
fetus. B. Septated cystic hygroma at 12 weeks of gestation: transverse view through the fetal neck of the same fetus
demonstrating obvious septations (arrows). (From Malone FD, Ball RH, Nyberg DA, et al. First trimester septated cystic
hygroma: prevalence, natural history, and pediatric outcome. Obstet Gynecol. 2005a;106:288-294.)
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A B

Figure 2-5 A. First trimester ultrasound examination of a fetus at 13 weeks’ gestation, with normal nasal bones. Fea-
tures of good nasal bone imaging technique are evident, including midsagittal plane, fetal profile facing upward,
adequate magnification, and visualization of two parallel lines at the level of the fetal nose, one representing fetal
skin (short arrow) and the deeper line representing nasal bones. B. First trimester ultrasound examination of a fetus
at 13 weeks’ gestation, with absent nasal bones and enlarged nuchal translucency thickness, in which karyotype was
confirmed as trisomy 18.

NASAL BONE SONOGRAPHY IN THE
FIRST TRIMESTER

There appears to be a clear association between the absence
of the fetal nasal bones on first trimester ultrasound exami-
nation and Down syndrome. In a study conducted by Cicero
et al. (2001), 701 fetuses with increased nuchal translucency
were evaluated for the presence or absence of the nose bones
during first trimester ultrasonography. The fetal nasal bones
could not be visualized in 73% of Down syndrome fetuses
(43 of 59) and in only 0.5% of unaffected fetuses (3 of 603).
The authors also felt that the absence of the fetal nose bone
wasnot related tonuchal translucency thickness and therefore
could be combined into a single ultrasound screeningmodal-
ity, with a predicted sensitivity of 85% for a 1% false-positive
rate. This study was subsequently expanded to a larger series
of 3829 high risk, first trimester pregnancies, in which the
detection rate for Down syndrome using absent nasal bones
was 67%, for a 2.8% false-positive rate (Cicero et al., 2003).

Adequate imaging of the fetal nasal bones can be tech-
nically challenging in the first trimester, and careful attention
to correct technique should therefore be paid to ensure con-
sistency in technique. The nasal bones should be visualized
on ultrasound along the midsagittal plane with a perfect fe-
tal profile. The fetal spine should be down, with slight neck
flexion. Two echogenic lines at the fetal nose profile should
be visualized; the superficial echogenic line is the nasal skin,
and the deeper echogenic line represents the nasal bones. This
deeper echogenic line representing the nasal bones should be

more echolucent at its distal end (Figure 2-5A). Care should
be taken not to perform this evaluation with the ultrasound
beam parallel to the plane of the nasal bones, because this
might erroneously lead to the conclusion of absent nasal
bones (Figure 2-5B).

While several other studies evaluating the role of first
trimester nasal bone sonography as a screening test for fetal
Down syndrome have also been published, all were limited
by being derived from high-risk patient populations or lack-
ing adequate pregnancy outcome ascertainment. The largest
study of first trimester fetal nasal bone sonography published
to date, and in which an unselected general patient popula-
tion has been evaluated, did not confirm a useful role for this
formof screening (Malone et al., 2004). In a prospective study
of 6324patients havingnasal bone sonography by trained and
experienced sonographers, adequate views of the fetal profile
were obtained inonly 76%of cases, andnoneof the 11 cases of
fetal Down syndrome were found to have absent nasal bones.
Two further studies of the role of first trimester nasal bone
sonography as a screening tool in the general population have
also recently been published, and have confirmed these find-
ings that there is only a limited role of this form of screening.
One study screened 7116 unselected patients from the gen-
eral population including 12 cases of Down syndrome, and
screened a further 510 high-risk patients including 23 cases of
Down syndrome (Prefumoet al., 2006).Absent nasal bones in
thefirst trimesterwasnoted inonly17%of cases in thegeneral
population and in 48% of cases in the high-risk population.
A further study screened 1800 consecutive patients from the
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general population, and absent nasal bones was noted in only
2 of 7 (29%) of Down syndrome cases (Ramos-Corpas et al.,
2006).

While it is possible that there may be a role for first
trimester fetal nasal bone sonography in the hands of select
experts as a second-line screening tool in high-risk patients,
current data suggest that this form of sonography should not
be used as a general population screening tool.

FIRST TRIMESTER DUCTUS VENOSUS
SONOGRAPHY

First trimester Doppler sonographic evaluation of ductus
venosusbloodflowhasbeendescribedasanadjunctive test for
fetal aneuploidy screening. Forward triphasic pulsatile duc-
tus venosus flow, as illustrated in Figure 2-6, is normal, while
reversed flow at the time of the atrial contraction has been
associated with aneuploidy and fetal cardiac malformations
(Matias et al., 1998). In a series of early studies evaluating
this association, between 59% and 93% of aneuploid fetuses
had abnormal first trimester ductus venosus flow velocities
(Malone and D’Alton, 2003). Abnormal ductus venosus flow
velocities were also found in as few as 3% or as many as 21%
of normal fetuses. It may therefore be possible that fetal duc-
tus venosus flow velocity waveform analysis may be useful to
modify a patient’s final risk for aneuploidy following com-
pletion of the nuchal translucency measurement. This could

Figure 2-6 Pulsed Doppler sonography image of a normal duc-
tus venosus waveform at 12 weeks’ gestation. Of note, the ductus
venosus can be identified using color flow as a small vessel with
turbulent flow. The nadir of flow during the ‘‘a” wave remains for-
ward flowing (arrow).

be used to either improve the detection rate or alternatively
to reduce the false-positive rate.

While it appears that there is some association between
abnormal ductus venosus flow studies and aneuploidy in the
first trimester, there are several pitfalls that must be con-
sidered. The ductus venosus vessel itself may be as small as
2 mm at 10 to 14 weeks, making it difficult to obtain accurate
flow velocity waveforms from such a tiny vessel without con-
tamination of the waveform from neighboring vessels. For
example, if the Doppler gate is placed too proximally near the
umbilical sinus, the normal continuous venous flow from the
umbilical vein may obscure absence of flow during the atrial
contraction in the ductus venosus. Alternatively, placement
of the Doppler gate too far distally, near the insertion of the
ductus venosus into the inferior vena cava may lead to the er-
roneous diagnosis of reversal of flow at the atrial contraction,
as such reversal of flow is commonly seen in the inferior vena
cava. The current consensus appears to be that first trimester
ductus venosus Doppler flow studies should be performed
only as a secondary screening test in the hands of experienced
sonologists at referral centers, either to modify the final risk
for aneuploidy or to help predict the prognosis of fetuses with
normal chromosomes and an increased nuchal translucency
measurement (Hecher, 2001; Nicolaides et al., 2005).

FIRST TRIMESTER TRICUSPID
REGURGITATION EVALUATION

An association has been suggested between fetal aneuploidy
and abnormal tricuspid regurgitation noted during first
trimester sonography (Nicolaides et al., 2005). To perform
this assessment, the fetus should be oriented so that the chest
wall is anterior and the fetal heart shouldbe insonatedparallel
to the ventricular septum. A pulsed Doppler gate of approx-
imately 3 mm size is then placed across the tricuspid valve,
with care to ensure that the angle to the direction of flow is
as close to zero as possible (Figure 2-7). Significant tricuspid
regurgitation is considered to be present if a regurgitant jet
of at least 60 cm/s is noted extending to more than half of
systole (Falcon et al., 2006).

In a series of 1557 high-risk pregnancies at 11 to 13
weeks’ gestation, significant tricuspid regurgitationwasnoted
in only 4%of chromosomally normal fetuses, butwas present
in 77 of 114 cases (68%)ofDown syndrome and 14of 42 cases
(33%) of trisomy 18 (Falcon et al., 2006). These investigators
were able to obtain adequate Doppler waveforms of the tri-
cuspid valve in 99% of cases and there was low interobserver
variability of measurements.

While these data are encouraging regarding an associa-
tion between first trimester tricuspid regurgitation and chro-
mosomal abnormalities, like ductus venosus assessment, it is
unclear whether this form of screening will have any role in
general population screening. Extrapolation of the results of a
screening test from a high-risk population, performed in the
handsof experts, to implementation in thegeneralpopulation
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Figure 2-7 First trimester sonographic evaluation for tricuspid
regurgitation in a fetus at 11 weeks’ gestation. Note the pulsed
Doppler gate placed across the tricuspid valve, with the angle
to the direction of flow close to zero. There is no regurgitation
greater than 60 cm/s.

will likely overstate the true performance of the test. It is
likely that first trimester sonography for tricuspid regurgita-
tion may have a role as a second-line test, following an initial
high-risk nuchal translucency and serum screen. In this set-
ting, it may have a role in reducing the false-positive rate of
screening. In one series of 75,821 first trimester pregnancies,
addition of tricuspid regurgitation as a second-line screen-
ing test following nuchal translucency and serum screening
resulted in a Down syndrome detection rate of 92% for a
false-positive rate of only 2.7% (Nicolaides et al., 2005).

NUCHAL TRANSLUCENCY SCREENING
IN MULTIPLE GESTATIONS

Prenatal risk assessment for Down syndrome in multiple
gestation pregnancies has been quite limited before the ad-
vent of nuchal translucency-based screening.Maternal serum
screening has not been widely utilized in the setting of
multiple gestations because of the potential for discordancy
between twins and the impact of different placentas on
the various analytes. Nuchal translucency measurements are
broadly similar between singleton and twin pregnancies, im-
plying that theDownsyndromedetectionrates shouldbe sim-
ilar. The false-positive rate of nuchal translucency screening
might be higher in monochorionic twins because some com-
plications unique tomonochorionic gestations, such as twin-
to-twin transfusion syndrome, might present with increased
nuchal translucency measurement (Sebire et al., 2000).

Options for first trimester screening for Down syn-
drome therefore include providing either a fetus-specific risk
based on nuchal translucency alone, or providing an over-

all pregnancy risk based on combined serum and sono-
graphicmarkers. Inone seriesof 448 twinpregnancies, nuchal
translucency yielded an 88% detection rate for a 7% false-
positive rate (Sebire et al., 2000). In another series of 206
twin pregnancies screened using nuchal translucency and
first trimester serum markers, the Down syndrome detec-
tion rate was estimated to be approximately 75% for a 5%
false-positive rate (Spencer and Nicolaides, 2003). To pro-
vide a pregnancy-specific risk in twins, a likelihood ratio is
calculated for each fetus’ nuchal translucency measurement;
these two likelihood ratios are then added together, and this
is then multiplied by the biochemistry likelihood ratio to
provide a final “pseudorisk” calculation (Wald et al., 2003a).
Although additional research on the efficacy of this combined
first trimester screening in multiple gestations is still needed,
nuchal translucency measurement should at least represent
an improvement over serum screening inmultiple gestations.
Currently, some centers use nuchal translucency sonography
to assist in selecting fetuses for reduction in higher order
multiple gestations.
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3
CHAPTER

Second Trimester
Screening for Aneuploidy

Key Points

■ Quad marker serum screening is the most effective
form of Down syndrome screening in the second
trimester (81% detection rate at a 5% false-positive
rate).

■ Presence of a major structural malformation at
second trimester sonographic fetal anatomy
survey is an indication for genetic amniocentesis.

■ A range of minor markers at second trimester
sonographic fetal anatomy survey can be utilized

with likelihood ratios to adjust the risk of Down
syndrome.

■ Absence of major or minor markers at second
trimester sonographic fetal anatomy survey
reduces the risk of fetal Down syndrome by 60%.

■ Combinations of screening tests in both first and
second trimesters, such as integrated, stepwise,
and contingency screening, may be more efficient
than screening in either trimester alone.

INTRODUCTION

While tremendous advances have been made in recent years
regarding screening for fetal aneuploidy in the first trimester
of pregnancy, the mainstay of screening for aneuploidy has
been second trimester serum and sonographic screening.
Despite the increasing popularity of first trimester screen-
ing, there will always be a role for second trimester ane-
uploidy screening given that some patients do not present
for antenatal care sufficiently early in pregnancy to avail of
nuchal translucency and given that a second trimester fe-

tal anatomical survey has become an almost routine aspect
of general antenatal care. Additionally, since first trimester
screening requires the availability of chorionic villus sampling
(CVS) to provide a first trimester diagnosis, in areas in which
CVS is not available there will be a continued requirement
for second trimester screening protocols leading to amnio-
centesis.

Options for second trimester screening include serum
screening using theQuad test (alphafetoprotein, human cho-
rionic gonadotropin, unconjugated estriol, and inhibin-A),
sonographic screeningusing the so-calledGenetic Sonogram,
and combinations of serum and sonographic screening.
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SECOND TRIMESTER SERUM
SCREENING

Maternal serum levels of alphafetoprotein (AFP) and uncon-
jugated estriol (uE3) are both approximately 25% lower in
pregnancies complicated byDown syndrome, comparedwith
euploid pregnancies (Wald et al., 1994; Malone et al., 2005).
By contrast, levels of hCG and inhibin-A are approximately
twice as high in pregnancies complicated by Down syndrome
(Wald et al., 1994;Malone et al., 2005).Maternal serum levels
of AFP, uE3, and hCG all tend to be decreased in pregnancies
complicated by trisomy 18. The combination of AFP, uE3,
and hCG, commonly known as the triple screen, can detect
69% of cases of Down syndrome, for a 5% false-positive rate
(Wald et al., 2003; Malone et al., 2005). When inhibin-A is
added to this test, commonly known as the Quad screen, the
Down syndrome detection rate increases to 81%, for a 5%
false-positive rate (Wald et al., 2003; Malone et al., 2005).
Based on these results, if a second trimester serum sample
is obtained for aneuploidy risk assessment, optimal perfor-
mancewill be obtainedbymeasuring the four serummarkers,
rather than any double or triple marker combination.

Performanceof serumscreening tests canbemaximized
by accurate ascertainment of gestational age, and wherever
possible, sonographic dating should be used instead of men-
strual dating. It is optimal to provide serum screening be-
tween 15 and 16weeks’ gestation, thereby allowing the results
to be available at the time of second trimester sonographic
evaluation. Subsequently, if this sonographic evaluation re-
veals any markers for aneuploidy, the Down syndrome risk
quoted fromserumscreening canbeusedwith theultrasound
findings to determine the most precise final Down syndrome
risk. Adequate time should then be available for diagnostic
genetic amniocentesis if indicated by the screening results.

SECOND TRIMESTER SONOGRAPHIC
SCREENING

Sonographic evaluation of the fetal anatomy at 18 weeks’ ges-
tation has become a routine aspect of antenatal care in most
developed countries. When this methodical evaluation for
fetal malformations is used to assess the risk for fetal aneu-
ploidy, the term Genetic Sonogram is commonly used. Risk
for fetal aneuploidy can be assessed by the detection of either
major structural malformations known to be associated with
aneuploidy, or by the detection of a range of minor sono-
graphic markers that increase the chances of fetal aneuploidy
(Table 3-1).

The detection of certain major structural malforma-
tions that are known to be associated with aneuploidy should
prompt an immediate consideration for genetic amniocente-
sis. Major structural malformations that are associated with
Down syndrome include cardiac malformations (AV canal
defect [Figure 3-1], ventricular septal defect, tetralogy of
Fallot), duodenal atresia (Figure 3-2), cystic hygroma (Figure

3-3), and hydrops fetalis (see Chapter 131). The major mal-
formations associated with trisomy 18 include cardiac mal-
formations (AV canal defect, ventricular septal defect, dou-
ble outlet right ventricle), meningomyelocele, omphalocele,
esophageal atresia, rocker bottom feet, cleft lip or palate, cys-
tic hygroma, and hydrops fetalis (see Chapter 130).While the
Genetic Sonogram can be performed at any time during the
second and third trimesters, the optimal time is likely to be
at 17 to 18 weeks’ gestation, which is late enough to maxi-
mize fetal anatomical evaluation, yet early enough to allow
for amniocentesis results to be obtained.When amajor struc-
tural malformation is found, such as an AV canal defect or
a double-bubble suggestive of duodenal atresia, the risk of
Down syndrome in that pregnancy can be increased by ap-
proximately 20- to 30-fold (Nyberg et al., 1998). For almost
all patients, such an increase in their background risk for ane-
uploidy will be sufficiently high to justify immediate genetic
amniocentesis.

Second trimester sonography can also detect a range of
minor markers for aneuploidy. The latter are not considered
structural abnormalities of the fetus per se, but when noted,
may be associated with an increased probability that the fe-
tus is aneuploid. The minor markers that have been com-
monly linked to Down syndrome include nuchal fold thick-
ening (Figure 3-4), nasal bone hypoplasia (Figure 3-5), mild
ventriculomegaly, short femur or humerus, echogenic bowel
(Figure 3-6), renal pyelectasis (Figure 3-7), echogenic intrac-
ardiac focus (Figure 3-8), clinodactyly (Figure 3-9), sandal
gap toe (Figure 3-10), and widened iliac angle (Nyberg et al.,
2001). The minor markers that are associated with trisomy
18 include nuchal fold thickening, mild ventriculomegaly,
short femur or humerus, echogenic bowel, enlarged cisterna
magna, choroidplexus cysts (Figure 3-11),micrognathia, sin-
gle umbilical artery (Figure 3-12), clenched hands, and fetal
growth restriction. It should be noted that almost all data
supporting the role of second trimester sonography for mi-
nor markers for aneuploidy are derived from high-risk pop-
ulations, such as patients of advanced maternal age or with
abnormal maternal serum screening results. It is still unclear
what the relative contribution of screening for such minor
markers will be in lower risk patients from the general popu-
lation.

The sonographic approach to establishing the presence
or absence of each of the commonly utilized minor markers
is summarized below:

1. Nuchal fold. Sonographic measurement of the nuchal fold
is performed by imaging the fetal head in an axial plane
passing through the posterior fossa (Figure 3-4). Calipers
should be placed on the outer aspect of the occipital bone
and the outer aspect of the skin. When measured between
15 and 21 weeks’ gestation, a cutoff of 5 mm is commonly
used to define an abnormally thickened nuchal fold. The
finding of an isolated nuchal fold greater than 5 mm is
associated with an 11-fold increase in background risk for
Down syndrome (Benacerraf and Frigoletto, 1987; Nyberg
et al., 2001).
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Table 3-1

Major Structural Malformations and Minor Sonographic Markers Associated with Down
Syndrome, Trisomy 18 and Trisomy 13

Feature Down Syndrome Trisomy 18 Trisomy 13

Major structural
malformations

Cardiac defects:
– AV canal defect
– Ventricular septal defect
– Tetralogy of Fallot

Duodenal atresia
Cystic hygroma
Hydrops

Cardiac defects:
– Double outlet right ventricle
– Ventricular septal defect
– AV canal defect

Meningomyelocele
Agenesis corpus callosum
Omphalocele
Diaphragmatic hernia
Esophageal atresia
Clubbed or rocker bottom feet
Renal abnormalities
Orofacial clefting
Cystic hygroma
Hydrops

Holoprosencephaly
Orofacial clefting
Cyclopia
Proboscis
Omphalocele
Cardiac defects:

– Ventricular septal defect
– Hypoplastic left heart

Polydactyly
Clubbed or rocker bottom

feet
Echogenic kidneys
Cystic hygroma
Hydrops

Minor sonographic
markers

Nuchal thickening
Mild ventriculomegaly
Short humerus or femur
Echogenic bowel
Renal pyelectasis
Echogenic intracardiac focus
Hypoplastic nasal bones
Brachycephaly
Clinodactyly
Sandal gap toe
Widened iliac angle
Growth restriction

Nuchal thickening
Mild ventriculomegaly
Short humerus or femur
Echogenic bowel
Enlarged cisterna magna
Choroid plexus cysts
Micrognathia
Strawberry-shaped head
Clenched or overlapping fingers
Single umbilical artery
Growth restriction

Nuchal thickening
Mild ventriculomegaly
Echogenic bowel
Enlarged cisterna magna
Echogenic intracardiac focus
Single umbilical artery
Overlapping fingers
Growth restriction

Figure 3-1 Down syndrome fetus at 21 weeks’ gestation with
atrioventricular canal defect (AVCD).

Figure 3-2 Down syndrome fetus at 24 weeks’ gestation with
double-bubble secondary to duodenal atresia.
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Figure 3-3 Cystic hygroma in fetus with Down syndrome at
15 weeks’ gestation. This axial view through the fetal head
demonstrates the marked skinfold thickening together with
obvious septated appearance.

Figure 3-4 Second trimester sonographic measurement of the
fetal nuchal fold in a normal fetus. Measurement is taken in the
axial plane at the level of the posterior fossa, with calipers placed
from the outer skull edge to the outer skin edge.

Figure 3-5 Normal fetal nasal bone evaluation at 16 weeks’
gestation. A perfect midsagittal plane is demonstrated with
echogenicity of the fetal nasal bones visible.

Figure 3-6 Fetal echogenic bowel at 15-week ultrasound evalu-
ation. Transverse view through the fetal abdomen reveals bowel
echogenicity as bright as fetal bone.

Figure 3-7 Sonographic evaluation of fetus at 17 weeks’ gesta-
tion revealing bilateral pyelectasis with both renal pelves mea-
suring greater than 3 mm in anteroposterior diameter.

Figure 3-8 Second trimester fetal anatomic evaluation demon-
strating echogenic intracardiac focus in the left ventricle of the
fetal heart.
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Figure 3-9 Clinodactyly in a fetus at 23 weeks’ gestation with
Down syndrome. The fifth digit is significantly smaller than ex-
pected with middle phalanx hypoplasia.

2. Echogenic bowel. Sonographic visualizationofbrightbowel
in the fetal abdomen is considered abnormal if the
echogenicity is similar to that of fetal bone (Figure 3-6)
(Nyberg et al., 1990b). A common pitfall with this minor
marker is to overdiagnose the finding because of inappro-
priately high sonographic gain settings. When present, it
is associated with a 6.7-fold increase in background risk
for Down syndrome.

3. Humerus and femur length. The expected humerus and fe-
mur lengths can be estimated after a measurement of the
fetal biparietal diameter (BPD) is obtained, and can be
calculated using the formula {−7.9404 + 0.8492 × BPD}
for the humerus, or {−9.645 + 0.9338 × BPD} for the
femur. A ratio of observed to expected humerus or femur
lengths less than 0.90 is considered abnormal (Nyberg
et al., 1990a, 1993). It is likely that separate norms will

Figure 3-10 Prenatal sonographic image demonstrating the
sandal gap.

Figure 3-11 Bilateral choroid plexus cysts in a fetus with trisomy
18 at 18 weeks’ gestation.

be needed to interpret long bone length in certain popula-
tions, such as biometry tends to be shorter amongst Asian
fetuses (Shipp et al., 2001). The isolated finding of a short
humerus or a short femur is associated with a fivefold and
a 1.5-fold increase in background risk forDown syndrome
respectively.

4. Echogenic intracardiac focus. Calcification of the papillary
muscle in the intracardiac ventricles can be demonstrated
by sonography as a discrete echogenic dot within the left
or right ventricle (Figure 3-8) (Brown et al., 1994). The
majority of cases are present in the left ventricle, and care
should be exercised in imaging the fetal heart from mul-
tiple angles to avoid overdiagnosis due to specular reflec-
tion. Additionally, echogenic intracardiac focus may be

Figure 3-12 Single umbilical artery in a fetus at 23 weeks’ gesta-
tion with trisomy 18. Color Doppler evaluation at the umbilical
cord insertion site into the fetal abdomen, angled caudally to in-
clude the fetal bladder demonstrates only one umbilical artery at
the dome of the bladder. The right umbilical artery is absent.
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considered a normal variant in certain populations, being
present in up to 30% of normal Asian fetuses (Shipp et al.,
2000). When an echogenic intracardiac focus is detected,
the background risk for Down syndrome can be increased
by a factor of 1.8.

5. Pyelectasis. Sonographic measurement of the anteropos-
terior diameter of the renal pelves from 15 to 20 weeks’
gestation should normally reveal a diameter of 3 mm or
less (Figure 3-7) (Benacerraf et al., 1990). Bilateral pyelec-
tasis, inwhichboth renal pelvisesmeasure 4mmorgreater,
is associated with a 1.5-fold increase in background risk
for Down syndrome.

6. Nasal bones. Failure to visualize the nasal bone, on a per-
fect sagittal fetal profile during the second trimester, or
visualization of hypoplastic nasal bones, has recently been
suggested as a powerful screening tool forDown syndrome
(Figure 3-5) (Bromley et al., 2002; Vintzileos et al., 2003).
It is likely that this second trimester approach may not be
as subjective as first trimester nasal bone evaluation. Very
limited data exist to date assessing the strength of this as-
sociation during the second trimester. It is possible that
the absence or hypoplasia of nasal bones may increase the
background risk for Down syndrome by up to a factor
of 8.

7. Choroid plexus cyst. Sonographic evaluation of the choroid
plexus, using an axial view through the upper portion of
the fetal head, can frequently reveal the presence of one
or more discrete cysts (Figure 3-11). While debated exten-
sively in the past, it does not appear that isolated choroid
plexus cysts represent markers for Down syndrome, al-
though they have been described as being associated with
trisomy 18 (American College of Obstetricians and Gyne-
cologists, 2001). It is possible that the detection of an iso-
lated choroid plexus cyst might increase the background
risk for trisomy 18 by a factor of 7. However, since the
background risk for trisomy 18 is generally very low, it is
unlikely that the finding of an isolated cyst in a low-risk
patient is of any clinical significance. Additionally, it does
not appear that the number, size, or evolution of choroid
plexus cysts has any impact on trisomy 18 risk assessment.

USING SECOND TRIMESTER
SONOGRAPHIC MARKERS FOR
COUNSELING

To objectively counsel patients following the prenatal diag-
nosis of a minor sonographic marker, likelihood ratios can
be used to create a more precise risk assessment for the pa-
tient that their fetus might be affected with Down syndrome.
Table 3-2 summarizes the likelihood ratios that can be used
to modify a patient’s risk for Down syndrome, depending on
whichminormarker is detected. If nomarkers are present, the
patient’s a priori risk can be multiplied by 0.4, effectively re-
ducing their chances of carrying a fetus withDown syndrome
by60%(Nyberg et al., 2001). The likelihood ratio values listed

Table 3-2

Likelihood Ratios for Down Syndrome
When an Isolated Minor Sonographic
Marker Is Detected. The Patient’s A Priori
Risk Is Multiplied by the Appropriate
Positive Likelihood Ratio to Yield an
Individualized Post-Test Risk for Fetal
Down Syndrome

Minor Likelihood 95% Confidence
Marker Ratio Intervals

Nuchal fold >5 mm 11 6–22

Echogenic bowel 6.7 3–17

Short humerus 5.1 2–17

Short femur 1.5 0.8–3

Echogenic intracardiac
focus

1.8 1–3

Pyelectasis 1.5 0.6–4

Any two minor markers 10 6.6–14

Any three or more
minor markers

115 58–229

No markers 0.4 0.3–0.5

for eachmarker assume that themarker is an isolated finding.
By contrast, when more than one minor marker is noted in
the same fetus different likelihood ratios must be used, with
the risk for Down syndrome being increased by a factor of
10 when 2 minor markers are detected and by a factor of
115 when 3 or more minor markers are found (Nyberg et al.,
2001).

It should also be noted that the 95% confidence inter-
val values for each marker’s likelihood ratios are rather wide.
These values should therefore be used only as a general guide
for counseling patients, and care should be exercised to avoid
implying too much precision in the final risk estimates. Ac-
curacy of risk estimates however can be maximized by using
the best available a priori risk value for a particular patient,
such as the results of maternal serum marker screening or
first trimester combined screening, rather thanmaternal age,
when available. For example, if a 35-year-old patient has an
age-related risk of Down syndrome of 1 in 250, and has had
a second trimester serum Quad screen done that reveals a
reduced risk of 1 in 1000, the finding of an echogenic intrac-
ardiac focus on genetic sonography should result in a final
Down syndrome risk of 1 in 555 and not 1 in 140 (i.e., 1:1000
multiplied by 1.8, rather than 1:250 multiplied by 1.8).
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COMPARATIVE ROLE OF FIRST AND
SECOND TRIMESTER SCREENING

As demonstrated in Figures 2-3A and 2-3B in the preced-
ing chapter, second trimester serum screening for Down syn-
drome is similarly effective tofirst trimester combined screen-
ing using nuchal translucency sonography, PAPP-A and free
ßhCG.Only when performed at 11 weeks’ gestation does first
trimester combined screening have a significantly better per-
formance than second trimester Quad marker serum screen-
ing (87% vs. 81% Down syndrome detection, respectively, at
a 5% false-positive rate). Additionally, first trimester com-
bined screening has the lowest false-positive rate, compared
with second trimester Quad marker serum screening.

COMBINED FIRST AND SECOND
TRIMESTER SCREENING

Given the excellent performance characteristics of both first
trimester combined screening and second trimester Quad
marker serum screening, it is logical to assume that improved
screening results could be obtained by performing screening
tests in both trimesters in the same patient. However, with
the increasing range of Down syndrome screening tests now
available, confusion will likely develop when patients have
more than one screening test performed.

It is not valid to perform separate Down syndrome
risk assessments at different gestational ages by providing in-
dependent estimations of risk on each test. For example, if
a particular population has been subjected to first trimester
screening, approximately 80%of the cases ofDownsyndrome
will have already been discovered and terminated prior to
15 weeks’ gestation (Wapner et al., 2003; Malone et al., 2005;
Nicolaides et al., 2005). If the remaining population is then
subjected to second trimester screening with risks calculated
independently, the positive predictive value of an abnormal
second trimester screen will be significantly reduced. The in-
dividual risk calculation provided to such patients will be in-
accurate. Additionally, since both screening tests carry their
own false-positive rate, the overall population false-positive
rate at the completion of all screening tests may be extremely
high. In one recent study, such an independent sequential
screening policy (nuchal translucency, PAPP-A, fβhCG in
the first trimester, followed by triple screen performed in-
dependently in the second trimester) suggested a 98% Down
syndrome detection rate, but at an unacceptably high 17%
false-positive rate (Platt et al., 2004).

If screening tests are to be performed at different ges-
tational ages in the same patient population, it is essential to
ensure that earlier marker results are incorporated into the
interpretation of later tests. Options that can be used to accu-
rately combine both first and second trimester screening tests
include integrated screening, stepwise sequential screening,
and contingent screening.

Integrated Screening

This form of risk assessment refers to a two-step screening
protocol, with results not being released until all screening
steps are completed. Sonographic measurement of nuchal
translucency, together with serum assay for PAPP-A, is ob-
tained between 10 and 13 weeks’ gestation, followed by a sec-
ond serum assay for AFP, hCG, uE3, and inhibin-A obtained
between15 and16weeks’ gestation.A single risk assessment is
then calculated at 16 weeks’ gestation. This “fully integrated”
test has a Down syndrome detection rate of 95%, for a 5%
false-positive rate (Wald et al., 2003; Malone et al., 2005). A
variant of this approach, referred to as the “serum integrated”
test, involves blood tests only, including PAPP-A in the first
trimester, followed by AFP, hCG, uE3, and inhibin-A in the
second trimester. This latter test, which does not require an
NT ultrasound assessment, has a Down syndrome detection
rate of 86%, for a 5% false-positive rate (Wald et al., 2003;
Malone et al., 2005).

For some patients who are anxious to receive rapid
screening results, or for those who might wish to avail of a
first trimester CVS, it is possible that such integrated screen-
ing tests might not be acceptable, as a delay inevitably exists
between the time of first trimester screening measurements
and release of results in the second trimester. However, for
patients who may not be interested in, or have access to, first
trimester CVS, the efficiency of being provided with a sin-
gle Down syndrome risk assessment result, which maximizes
detection and minimizes false-positives, may make such in-
tegrated screening tests appear attractive.

Stepwise Screening

In contrast to integrated screening, stepwise screening refers
to multiple different Down syndrome screening tests being
performed, with risk estimates being provided to patients
upon completion of each step. With this approach, patients
undergo first trimester risk assessment using nuchal translu-
cency, PAPP-A, and fβhCG, but immediate risk results are
only provided to the highest risk patients (e.g., the highest
2.5% risk values). All other patients return at 15 weeks’ gesta-
tion, atwhich time theQuad serummarkers areobtained, and
are combined with nuchal translucency and PAPP-A values
to provide a final risk estimate. In the FASTER Trial, such a
stepwise sequential screeningprogramdetected95%ofDown
syndrome cases at a 4.9% false-positive rate (Malone et al.,
2005). The benefit of this screening approach is detection
and false-positive rates similar to integrated screening. A po-
tential advantage over integrated screening is that it allows
patients in the first trimester to avail of an immediate CVS,
should their risk estimate justify this test, without having to
wait until 16 weeks when the integrated screening results are
provided. Patients could possibly get the benefit of early di-
agnosis associated with first trimester screening, as well as
the higher detection rate for Down syndrome associated with
integration of both first and second trimester screening tests
(Malone, 2005).
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Contingent Screening

A further refinement to stepwise sequential screening is the
option of contingent screening. With this approach first
trimester risk results are divided into three groups. The high-
est risk group of patients (e.g., risk greater than 1 in 100)
is offered CVS immediately and obtains a definitive diagno-
sis. The lowest risk group (e.g., risk lower than 1 in 1000)
is reassured in the first trimester and has no further Down
syndrome screening tests performed. The intermediate risk
group (e.g., risk between 1 in 100 and 1 in 1000) returns at
15 weeks’ gestation, at which time the Quad serum markers
are obtained and are combined with earlier markers to give a
more precise final Down syndrome risk estimation.

The advantage of this approach, compared with inte-
grated and stepwise screening, is that it may have similar de-
tection and false-positive rates, but with only a small percent-
age of patients having to undergo further second trimester
testing (Wright et al., 2004;Cuckle et al., 2008). In theFASTER
Trial, a contingent screening protocol detected 91% of Down
syndrome cases at a 4.5% false-positive rate (FPR) using cut-
offs of >1 in 30 to define positive screens and 1 in 30 to
1500 to define borderline (Cuckle et al., 2008). At a fixed
false-positive rate, contingent screening achieved compara-
ble detection rates as stepwise and integrated screening, but
substantially reduced thenumberofwomenneeding to return
for second trimester serum screening (Cuckle et al., 2008).

SECOND TRIMESTER SCREENING IN
MULTIPLE GESTATIONS

As with the case for first trimester screening, prenatal risk
assessment for Down syndrome in multiple gestation preg-
nancies is more limited than with singletons. Sonographic
evaluation of each individual fetus in the second trimester
formajor structural malformations orminormarkers will al-
low for the calculation of fetus-specific risks for aneuploidy.
There does not appear to be any evidence that the perfor-
mance of these sonographic markers is any less efficient in
twin or higher order multiple gestations, other than the tech-
nical challenge in obtaining adequate imaging in such cases.

Interpretation of maternal serum screening, however,
can be difficult because of the potential for discordancy be-
tween twins and the impact of different placentas on the var-
ious analytes. On average, second trimester levels of the com-
monly utilized biochemical markers are twice as high as in
singleton pregnancies (Cuckle, 1998). In dichorionic preg-
nancies, if one fetus is euploid and another is aneuploid, the
opposite direction in which biochemical markers from indi-
vidual placentas go may be masked by the overall maternal
serum levels. Maternal serum markers may be interpretable
however using the “pseudorisk” approach. This involves di-
viding the observed multiple of the median (MoM) values
found in each twin pregnancy being evaluated, by themedian
value found in normal singletons. Minimal data are available
from twin pregnancies complicated by Down syndrome to
validate this approach. The limited studies performed to date

have suggested that second trimester serumscreening in twins
may have Down syndrome detection rates of 50% to 60% at
false-positive rates of 7% to 10% (Spencer et al., 1994;Muller
et al., 2001). For this reason, most prenatal diagnosis centers
continue to rely on sonographic evaluation to provide aneu-
ploidy risk assessment for multiple gestations in the second
trimester.
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4
CHAPTER

Prenatal Diagnostic
Procedures

Key Points

■ Prenatal diagnostic procedures allow prenatal
detection of an ever-expanding list of fetal
abnormalities by obtaining genetic, biochemical,
and physiologic information about the fetus.

■ The specific procedure selected depends upon the
gestational age and the information needed.

■ Genetic consultation should be available to help
patients choose which diagnostic procedure is
optimal for them.

■ Earlier prenatal diagnostic methods have become
increasingly more common and are likely to
increase in popularity. The most studied of these is
CVS. Transcervical and transabdominal techniques
are equally effective.

■ Early amniocentesis is not recommended now that
compelling evidence regarding its disadvantages
has been published.

■ Advances in molecular techniques have led to a
declining number of reasons for using
percutaneous umbilical blood sampling. It is now
rarely the procedure chosen for determining fetal
karyotype.

■ Percutaneous umbilical blood sampling is the
most direct method of evaluating fetal anemia
secondary to severe Rho(D) disease.

■ The majority of invasive diagnostic procedures are
associated with low rates of complications
commensurate with provider skill and experience.

AMNIOCENTESIS

Amniocentesiswasfirst usedduring the 1880s for decompres-
sion of polyhydramnios (Lambl, 1881). In 1930, placental lo-
calization was achieved after the intra-amniotic injection of
contrast medium (Menees et al., 1930). Aburel (1937) de-
scribed the termination of a pregnancy by the intra-amniotic
injection of hypertonic saline. During the 1950s, the role
of amniocentesis and measurement of bilirubin concentra-
tions inmonitoring rhesus disease was reported (Bevis, 1950;
Walker, 1957).

Amniocentesis for fetal chromosome analysis was also
initiated in the 1950s. (Until 1956, the number of human

chromosomeswas not known.) Thefirst reported application
was for fetal sex determination (Fuchs and Riis, 1956). The
feasibility of culturing and karyotyping amniotic fluid cells
was demonstrated by Steele and Breg in 1966. The first prena-
tal diagnosis of an abnormal karyotype, a balanced translo-
cation, was reported in 1967 by Jacobson and Barter. Trisomy
21 was detected prenatally by Valenti et al., in 1968. During
the same year the first diagnosis of the metabolic disorder
galactosemia was reported by Nadler (1968).

Indications

Indications for amniocentesis include (1) increased risk for
fetal aneuploidy, (2) increased risk for known fetal genetic or
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biochemical abnormalities, (3) increased risk for fetal open
neural tube defect (ONTD), (4) evaluation for fetal infection,
and (5) documentation of fetal lung maturity.

In the United States, while it had been considered stan-
dard practice to offer genetic counseling and prenatal cyto-
genetic analysis to all women of advanced maternal age, (age
35 years or older at their expected date of delivery), these rec-
ommendations have changed. Most recent guidelines from
theAmericanCollege ofObstetricians andGynecologists em-
phasize that all patients, regardless of age, should have the
option for invasive prenatal cytogenetic analysis if they prefer
(ACOG, 2007). It is no longer considered acceptable clini-
cal practice to limit or recommend invasive testing of fetal
karyotype purely on the basis ofmaternal age. Amniocentesis
is the most common invasive test used for this indication.
The risk of numerical chromosomal abnormalities (aneu-
ploidy) increases with advancing maternal age as a result of
nondisjunction, which occurs during maternal meiosis. The
relationship between maternal age and the estimated risk of
chromosomal abnormalities is shown in Table 4-1 (Hook,
1981; Hook et al., 1983). It is now also standard practice to
offer invasive prenatal diagnosis to patients with increased
risk for aneuploidy according to the results of first and/or
second trimester screening for aneuploidy (see Chapters 2
and 3 for more details on the various methods of maternal
screening for aneuploidy).

Similar to patients with singletons, invasive prenatal
diagnosis should be considered in all patients with multiple
fetuses with an increased risk for aneuploidy (Meyers et al.,
1997; American Academy of Pediatrics and The American
College of Obstetricians and Gynecologists, 2002; The Amer-
ican College of Obstetricians and Gynecologists, 2004).

Invasive prenatal diagnosis is also indicated when there
is a need to obtain fetal material for cytogenetic, biochemical,
orDNA studies. Increasingly, theDNAabnormalities respon-
sible for the etiology of many disorders are being identified.
A list of some of the common genetic conditions for which
DNA-based prenatal diagnosis is available is given in Table
4-2, although this list is far from complete. More than 100
abnormalities of lipid, mucopolysaccharide, amino acid, and
carbohydratemetabolism are also amenable to prenatal diag-
nosis through the biochemical analyses of cultured amniotic
fluid cells.Note, however, that the substantially larger amount
of tissue obtained by chorionic villus sampling (CVS) makes
CVS the preferred method of diagnosing single gene bio-
chemical disorders in which the DNA abnormality is known.

Established screening tests for fetal ONTDs include
measurement of maternal serum alpha fetoprotein levels
(MSAFP) during the second trimester, followed by amnio-
centesis in patients with elevated results (UK Collaborative
Study, 1979), or sonographic screening for brain and spine
malformations. The ultrasound diagnosis of fetal ONTD has
been greatly enhanced by the recognition of associated ab-
normalities in the skull and brain. These abnormalities in-
clude cerebral ventriculomegaly, microcephaly, frontal bone
scalloping (lemon sign), and obliteration of the cisterna
magna with either an “absent” cerebellum or abnormal pos-
terior curvature of the cerebellar hemispheres (banana sign)

Table 4-1

Relation Between Maternal Age and the
Estimated Rate of Chromosomal
Abnormalities∗

Risk of Down Risk of Chromosomal
Age Syndrome Abnormality

20 1/1667 1/526

25 1/1250 1/476

30 1/952 1/385

35 1/385 1/202

36 1/295 1/162

37 1/227 1/129

38 1/175 1/102

39 1/137 1/82

40 1/106 1/65

41 1/82 1/51

42 1/64 1/40

43 1/50 1/32

44 1/38 1/25

45 1/30 1/20

46 1/23 1/16

47 1/18 1/13

48 1/14 1/10

49 1/11 1/7

∗Ages are at the expected time of delivery.
From D’Alton ME, DeCherney AH. Prenatal diagnosis. N Engl J Med.
1993;328:114-120.

(see Chapter 19) (Nicolaides et al., 1986). Van den Hof et al.
(1990) have reported on the diagnosis of ONTD in 130 fe-
tuses among 1561 patients at high risk for fetal neural tube
defects who were referred for detailed ultrasound examina-
tion. The examinations revealed associated abnormalities of
the skull and brain in 129 of the 130 fetuses with ONTD. As
a result of this evidence of the accuracy of ultrasound in the
diagnosis of neural tube defects, the need for amniocentesis
in the evaluation of an elevatedMSAFP has been questioned.
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Table 4-2

List of Conditions Amenable to DNA Analysis

Mode of Chromo- Mode of Chromo-
Disorder Inheritance some Disorder Inheritance some

α1-Antitrypsin deficiency AR 14

α1-Thalassemia AR 16

Adult polycystic kidney
disease (type 1)

AD 16

β-Thalassemia AR 11

Congenital adrenal
hyperplasia

AR 6

Cystic fibrosis AR 7

DiGeorge syndrome AD 22

Duchenne/Becker muscular
dystrophy

XLR X

Familial Alzheimer disease AD 21

Familial hypercholesterolemia AD 19

Familial polyposis coli AD 5

Fragile X syndrome XLR X

Gardner syndrome AD 5

Hemoglobin Sc AR 11

Hemophilia A (factor IX
deficiency)

XLR X

Huntington disease AD 4

Marfan syndrome AD 15

Multiple endocrine neoplasia
type I

AD 11

Multiple endocrine neoplasia
type IIA

AD 10

Myotonic dystrophy AD 19

Neurofibromatosis (type 1) AD 17

Neurofibromatosis (type 2) AD 22

Norrie disease XLR X

Ornithine transcarbamylase
deficiency

XLR X

Phenylketonuria AR 12

Retinoblastoma AD 13

Sickle cell anemia AR 11

Spinal muscular atrophy AR/AD 5

Tay–Sachs disease AR 5

von Hippel–Lindau syndrome AD 3

Wiskott–Aldrich syndrome XLR X

AR = autosomal recessive; AD = autosomal dominant; XLR = X-linked recessive.
From D’Alton ME. Prenatal diagnostic procedures. Part 1—Diagnosis and treatment of fetal disease. Semin Perinatol. 1994;18:140-162.

Manycentersno longeroffer either stand-aloneMSAFP
screeningoramniocentesis for anelevatedMSAFP level, given
the significant advances inobstetric sonographicprecision for
this abnormality. At centers adept at diagnosingONTDsono-
graphically, amniocentesis can be reserved for patients with
suspicious ultrasound findings or large MSAFP elevations
despite a normal scan or when it is impossible to adequately
visualize fetal anatomy. At such specialized centers, patients
can be counseled that with a normal ultrasound examina-

tion, in which optimal views are obtained of the fetal head
and spine, the risk of ONTD can be reduced by up to 95%,
andthereforepatientsmayelectnot toundergoamniocentesis
(AmericanCollegeofObstetricians andGynecologists, 1996).
Patients who are at increased risk for neural tube defects
(i.e., who have elevatedMSAFP levels), who have a history of
neural tube defects, or who are taking antifolate medications
should be referred to centers with ultrasonographers expe-
rienced in diagnostic ultrasound. If ultrasound examination
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demonstrates a normal spine, cranium, and cerebellum, the
chance of an undetected spinal abnormality is low. Therefore,
amniocentesis, with a procedure-related risk of 0.1% up to
1%, is probably unnecessary. Some centers have calculated a
revised risk of neural tube defects on the basis of the MSAFP
value and normal results on ultrasound examination at their
particular center (Richards et al., 1988;Nadel et al., 1990). For
example, in our reference laboratory in a Caucasian patient
with an a priori risk for ONTD of 1 in 1000, anMSAFP of 2.8
multiples of themedian (MoM) gives a risk of 1 in 170.When
an adequate ultrasound examination is performed by com-
petent ultrasonographers and is interpreted as a normal scan,
this riskmaybe reducedby95%,givinga reassigned riskof ap-
proximately 1 in3400. Inour center, amniocentesis is reserved
for cases inwhich there is incomplete visualizationof the fetus
(as a result ofmaternal obesity or fetal position), serum levels
of MSAFP greater than 3.5 MoM in the presence of normal
sonographic examination, or suspicious ultrasound findings.

Premature delivery is one of the leading causes of peri-
natal death and long-termhandicap. The associationbetween
intrauterine infection and premature labor, in the presence
and absence of rupturedmembranes, has stimulated research
into amniocentesis for the diagnosis of subclinical intrauter-
ine infection (Romero et al., 1989; Shim et al., 2004). Am-
niocentesis in the clinical management of preterm labor or
preterm premature rupture of membranes (PPROM)may be
utilized for cases in which there is a suspicion of intrauterine
infection.

Measurement of the amniotic fluid lecithin:
sphingomyelin ratio (Gluck et al., 1974) and phos-
phatidylglycerol (Hallman et al., 1976) level is useful for the
assessment of fetal lung maturity. The need for these tests
has declined because of improved neonatal care and the
introduction of better methods of ultrasound assessment
of gestational age and fetal surveillance. Elective preterm
delivery should only be performed for a significant maternal
or fetal indication. Nonetheless, amniocentesis in the third
trimester is a safe procedure (Hodor et al., 2006).

Assessmentof the severityofRhdisease and theneed for
fetal blood transfusion or early delivery had previously been
basedon the results of amniocentesis and the interpretationof
the resultsof spectrophotometric estimationof amnioticfluid
bilirubin (Liley, 1961). However, Doppler measurements of
the middle cerebral artery peak systolic velocity have now
replaced amniocentesis for this indication. MCA Dopplers
can now be used to noninvasively diagnose anemia in fetuses
without hydrops who are at risk for anemia secondary to
conditions such as Rho(D) sensitization and parvovirus B19
infection (Mari et al., 2000; Cosmi et al., 2002) (Figure 4-1).
This noninvasive method of detecting fetal anemia decreases
the number of amniocenteses and percutaneous umbilical
blood sampling (PUBS) procedures needed in these high-
risk patients. The value of the middle cerebral artery peak
systolic velocity is expressed as MoM. Middle cerebral artery
peak systolic velocity >1.50 MoM is considered to be sug-
gestive of anemia and is considered an indication for PUBS
(Table 4-3). In the assessment of severe Rh sensitization in

Figure 4-1 Middle cerebral artery peak systolic velocity mea-
sured in a case of fetal parvovirus exposure.

Table 4-3

Expected Middle Cerebral Artery Peak
Velocity of Systolic Blood Flow by
Gestational Age (cm/s)

Gestational Age 1.00 median 1.29 1.50 1.55

18 23.2 29.9 34.8 36.0

20 25.5 32.8 38.2 39.5

22 27.9 36.0 41.9 43.3

24 30.7 39.5 46.0 47.5

26 33.6 43.3 50.4 52.1

28 36.9 47.6 55.4 57.2

30 40.5 52.2 60.7 62.8

32 44.4 57.3 66.6 68.9

34 48.7 62.9 73.1 75.6

36 53.5 69.0 80.2 82.9

38 58.7 75.7 88.0 91.0

40 64.4 83.0 96.6 99.8

From Mari G, Deter RL, Carpenter RL, et al. Collaborative Group for
Doppler Assessment of the Blood Velocity in Anemic Fetuses. Noninvasive
diagnosis by Doppler ultrasonography of fetal anemia due to maternal
red-cell alloimmunization. N Engl J Med. 2000;342:9-14.



30

Part I Introduction

A B

Figure 4-2 A. Diagrammatic representation of amniocentesis. B. Ultrasound image of amniocentesis.

the midtrimester, the only accurate method for predicting
the severity of the disease is measurement of the hemoglobin
concentration.

Technique

Early attempts at genetic amniocentesis weremade transvagi-
nally. Subsequently, the transabdominal approach has been
shown to be the only acceptable approach. During the 1960s
amniocentesiswasperformed“blindly.”During the1970sand
early 1980s, ultrasonography was used to identify a placenta-
free area for entry into a pocket of amniotic fluid. This po-
sition was marked on the maternal abdomen, and after a
variable length of time, the operator would blindly insert the
needle.

In contemporary practice, amniocentesis is always per-
formedwith continuous ultrasoundguidance.Anultrasound
scan is first performed to determine the number of fetuses
present, to confirm gestational age and fetal viability, and
to document normal anatomy. The maternal abdomen is
washed with antiseptic solution; it is unnecessary for the
technician to scrub and gown. Continuously guided by ul-
trasound, a 22-gauge needle is introduced into the amniotic
cavity (Figures 4-2A and 4-2B). While the procedure may be
performed either freehandorwith needle guides, the vastma-
jority of centers currently use a freehand technique (Jeanty
et al., 1983; Lenke et al., 1985). The freehand technique is
generally preferred because it allows easier manipulation of
the needle if the position of the target is abruptly altered by
a uterine contraction or fetal movement. Furthermore, this
techniquecanbeeasily adapted toall ultrasound-guideddiag-
nostic or therapeutic procedures, such as PUBS. Fetal heart

rate and activity is documented immediately following the
procedure.

Technique in Twins

Amniocentesis is a safe and accurate procedure for sampling
twin pregnancies between 15 and 20 weeks’ gestation. Am-
niocentesis in multiples was first described by Elias et al. in
1980 (Elias et al., 1980). Under ultrasound guidance, a spinal
needle is introduced into one sac. After aspirating fluid, a
blue dye (indigo carmine) is injected into that sac to serve as
a marker before removing the initial needle. A second nee-
dle is then inserted into the other sac and the aspiration of
clear fluid indicates that the second sac had been success-
fully entered (Figure 4-3). This technique is recommended
when sampling either dichorionic or monochorionic twin
pregnancies (but is not necessary in monoamniotic gesta-
tions). Likewise, the procedure can be used in triplets and
higher order multiples. It is essential to map and document
the location of each fetus and placenta at the time of amnio-
centesis. If discordant results are obtained and the patient de-
sires selective termination, the appropriate fetus can then be
targeted.

While use of a marker dye is extremely helpful in per-
forming amniocentesis on patients with multiples, the instil-
lation of some material has been associated with toxicity. For
example, methylene blue has been linked to fetal hemoly-
sis, multiple ileal obstructions, and jejunal atresia when in-
jected into the amniotic fluid (Cowett et al., 1976; Nicolini
and Monni 1990; Van der Pol et al., 1992). Indigo carmine
has been evaluated and has not been shown to be associated
with abnormal fetal outcomes (Cragan et al., 1993).
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Step 1

Step 2

Step 3

Figure 4-3 Diagrammatic representation of one method of per-
forming amniocentesis in twins. In Step 1, the fluid is aspirated
from the first amniotic sac. In Step 2, indigo carmine is injected
into the first sac. In Step 3, clear fluid is aspirated from the second
sac.

Alternative techniques have been described that do not
use dye instillation to be sure that both sacs have been success-
fully sampled (Jeanty et al., 1990; Sebire et al., 1996). Sebire
et al. described a technique utilizing single entry in 176 twin
pregnancies (Sebire et al., 1996). After amniotic fluid is as-
pirated from the sac of one twin, the syringe is removed, the
stylet replaced, and the needle is then advanced through the
intertwin membrane into the sac of the second twin under
continuous ultrasound guidance.When aspirating fluid from
the second sac, the authors recommend discarding the first
1mL in order to avoid possible contamination from amniotic
fluid of the first sac.While thismethod is feasible, we continue
to recommend the technique described earlier, using a sep-
arate needle insertion for each sac along with instillation of
indigo carmine into the first in order to eliminate any chance
of contaminating the samples.

Laboratory Considerations

Failure to culture amniocytes occurs in less than 1% of cases.
Chromosomal mosaicism occurs in approximately 0.5% of
cases. Chromosomal mosaicism is the presence of two or
more cell lines with different karyotypes in a single person.
This occurs as a result of postzygotic nondisjunction. The ob-
servation of multiple cell lines in a prenatal sample does not
necessarilymean that the fetushasmosaicism.Themost com-
mon type of mosaicism detected by amniocentesis is pseudo-
mosaicism (Hsu and Perlis, 1984). This phenomenon should

be suspected when an abnormality is evident in only one of
several cultures of an amniotic fluid specimen. The abnormal
cell lines arise during in vitro division; therefore, they are not
present in the fetus and are not clinically important. Con-
tamination bymaternal cells can beminimized by discarding
the first few drops of aspirated amniotic fluid. True fetal mo-
saicism, diagnosed when the same abnormality is present on
more than one cover slip, is rare (0.25%) but clinically im-
portant (Hsu and Perlis, 1984). The question of whether true
mosaicism is present is best resolvedbykaryotyping fetal lym-
phocytes obtained by PUBS (Gosden et al., 1988). PUBS can
provide results within 48 hours. Detailed ultrasound exami-
nation is also recommended to assess fetal growthandexclude
the diagnosis of structural anomalies. If both ultrasound and
fetal blood sampling results are normal, the parents can be
reassured that the major chromosomal abnormalities have
been excluded (Gosden et al., 1988).

Complications

Serious maternal complications, such as maternal hemor-
rhage and sepsis, are virtually unheard of with amniocen-
tesis in contemporary practice. Amnionitis occurs in 0.1% of
cases (Turnbull and Mackenzie, 1983). The development of
rhesus isoimmunization (Golbus et al., 1979; Hill et al., 1980)
can be avoided by prophylactic administration of anti-D im-
munoglobulin to Rho(D)-negative women who are about to
undergo amniocentesis. Amniotic fluid leak or vaginal blood
loss, noted after amniocentesis by 2% to 3% of patients, is
usually self-limiting, although occasionally leakage of amni-
otic fluid persists throughout pregnancy (NICHD Amnio-
centesis Registry, 1976; Simpson et al., 1981). Other common
postprocedure symptoms include abdominal/pelvic cramp-
ing for 1 to 2 hours and lower abdominal discomfort for up
to 48 hours after the procedure.

The safety and accuracy of midtrimester amniocente-
sis was documented in the mid-1970s by three collabora-
tive studies performed in theUnited Kingdom,United States,
and Canada (NICHDAmniocentesis Registry, 1976; Medical
Research Council, 1977; Working Party on Amniocentesis,
1978).However, theonlyprospective, randomized, controlled
trial is a study by Tabor et al. (1986), who reported on 4606
low-risk, healthy women. Patients, aged 25 to 34 years old,
were randomly allocated to a group that would have amnio-
centesis or to one that would have ultrasound examination.
The total rate of fetal loss in the patients who underwent
amniocentesis was 1.7% and in the control patients 0.7%
(P < 0.01). The conclusions of this study were initially crit-
icized because an 18-gauge needle (which is associated with
higher risks than smaller needles) was documented as having
been used. Tabor et al. (1988) subsequently reported that they
had beenmistaken in citing the use of an 18-gauge needle and
had, in fact, used a 20-gauge needle for most of the proce-
dures. The Danish study also demonstrated that there were
significant associations between pregnancy loss and puncture
of the placenta, high MSAFP levels, and discolored amniotic
fluid (Tabor et al., 1986).
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Both the UK and Danish studies (Working Party on
Amniocentesis, 1978; Tabor et al., 1986) found an increase
in respiratory distress syndrome and pneumonia in neonates
from the amniocentesis groups. Other studies have not found
this association. TheUK study showed an increased incidence
of talipes and dislocation of the hip in the amniocentesis
group (Working Party on Amniocentesis, 1978).

Much debate has centered on the current loss rates
for amniocentesis, as anecdotal reports suggested that a 1%
procedure-related loss rate appeared higher than what was
seen in clinical practice. It was felt by many that the loss rate
of 1% reflected clinical practice in the 1980s when ultrasound
equipment and skill was significantly less advanced than con-
temporary practice, and when needle sizes were also different
from contemporary practice. However, another randomized
trial of amniocentesis will never occur due to ethical con-
cerns. The only other option to provide contemporary data
on amniocentesis safety is from large-scale prospective ob-
servational trials from the general population, and in which
detailed pregnancy outcome data are available. The FASTER
Trial (see Chapter 2) provided an ideal opportunity to obtain
such updated safety data on amniocentesis (Malone et al.,
2005). This study demonstrated a much lower procedure-
related loss rate of 1 in 1600 (0.06%) (Eddleman et al.,
2006). While the publication of this study has provoked
much debate about the true procedure-related loss rate from
amniocentesis, it is now commonly accepted that the loss
rate is somewhere between the initial 1% quoted by Tabor
(Tabor et al., 1986) and 0.06%, perhaps closer to 1 in 1000.
The most recent ACOG statement on this topic describes
the loss rate as being “less than 1 in 300–500” (ACOG,
2007).

Needle puncture of the fetus, reported in 0.1% to 3.0%
of cases (NICHD Amniocentesis Registry, 1976; Karp and
Hayden, 1977), has been suggested as the cause of exsan-
guination (Young et al., 1977), intestinal atresia (Swift et al.,
1979; Therkelsen and Rehder, 1981), ileocutaneous fistula
(Rickwood, 1977), gangrene of a fetal limb (Lamb, 1975),
uniocular blindness (Merin and Beyth, 1980), porencephalic
cysts (Youroukos et al., 1980), patellar-tendon disruption
(Epley et al., 1979), skin dimples (Broome et al., 1976), and
peripheral-nerve damage (Karp and Hayden, 1977). Contin-
uous use of ultrasound to guide the needle minimizes needle
puncture of the fetus. Finegan et al. (1990) have reported an
increased incidence of middle ear abnormalities in children
whose mothers underwent amniocentesis.

Complications in Multiple Gestation

Early studies suggested a higher fetal loss rate in twin preg-
nancies than in those with singletons (Pijpers et al., 1988;
Anderson et al., 1991). These studies, however, did not ad-
dress whether the fetal wastage following amniocentesis is
attributable to the procedure or to the twin gestation itself.
Patients with multiples are at increased risk for fetal loss. In a
case–controlled study, Ghidini et al. (1993) reported similar
loss rates between sampled twins and unsampled matched

twin controls (3% vs. 2.8%). They concluded that second
trimester amniocentesis in twins was not associated with ex-
cess pregnancy loss and that the likelihood of fetal wastage
secondary to this procedure is probably the same as that in
singletons. More recent studies, however, have contradicted
this finding. In a retrospective study of 476 twins who un-
derwent amniocentesis and 477 who did not, Yukobowich
et al. (2001) found statistically different loss rates 4 weeks
after the procedure, 2.7% versus 0.6%. Toth-Pal et al. (2004)
compared pregnancy loss in 175 twin pregnancies that un-
derwent amniocentesis to 300 controls. The loss rate between
18 and 24 weeks’ gestation was 3.87% in the amniocentesis
group versus 2.39% in the control group. Although these re-
sults were not statistically significant, the authors concluded
that genetic amniocentesis slightly increases the loss rate in
women carrying twins.

Early Amniocentesis

As the technique of midtrimester amniocentesis gained rapid
acceptance, interest developed in the use of the same diag-
nostic technique at earlier gestational ages. The term “early
amniocentesis” was used to describe the performance of am-
niocentesis at less than 14 weeks’ gestation. An assump-
tion was made that since amniocentesis was shown to be a
safe and effective procedure in the second trimester of preg-
nancy, it would be equally safe and effective during the first
trimester.However, with the completion of theCEMAT study
(Canadian Early and Midtrimester Amniocentesis Trial) in
1998, it has become clear that EA from 11 weeks to 12 weeks
6 days is associated with significant disadvantages (CEMAT
Group, 1998).

In theCEMAT study, 4374 patientswere randomized to
eitherEA(definedasamniocentesis from11weeks to12weeks
6 days) ormidtrimester amniocentesis (defined as amniocen-
tesis from 15 weeks to 16 weeks 6 days). It was found that EA
was significantly more likely to be a technically difficult or
unsuccessful procedure when compared with midtrimester
amniocentesis (1.6% vs. 0.4%), and it was twice as likely that
EA would require more than one needle insertion (Johnson
et al., 1999). In addition, itwas found thatEAwas significantly
more likely to result in karyotype culture failure (2.4%)when
comparedwithmidtrimester amniocentesis (0.25%)(Winsor
et al., 1999).

The CEMAT investigators also demonstrated signifi-
cant safety concerns with the EA technique. There was a
significantly higher rate of total pregnancy loss in the EA
group (7.6%)versus themidtrimester group (5.9%) (CEMAT
Group, 1998). Also of concern was a significantly higher rate
of clubfoot in the EA group (1.3%) versus the midtrimester
group (0.1%). EA was also associated with a significantly
higher chance of postprocedural amniotic fluid leakage
(3.5%) when compared with midtrimester amniocentesis
(1.7%). The CEMAT study effectively ended the controversy
on the role of EA, and suggested that this technique should
generally be avoided before the 13th week of gestation. The
safety of amniocentesis between 13 and 14weeks is unknown.
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Consequently, it is best to delay amniocentesis until 15 weeks’
gestation.

Summary

Indications for amniocentesis have changed considerably in
recent years and are likely to evolve even further. The most
commonindication foramniocentesis is toobtaina fetal kary-
otype in pregnant women with an increased risk for fetal
aneuploidy. The use of amniocentesis in the investigation of
elevated MSAFP is declining. The use of amniocentesis to
test for fetal lung maturity has decreased because ultrasound
dating of pregnancy is now obtained in many cases, and pre-
mature deliveries are performed only if there are maternal or
fetal indications. For the assessment of fetal anemia in severe
red-cell isoimmunized pregnancies in the second trimester,
amniocentesishasbeenreplacedbyDopplerultrasoundof the
middle cerebral artery. Contemporary loss rates secondary to
amniocentesis are quite low, likely approaching 1 in 1000.

CHORIONIC VILLUS SAMPLING

With conventional amniocentesis, karyotype results may be
received as late as themiddle second trimester. This is a draw-
back because of the medical risks of performing pregnancy
termination using dilation-and-evacuation procedures late
in the pregnancy. In addition, delaying such procedures until
after fetalmovement is perceivedmay be emotionally difficult
for the patient. Using chorionic villi as a source for fetal kary-
otyping during the 10th week of pregnancy was introduced
experimentally byHahnemannandMohr in1969, and theuse
of anendoscopic transvaginal approach (Figure4-4)was eval-
uated by Hahnemann in 1974. Clinical use of chorionic villi

Figure 4-4 Diagrammatic representation of transcervical chori-
onic villus sampling.

Figure 4-5 Ultrasound image of transcervical chorionic villus
sampling demonstrating the catheter in a posterior placenta.

for fetal sex determination was described in 1975 by a group
from China. They performed blind transvaginal aspiration
without ultrasound examination (Tietung Hospital, 1975).
Once an ultrasound-guided technique for aspiration was in-
troduced, CVS became accepted for more widespread use.

Transcervical CVS

Ultrasound examination immediately before the procedure
confirms fetal heart activity, appropriate growth, and loca-
tion of the placenta (Figures 4-4 and 4-5). The position of the
uterus and cervix is determined, and the anticipated catheter
path is mentally mapped. If the uterus is severely anteverted,
filling of the bladder frequently straightens its position. If
a uterine contraction occurs it could interfere with passage
of the catheter, and a decision may be made to delay the
procedure until the contraction dissipates. When the uterine
condition and location are favorable, the patient is placed in
the lithotomy position; and the vulva, vagina, and cervix are
aseptically prepared. A speculum is inserted, and the anterior
lip of the cervix may be grasped with a tenaculum to aid in
manipulating the uterus. The distal 3 to 5 cm of the catheter
is molded into a slightly curved shape and then gently passed
through the cervix until a loss of resistance is felt at the en-
docervix. The operator then waits until the ultrasonographer
visualizes the tip of the catheter.

The catheter is inserted parallel to the placenta and
passed almost to its distal end (Figures 4-4 and 4-5). The
stylet is then removed and a 20-mL heparinized syringe con-
taining nutrient medium is attached. The syringe is used to
apply negative pressure. The catheter and attached syringe
are then pulled back slowly, and the syringe is visually in-
spected for villi, which are easily seen with the naked eye as
white branching structures. Once an adequate sample is ob-
tained, the patient is discharged. The patient is instructed to
inform her physician if she develops heavy bleeding, fever, or
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Figure 4-6 Diagrammatic representation of transabdominal
chorionic villus sampling.

unusual vaginal discharge. A follow-up scan and MSAFP as-
say are performed at 16 weeks of gestation.

Alternativeapproaches to transcervicalCVS includeuse
of a reusable biopsy forceps, rather than a disposable plas-
tic catheter. There are no comparative data available guiding
which transcervical instrument is optimal.

Transabdominal CVS

Continuous ultrasound imaging is used to direct a 19- or
20-gauge spinal needle into the long axis of the placenta
(Figures 4-6 and4-7).After removal of the stylet, villi are aspi-
rated into a 20-mL syringe containing tissue culturemedium.
Itmay be a reasonable alternative to amniocentesis or PUBS if
karyotype evaluation is needed later in pregnancy when spe-
cial circumstancesmay exist, such as severe oligohydramnios.

Multiple Gestation

CVS is considered a safe alternative to amniocentesis inmulti-
ple gestations (Brambati et al., 1991b; Pergament et al., 1992;
Wapner et al., 1993). Chorionic villi for chromosomeorDNA
analysis can be obtained either by transcervical catheter or by
transabdominal needle approaches under ultrasound guid-
ance. The advantage of CVS over amniocentesis is the earlier
availability of results and, if discordant results are obtained,
selective termination can be performed early in gestation
when it is associated with a lower risk of adverse outcomes.
First trimester diagnosis by CVS is particularly important

Figure 4-7 Ultrasound image of transabdominal chorionic villus
sampling demonstrating the needle in an anterior placenta at
12 weeks.

for women with multiple gestations who may be considering
multifetal pregnancy reduction. These patients can verify that
specific fetuses are euploid prior to multifetal pregnancy re-
duction. Similar to amniocentesis, the location of each fetus
and placenta should be carefully mapped and documented
at the time that CVS is performed (Appelman and Furman,
2005).

CVS in multiple gestation can be technically challeng-
ing.Both thephysicianandsonographer shouldbeadequately
experienced to ensure proper placement of the sampling in-
strument because there are no markers to confirm that each
samplehas beenobtained fromadistinct placenta. Early stud-
ies suggested that contamination from one placenta to an-
other occurs in up to 4% of cases (Pergament et al., 1992;
Wapner et al., 1994). However, more recent studies have
suggested that cross-contamination between placentas is far
less frequent (DeCatte et al., 2000; Brambati et al., 2001).
De Catte et al. (2000) described 262 twin pregnancies that
underwent CVS with 99% of the placentas being sampled
adequately (DeCatte et al., 2000). In two pregnancies, the
same placenta was sampled twice, and in three others there
was cross-contamination between placentas. Brambati et al.
(2001) described 198 sets of twins and 9 sets of triplets un-
dergoing CVS. Sampling was successfully performed in all
cases, and no evidence of incorrect sampling was reported.
Methods to decrease contamination errors include collecting
samples near the cord insertion site when placentas are ad-
jacent, avoiding the dividing membrane, and using both the
transabdominal and transcervical approach in certain clinical
situations.

CVS appears to be an accurate diagnostic procedure
in multiple gestation. The diagnostic precision of CVS and
amniocentesis in twins and triplets was reviewed by van den
Berg et al. (1999). Twohundred andninety-eightwomenwith
twins underwent second trimester amniocentesis, and 163
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others were sampled by CVS. Four women with triplets un-
derwent CVS and 11 had amniocentesis. Amongst the twins,
uncertain results in one or both samples requiring additional
sampling was more frequent in the CVS group compared
to the amniocentesis group (8/163 (5%) vs. 1/298 (0.3%)).
Erroneous sampling (sampling the same placenta twice) was
only seen once in the CVS group and cross-contamination
was present in two of seven pregnancies that underwent CVS
and DNA analysis. Uncertain results were present in eight
pregnancies undergoing CVS, five of which were secondary
to confined placental mosaicism. No diagnostic errors oc-
curred in the CVS group. In the amniocentesis group, the
one uncertain result was likely due to a sampling error. In
the triplet group, one patient who underwent amniocen-
tesis and one who underwent CVS needed an additional
amniocentesis procedure because of abnormal results. Al-
though CVS is associated with a higher risk of uncertain
results and cross-contamination in patients with multiples,
the authors concluded that clinical diagnostic uncertainties
are minimal.

Laboratory Aspects

The average sample from a transcervical aspiration contains
15 to 30 mg of villous material. The villi identified in the sy-
ringe are carefully and aseptically transferred for inspection
and dissection under a microscope. Visually confirming that
theappropriate tissuehasbeenaspirated ismandatory tomin-
imize maternal decidual contamination. Clean, decidua-free
villi are then transferred to petri dishes for further prepara-
tion. Villi are processed for cytogenetic analysis in two ways:
Results of direct preparation are available within 3 to 4 days
of the procedure; results of tissue culture are usually avail-
able within 6 to 8 days. Most laboratories wait to report both
results at the same time.

It is recommended that both the direct and culture
methods be used with all samples. The direct method gives
rapid results on the cytotrophoblast and minimizes mater-
nal decidual contamination. Tissue culture, which is subject
to potential contamination from maternal cells, is a better
means of identifying and evaluating discrepancies that may
exist between the cytotrophoblast and the fetal state (Bianchi
et al., 1993).

Most biochemical diagnoses that can be made from
amniotic fluid or cultured amniocytes can also bemade from
chorionic villi (Poenaru, 1987). In many cases, the results
are available more rapidly and efficiently when villi are used
because enzymes are present in sufficient quantity to allow
direct analysis rather than requiring the products of tissue
culture.

Pregnancy Loss Following CVS

The advantage of earlier diagnosis must be weighed against
any increased risk of fetal loss associated with CVS. For statis-
tical purposes, procedure-related spontaneous loss has gen-
erally been defined as spontaneous miscarriage or diagnosed

intrauterine fetal death occurring up until 28 completed
weeks of gestation. Calculating such procedure-related losses
is complicated by background pregnancy loss rates, since 2%
to 5% of pregnancies viable at 7 to 12 weeks of gestation
are either nonviable when rescanned at 8 to 20 weeks or will
undergo spontaneous miscarriage before 28 weeks of gesta-
tion (Wilson et al., 1984; Gilmore and McNay, 1985; Liu et
al., 1987). The background rate of spontaneous loss increases
with maternal age and is therefore highest in the same age
range in which women are likely to present for prenatal diag-
nosis (Wilson et al., 1984; Gilmore and McNay, 1985).

Data evaluating the safety of CVS come primarily from
three collaborative reports (Table 4-4). In 1989, the Cana-
dian Collaborative CVS/Amniocentesis Clinical Trial Group
reported its experience with a prospective randomized trial
comparing the safety of CVS to that of amniocentesis. Dur-
ing the study period, patients across Canada were able to
undergo CVS only as part of this randomized protocol. The
results from the Canadian group confirmed the safety of CVS
as a first trimester diagnostic procedure. There was a 7.6%
rate of fetal loss (spontaneous loss, induced abortions, and
late losses) in the CVS group, and a 7.0% rate of loss in the
amniocentesis group. This excess rate of loss of 0.6% for CVS
over amniocentesis was not statistically significant. Surpris-
ingly, there was a tendency toward later losses (28 weeks) in
theCVSgroup.No significant differenceswere notedbetween
the two groups in the incidence of preterm birth or low birth
weight. Maternal complications were equally uncommon in
each group.

TheU.S. report involved a prospective, thoughnonran-
domized, trial of 2235 women who chose either transcervical
CVS or second trimester amniocentesis (Rhoads et al., 1989).
An excess rate of loss of 0.8% in the CVS group over the am-
niocentesis group was calculated, which was not statistically
significant.Theratesof losswere lowest in thosecases inwhich
relatively large amounts of tissue were obtained. Repeated
catheter insertions were significantly associated with preg-
nancy loss. Cases requiring three or more catheter insertions
had a 10.8% rate of pregnancy loss, as compared with a rate
of 2.9% in cases that required only one pass.

A prospective, randomized, collaborative comparison
of more than 3200 pregnancies, sponsored by the European
Medical Research Council, demonstrated that CVS was asso-
ciated with a 4.6% greater rate of pregnancy loss than am-
niocentesis (95% confidence interval, 1.6% to 7.5%) (MRC
Working Party, 1991). This difference reflected more sponta-
neous deaths before 28 weeks of gestation (2.9%), more ter-
minations of pregnancy for chromosomal anomalies (1.0%),
andmore neonatal deaths (0.3%). In this study, CVSwas per-
formed by both the transcervical and transabdominal routes.
The number of repeat procedures was significantly higher in
the CVS group as compared with the amniocentesis group.

Exactlywhat factors contribute to the discrepant results
between the European and North American studies remains
uncertain. Variability in operator experience might account
for part of this discrepancy. The U.S. trial included 7 cen-
ters and the Canadian trial 11, whereas the Medical Research
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Table 4-4

Total Pregnancy Loss Rates of Chorionic Villus Sampling (CVS) and Amniocentesis (AC)
in Three Collaborative Trials

Eligible or
Attempted (no.) Total Loss Rate (%)

CVS Excess
Stydy CVS AC CVS AC Loss Rate (%)

Canadian Collaborative 1191 1200 7.6 7.0 0.6
CVS-Amniocentesis
Clinical Trial Group (1989)

Rhoads et al. (1989) 2235 651 7.2 5.7 0.8∗

MRC Working Party (1991) 1609 1592 13.6 9.0 4.6

∗Corrected for difference in maternal age and gestational age.
From D’Alton ME. Prenatal diagnostic procedures. Part 1—Diagnosis and treatment of fetal disease. Semin Perinatol. 1994;18:140-162.

Council Trial involved 31 participating centers contributing
various numbers of cases and using different sampling and
cytogenetic procedures. There were, on average, 325 cases per
center in the U.S. study, 106 in the Canadian study, and only
52 in the European trial. The pregnancy losses in the Euro-
pean series tended to occur before 20 weeks of gestation, as
compared with the Canadian study, in which losses occurred
significantly later. There is no apparent explanation for these
findings, although some feel that the larger number of centers
and operators in the European trial reflect fewer per-operator
procedures and the therefore less experienced technique.

Transcervical Versus Transabdominal
Approach to CVS

Brambati et al. (1991a) reported the results of a randomized
trial of transabdominal versus transcervical CVS by a single
operator in 1194 patients. More than 110 cases deviated from
the allocated procedure, and more than 80% of the devia-
tions occurred in the transcervical arm of the trial. Moreover,
the proportion of cases inwhich the operator chose to deviate
fromtheallocatedprocedure increased ineachof the3yearsof
the study (4.6%, 9.7%, and 15.5%, respectively). More chori-
onic tissue was obtained by the transcervical method, but the
proportionof cases inwhich less than10mgwas obtainedwas
similar in both groups. Bleeding was more common follow-
ing transcervical CVS, whereas cramping was more common
with the transabdominal approach. No significant difference
was detected in the overall rate of fetal loss (transabdominal
approach, 16.5%; transcervical, 15.5%). The transabdominal
technique required a significantly smaller proportion of re-
peat needle insertions (3.3% vs. 0.3%), although this did not
seem to affect pregnancy outcome. There were also no differ-
ences in birthweight, gestational age at delivery, or congenital
malformations. The authors commented that a limitation of
this studywas the operator’s eventual preference for the trans-

abdominal approach. They conclude that the two techniques
seem equally safe and effective, and the choice to perform
one particular technique may depend largely on the opera-
tor’s preference.

Jackson et al. (1992) conducted a randomized compari-
son of transcervical and transabdominal CVS at 7 to 12weeks
of gestation. Of 3999 eligible patients, 94% in each arm of the
study underwent the allocated procedure. Only one needle
insertion was required in 94% of transabdominal CVS cases,
and one catheter pass was required in 90% of transcervical
CVS procedures. The rate of fetal loss, excluding elective ter-
minations of pregnancy, was 3% in each group.

Smidt-Jensen et al. (1992) published their random-
ized comparison of routine amniocentesis, transabdominal
CVS, and transcervical CVS in 3706 low-risk patients. Pa-
tients were randomly assigned to one of the three procedures.
The proportion of patients for whom a cytogenetic diagnosis
was successfully obtained at the first attempt was 99.7% for
amniocentesis, 98.1% for transabdominal CVS, and 96.0%
for transcervical CVS (P < 0.0001). Total rates of fetal loss
were 10.9% for transcervical CVS, 6.3% for transabdominal
CVS, and 6.4% for amniocentesis, a statistically significant
difference. A large difference was noted between the trans-
abdominal and transcervical CVS groups in the proportion
of postprocedural losses of cytogenically normal pregnancies
(3.7% for transabdominal and 7.7% for transcervical CVS).
The authors concluded that although transabdominal CVS
and amniocentesis carry similar risks of fetal loss, transcervi-
cal CVS is associated with an overall higher rate of fetal loss,
estimated to be in excess of 4.0%.

It is reasonable to speculate that the rate of fetal loss will
equilibrate inmost centers once equivalent expertise is gained
with either approach (Brambati et al., 1987b). Integration of
both transcervical and transabdominal methods of CVS into
any program offers the most practical and safe approach to
first trimester diagnosis.
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Other Complications with CVS

Vaginal bleeding or spotting is relatively uncommon after
transabdominal CVS procedures, occurring in 1% or less of
cases (Rhoads et al., 1989).Most centers reportpostprocedure
bleeding in 7% to 10% of patients sampled by transcervical
CVS (Rhoads et al., 1989).Minimal spotting ismore common
than bleeding and may occur in almost one-third of women
sampled by the transcervical route (Rhoads et al., 1989). A
subchorionic hematoma may be visualized immediately af-
ter sampling in up to 4% of patients sampled transcervically
(Brambati et al., 1987b). The hematoma usually disappears
before the 16th week of pregnancy and is usually not associ-
ated with an adverse outcome.

Since the initial developmentof transcervicalCVS there
has been concern that transvaginal passage of an instrument
would introduce vaginal flora into the uterus, thereby in-
creasing the risk of infection. Cultures have isolated bacteria
in 30% of catheters used for CVS (Brambati and Varotto,
1985; Garden et al., 1985; McFadyen et al., 1985; Wass and
Bennett, 1985;Brambati et al., 1987a).The reported incidence
of post-CVS chorioamnionitis, however, is low; it occurs fol-
lowing both transcervical and transabdominal procedures. In
the U.S. collaborative trial, infection was suspected as a pos-
sible cause of pregnancy loss in only 0.3% of cases (Rhoads
et al., 1989). It has been demonstrated that, at least in some
cases, infection that occurs after transabdominal CVS is a
result of bowel flora introduced by inadvertent puncture by
the sampling needle. Early in the development of transcervi-
cal CVS, two life-threatening pelvic infections were reported
(Blakemore et al., 1985; Barela et al., 1986). A practice of
using a new sterile catheter for each insertion has subse-
quently been universally adopted, and there have been no
additional reports of serious infections resulting from the
procedure.

Acute rupture of membranes within hours of the pro-
cedure can occur but is rare (Rhoads et al., 1989); in 0.3%
of cases, rupture has been reported days to weeks after the
procedure (Hogge et al., 1986). An acute rise in MSAFP
levels after CVS has been consistently reported, implying a
detectable degree of fetomaternal bleeding (Blakemore et al.,
1986; Brambati et al., 1986; Shulman et al., 1990). The ele-
vation in MSAFP levels is not related to the technique used
to retrieve villi but seems to depend on the quantity of tissue
aspirated (Shulman et al., 1990). Levels will return to normal
ranges by 16 to 18 weeks of gestation, thus allowing serum
screening to proceed according to usual prenatal protocols.
All Rh-negative, nonsensitized women who are undergoing
CVS should receive Rho(D) immune globulin after the pro-
cedure. Exacerbation of Rh immunization following CVS has
been described. Existing Rh sensitization therefore represents
a contraindication to the procedure (Moise and Carpenter,
1990).

Risk of Fetal Limb Abnormality Following CVS

Concern has been raised that CVS might cause severe limb
deficiencies. This was first reported by Firth et al. (1991).

Their series of 289 CVS pregnancies identified five infants
with severe limb abnormalities. Oromandibular limb hypo-
genesis syndrome was present in four of the five, and the
fifth had a terminal transverse limb-reduction defect. The
oromandibular limb hypogenesis syndrome occurs in 1 of
175,000 livebirths (Hoyme et al., 1982); therefore, the occur-
rence of this abnormality in more than 1% of pregnancies in
which CVS was performed strongly suggested an association.
In Firth’s initial report, all of the limb abnormalities followed
transabdominal samplingperformed: between55 and66days
of gestation.Burton et al. (1992) also reported transverse limb
abnormalities after CVS. Apart from these two reports, most
other series have found the incidence of limb-reduction de-
fects to be not significantly different from the expected rates.
Using records of the experience of the eight centers partici-
pating in the U.S. collaborative evaluation of CVS, Mahoney
(1991) reported no cases of oromandibular limb hypogene-
sis syndrome and no increased incidence of transverse limb
defects. Monni et al. (1991) reviewed their experience of CVS
procedures performed before the 66th day of gestation and
reported no severe limb defects in the selected population.
Two mild finger abnormalities were seen in their series. De-
fects have also been observed when CVS is performed after
66 days. Reports of limb abnormalities after CVS procedures
and population-based studies are summarized in Table 4-5
(see also, Froster-Iskenius and Baird, 1989; Froster and Baird,
1992).

A variety of mechanisms by which CVS could poten-
tially lead to fetal malformations has been proposed. The
occurrence of placental thrombosis with subsequent fetal
embolization has been raised as a potential cause. Inad-
vertent entry into the extraembryonic coelom, resulting in
amniotic bands, has also been suggested. This seems un-
likely because actual bands have not been observed in any
cases. The most plausible proposed mechanism is a form
of vascular insult leading to underperfusion of the fetus
(Brent, 1990). CVS could cause disruption of the vessels sup-
plying the extracorporeal fetal circulation. This disruption
would result in the release of vasoactive peptides, produc-
ing fetal vasospasm and hypoperfusion of the fetal periph-
eral circulation. Limb defects have been demonstrated in an-
imal models after exposure to cocaine (Brent, 1990; Web-
ster and Brown-Woodman, 1990). Theoretically, an overly
vigorous technique during the CVS procedure could lead to
significant placental damage, with resulting vasospasm and
hypovolemia.

Using transcervical embryoscopic visualization of the
first trimester embryo, Quintero et al. (1992) demonstrated
the occurrence of fetal facial, head, and thoracic ecchymotic
lesions following a traumatic CVS. Although these lesions
consistently appeared following significant physical trauma
to the placental site, the researchers were not able to produce
themby the passage of a standardCVS catheter. Furthermore,
these lesions were demonstrated only after the development
of a subchorionic hematoma.

Themost current data suggest that performanceofCVS
in the usual gestational age time period of 10 to 13 weeks is
not associated with an increased risk of limb defects but that
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Table 4-5

Incidence of Limb-Reduction Defects in Groups Undergoing Chorionic Villus Sampling
and Population-Based Studies

Chorionic Villus Sampling Series

55 to 66
Study Days∗ Defect >66 Days∗ Defect

Firth et al. (1991) 5/289 1 Transverse limb-reduction
defect, 4 combined
limb-reduction defects with
micrognathia or microglossia

0/250 —

Burton et al. (1992)† — — 4/394 3 Finger-and-toe abnormalities,
1 finger abnormality

Monni et al. (1991) 0/525 — 2/2227 2 Finger abnormalities

Mahoney (1991)‡ 1/1025 Longitudinal limb-reduction
defect

6/8563 1 Longitudinal limb-reduction
defect, 5 transverse
limb-reduction defects (2 of
the 5 were limited to fingers or
toes)

Jackson et al. (1992)‡ 1/2367 Bilateral aplasia of the thumbs 4/10,496

Schloo et al. (1992) 1/636 Microglossia and hypodactyly 3/2200 3 Finger abnormalities (2 of the
3 had a family history of limb
defects)

Population-based Studies

Study Defect Incidence

Froster-Iskenius and Baird (1989) Combination of limb-reduction defects and micrognathia or
microglossia

1/175,000

Limb-reduction defects 1/1692
Terminal longitudinal defects 1/2857
Terminal transverse defects 1/6250

Froster and Baird (1992) Hand 1/11,035
Fingers 1/7016
Foot 1/39,158
Toes 1/43,354

∗The number of days after the beginning of the last menstrual period at the time the procedure was performed.
†The number of procedures performed before 67 days was not reported.
‡There was some overlap between the series studied by Mahoney and by Jackson et al.
From D’Alton ME. Prenatal diagnostic procedures. Part 1—Diagnosis and treatment of fetal disease. Semin Perinatol. 1994;18:140-162.

performance of the procedure prior to this time may be
associated with a risk of severe limb defects as high as
1% to 2% (Jenkins and Wapner, 1999). The frequency
of oromandibular-limb hypogenesis syndrome seems to be
more common among infants from pregnancies that under-
went CVS earlier than 7 weeks of gestation (ACOG, 2007).

Accuracy of CVS Cytogenetic Results

The overall incidence of chromosomal mosaicism in CVS
specimens is estimated to be approximately 1% (Vejerslev
and Mikkelsen, 1989). Generalized chromosomal mosaicism
originates from a mutational event in the first or second
postzygotic division, and all tissues of the fetus are affected
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(Kalousek and Dill, 1983). Confined placental mosaicism
(CPM), defined as a dichotomy between the chromoso-
mal constitution of placental and fetal tissues, results from
nondisjunction that occurs in the trophoblast or extraem-
bryonic mesoderm progenitor cells (Kalousek et al., 1991).
In most cases of mosaicism diagnosed by CVS, the cyto-
genetic abnormality is confined to extraembryonic tissue
(Vejerslev and Mikkelsen, 1989; Johnson et al., 1990; Breed
et al., 1991).

Several studies have reported a higher incidence of ad-
verse perinatal outcomes, including increased rates of fetal
loss and intrauterine growth restriction (IUGR) in pregnan-
cies complicated by CPM (Johnson et al., 1990; Kalousek et
al., 1991; Wilkins-Haug et al., 2006). Kalousek et al. (1991)
confirmed CPM in only half of placentas studied after birth.
IUGR was found only in cases of CPMmosaicism confirmed
in term placentas. Wapner et al. (1992) found a significantly
higher rate of fetal loss (8.6%) among the 2.5% of patients
with CPM, in comparison with patients with a normal kary-
otype (3.4%). Patients with pseudomosaicism had a rate of
pregnancy loss and perinatal outcome similar to that of the
normal population. It is interesting to note that the long-term
health anddevelopmentof childrenwithCPMdiagnosedpre-
natally is not thought to be adversely affected (Amor et al.,
2006). Amor et al., compared 36 children with antenatally di-
agnosed CPM to 195 matched controls with a normal kary-
otype diagnosed antenatally. All children were between the
ages of 4 and 11, and outcome information was obtained
through maternal questionnaire. No major health problems
were detected among the CPM group. There was no increase
in IUGR but postnatal growth was slowed compared to con-
trols (p = 0.047). Issues that still need to be investigated are
the exact contribution of CPM to IUGR, the significance of
the specific chromosome involved in the mosaic aneuploidy,
and the significance of specific tissue sources (i.e., direct cy-
totrophoblast preparations or mesenchymal tissue cultures)
on pregnancy outcome.

Summary

CVS is considered a viable alternative to second trimester
amniocentesis for prenatal diagnosis. Its immediate and long-
term safety has been demonstrated. Evaluation of transcervi-
cal and transabdominal CVS has demonstrated their compa-
rable safety andefficiency.The techniques are complementary
andoffer the choiceof earlyprenatal diagnosis topatientswho
have the appropriate indications for the procedure. Counsel-
ing before CVS requires a discussion of the frequency and sig-
nificanceofCPMandthepotentialneed for follow-upstudies,
including ultrasound, amniocentesis, and PUBS (Miny et al.,
1991).

PERCUTANEOUS UMBILICAL BLOOD
SAMPLING

In 1983, Daffos et al. described a method of obtaining fe-
tal blood using ultrasonographic guidance. This involved the

Figure 4-8 Ultrasound image of PUBS demonstrating the nee-
dle above the umbilical vein. (From D’Alton ME. Prenatal diagnostic
procedures. Part 1 Diagnosis and treatment of fetal disease. Semin
Perinatol. 1994;18:140-162.)

passage of a 20-gauge spinal needle through the maternal ab-
domen into theumbilical cord.This techniqueofferedconsid-
erable advantage over the fetoscopicmethods previously used
to obtain fetal blood. The techniques are variously described
as PUBS, fetal blood sampling, cordocentesis, or funipunc-
ture.

Technique

The main differences in the techniques of fetal blood sam-
pling are related to whether the operator uses a needle guide
or uses a “freehand” technique. A variety of needle guides that
attach to the transducer canbeused. The advantage to this ap-
proach is that the needle will be directed precisely to a specific
target. The disadvantage is that if the fetus moves or a con-
traction occurs while the needle is in the uterus, redirection
of the tip may be difficult or impossible and will necessitate
a repeat procedure. Because of these drawbacks, most cen-
ters performing this procedure use the freehand technique.
Fetal vessels can be accessed within the cord or the fetus it-
self. It is easier to enter the cord at the placental insertion
site because it is anchored at this location (Figure 4-8). Color
Doppler imaging significantly enhances the ease of visualiza-
tion of the cord insertion site (Figure 4-9) and is especially
useful when oligohydramnios is present. The hepatic vein is
the most accessible vessel for blood sampling within the fetal
body.

Once a sample of blood has been aspirated, it is es-
sential to verify that it is fetal in origin. The most defini-
tive way to do this is to compare the mean corpuscular vol-
ume (MCV) of the red cells to that of a sample of maternal
blood. This is easily performed on small aliquots of blood by
a standard channeling instrument. It is preferable to either
have this instrument in the procedure room, or alternatively
have a system to allow immediate access to the instrument in
an adjacent laboratory. Fetal red cells are considerably larger
than those of an adult and therefore afford rapid differentia-
tion.
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Figure 4-9 Ultrasound image of the same case shown in Figure
4-8, demonstrating the use of color Doppler to enhance visual-
ization of the umbilical cord.

Success Rates and Safety

The rate of fetal loss after PUBS is approximately 2% higher
than the background risk for that particular fetus (Daffos
et al., 1985; Shulman and Elias, 1990). Because many of
the fetuses studied have severe congenital malformations, the
background loss rate is high in comparison with that of the
generally lower risk population of women who undergo CVS
amniocentesis.

The North American PUBS registry, which was main-
tained at Pennsylvania Hospital in Philadelphia, University
of Pennsylvania, collected data from 16 centers in the United
States and Canada. As of 1993, information on 7462 diag-
nostic procedures performed on 6023 patients was available
(Ludomirsky, 1993). Themost common needle used for pro-
cedureswas a 22-gauge spinal needle. Fetal loss was defined as
intrauterine fetal death within 14 days of the procedure. The
rate of fetal loss was calculated to be 1.12%per procedure and
1.33% per patient. There were 84 pregnancies that were con-
sidered to be lost as a direct consequence of the fetal blood
sampling. The major causes for fetal loss were chorioam-
nionitis, rupture of membranes, bleeding from the puncture
site, severe bradycardia, and thrombosis. The range of losses
for participating centers varied from 1% to 6.7%; this range
reflects differing levels of experience of the operators. These
figures are subjective, relying on the operator’s impression
that a pregnancy loss was directly related to the procedure
itself and not to the underlying fetal condition that neces-
sitated the procedure. Because many of these fetuses were
already compromised at the time of PUBS, it is certainly pos-
sible that an in utero death following the procedure might
have been entirely unrelated. Nevertheless, this assessment is
subjective and could be responsible for an underestimation
of the true rates of loss for PUBS. The authors concluded
that the intrahepatic vein is an alternative site of sampling
or transfusion when access is difficult or failure occurs at the
placental cord insertion site. Nicolini et al. (1990b) described
their experience with 214 fetal blood sampling procedures

performed from the fetal hepatic vein and reported success
rates of 91% and 90% for diagnostic and therapeutic proce-
dures, respectively. Rates of fetal loss comparable to those for
blood sampling procedures performed at the placental cord
insertion site were reported. Because PUBS entails a substan-
tially greater risk of pregnancy loss than does amniocentesis,
it should be reserved for situations in which rapid diagno-
sis is essential or in which diagnostic information cannot be
obtained by safer means (D’Alton and DeCherney, 1993).

Indications

Approximately two-thirds of the cases of diagnostic fetal
blood sampling procedures reported to the PUBS registry
were performed either to determine a rapid karyotype or to
evaluate hematologic status in pregnancies at risk for red-
cell isoimmunization (Ludomirsky, 1993). One-third of the
procedures were performed to rule out fetal infection or to
evaluate nonimmune hydrops, fetal acid–base status, twin-
to-twin transfusion syndrome, or fetal platelet count.

Chromosome analysis

The ultrasonographic detection of fetal morphologicmalfor-
mations is one of themost common indications for rapid fetal
karyotyping in theUnitedStates (Table 4-6).WithPUBS, fetal
karyotypes are usually available from fetal white cells within
48 to 72 hours. The main advantage of PUBS is that it gives
rapid results. Its disadvantage is that it entails a greater risk of
pregnancy loss than does amniocentesis. We rarely use PUBS
for rapiddiagnosis of fetal karyotype,due to the easy availabil-
ity of amniocentesis supplemented with fluorescence in situ
hybridization (FISH) or polymerase chain reaction (PCR).

Table 4-6

Indications for PUBS

Most frequent
Rapid karyotyping

When ultrasound detects anatomic malformation
When mosaicism is reported from amniotic fluid or

CVS specimens

Less frequent
Fetal red cell isoimmunization
Nonimmune hydrops fetalis
Fetal platelet assessment
Fetal infection
Fetal acid–base status
Diagnosis of twin–twin transfusion
Hemoglobinopathies
Coagulation factor deficiencies
Immunologic deficiencies

From D’Alton ME. Prenatal diagnostic procedures. Part 1—Diagnosis and
treatment of fetal disease. Semin Perinatol. 1994;18:140–162.
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An exception is in the late second trimester, if karyotype in-
formation is needed urgently in order to make a decision
regarding termination of pregnancy. Karyotyping fetal white
cells may also occasionally be indicated for mosaicism de-
tected in material obtained from amniotic fluid or chorionic
villi. Although most cases of mosaicism found in chorionic
villi can be effectively ruled out by amniocentesis, there have
been reports of trisomy 21mosaicism in which the chorionic
villus culture revealed two cell lines. In this study, the amni-
otic fluid culture was entirely normal, yet truemosaicismwas
demonstrated in fetal blood (Ledbetter et al., 1990).

DNA analysis

Most inherited hematologic disorders can now be diagnosed
by the study of fetal DNAobtained fromamniocytes or chori-
onic villi. Therefore, the antenatal detection ofmost congeni-
tal coagulopathies, hemoglobinopathies, white cell disorders,
and immunedisorders doesnotusually require direct analysis
of fetal blood specimens. In some of these cases, family stud-
ies are uninformative and PUBS is necessary for diagnosis.
This is now the exception rather than the rule.

Fetal anemia

Assessment of fetal anemia in cases of red cell isoimmuniza-
tion requires direct measurement of these parameters in fetal
blood. Therefore, in severely affected cases of Rh isoimmu-
nization, determination of the fetal hemoglobin level is the
most accurate way to determine the fetal status and the opti-
mal timing of a transfusion before.

Fetal blood sampling for determination of fetal ane-
mia in red cell isoimmunization is a common reason for this
procedure. It accounted for 23% of all cases reported to the
PUBS registry (Ludomirsky, 1993). Fetal blood may also be
obtained in cases of red cell isoimmunization to determine
the antigen status of the fetus when the father is heterozy-
gous for the discordant antigen. A single invasive procedure
can rule out the disease, and no further diagnostic testing
will be necessary. Amniocentesis initially replaced PUBS as
the safest method for fetal Rho(D)type determination, while
currently, analysis of fetal DNA in a maternal blood sample
has effectively replaced all invasive tests for fetal Rho(D) type
determination (Bennett et al., 1993; Lo et al., 1998; van der
Schoot et al., 2003; Bianchi et al., 2005).

Fetal thrombocytopenia

Alloimmune thrombocytopenia is the platelet equivalent of
Rh disease. In this disorder, the mother makes antibodies to
antigens on the fetal platelets, and transplacental passage of
theseantibodies results in fetal thrombocytopenia.Thisdisor-
der is associated with amarked depression of the fetal platelet
count. Intracranial hemorrhage may occur in utero long be-
fore the onset of labor. Because severe thrombocytopenia and
intracranial hemorrhage have been documented in this dis-
order as early as at 20 weeks of gestation, prolonged antenatal
therapy is necessary to protect the fetus against the possibility
of spontaneous bleeding. Intravenous gamma globulin at a

dose of 1 g per kilogramwith or without steroids is suggested
to increase fetal platelet count and to decrease the risk of se-
vere fetal hemorrhage (Bussel et al., 1988, 1996; Lynch et al.,
1992).

The fetal platelet count should be obtained by PUBS
prior to delivery. The risk of PUBS is higher in patients with
alloimmune thrombocytopenia than in the general popula-
tion. In these patients, blood sampling should be performed
in a facility with access to rapid automated platelet counts
at the time of the procedure, and a count should be deter-
mined before the sampling needle is withdrawn. A concen-
trate of washed maternal platelets should be available. If the
fetal platelet count is found to be lower than 40,000 to 50,000
per cubic millimeter, a transfusion of maternal platelet con-
centrate can then be given.

Infectious disease diagnosis

Evaluation for fetal infection was the third most common in-
dication for fetal blood sampling in the PUBS registry (8% of
all cases).Daffos et al. (1988) reportedonmore than700preg-
nancies exposed to Toxoplasma gondii infection and demon-
strated that 95% were not infected. Although PUBS has been
used for T. gondii in the United States, screening for Tox-
oplasma is not routinely offered to pregnant women; there-
fore, PUBS is rarely performed for this diagnosis in theUnited
States. Direct isolation of the organism from fetal blood or
amniotic fluid is the most reliable evidence of fetal infection.
Technical difficulties and the length of time necessary for cul-
ture of the organism often make this approach impractical.
Another method is to evaluate the fetal antibody response.
Production of specific IgM antibodies is gestational-age de-
pendent and also seems to depend on the organism involved.
Almost 100% of fetuses with congenital rubella infection
produce specific IgM antibodies after 22 weeks of gestation
(Daffos et al., 1984), whereas only 15% of those infected with
T. gondii tested between24 and29weeks produce specific IgM
antibodies against theparasite (Daffos et al., 1988).Therefore,
although detection of specific IgM antibodies in fetal blood is
reliable evidence of fetal infection, their absence does not rule
it out. Nonspecific evidence of infection includes fetal throm-
bocytopenia, erythroblastosis, leukocytosis, eosinophilia, el-
evated levels of γ -glutamyltransferase, lactic dehydrogenase,
interferon (Lebon et al., 1985; Raymond et al., 1990), and
total IgM antibodies.

More recently, PCR analysis has been highly reliable
in detecting cytomegalovirus in amniotic fluid. Data suggest
thatPCRanalysis of amnioticfluid is bothhighly sensitive and
specific for the Toxoplasma organism, affording a diagnosis
in a few hours (Grover et al., 1990). For this reason, amnio-
centesis and molecular techniques have effectively replaced
PUBS for the confirmation of fetal infection.

Fetal well-being

Because cord blood pH at the time of delivery is a well-
accepted indicator of neonatal status, it was hoped that fetal
blood sampling for blood gases would also accurately predict
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the fetal condition. Theoretically, PUBS could prove to be
useful when more conventional forms of fetal assessment
(nonstress testing, biophysical profile) were either equivo-
cal or conflicting. Nicolaides et al. (1989) found significantly
more hypoxemia, hypercapnia, hyperlactacidemia, and aci-
dosiswhen196 growth-restricted fetuseswere comparedwith
208whowere appropriate in size for gestational age.However,
Nicolini et al. (1990a) found that acid–basedeterminationdid
not predict perinatal outcome in a group of growth-restricted
fetuses. In their study, 26 growth-restricted fetuses with nor-
mal anatomy and karyotypes and absent end-diastolic flow
on Doppler examination of the umbilical artery were com-
pared with 20 similar fetuses, with end-diastolic flow evident
on Doppler examination. The perinatal mortality was 65.4%
in the first group and 0% in the latter. Significant differences
in fetal bloodvalues ofPo2, Pco2, base equivalents, andnucle-
ated red cell counts were demonstrable between the groups.
However, these measurements did not discriminate between
surviving fetuses and those who died perinatally. The val-
ues in fetuses who survived were similar to those in fetuses
who died in the perinatal period. The authors concluded that
PUBS has a limited role in monitoring fetal well-being. Ap-
preciable fetal acidosis and hypoxia are found only when the
umbilical-artery Doppler waveform and the fetal heart rate
patternare abnormal (Nicolini et al., 1990a;Pardi et al., 1993).
Doppler velocimetry of the fetal vessels seems to be a much
more powerful predictor than PUBS of the compromised fe-
tus with IUGR. Furthermore, there is a high incidence of
nonreassuring fetal testing necessitating emergency cesarean
section when PUBS is performed in IUGR fetuses. There is
a 15% incidence of fetal bradycardia reported when PUBS
is performed in IUGR (Ludomirsky, 1993). Because of this,
amniocentesis is the preferred techniquewhendetermination
of fetal karyotype is indicated in the workup of the growth-
restricted fetus.

Summary

Access to the fetal circulation has led to important contri-
butions to the understanding of fetal physiology and disease
states. PUBS has an overall rate of fetal loss of 2%. There has
been a continued decline in the indications for fetal blood
sampling because of advances in molecular and cytogenetic
techniques,whichallow fordiagnosis fromamnioticfluidand
chorionic villi. Performance of less invasive procedures that
provide the same information is encouraged. PUBS should
be reserved for situations in which diagnostic information
cannot be obtained by safer methods.

OTHER ADVANCES IN PRENATAL
DIAGNOSIS

Preimplantation Genetic Diagnosis

In the field of reproductive endocrinology, preimplantation
genetic diagnosis (PGD) is one of the most exciting recent

advances (Sermon et al., 2004). It is the earliest form of ante-
natal diagnosis for cytogenetic andMendelian disorders. This
technique allows for genetic testing prior to embryo trans-
fer in patients undergoing assisted reproductive technology
(ART). One or two cells are biopsied from embryos at the 6 to
8 cell stage and are analyzed for chromosomal abnormalities
or for single-gene disorders. Alternatively, polar bodies can
be biopsied from oocytes.

PGD has been used by couples at risk for having preg-
nancies affected by single-gene disorders, increased risk for
aneuploidy, and for couples inwhichonepartner carries abal-
anced chromosomal rearrangement (Sampson et al., 2004).
At the time of transfer, only embryos without the genetic ab-
normalities under evaluation are replaced. The main draw-
back to this procedure is that patients must undergo con-
ception by in vitro fertilization (IVF) in order to have PGD
even if they are not infertile. IVF has inherent risks, such
as ovarian hyperstimulation and multiple gestation. In addi-
tion, the technique is expensive and not necessarily covered
by insurance. At this point, PGD is reserved for patients at
high risk for inherited single-gene disorders or chromosome
abnormalities.

Fetal cells and nucleic acids in the maternal circulation

Noninvasive prenatal genetic diagnosis is an important area
of research, as it would be preferable to invasivemethods such
as amniocentesis and CVS, which carry a small risk for fetal
loss. Isolating fetal cells or cell-free fetal DNA from maternal
plasma is currently an exciting and promising area of research
that is transitioning to clinical care (Jackson, 2003). Current
applications for analysis of fetal cells andof cell-free fetalDNA
inmaternal circulation include noninvasive detection of fetal
gender and noninvasive detection of fetal Rh (D) genotype
(Maron et al., 2007). Noninvasive fetal genotyping is use-
ful for the management of Rh (D) negative women whose
partners are heterozygous for the Rh (D) gene because no
further diagnostic or therapeutic procedures would be neces-
sary if the fetus was confirmed Rh (D) negative. In X-linked
genetic disorders in which half of the fetuses will be female
and unaffected, noninvasive determination of fetal gender
could reduce the number of invasive procedures required for
the diagnosis of X-linked genetic disorders by 50%. It could
also guide treatment decisions regarding maternal steroids
in fetuses at risk of inheriting congenital adrenal hyperpla-
sia (Jackson, 2003). Additional clinical applications for fetal
nucleic acids in maternal circulation may include screening
for aneuploidy (Wataganara et al., 2003; Lo and Chiu, 2008),
pre-eclampsia (Levine et al., 2004), or preterm labor (Farina
et al., 2003).

CONCLUSIONS

Midtrimester amniocentesis created the field of invasive pre-
natal diagnosis and has become the standard by which
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all other methods are judged. Earlier prenatal diagnostic
methods have increasing appeal for many patients. The
most studied of these methods is CVS. Transcervical and
transabdominal techniques are equally effective; individual
operator experience and placental location are usually the
criteria used to choose between the two approaches. EA is
not recommended now that compelling evidence regarding
its disadvantages has been published. Advances in molecu-
lar techniques have led to a declining number of reasons for
using PUBS. It is now rarely the procedure chosen for deter-
mining fetal karyotype. It is, however, themost directmethod
of evaluating fetal anemia secondary to severeRho(D)disease.

While there have been exciting advances in the field
of prenatal diagnosis, the future holds the promise of more
breakthroughs. It is expected that imaging modalities will
continue to improve, and it is hoped that techniques utilized
in the fields of noninvasive prenatal diagnosis and in PGD
will continue to advance. Accurate prenatal diagnosis of fetal
abnormalities improves patient care by optimizing patient
counseling and allowing for informed patient and physician
decision-making.

References
AburelME. Le declenchement du travail par injections intraamniotique

de serum sale hypertonique. Gynecol Obstet. 1937;36:398.
AmericanAcademy of Pediatrics andTheAmericanCollege ofObstetri-

cians and Gynecologists. Guidelines for Perinatal Care. Washington,
DC: American College of Obstetricians and Gynecologists; October
2002.

American College of Obstetricians and Gynecologists. Maternal Serum
Screening. Washington, DC: American College of Obstetricians and
Gynecologists; September 1996. Educational Bulletin 228.

American College of Obstetricians and Gynecologists. Multiple Gesta-
tion: Complicated Twin, Triplet, and High-Order Multifetal Pregnancy.
Washington, DC: American College of Obstetricians and Gynecolo-
gists; October 2004. ACOG Practice Bulletin 56.

American College of Obstetricians and Gynecologists. Invasive Prenatal
Testing for Aneuploidy.Washington,DC:AmericanCollege ofObste-
tricians andGynecologists; December 2007. ACOGPractice Bulletin
88.

Amor DJ, Neo WT, Waters E, et al. Health and developmental outcome
of children following prenatal diagnosis of confined placental mo-
saicism. Prenat Diagn. 2006;26:443-448.

Anderson RL, Goldberg JD, Golbus MS. Prenatal diagnosis in multiple
gestation: 20 years’ experience with amniocentesis. Prenat Diagn.
1991;11:263-270.

Appelman Z, Furman B. Invasive genetic diagnosis inmultiple pregnan-
cies. Obstet Gynecol Clin North Am. 2005;32:97-103.

Barela AI, Kleinman GE, Golditch IM, et al. Septic shock with renal
failure after chorionic villus sampling. Am J Obstet Gynecol. 1986;
154:1100-1102.

Bennett PR, Le Van KimC, Colin Y, et al. Prenatal determination of fetal
RhD type by DNA amplification. N Engl J Med. 1993;329:607-610.

Bevis DCA. Composition of liquor amnii in haemolytic disease of the
newborn. Lancet. 1950;2:443.

Bianchi DW, Avent ND, Costa JM, Van Der Schoot CE. Noninvasive
prenatal diagnosis of fetal Rhesus D: ready for Prime(r) Time. Obstet
Gynecol. 2005;106:841-844.

Bianchi DW, Wilkins-Haug LE, Enders AC, et al. Origin of extraem-
bryonic mesoderm in experimental animals: relevance to chorionic
mosaicism in humans. Am J Med Genet. 1993;46:542-550.

Blakemore KJ, Baumgarten A, Schoenfeld-Dimaio M, et al. Rise in ma-
ternal serum alpha-fetoprotein concentration after chorionic villus
sampling and the possibility of isoimmunization. Am J Obstet Gy-
necol. 1986;155:988-993.

Blakemore KJ, MahoneyMJ, Hobbins JC. Infection and chorionic villus
sampling. Lancet. 1985;2:339.

Brambati B, Guercilena S, Bonacchi I, et al. Fetomaternal transfusion
after chorionic villus sampling: clinical implications. Hum Reprod.
1986;27:37-40.

BrambatiB,MatarrelliM,VarottoF. Septic complications after chorionic
villus sampling. Lancet. 1987a;1:1212.

Brambati B, Oldrini A, Ferrazzi E, et al. Chorionic villus sampling:
an analysis of the obstetric experience of 1000 cases. Prenat Diagn.
1987b;7:157.

Brambati B, Terzian E, Tognoni G. Randomized clinical trial of trans-
abdominal versus transcervical chorionic villus sampling methods.
Prenat Diagn. 1991a;11:285-293.

Brambati B, Tului L, Guercilena S, Alberti E. Outcome of first-trimester
chorionic villus sampling for genetic investigation in multiple preg-
nancy. Ultrasound Obstet Gynecol. 2001;17:209-216.

Brambati B, Tului L, Lanzani A, et al. First-trimester genetic diagnosis in
multiple pregnancy: principles and potential pitfalls. Prenat Diagn.
1991b;11:767-774.

Brambati B, Varotto F. Infection and chorionic villus sampling. Lancet.
1985;2:609.

Breed ASPM, Mantingh A, Vosters R, et al. Follow-up and pregnancy
outcome after a diagnosis of mosaicism in CVS. Prenat Diagn. 1991;
11:577-580.

Brent RL. Relationship between uterine vascular clamping, vascular
disruption syndrome and cocaine teratology. Teratology. 1990;41:
757.

Broome DL, Wilson MG, Weiss B, et al. Needle puncture of fetus: a
complication of second-trimester amniocentesis. Am J Obstet Gy-
necol. 1976;126:247-252.

Burton BK, Schulz CJ, Burd LI. Limb anomalies associated with chori-
onic villus sampling. Obstet Gynecol. 1992;79:726-730.

Bussel JB, Berkowitz RL, Lynch L, et al. Antenatal management of al-
loimmune thrombocytopenia with intravenous gamma-globulin: a
randomized trial of the addition of low-dose steroid to intravenous
gamma-globulin. Am J Obstet Gynecol. 1996;174:1414-1423.

Bussel JB, Berkowitz RL, McFarland JG, et al. Antenatal treatment of
neonatal alloimmune thrombocytopenia. N Engl J Med. 1988;319:
1374.

Canadian Collaborative CVS/Amniocentesis Clinical Trial Group. Mul-
ticentre randomized clinical trial of chorion villus sampling and am-
niocentesis. Lancet. 1989;1:1.

Canadian Early and Mid-Trimester Amniocentesis Trial (CEMAT)
Group. Randomized trial to assess safety and fetal outcome of early
and mid-trimester amniocentesis. Lancet. 1998;351:242-247.

Cosmi E,MariG,Delle Chiaie L, et al. Noninvasive diagnosis byDoppler
ultrasonography of fetal anemia resulting fromparvovirus infection.
Am J Obstet Gynecol. 2002;187:1290-1293.

Cowett R, Hakanson D, Kocon R, et al. Untoward neonatal effect of in-
traamniotic administration ofmethylene blue. Obstet Gynecol. 1976;
48(suppl):745.

Cragan JD, Martin ML, Khoury MJ. Dye use during amniocentesis and
birth defects. Lancet. 1993;341:1352.

Daffos F, Capella-Pavlovsky M, Forestier F. Fetal blood sampling via the
umbilical cord using a needle guided by ultrasound. Prenat Diagn.
1983;3:271.

Daffos F, Capella-Pavlovsky M, Forestier F. Fetal blood sampling
during pregnancy with use of a needle guided by ultrasound: a
study of 606 consecutive cases. Am J Obstet Gynecol. 1985;153:655-
660.

Daffos F, Forestier F, Capella-Pavlovsky M, et al. Prenatal management
of 746 pregnancies at risk for congenital toxoplasmosis.N Engl J Med.
1988;318:271.



44

Part I Introduction

Daffos F, Forestier F, Grangeot-Keros L, et al. Prenatal diagnosis of con-
genital rubella. Lancet. 1984;2:1.

D’AltonME,DeCherneyAH.Prenataldiagnosis.N Engl J Med. 1993;328:
114-120.

DeCatte L, Liebaers I, Foulon W. Outcome of twin gestations after first
trimester chorionic villus sampling. Obstet Gynecol. 2000;96:714-
720.

Eddleman KA, Malone FD, Sullivan L, et al. Pregnancy loss rates after
midtrimester amniocentesis. Obstet Gynecol. 2006;108:1067-1072.

Elias S, Gerbie AB, Simpson JL, et al. Genetic amniocentesis in twin
gestations. Am J Obstet Gynecol. 1980;138:169-174.

Epley SL, Hanson JW, Cruikshank DP. Fetal injury with midtrimester
diagnostic amniocentesis. Obstet Gynecol. 1979;53:77.

Farina A, LeShane ES, Lambert-Messerlian GM, et al. Evaluation of cell-
free fetal DNA as a second trimestermaternal serummarker of down
syndrome pregnancy. Clin Chem. 2003;49:239-242.

Finegan JAK, Quarrington BJ, Hughes HE, et al. Child outcome
following mid-trimester amniocentesis: development, behaviour,
and physical status at age 4 years. Br J Obstet Gynaecol. 1990;97:
32-40.

FirthHV, Boyd PA, Chamberlain P, et al. Severe limb abnormalities after
chorion villus sampling at 56-66 days gestation. Lancet. 1991;337:
762-763.

Froster UG, Baird PA. Limb-reduction defects and chorionic villus sam-
pling. Lancet. 1992;339:66.

Froster-Iskenius UG, Baird PA. Limb reduction defects in over one mil-
lion consecutive livebirths. Teratology. 1989;39:127-135.

Fuchs F, Riis P. Antenatal sex determination. Nature. 1956;177:330.
Garden AS, Reid G, Benzie RJ. Chorionic villus sampling. Lancet. 1985;

1:1270.
Ghidini A, Lynch L, Hicks C, Alvarez M, Lockwood CJ. The risk of

second-trimester amniocentesis in twin gestations: a case-control
study. Am J Obstet Gynecol. 1993;169:1013-1016.

GilmoreDH,McNayMB. Spontaneous fetal loss rate in early pregnancy.
Lancet. 1985;2:107.

Gluck L, Kulovich MV, Borer RC, et al. The interpretation and signif-
icance of the lecithin/sphingomyelin ratio in amniotic fluid. Am J
Obstet Gynecol. 1974;109:142-155.

Golbus MS, Loughman WD, Epstein CJ. Prenatal genetic diagnosis in
3000 amniocenteses. N Engl J Med. 1979;300:157.

Gosden C, Nicolaides KH, Rodeck CH. Fetal blood sampling in inves-
tigation of chromosome mosaicism in amniotic fluid cell culture.
Lancet. 1988;1:613-617.

Grover CM, Thulliez P, Remington JS, et al. Rapid prenatal diagnosis
of congenital toxoplasma infection polymerase chain reaction and
amniotic fluid. J Clin Microbiol. 1990;28:2297.

Hahnemann N. Early prenatal diagnosis; a study of biopsy techniques
and cell culturing from extraembryonic membranes. Clin Genet.
1974;6:294-306.

Hahnemann N, Mohr J. Antenatal foetal diagnosis in genetic disease.
Bull Eur Soc Hum Genet. 1969;3:47-54.

HallmanM, KulovichM, Kirkpatrick E, et al. Phosphatidyl-inositol and
phosphatidylglycerol in amniotic fluid: indices of lungmaturity. Am
J Obstet Gynecol. 1976;125:613-617.

Hill LM, Platt LD, Kellogg B. Rh-sensitization after genetic amniocen-
tesis. Obstet Gynecol. 1980;56:459.

Hodor JG, Poggi SH, Spong CY et al. Risk of third-trimester amniocen-
tesis: a case-control study. Am J Perinatol. 2006;23:177-180.

Hogge WA, Schonberg SA, Golbus MS. Chorionic villus sampling: ex-
perience of the first 1000 cases. Am J Obstet Gynecol. 1986;154:1249.

HookEB.Rates of chromosomeabnormalities at differentmaternal ages.
Obstet Gynecol. 1981;58:282-285.

Hook EB, Cross PK, Schreinemachers DM. Chromosomal abnormality
rates at amniocentesis and in live-born infants. JAMA. 1983;249:
2034-2038.

Hoyme HF, Jones KL, Van Allen MI, et al. Vascular pathogenesis of
transverse limb reduction defects. J Pediatr. 1982;101:839-843.

Hsu LYF, Perlis T. United States survey on chromosome mosaicism and
pseudomosaicism in prenatal diagnosis. Prenat Diagn. 1984;4:97.

Jackson L. Fetal cells and DNA in maternal blood. Prenat Diagn. 2003;
23:837-846.

Jackson LG, Zachary JM, Fowler SE, et al. A randomized comparison of
transcervical and transabdominal chorionic villus sampling. N Engl
J Med. 1992;327:594-598.

Jacobson CB, Barter RH. Intrauterine diagnosis and management of
genetic defects. Am J Obstet Gynecol. 1967;99:795.

JeantyP,RodeschF,RomeroR, et al.How to improve your amniocentesis
technique. Am J Obstet Gynecol. 1983;146:593-596.

Jeanty P, Shah D, Roussis P. Single-needle insertion in twin amniocen-
tesis. J Ultrasound Med. 1990;9:11-17.

JenkinsTJ,WapnerRJ. First trimesterprenatal diagnosis: chorionic villus
sampling. Semin Perinatol. 1999;23:403-413.

Johnson A, Wapner RJ, Davis GH, et al. Mosaicism in chorionic vil-
lus sampling: an association with poor perinatal outcome. Obstet
Gynecol. 1990;75:573-577.

Johnson JM,Wilson RD, Singer J, et al. Technical factors in early amnio-
centesis predict adverse outcome. Results of the Canadian early (EA)
versus mid-trimester (MA) amniocentesis trial. Prenat Diagn. 1999;
19:732-738.

Kalousek D, Dill F. Chromosomal mosaicism confined to the placenta
in human conceptions. Science. 1983;221:665.

Kalousek DK, Howard-Peebles PN, Olson SB, et al. Confirmation of
CVSmosaicism in termplacentae and high frequency of intrauterine
growth retardation association with confined placental mosaicism.
Prenat Diagn. 1991;11:743-750.

Karp LE, Hayden PW. Fetal puncture during midtrimester amniocente-
sis. Obstet Gynecol. 1977;49:115.

Lamb MP. Gangrene of a fetal limb due to amniocentesis. Br J Obstet
Gynaecol. 1975;82:829.

Lambl D. Ein seltener Fall von Hydramnios. Zentralbl Gynakol. 1881;
5:329.

Lebon P, Daffos F, Checoury A, et al. Presence of an acid-labile alpha-
interferon in sera from fetuses and children with congenital rubella.
J Clin Microbiol. 1985;21:775.

LedbetterDH,MartinAO,VerlinskyY, et al. Cytogenetic results of chori-
onic villus sampling: high success rate and diagnostic accuracy in the
United States collaborative study.Am J Obstet Gynecol. 1990;162:495.

Lenke RR, Cyr DR, Mack LA. Midtrimester genetic amniocentesis with
simultaneous ultrasound guidance. J Clin Ultrasound. 1985;13:371.

Levine RJ, Qian C, Leshane ES, et al. Two-stage elevation of cell-free
fetal DNA inmaternal sera before onset of preeclampsia. Am J Obstet
Gynecol. 2004;190:707-713.

Liley AW. Liquor amnii analysis in the management of the pregnancy
complicated by rhesus isoimmunization. Am J Obstet Gynecol. 1961;
82:1359-1370.

Liu DTV, Jeavons B, Preston C, et al. A prospective study of spontaneous
miscarriage in ultrasonically normal pregnancies and relevance to
chorion villus sampling. Prenat Diagn. 1987;7:223-227.

Lo YM, Chiu RN. Noninvasive prenatal diagnosis of fetal chromosomal
aneuploidies by maternal plasma nucleic acid analysis. Clin Chem.
2008;54:461-466.

Lo YM,HjelmNM, Fidler C, et al. Prenatal diagnosis of fetal RhD status
molecular analysis ofmaternal plasma.N Engl J Med. 1998;339:1724-
1738.

Ludomirsky A. Intrauterine fetal blood sampling—a multicenter reg-
istry: evaluation of 7462 procedures between 1987-1991 [abstract].
Am J Obstet Gynecol. 1993;168:318.

Lynch L, Bussel JB, McFarland JG, et al. Antenatal treatment of alloim-
mune thrombocytopenia. Obstet Gynecol. 1992;80:67.

Mahoney J. Limb abnormalities and chorionic villus sampling. Lancet.
1991;337:1422-1443.

Malone FD,Canick JA, Ball RH, et al. First-trimester or second-trimester
screening, or both, for Down’s syndrome. N Engl J Med. 2005;353:
2001-2011.



45

Chapter 4 Prenatal Diagnostic Procedures

MariG,DeterRL,CarpenterRL, et al.Noninvasive diagnosis byDoppler
ultrasonography of fetal anemia due to maternal red-cell alloimmu-
nization. N Engl J Med. 2000;342:9-14.

Maron JL, Johnson KL, Slonim D, et al. Gene expression analysis in
pregnant women and their infants identifies unique fetal biomark-
ers that circulate in maternal blood. J Clin Invest. 2007;177:3008-
3019.

McFadyen IR, Taylor-Robinson D, Furr PM, et al. Infections and chori-
onic villus sampling. Lancet. 1985;2:610.

Medical Research Council. Diagnosis of Genetic Disease by Amniocente-
sis During the Second Trimester of Pregnancy. Ottawa, ON, Canada:
Medical Research Council; 1977.

Menees TD,Miller JD, Holly LE. Amniography: preliminary report. Am
J Roentgenol Radium Ther. 1930;24:363.

Merin MD, Beyth Y. Uniocular congenital blindness as a complication
of midtrimester amniocentesis. Am J Ophthalmol. 1980;89:299.

Meyers C, AdamR, Dungan J, Prenger V. Aneuploidy in twin gestations:
when is maternal age advanced? Obstet Gynecol. 1997;89:248-251.

Miny P, Hammer P, Gerlach B, et al. Mosaicism and accuracy of prenatal
cytogenetic diagnoses after chorionic villus sampling and placental
biopsies. Prenat Diagn. 1991;11:581-589.

MoiseKJ,CarpenterRJ. Increased severity of fetal hemolytic diseasewith
known Rhesus alloimmunization after first trimester transcervical
chorionic villus biopsy. Fetal Diagn Ther. 1990;5:76-78.

Monni G, Ibba RM, Lai R, et al. Limb-reduction defects and chorion
villus sampling. Lancet. 1991;337:1091.

MRC Working Party on the Evaluation of Chorion Villus Sampling.
Medical research council European trial of chorionic villus sampling.
Lancet. 1991;337:1491.

Nadel AS, Green JK, Holmes LB, et al. Absence of need for amnio-
centesis in patients with elevated levels of maternal serum alpha-
fetoprotein and normal ultrasonographic examinations. N Engl J
Med. 1990;323:557-561.

NadlerHL. Antenatal detection of hereditary disorders. Pediatrics. 1968;
42:912.

NICHD Amniocentesis Registry. Midtrimester amniocentesis for pre-
natal diagnosis: safety and accuracy. JAMA. 1976;236:1471.

Nicolaides KH, Economides DL, Soothill PW. Blood gases, pH, and
lactate in appropriate- and small-for-gestational-age fetuses. Am J
Obstet Gynecol. 1989;161:996.

Nicolaides KH, Gabbe SG, Campbell S, et al. Ultrasound screening for
spina bifida: cranial and cerebellar signs. Lancet. 1986;2:72-74.

Nicolini U, Monni G. Intestinal obstruction in babies exposed in utero
to methylene blue. Lancet. 1990;336:1258-1259.

Nicolini U, Nicolaides P, Fisk NM, et al. Limited role of fetal blood sam-
pling in prediction of outcome in intrauterine growth retardation.
Lancet. 1990a;2:768.

Nicolini U, Nicolaides P, Nicholas M, et al. Fetal blood sampling from
the intrahepatic vein: analysis of safety and clinical experience with
214 procedures. Obstet Gynecol. 1990b;76:47.

Pardi G, Cetin I, Marconi AM, et al. Diagnostic value of blood sam-
pling in fetuses with growth retardation. N Engl J Med. 1993;328:
692-696.

Pergament E, Schulman JD, Copeland K, et al. The risk and efficacy of
chorionic villus sampling inmultiple gestations. Prenat Diagn. 1992;
12:377-384.

Pijpers L, JahodaMG, Vosters RP, NiermeijerMF, Sachs ES. Genetic am-
niocentesis in twin pregnancies. Br J Obstet Gynaecol. 1988;95:323-
326.

Poenaru L. First trimester prenatal diagnosis of metabolic diseases: a
survey in countries from the European community. Prenat Diagn.
1987;7:333.

Quintero R, Romero R, Mahoney MJ, et al. Fetal haemorrhagic lesions
after chorionic villus sampling. Lancet. 1992;339:193.

Raymond J, Poissonnier MH, Thulliez PH, et al. Presence of gamma
interferon in human acute and congenital toxoplasmosis. J Clin Mi-
crobiol. 1990;28:1434.

RhoadsGG, JacksonLG, SchlesselmanSE, et al. The safety and efficacy of
chorionic villus sampling for early prenatal diagnosis of cytogenetic
abnormalities. N Engl J Med. 1989;320:609-617.

Richards DS, Seeds JW, Katz VL, et al. Elevated maternal serum alpha-
fetoprotein with normal ultrasound: is amniocentesis always ap-
propriate? A review of 26,069 screened patients. Obstet Gynecol.
1988;71:203-207.

Rickwood AMK. A case of ileal atresia and ileocutaneous fistula caused
by amniocentesis. J Pediatr. 1977;91:312.

RomeroR, SirtoriM,OyarzunE, et al. Infection and labor.V. Prevalence,
microbiology and clinical significance of intraamniotic infection in
women with preterm labor and intact membranes. Am J Obstet Gy-
necol. 1989;161:817-824.

Sampson JE, Ouhibi N, Lawce H, et al. The role for preimplantation
genetic diagnosis in balanced translocation carriers. Am J Obstet
Gynecol. 2004;190:1707-1711.

Schloo R, Miny P, Holzgreve W, et al. Distal limb deficiency following
chorionic villus sampling? Am J Med Genet. 1992;42:404-413.

Sebire NJ, Noble PL, Odibo A, et al. Single uterine entry for ge-
netic amniocentesis in twin pregnancies. Ultrasound Obstet Gynecol.
1996;7:26-31.

Sermon K, Van Steirteghem, Liebaers I. Preimplantation genetic diag-
nosis. Lancet. 2004;363:1633-1641.

Shim S, Romero R, Hong J, et al. Clinical significance of intra-amniotic
inflammation in patients with preterm premature rupture of mem-
branes. Am J Obstet Gynecol. 2004;191:1339-1345.

Shulman LP, Elias S. Percutaneous umbilical blood sampling, fetal skin
sampling, and fetal liver biopsy. Semin Perinatol. 1990;14:456-464.

Shulman LP, Meyers CM, Simpson JL, et al. Fetomaternal transfusion
depends on amount of chorionic villi aspirated but not on method
of chorionic villus sampling. Am J Obstet Gynecol. 1990;162:1185-
1185.

Simpson JL, Socol ML, Aladjem S, et al. Normal fetal growth despite
persistent amniotic fluid leakage after genetic amniocentesis. Prenat
Diagn. 1981;1:277-279.

Smidt-Jensen S, Permin M, Philip J, et al. Randomised comparison of
amniocentesis and transabdominal and transcervical chorionicvillus
sampling. Lancet. 1992;340:1237-1244.

Steele MW, BregWR Jr. Chromosome analysis of human amniotic fluid
cells. Lancet. 1966;1:383.

Swift PGF, Driscoll IB, Vowles KDJ. Neonatal small bowel obstruction
associated with amniocentesis. BMJ. 1979;1:720.

Tabor A, Philip J, Bang J, et al. Needle size and risk of miscarriage after
amniocentesis. Lancet. 1988;1:183-184.

TaborA,Philip J,MadsenM, et al. Randomised controlled trial of genetic
amniocentesis in 4606 low-risk women. Lancet. 1986;1:1287.

Therkelsen AJ, Rehder H. Intestinal atresia caused by second trimester
amniocentesis: case report. Br J Obstet Gynaecol. 1981;88:559-562.

Tietung Hospital (Department of Ob/Gyn, Anshan Iron and Steel Co.,
Anshan, China). Fetal sex prediction by sex chromatin of chorionic
villi cells during early pregnancy. Chin Med J. 1975;1:117-126.

Toth-Pal E, Papp C, Beke A, et al. Genetic amniocentesis in multiple
pregnancies. Fetal Diagn Ther. 2004;19:138-144.

Turnbull AC, MacKenzie IZ. Second-trimester amniocentesis and ter-
mination of pregnancy. Br Med Bull. 1983;39:315.

UK Collaborative Study on Alpha-Fetoprotein in Relation to Neural-
Tube Defects. Amniotic fluid alpha-fetoprotein measurements in
antenatal diagnosis of anencephaly and open spina bifida in early
pregnancy. Lancet. 1979;2:652.

Valenti C, Schutta EJ, Kehaty T. Prenatal diagnosis of Down’s syndrome.
Lancet. 1968;2:220.

Van Den Berg C, Braat APG, Van Opstal D, et al. Amniocentesis or
chorionic villus sampling in multiple gestations? Experience with
500 cases. Prenat Diagn. 1999;19:234-244.

Van Den Hof MC, Nicolaides KH, Campbell J, et al. Evaluation of the
lemon and banana signs in 130 fetuses with open spina bifida. Am J
Obstet Gynecol. 1990;162:322-327.



46

Part I Introduction

Van Der Pol JG, Volf H, Boer K, et al. Jejunal atresia related to the use
of methylene blue in genetic amniocentesis in twins. Br J Obstet
Gynaecol. 1992;99:141-143.

Van Der Schoot CE, Tax GH, Rijnders RJ, De Haas M, Christaens GC.
Prenatal typing of Rh and kell blood group system antigens: the edge
of a watershed. Transfus Med Rev. 2003;17:31-44.

Vejerslev LO, Mikkelsen M. The European collaborative study on mo-
saicism in chorionic villus sampling: data from 1986 to 1987. Prenat
Diagn. 1989;9:575-588.

Walker A. Liquor amnii studies in the prediction of haemolytic disease
of the newborn. BMJ. 1957;2:376.

WapnerRJ,BarrMA,Heeger S, et al.Chorionic villus sampling: a 10-year
over 13,000 consecutive case experience. In: First Annual Meeting of
American College of Medical Genetics; March 1994; Orlando, FL.
Abstract.

Wapner RJ, Johnson A, Davis G, Urban A,Morgan P, Jackson L. Prenatal
diagnosis in twingestations: a comparisonbetween second-trimester
amniocentesis and first-trimester chorionic villus sampling. Obstet
Gynecol. 1993;82:49-56.

Wapner RJ, Simpson JL, GolbusMS, et al. Chorionic mosaicism: associ-
ation with fetal loss but not with adverse perinatal outcome. Prenat
Diagn 1992;12:347-355.

Wass D, Bennett MJ. Infection and chorionic villus sampling. Lancet.
1985;2:338.

Wataganara T, LeShane ES, Farina A, et al. Maternal serum cell-free fetal
DNA levels are increased in cases of trisomy 13 but not trisomy 18.
Hum Genet. 2003;112:204-208.

Webster W, Brown-Woodman T. Cocaine as a cause of congenital mal-
formations of vascular origin: experimental evidence in the rat. Ter-
atology. 1990;41:689.

Wilkins-Haug L, Quade B, RortonCC. Confined placentalmosaicism as
a risk factor among newborns with fetal growth restriction. Prenat
Diagn. 2006;428-432.

WilsonRD,KendrickV,WittmanBK, et al. Risk of spontaneous abortion
in ultrasonically normal pregnancies. Lancet. 1984;2:920.

Winsor EJ, Tomkins DJ, Kalousek D, et al. Cytogenetic aspects of the
Canadian early and mid-trimester amniotic fluid trial (CEMAT).
Prenat Diagn. 1999;19:620-627.

Working Party on Amniocentesis. An assessment of hazards of amnio-
centesis. Br J Obstet Gynaecol. 1978;85:1.

Young PE, Matson MR, Jones OW. Fetal exsanguination and other vas-
cular injuries frommid-trimester genetic amniocentesis.Am J Obstet
Gynecol. 1977;129:21.

Youroukos S, Papadelis F, Matsaniotis N. Porencephalic cysts after am-
niocentesis. Arch Dis Child. 1980;55:814-815.

Yukobowich E, Anteby EY, Cohen SM, Lavy Y, Granat M, Yagel S. Risk
of fetal loss in twin pregnancies undergoing second trimester am-
niocentesis(1). Obstet Gynecol. 2001;98:231-234.

5
CHAPTER

Fetal Intervention

Key Points

■ The range of interventional procedures continues
to grow with refinements in criteria for treatment,
technique, and instrumentation.

■ Shunts work well to decompress thoracic fluid
collections such as pleural effusions and cysts in
congenital pulmonary airway malformation
(CPAM; formerly known as congenital cystic
adenomatoid malformation [CCAM]).

■ Shunts work less well for treating bladder outlet
obstruction; despite restoring amniotic fluid, renal
outcomes are often compromised.

■ Balloon valvuloplasty for aortic stenosis remains an
unproven therapeutic innovation aimed at
preventing progression to hypoplastic left heart
syndrome.

■ Fetoscopic surgery has proven safe and effective in
treating twin–twin transfusion syndrome as well as

other conditions such as amniotic band
syndrome.

■ Intrafetal radiofrequency ablation has been shown
to have fewer complications and better survival
than fetoscopic cord occlusion in Twin Reversed
Arterial Perfusion (TRAP).

■ Open fetal surgery is an option in rare cases for
hydropic CPAM, sacrococcygeal teratoma (SCT),
pericardial teratoma, and—depending on results
of the MOMS trial—meningomyelocele (MMC).

■ EXIT procedures are indicated for the management
of compromised airways due to cervical teratoma,
CHAOS, intrathoracic mass, and severe
micrognathia.

■ EXIT-to-ECMO may be beneficial in some cases of
CDH or hypoplastic left heart syndrome with
restrictive or intact atrial system.



47

Chapter 5 Fetal Intervention

Table 5-1

Fetal Malformations Treatable by Needle Aspiration and Shunting Procedures

Fetal Malformation Fetal Presentation Fetal/Neonatal Consequence

Posterior urethral valves Hydronephrosis Renal dysplasia and renal insufficiency
Oligohydramnios Pulmonary hypoplasia and respiratory

insufficiency

Cystic adenomatoid Mediastinal shift Pulmonary hypoplasia
malformation of the lung Hydrops

Aqueductal stenosis Hydrocephalus Neurologic damage

Fetal hydrothorax Mediastinal shift, hydrops, polyhydramnios Pulmonary hypoplasia

Ovarian cyst Wandering cystic abdominal mass,
polyhydramnios

Ovarian torsion

Prenatal diagnosishasbecome increasingly sophisticated, and
technologic advances have enhanced not only our diagnostic
abilities, but also our understanding of the natural history of
lesionsdetected in theprenatal period. Invasive therapieshave
developed as a consequence of our expanded understand-
ing of the natural history and pathophysiology of structural
anomalies (Garmel and D’Alton, 1993; Adzick and Harrison,
1994b). Despite rapid progress in prenatal diagnosis in the
1960s and 1970s, few invasive therapies were considered,
much less employed (Adamsons, 1966). If a fetal malforma-
tion was made prenatally, parents had only two alternatives:
pregnancy termination (if the diagnosis was made prior to
24 weeks of gestation) or continuing to term (Harrison et al.,
1981b). An additional option is arranging for delivery at a
tertiary care facility where appropriate pediatric specialists
would be available to immediately treat the newborn with a
congenital anomaly. As the natural history of many prena-
tally diagnosed anomalies became better understood, early
delivery was recognized as an option to avoid the continuing
damagecausedby theanomaly inutero (AdzickandHarrison,
1994a,b). Today there are more alternatives. In this chapter
we describe the treatment options available, how they were
developed, and new therapies that may be available in the
future.

FETAL SHUNTING PROCEDURES

A new era in invasive fetal therapy began in the early 1980s,
when several independent groups introduced shunting pro-
cedures for hydrocephalus andhydronephrosis (Clewell et al.,
1982; Frigoletto et al., 1982; Golbus et al., 1982). These first
few cases represented an extension of invasive fetal therapy
from simple intrauterine blood transfusion for a medical ill-

ness to the first attempts at in utero treatment of structural
anomalies (Table 5-1).

During this period, hydronephrosis and hydrocephalus
were being recognized more frequently with ultrasound ex-
amination. The prenatal natural history of these lesions was
established by serial sonographic observation of untreated
cases (Chervenak et al., 1984; Glick et al., 1984a,b; Clewell
et al., 1985; Nakayama et al., 1986; Crombleholme et al.,
1988b; Cendron et al., 1994). Fetuses with high-grade ob-
structive uropathy followed to term were often born with
advanced hydronephrosis, type IV cystic dysplasia, and pul-
monary hypoplasia that were incompatible with life (Pot-
ter, 1976; Crombleholme et al., 1988b; Cendron et al., 1994).
In the case of obstructive hydrocephalus, it was known that
shunting during the newborn period improved neurologic
outcome, and it was reasoned that decompression in utero
might avert progressive brain damage (Lawrence and Coates,
1962; Lorber, 1969; Young et al., 1973). However, the poor
outcomes observed with shunting for hydrocephalus resulted
in a moratorium on the use of shunts in the treatment of
obstructive hydrocephalus (Clewell, 1991). In other condi-
tions,work in appropriate animalmodels helped to define the
pathophysiology of these lesions and establish the theoreti-
cal basis for intervention (Adzick et al., 1970; Harrison et al.,
1982d, 1983; Glick et al., 1983, 1984a, 1984b).

Hydronephrosis

The first case of a fetus with obstructive uropathy treated in
utero by vesicoamniotic shunting was reported by Golbus
et al. in 1982. Advances soon followed in diagnosis, tech-
nique, shunt design, and patient selection (Rodeck et al.,
1988; Crombleholme et al., 1988a, 1991a; Harrison and Filly,
1991; Crombleholme, 1994; Johnson et al., 1995). The en-
thusiasm for treating fetal obstructive uropathy has contin-
ued unabated during the past two decades. The procedure
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became widely implemented before stringent selection cri-
teria for treatment were developed and the therapeutic effi-
cacy of the procedure was established. The widespread use
of vesicoamniotic shunts also had the effects of shifting cases
away from the centers studying vesicoamniotic shunts to bet-
ter define their role in the management of fetal obstructive
uropathy.

The lack of a prospective randomized trial makes it dif-
ficult to address the efficacyof prenatal decompressionof fetal
obstructive uropathy. One of the few series that attempted to
address this question, was a retrospective analysis reported
by Crombleholme et al. (1991a). In fetuses predicted to have
either good or poor prognoses by fetal urine electrolyte and
ultrasound criteria, survival was greater among those who
underwent decompression in utero, as opposed to those who
did not undergo decompression. In the group of fetuses pre-
dicted to have a poor prognosis by selection criteria, 10 were
treated; three of these pregnancies were electively terminated,
4 neonates died from pulmonary hypoplasia or renal dyspla-
sia, and 3 survived. All three survivors had restoration of
normal amniotic fluid (AF) levels and no pulmonary com-
plications, but two of the three subsequently developed renal
failure requiring renal transplantation.Among the14patients
with no intervention, there were no survivors (11 termina-
tions and 3 neonatal deaths from pulmonary hypoplasia).
In the entire series, uncorrected oligohydramnios was asso-
ciated with a 100% neonatal mortality rate. Normal or re-
stored AF volume was associated with a 94% survival rate
(Crombleholme et al., 1991a).

Although in utero decompression seems to prevent
neonatal death from pulmonary hypoplasia, the effect on
renal function is less clear. The severity of renal dysplasia
at birth depends on the timing and severity of obstruction
before birth (Harrison et al., 1981a,b, 1982a,c, 1987, 1990;
Manning et al., 1986; Crombleholme et al., 1988b, 1991a).
Experimental work suggests that relief of obstruction dur-
ing the most active phase of nephrogenesis (20–30 weeks
of gestation) may obviate further damage and allow normal
nephrogenesis to proceed (Adzick et al., 1970; Beck, 1971;
Harrison et al., 1982a, 1987; Glick et al., 1984a,b; Gonzalez
et al., 1985; Salinas-Madrigal et al., 1988; Peters et al., 1991).
The development of postnatal renal failure in two infantswho
were not treated because AF volume remained normal raises
the question of whether to treat fetuses with obstruction be-
fore oligohydramnios develops. Because renal development
or maldevelopment is complete at birth, relief of obstruction
in infancy or childhood may not prevent the progression to
end-stage renal failure (Warshaw et al., 1982). Müller et al.
(1993) reported on a group of fetuses with obstructive uropa-
thy, a favorable prognostic profile, and normal AF in whom
renal insufficiencydevelopedby1yearof age.Theonly feature
that distinguished this group of fetuses was a urinary level of
β2-microglobulin greater than 2 mg per liter suggesting that
elevated fetal urinary levels of β2-microglobulinmay identify
fetuses at increased risk for ongoing renal damage from ob-
struction, even if AF is normal. Other investigators have not

found β2-microglobulin levels to be as useful, although levels
greater than 10 mg per liter can be a predictor of poor out-
come in fetuses over 20 weeks of gestation (Freedman et al.,
1997). It remains an open question whether or not in utero
decompression could prevent long-term renal insufficiency
in these patients.

The maternal morbidity associated with vesicoamni-
otic shuntinghasbeen reported tobeminimal, but chorioam-
nionitis related to the procedure has been reported (Glick
et al., 1985; Crombleholme et al., 1991a). In addition, there
have been reports of shunt-induced abdominal wall defects
with herniation of bowel through trochar stab wounds and
maternal ascites from leakage of AF through the uterine wall
into the maternal peritoneal cavity (Manning et al., 1986;
Robichaux et al., 1991; Ronderos-Dumit et al., 1991).

The utility of vesicoamniotic shunts is limited by the
brief duration of decompression, the risk of infection, the
risk of catheter obstruction or dislodgment, fetal injury dur-
ing placement, and potentially inadequate decompression of
the fetal urinary tract (Glick et al., 1985; Crombleholme et al.,
1988a, 1991a; Estes and Harrison, 1993). These factors make
vesicoamniotic shunts less effective when placed early in
gestation for long-term decompression of the urinary tract
and are the impetus for development of open fetal surgical
and fetoscopic techniques to treat obstructive uropathy in
utero (Crombleholme et al., 1988a; Estes andHarrison, 1993;
Crombleholme and Lim, in press).

Fetal Hydrothorax

Thoracentesis is a diagnosticmaneuver to obtain pleural fluid
for differential cell count and culture and to establishwhether
the effusion is chylous. But even repeated thoracentesis pro-
vides inadequate decompression of the fetal chest. There have
been several reports of thoracentesis for fetal hydrothorax
(FHT), performed with either complete resolution or a good
outcome despite reaccumulation (Petres et al., 1982; Kurjak
et al., 1985; Benacerraf et al., 1989). Others have had dis-
appointing results with repeated thoracentesis for FHT, be-
cause of rapid reaccumulation of the effusion and neonatal
death from respiratory insufficiency (Longaker et al., 1989;
Nicolaides and Azar, 1990). Spontaneous resolution of FHT
may occur in as many as 10% of cases, and resolution follow-
ing thoracentesis may ormay not be related to the procedure.
Thoracentesis alone cannot adequately decompress the fetal
chest to allow pulmonary expansion and prevent pulmonary
hypoplasia (Laberge et al., 1991).

Thoracoamniotic shunting for FHT, first reported by
Rodeck et al. in 1988, provides continuous decompression
of the fetal chest, allowing lung expansion. If instituted early
enough, this allows compensatory lung growth and prevents
neonatal death from pulmonary hypoplasia. Nicolaides and
Azar (1990) reported on 48 cases of thoracoamniotic shunt-
ing, but there was no attempt to distinguish isolated pri-
mary FHT from secondary FHT. Despite intervention, mor-
tality was high. Four of the deaths were due to termination
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Figure 5-1 The trochar used for KCH catheter insertion, including the obturators and sheath with the KCH catheter
for scale. Note the KCH catheter with the pigtail ends at 90◦ to each other.

of pregnancy when a chromosomal abnormality was diag-
nosed. In addition, there were 12 neonatal deaths despite
thoracoamniotic shunt placement, but these fetuses seemed
to have severe hydrops and secondary FHT. Two fetuses that
died in utero also seemed to have had secondary FHT and
severe hydrops. If the cases that appear to be secondary
FHT are eliminated, the survival of isolated primary FHT
treatedwith thoracoamniotic shunting is 38 of 41 (92%) cases
(Nicolaides andAzar, 1990;Moran et al., 1994). A similar sur-
vival ratewith thoracoamniotic shuntingwas foundbyHagay
et al. (1993) in their review of fetal pleural effusions. This is a
striking improvement when comparedwith a survival of only
50% in untreated FHT.

The indications for thoracoamniotic shunting are not
well defined. Most authors consider the presence of FHT-
inducedhydrops or polyhydramnios as indications for shunt-
ing (Rodeck et al., 1988; Longaker et al., 1989; Nicolaides and
Azar, 1990). In addition, we recommend thoracoamniotic
shunting for primary FHT with evidence of effusion under
tension even in the absence of hydrops (Moran et al., 1994).
Because spontaneous resolution has been observed even in
severe cases of FHT, we reserve thoracoamniotic shunting for
cases in which tension hydrothorax recurs after two thora-
centeses.

The limited experience with thoracoamniotic shunting
suggests that it is extremely effective in decompressing effu-
sion and improving survival. The risks tomother and fetus of
thoracentesis andshuntplacementhavebeenminimal andare
far outweighed by the potential benefits. Few complications
have been reported for either fetal thoracentesis or thora-
coamniotic shunts. Procedure-related fetal death is rare, due
to hemorrhage from an intercostal artery laceration or tor-
sion of the umbilical cord (Longaker et al., 1989). Migration
of the shunt under the fetal skin has also been reported, but
required no intervention when the infant was born (Rodeck
et al., 1988). There have been no maternal complications re-
ported with either thoracentesis or thoracoamniotic shunt-

ing. However, it should be recognized that these procedures
have the potential for significant complications, including in-
fection, bleeding, premature rupture of membranes, preterm
labor, and injury to the fetus (Moran et al., 1994).

There are currently two FDA-approved devices avail-
able for shunt placement in a broad range of applications
including bladder outlet obstruction, pleural effusions, and
cyst decompressions in congenital pulmonary airway mal-
formation (CPAM). The Harrison catheter (Cook, Inc., IN)
is available in a complete shunt insertion kit that includes
not only the polyurethane shunt but also the trocar for inser-
tion, the guide wire over which the double pigtail catheter is
threaded and the pusher that deploys the shunt. The advan-
tages of the Harrison catheter include the ease of insertion
and the complete kit it comes with. The disadvantage of the
Harrison catheter is that it is more easily dislodged.

The alternative catheter is the Rocket or KCH catheter
(seeFigure5-1).TheRocket catheter requiresa reusable trocar
insertion device that is larger and somewhat more difficult to
use compared to the Harrison catheter set. The advantage of
the Rocket catheter is that it is less likely to be dislodged. The
larger size of the Rocket trocar may make this less appealing
for chest shunt insertion due to increased difficulty inserting
the shunt and increased risk of laceration of the intercostal
artery, especially in fetuses at less than 25 weeks gestation.

Miscellaneous Procedures and Other
Indications for Shunts

Small ovarian cysts are common in neonates. They are typi-
cally small follicular cysts due tomaternal hormonal stimula-
tion and are rarely clinically significant. They usually regress
spontaneously (Kirkinen and Jouppila, 1985). The prenatal
diagnosis of an ovarian cyst should be considered in any
female fetus with a cystic pelvic mass (see Chapter 67). Al-
though they can be mistaken for mesenteric cysts, duplica-
tions, urachal cysts, or choledochal cysts, ovarian cysts are
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usually simple pelvic cysts that disappear shortly after de-
livery. Occasionally, these cysts require surgery for compli-
cations due to size, rupture, or torsion (Kurjak et al., 1984;
Kirkinen and Jouppila, 1985). Once an ovarian cyst becomes
symptomatic, salvage of the ovary is unlikely.

Valenti et al. were the first to perform cyst decompres-
sion in utero, in 1975. A large (7 by 9 cm) ovarian cyst was
aspirated to prevent intrapartum cyst rupture. Landrumet al.
(1986) reported fetal ovarian cyst aspiration ostensibly to
prevent pulmonary hypoplasia.While pulmonary hypoplasia
from a pelvic mass is unlikely, aspiration to prevent in utero
rupture or torsion and to preserve ovarian tissue is a more
appropriate indication for treatment. Holzgreve et al. (1993)
have reported their experience with 13 cases of fetal ovarian
cysts. This group recommends ovarian cyst decompression
if the cyst is large, rapidly increasing in size, or observed to
be a “wandering mass” as cysts exhibiting these features are
more likely to undergo torsion. Cyst tap revealing high levels
of prostaglandin F21, progesterone, and testosterone in the
fluid confirms the diagnosis. Giorlandino et al. (1990) have
reported a case of ovarian cyst treated by cyst aspiration and
sclerosis with tetracycline. While this treatment was success-
ful, the use of tetracycline as a sclerosing agent in the fetus is
not advised. This group has subsequently reported success in
four cases of simple cyst aspiration (Giorlandino et al., 1993).
Similarly, D’Addario (1990) aspirated ovarian cysts in two
fetuses, but neonatal surgery was still needed. Crombleholme
et al. have suggested criteria for intervention in fetal ovarian
cysts with diameters of >4 cm, increasing 1 cm per week in
size, or as Holzgreve suggested, noted to wander about the
abdomen (Crombleholme et al., 1997). Although fetal ovar-
ian cyst decompression seems a relatively benign procedure
with the potential for ovarian preservation, the indications
for fetal intervention are not uniformly accepted.

In1987,Nicolaides et al. reported thefirst caseofCPAM
treated by shunt insertion in utero. Decompression of a large
type I CCAM in a 20-week-old fetus by percutaneous place-
ment of a thoracoamniotic shunt was subsequently reported
by Clark in 1987. This procedure resulted in resolution of
both mediastinal shift and hydrops and successful delivery at
37 weeks of gestation. Postnatally, the infant underwent un-
eventful resectionof theCCAM.Recently,Wilson et al. (2006)
reviewed the CHOP experience with thoracoamniotic shunts
for cysticCCAMsdemonstratinganaverageacute70%reduc-
tion in CCAM volume with a 74% survival with thoracoam-
niotic shunting in the presence of hydrops, polyhydramnios
or fetuses at increased risk for developing pulmonary hy-
poplasia. This experience is consistent with other reports of
CCAMs with a dominant cyst that responded to thoracoam-
niotic shunt placement (Adzick, 2003, Wilson et al., 2004,
2006). There are however potential procedure-related com-
plications including catheter dislodgment, catheter occlu-
sion from thrombus, fetal hemorrhage, placental abruption,
premature rupture of membranes or preterm delivery, and
chest wall deformity (Dommergues et al., 1997; Mann et al.,
2007; Merchant et al., in press). More commonly, it is the
type III CCAM or microcystic lesions, which becomes en-

larged, resulting in hydrops and intrauterine fetal death; in
these cases, open fetal surgery and resection are indicated.
However, in the rare instances in which there is a single
large cyst inCCAMresponsible for hydrops, thoracoamniotic
shunting appears to be an appropriate treatment option (see
Chapter 35).

FETAL CARDIAC PROCEDURES

Fetal Arrhythmias

Fetal arrhythmias are most often ventricular extrasystoles or
tachyarrhythmias (see Chapter 41). But bradyarrhythmias
account for 9% of cases reported to the Fetal Arrhythmia
Registry, half of which occur in structurally normal hearts
due to transplacental passage of antibody in mothers with
collagen vascular disease (Kleinman and Evans, 1988) (see
Chapter 42). The other half occur in structurally abnor-
mal hearts, and bradyarrhythmia is almost uniformly fatal
in that setting (Kleinman et al., 1982; Stewart et al., 1983).
In structurally normal hearts in which complete heart block
(CHB) develops in mothers with collagen vascular disease,
hydrops will develop in 25% and is usually refractory to
medical therapy (Altenburger et al., 1977; Carpenter et al.,
1986; Machado et al., 1988). Based on the combined retro-
spective experience from the groups at Toronto Sick Kids
and UCSF, fetuses with CHB may benefit from the com-
bination of maternal steroids and β-mimetics (see Chap-
ter 42). There is no expectation that steroids will improve
the fetal heart rate but may reduce maternal Ab titer and
transplacental passage and limit the ongoing injury to the
fetal cardiac conduction system and the myocardium. If low-
output fetal heart failure cannot be reversed by increasing
heart rate with β-agonists then fetal cardiac pacing is the
only alternative.Carpenter et al. (1986) reported thefirst fetus
treatedby implantationof apercutaneous transthoracic pace-
maker. Unfortunately, the fetus was severely hydropic and de-
spite successful ventricular capture and pacing the fetus died
within hours. The obvious problems with the percutaneous
transthoracic pacemaker are the risks of dislodgment, po-
tential for infection (chorioamnionitis), and the temporary
nature of the device in a fetus that will require pacing for the
rest of gestation. These limitations prompted a group led by
Michael Harrison at UCSF to attempt pacemaker placement
by open fetal surgery (Harrison et al., 1993). Previous work
by Crombleholme et al. (1990, 1991b) had developed the
techniques for acute and chronic fetal cardiac pacing and
studied the effects of CHB in fetal lambs. Based on this ex-
perimental work, Harrison et al. (1993) placed a unipolar
epicardial pacemaker in a fetus at 22 weeks of gestation with
CHB and hydrops. Similar to Carpenter et al.’s (1986) ex-
perience, although able to achieve ventricular capture and
pacing, the heart was irreversibly damaged by 6 weeks of
in utero cardiac failure and the procedure resulted in fetal
death in the operation room (Harrison et al., 1993). More
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recently, Crombleholme et al. performed open fetal surgery
for placement of epicardial pacing lead with an implantable
programmable pulse generator in VVImode. The pacemaker
was set at 65 beats per minute that doubled the combined
ventricular output measured by echocardiography. The fe-
tus expired on postoperative day 5 and autopsy was found to
have extensive renal and hepatic ischemic injury that likely
preceded the fetal surgery (Crombleholme et al., 2008). It
is clear from these reports that a fetus with long stand-
ing CHB with severe hydrops may already have significant
end organ injury that may be unsalvageable despite suc-
cessful pacemaker placement. The survival of fetuses with
CHB and ventricular escape rates of less than 50 beats per
minute is poor (Schmidt et al., 1991). Placement of a pace-
maker in the fetus with a ventricular response rate of less
than 50 beats per minute before the development of hydrops
may allow us to save these fetuses with an otherwise dismal
prognosis.

Structural Fetal Heart Disease

Structural cardiac defects, such as pulmonic atresia with an
intact ventricular septum (PAIVS) or severe aortic stenosis
(AS) (see Chapters 49 and 50), may result in obstruction to
blood flow, which in turn alters the development of the heart
chambers as well as the pulmonic and systemic vasculature in
utero (Vlahakes et al., 1981). Themajormorbidity from these
congenital heart defects often results from the secondary al-
terations in heart development caused by the primary defect
(i.e., hypoplasia of the right ventricle in PAIVS or hypoplastic
left heart syndrome [HLHS] in AS). In theory, relief of the
anatomic obstruction in utero may allow more normal car-
diac development, thereby eliminating the need for corrective
surgery postnatally.

AS diagnosed prenatally is frequently associated with
intrauterine fetal death or neonatal death in fetuses that sur-
vive to term. Maxwell et al. (1991) reported a series of 28
fetuses diagnosed prenatally with AS either alone or associ-
atedwith endocardial fibroblastosis.Only 12mothers contin-
ued the pregnancy to term, and in 2 there was an intrauterine
fetal death. None of the 10 neonates survived despite bal-
loon valvuloplasty in 4 of them. Maxwell et al. also noted
that in four fetuses the left ventricle failed to grow, resulting
in hypoplastic left heart, which would make the neonate un-
suitable for postnatal aortic valve reconstruction. This grim
natural history for fetuses with prenatally detected AS, as well
as poor outcomes with Norwood procedure in their institu-
tion, prompted Maxwell et al. (1991) to attempt the first in
utero aortic balloon valvuloplasty. This procedure was per-
formed by direct percutaneous puncture of the left ventricle
under ultrasound guidance. A J-wire is passed through the
stenotic valve, and the balloon catheter is passed over thewire
and inflated. All three fetuses treated with this procedure sur-
vived to term; two died as neonates and one was doing well
to a follow-up of 3 years of age (Maxwell et al., 1991). Two
other fetuses were treated unsuccessfully by this technique by
another group (Chouri et al., 1994).

More recently, the group at Boston Children’s Hospital
has reintroduced fetal balloon valvuloplasty in an effort to
prevent progression of AS to HLHS (Mäkikallio et al., 2006).
In their initial experience with 43 fetuses diagnosed with AS,
they retrospectively identified a subset of patients that all pro-
gressed to HLHS postnatally. These fetuses all had AS asso-
ciated with normal LV length, reversed flow in the transverse
aortic arch or foramen ovale, and a monophasic mitral in-
flow pattern. Several centers soon followedwith reports of at-
tempts at fetal aortic valvuloplasty (see Table 5-2). Although
most centers’ experience is quite small, there appears to be a
steep learning curve judging from the largest series reported
thus far (Tworetzky andMarshall, 2004;Matsui andGardiner,
2007). “Technical success,” as defined as increased flow across
the aortic valve, has been achieved in 75% of cases but only
1/3 of technically successful procedures achieve an eventual
biventricular circulation postnatally (Matsui and Gardiner,
2007). This contrast between technical success and postnatal
success suggests that current selection criteria do not accu-
rately select fetuses that are likely to respond to balloon valvu-
loplasty.

Wright et al. (1994) have performed radiofrequency
pulmonic valvotomy in a fetus with PAIVS. In the most se-
vere forms of PAIVS, the primary valvular lesion causes sec-
ondary alteration in the intracardiac flow pattern, resulting
in a hypoplastic right ventricle (Casteneda et al., 1994). In
these instances, only palliative pulmonary valvotomy and
systemic to pulmonary artery shunting can be performed.
However, if flow can be reestablished across the pulmonic
valve in utero, restoration of intracardiac blood flow may al-
low subsequent growth of the right ventricle and pulmonary
outflow tract. The indications for fetal balloon valvuloplasty
in PAIVS include a cardiovascular profile score of less than
7, decreased biventricular cardiac output, severe pulmonary
stenosis and/or elevated RV pressure and/or hydrops (Matsui
and Gardiner, 2007). In a 26-week-old fetus with PAIVS, no
growth was observed in the right ventricle during 6 weeks of
in utero observation. By direct puncture of the right ventri-
cle, a pulmonary valvotomy was performed using a radiofre-
quency ablation catheter. Although only a minute hole with
insignificant flow resulted, this procedure and those reported
by Maxwell and Chouri et al. have established the feasibility
of in utero treatment of structural heart disease. Although
there have been technical successes, the outcomes have not
been different from the natural history of PAIVS often due
to growth failure of the pulmonic valve annulus (Matsui and
Gardiner, 2007; Gardiner, 2008).

These procedures are certainly not without risk. One
of Maxwell’s patients died within hours of the procedure and
pieces of balloon and guide wire were left within the fetal
heart. All three centers have noted pericardial effusions at
the conclusion of the procedure that required evacuation.
In the series reported by Marshall et al. (2005), in 20 of 26
patientswith technically successful procedures, 12 had at least
mild regurgitation at the procedure. In a report from the
same group, 45% of 83 fetuses experienced hemodynamic
instability (Mizrahi-Arnaud et al., 2007) that was associated
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Table 5-2

Compilation of All Fetal Balloon Valvoplasties Reported Including the Method, Technical
Success, and Fetal and Neonatal Outcome

Neonatal
Outcome Outcome

Ref No. GA Method Technical Success Fetal Death IUD/TOP D A

Kohl et al. 12 26–33 P 8/12 4 6 2

Tulzer et al. 8 25–32 P 5/8 2 6

Tworetzky 38 20–32 P, TU 29/38 5 1 2 28

Gardiner/Kumar 4 23–27 P, F 4/4 1 1 1 1

Suh/Huhta 2 n/a-23 P 2/2 1 1

Total 64 48/64 13 2 10 37

P = percutaneous; TU = transuterine; F = fetoscopy.
Adapted from Matsui H, Gardiner H. Fetal intervention for cardiac disease: the cutting edge of perinatal care. Semin Fetal Neonatal Med. 2007;12:482-489.

with transventricular approach and the development of large
hemopericardium. In 31 of the 37, resuscitation medications
were used and—in all 37—the hemodynamic stability was
restored. However, there were 5 fetal deaths (5 of 63, 8%)
within 24 hours of the procedure (Mizrahi-Arnaud et al.,
2007). Despite the risk of these procedures, the unfavorable
outcomes for the fetuses with these structural heart defects
argue in favor of continued efforts at developing safe and
effective invasive fetal therapies.

FETOSCOPIC SURGERY

Diagnostic Fetoscopy

Embryoscopy was first performed via the transcervical ap-
proach early in gestation, prior to fusion of the chorion
and amnion, to make a phenotypic diagnosis (Westin, 1954;
Gallinat et al., 1978;Dubuissonetal., 1979;Roumeetal., 1985;
Dumez et al., 1988; Cullen et al., 1991; Ghirardini, 1991).
Percutaneous techniques were then developed to introduce
the fetoscope directly into the amniotic cavity transabdomi-
nally. Many of the initial indications for fetoscopic guidance
are procedures that now are routinely performed with ultra-
soundguidance alone. In some instances, however, diagnostic
fetoscopy can still be a useful adjunct to ultrasound, especially
early in gestation. The suspicion of a significant fetal anomaly
prior to 14 weeks’ gestationmay be difficult to definitively re-
solve with ultrasound alone and is too early in gestation for
MRI (Deprest and Ville, 2001).

Duchenne muscular dystrophy (DMD), a progressive,
degenerative muscle disease, is inherited as an X-linked re-
cessive trait. It is one of the more common genetic diseases
among all populations, affecting approximately one in 3500
liveborn male infants. DMD is caused by the deficiency of a
protein component of muscle tissue called dystrophin. Dys-
trophin is part of themembrane cytoskeleton in normalmus-
cle, and a deficiency leads to myofiber necrosis, presumably
because of membrane instability. While 70% of cases are in-
herited through a carriermother, approximately 30%of cases
occur without previous family history, representing apparent
de novomutations in the dystrophin gene (Moser, 1984). Be-
cause of isolation of the dystrophin gene (Koenig et al., 1987)
and its normal protein product (Hoffman et al., 1987), di-
agnosis of this disorder can now be made on a molecular
basis. However, because of the tremendous size of the DMD
gene and variation in molecular abnormalities, the under-
lying gene defect (usually a deletion) has been able to be
identified in only 65% of affected individuals. In such a case,
however, female carriers in such families can be identified
with molecular testing and future male pregnancies can be
tested for that specific familial gene defect.

In 1991, the first case of in utero fetal muscle biopsy for
DMDdiagnosis was described in a family in which the carrier
status of the mother could not be determined for the reasons
described above (Evans et al., 1991). Using a renal biopsy
device directed into the fetal buttock under high-resolution
ultrasound guidance, a satisfactory biopsy of skeletal muscle
was obtained for analysis and was subsequently shown to
contain normal amounts of the dystrophin protein. DMD
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and other genetic conditions remain a rare but important
indication for fetoscopic-guided biopsy.

Therapeutic Fetoscopy

Lower urinary tract obstruction

Fetal lower urinary tract obstruction can result in progres-
siveoligohydramnios,pulmonaryhypoplasia, andcystic renal
dysplasia. Occurring mostly in males, common etiologies in-
clude posterior urethral valves, urethral atresia, and urethral
hypoplasia.Thepresenceof significantbladderdilation, bilat-
eral hydronephrosis, and severe oligohydramnios prior to 20
weeks’ gestation is almost universally associated with in utero
or early neonatal death if left untreated. Experimentalmodels
of ureteral obstruction in sheep suggest that early reversal of
obstruction in midgestation can prevent progression of renal
damage and potentially improve postnatal survival and renal
outcomes (Glick et al., 1983). This work led to the concept of
in utero therapy either by open fetal surgery (Harrison et al.,
1982b;Crombleholme et al., 1988a) or vesicoamniotic divert-
ing shunts that drain urine from the bladder to the amniotic
space (Harrison et al., 1981b).

However, shunt placement is a technically challenging,
invasive procedure, and long-term shunt success is variable,
largely due to shunt obstruction or displacement. Functional
shunt failure has been reported to occur in 40% to 50%
of cases after successful placement, mostly due to displace-
ment of the shunt into the fetal abdomen or amniotic space
(Hassan et al., 1997). Because of the displacement issue and
the bladder dysfunction that results after catheter decom-
pression, alternative approaches such as fetal cystoscopy have
been attempted.

One approach has been based on postnatal therapy for
such disorders that involves cystoscopic identification of the
underlying etiology, and in cases of posterior urethral valves,
destructionof themembranous obstruction.However, devel-
oping such an approach in an 18- to 20-week fetus has proven
problematic. Engineering and manufacturing advances have
produced successive generations of smaller fiberoptic endo-
scopes that have made the possibility of fetal cystoscopy a
reality. Initially, using a variety of 1.7- to 2.2-mm endo-
scopes, Quintero et al. (1995b) were able to show that in
utero diagnostic fetal cystoscopy was possible and later were
able to identify proximal urethral obstructions. Several at-
tempts at laser ablation of posterior urethral valves were tech-
nical successes, but postoperative obstetrical complications
resulted in no long-term survivors from this early experience
(Quintero et al., 1995a). Using a 1.2× 2.4-mmdouble-lumen
trocar sheath, it is possible to pass wire probes or laser fibers
to assist in diagnostic evaluation and offer the possibility of
laser ablation of posterior urethral valves. Design modifica-
tions and refinements to this system have recently allowed
fetoscopists to more reliably visualize the source of proximal
urethral obstruction and differentiate between urethral atre-
sia and posterior urethral valves (Figure 5-2). Visualization of
the posterior urethral valvesmay be difficult beyond 20weeks
due to increased angulation at the posterior urethra. Clifton

Figure 5-2 Fetal antegrade cystourethroscopy (top) prior to ful-
geration of valves and immediately following (bottom).

et al. (2008) have added the placement of a transurethral stent
to disrupt the valves with good renal function and bladder
function at one year postnatally. It is hoped that by treating
the source of the obstruction in midgestation, renal function
will be preserved and the need for postnatal urologic surgery
to correct secondary anatomic abnormalities may be elimi-
nated.However, despite a compelling rationale for fetal cysto-
scopic treatment of posterior urethral valves and advances in
fetoscopic techniques, this approach has yet to be shown to be
a more effective treatment of lower urinary tract obstruction
than vesicoamniotic shunting.

Diaphragmatic hernia

Congenitaldiaphragmatichernia (CDH) is a simpleanatomic
defect in the diaphragm, but in severe cases it may result in
profound pulmonary hypoplasia precluding postnatal sur-
vival (Harrison et al., 1978; Harrison and deLorimier, 1981).
This prenatal natural history of CDH has led to attempts
to correct the diaphragmatic defect before birth, with some
anecdotal success. It had been recognized in the physiology
literature for decades that occlusion of the fetal trachea re-
sults in accelerated lung growth (Carmel et al., 1965; Alcorn
et al., 1977). This technique was applied in animal models of
CDH, demonstrating that tracheal occlusion can correct the
pulmonary hypoplasia associated with CDH (DiFiore et al.,
1994; Hedrick et al., 1994). This work was quickly replicated
inother laboratories andwaspioneered in clinical application
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byHarrison and the University of California at San Francisco
(UCSF) group using open fetal surgical techniques to occlude
the trachea (Harrison et al., 1996). The survival using an open
fetal surgical approach, however, was disappointing, and fe-
toscopic techniques of tracheal occlusion were developed in
hopes of avoiding the problems of preterm labor and com-
plications from tocolytic agents associated with hysterotomy
(Adzick et al., 1985b; Harrison et al., 1990; Flake et al., 2000).
The fetoscopic techniques used for tracheal occlusion have
evolved with growing experience by the UCSF and Eurofetus
group.

In their initial approach with the “fetendo” clip,
Harrison et al. (1998) reported a 75% survival compared
with 15% in the open fetal surgical approach to tracheal oc-
clusion and a 38% survival with standard postnatal therapy.
Not only did survival appear to be improved in this small
series, but there was also a trend toward less preterm labor,
less need for tocolysis, and a shorter hospital stay. The UCSF
group further refined their technique, eliminating the mul-
tiple ports and the neck dissection entirely by performing
an endoluminal balloon tracheal occlusion (Harrison et al.,
2001). A single port is used to introduce a fetoscope into the
amnion and the fetal oropharynx. The vocal cords are feto-
scopically viewed for passage of a detachable balloon catheter
through the vocal cords. The position in the trachea is de-
termined sonographically before inflation and deployment
of the balloon. This technique was piloted in several cases of
right-sided CDH and was evaluated in a National Institutes
of Health (NIH) sponsored prospective randomized clinical
trial comparing fetoscopic endoluminal balloon tracheal oc-
clusion to conventional postnatal therapy.

The NIH trial of fetoscopic tracheal occlusion was
halted after randomization of only 24 subjects when it be-
came apparent that therewouldbeno significant difference in
survival between the fetoscopic tracheal occlusion group and
the conventional therapygroup.The fetoscopic surgery group
had a 73% (8 out of 11) survival, as predicted by preliminary
data, but the conventional postnatal treatment group had a
better than predicted survival of 77% (10 out of 13). The
fetoscopically treated patients delivered significantly earlier
compared to conventional treatment at a mean of 30.8 versus
37.0 weeks, respectively. The entry criteria for this study was
LHR <1.4, which resulted in a number of patients included
thatwould be expected to dowellwith conventional postnatal
therapy. European centers that are a part of the Eurofetus
FETO (Fetoscopic Endoluminal Tracheal Occlusion) in
Leuven, Belgium, Barcelona, Spain, and London, United
Kingdom have collaborated on fetoscopic tracheal occlusion
for LHR <1.0 with liver herniation. This has resulted in sur-
vival of 55% that compared favorably to conventional post-
natal therapy in their neonatal centers with 11% survival
(Deprest et al., 2008). More recently, Deprest et al. (2008)
has reported 83% survival with fetoscopic tracheal occlusion
and reversal later in gestation. The reversal of tracheal oc-
clusion is performed by either a second fetoscopic procedure
for removal or by ultrasound-guided balloon puncture. The
detachable balloon used in tracheal occlusion in Europe is

not FDA approved. Recently, centers in the United States in-
cluding UCSF and the Fetal Care Center of Cincinnati have
obtained an investigational device exemptions (IDE) to per-
form fetoscopic tracheal occlusion in cases of severe CDH
with liver herniation and a lung/head ratio (LHR) of <1.0
between 26 and 28 weeks’ gestation.

Attempts at treating fetal SCT with minimally invasive
fetoscopic techniques have met with mixed results. Hecher
andHackeloer (1996) reported the successful treatment of an
SCT by fetoscopy using laser. The base of this SCT was un-
usually narrow, without distortion of the anorectal sphincter
complexonto themass. This is an important consideration, as
most fetal SCTs distort the anorectal sphincter complex, and
such a fetoscopic approach as described by Hecher might re-
sult in ischemic necrosis of the anorectal sphincter complex
along with the SCT. In addition, the superficial vessels are
the only ones accessible to the laser, while the deeper pelvic
vessels, which may be more important in the development
of high-output physiology, are inaccessible. These difficulties
are highlighted by the UCSF experience with the use of ra-
diofrequency ablation (RFA) (Paek et al., 2001). The goal was
the coagulation of the feeding vessels to the SCT that are re-
sponsible for the high-output state. The power of the RFA in
this ultrasound-guided technique could not be precisely con-
trolled and the fetus sustained necrosis of the anus, vagina,
and bladder, with injury to the sciatic nerve (Paek et al.,
2001).

Myelomeningocele

In recentyears, fetal surgeryhasmoved fromthe treatment ex-
clusivelyof life-threatening fetal anomalies suchasCDH,SCT,
or hydropic CPAMs to fetal anomalies that are severely debil-
itating, but not life threatening. Myelomeningocele (MMC)
maybe themost controversial of the currentnonlethal indica-
tions for fetal surgery.While fetal repair ofmyelomeningocele
is now performed using open fetal surgical techniques, it was
first attempted using a fetoscopic approach by the group at
Vanderbilt (Bruner, 1998; Bruner et al., 1999). The uteruswas
exteriorized and three fetoscopic ports were placed, one for
the fetoscope and two operative ports (Bruner et al., 1999).
A maternal split-thickness skin graft was placed over the
myelomeningocele defect and secured using Surgicel and fib-
rin glue in four patients between 22 and 24 weeks’ gestation.
The results were disappointing: two fetal losses occurred, one
from intrauterine fetal demise due to placental abruption and
the other due to severe prematurity. Although the intent was
palliative (i.e., providing cover and protection to the neural
tube defect in utero to preserve neurologic function until a
more definitive repair could be performed postnatally), none
of the split-thickness skin grafts survived. The two survivors
in this small series did not appear to benefit from this proce-
dure, and the Vanderbilt group has abandoned this approach
in favor of an open surgical technique until technical ad-
vances in fetoscopic instrumentation may make this a viable
alternative approach (Tulipan and Bruner, 2001). More re-
cently, Kohl and Gembruch (2008) have reported fetoscopic
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closure using a gortex patch in myelomeningocele to protect
the exposed spinal cord. It is not clear whether the approach
offers any advantages over open techniques or the previously
reported fetoscopic approach.

The MOMS (Management of Myelomeningocele
Study) trial is a National Institute of Child Health and
Human Development sponsored study that began in 2003
to assess the outcomes of prenatal and postnatal closure of
myelomeningocele. This ongoing study is enrolling approx-
imately 200 women from Fetal Surgery Units Network sites,
and randomizing them either to prenatal surgery between
19 and 25 weeks of gestation or to postnatal surgery. Pe-
diatric outcomes will be assessed at 12 months and at 21/2
years of age. When available, results of this study should
provide additional information regarding the optimal timing
of surgical intervention for prenatally diagnosed neural tube
defects.

Amniotic band syndrome

The amniotic band syndrome (ABS) is another example of a
usually nonlethal anomaly potentially treatable by fetoscopic
surgery. ABS is a group of sporadic congenital anomalies (in-
cluding the limbs, craniofacial regions, and trunk) ranging
from constrictive bands to pseudosyndactyly to amputation,
as well as multiple craniofacial, visceral, and body wall de-
fects (Torpin, 1965; Jones et al., 1974; Higginbottom and
Jones, 1979; Seeds et al., 1982; Ray et al., 1988; Lockwood
et al., 1989; Seidman et al., 1989; Kulkarni and Gopal, 1990).
Constrictive bandsmost commonly affect the extremities, but
can also involve the umbilical cord and result in fetal demise
(Torpin, 1965; Graf et al., 1987; Moerman et al., 1992;
Kanayama et al., 1995). Recently, Crombleholme et al.
(in press) successfully treated three fetuses with umbilical
cord ABS, averting cord accident with survival in all three
patients.

We have performed fetoscopic laser release of six cases
of extremity amniotic bands, with impending limb ampu-
tation. Secondary lymphedema persisted postnatally in two
fetuses, while atrophy of the hand occurred in another. One
lower extremity in which the band was released before there
was irreversible damage was completely normal by the time
of delivery. The results of these few cases establish at least the
feasibility and safety of performing fetoscopic release of am-
niotic bands with the potential to salvage the extremities. In
cases of umbilical cord involvement, this approach also has
the potential of being lifesaving.

Fetoscopic Treatment of Complications
in Monochorionic Twins

Monochorionic twins discordant for anomaly

Twin gestations are at increased risk for the development
of congenital anomalies. A range of congenital malfor-
mations such as anencephaly, omphalocele, hydrocephalus,
and atresia/stenosis of the gastrointestinal tract are more
common in twin gestations (Bajoria and Kingdom, 1997).

Congenital heart defects are twice as prevalent in monozy-
gotic twins than dizygotic twins or singleton pregnancies
(Burn, 1995). In addition, it has been noted that twins discor-
dant for anomaly deliver even earlier than the average twin
delivery of 34 weeks (Malone and D’Alton, 1999). Therefore,
there are increased risks for the healthy co-twin not only from
intrauterine demise of the anomalous co-twin but also from
the risks attendant to extremely premature delivery.

It is important to distinguish the chorionicity of a twin
gestation when one of the twins has a structural or kary-
otypic abnormality. In a dichorionic pregnancy, it is possible
to observe spontaneous intrauterine fetal demise or perform
selective feticide by means of a potassium chloride injection
without significant risk to the healthy co-twin (Golbus et al.,
1988). This is not the case with monochorionic pregnancies
in light of the vascular connections between the twins, or
chorioangiopagus. In the past, because alternative interven-
tions such as sectio parva or ultrasound-guided embolization
have been unsuccessful, the usual recommendation has been
to manage these pregnancies expectantly. In monochorionic
gestations, however, this strategy leaves the healthy co-twin
at risk for simultaneous intrauterine fetal demise or severe
neurologic injury in the event of co-twin demise. Fetoscopic
cord ligation or intrafetal RFA provides a viable therapeu-
tic option under these circumstances. Crombleholme et al.
(1996) reported the first use of fetoscopic cord ligation specif-
ically to prevent neurologic injury in a surviving twin when
death of a co-twin was anticipated, and several groups have
since reported success with fetoscopic cord ligation or coag-
ulation (Deprest et al., 2000; Nicolini et al., 2001; Johnson
et al., 2002). A less invasive approach we currently favor is
ultrasound-guided intrafetal RFA (Livingston et al., 2007)
(see section on “Twin Reversed Arterial Perfusion Sequence”
below).

Twin reversed arterial perfusion sequence

Twin reversed arterial perfusion (TRAP) sequence occurs
only in the setting of a monochorionic pregnancy and com-
plicates approximately 1%ofmonochorionic twin gestations,
with an incidence of 1 in 35,000 births (James, 1977). In the
TRAP sequence, the acardiac/acephalic twin receives all of its
blood supply from the normal or so-called “pump” twin. The
acardiac twin has a grossly anomalous circulation that is sus-
tained in a parasitic manner by the normal co-twin (“pump”
twin) through reversedperfusionof the arterial–arterial anas-
tomoses. Because of the increased demand the abnormal cir-
culation in TRAP sequence places on the heart of the “pump”
twin, cardiac failure is the primary concern. If left untreated,
the “pump” twin dies in up to 50% to 75% of cases. This
is especially true when the acardiac/acephalic twin is greater
than 50% of the size of the “pump” twin by estimated weight
(Moore et al., 1990).

At least 33 cases of umbilical cord ligation or coagu-
lation for TRAP sequence have now been reported (Porreco
et al., 1991; McCurdy et al., 1993; Quintero et al., 1994, 1996;
Hecher et al., 1995;Willcourt et al., 1995; Rodeck et al., 1998;
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Deprest et al., 2000; Nicolini et al., 2001; Johnson et al., 2002)
and an additional 7 cases have been treated by umbilical cord
laser coagulation (Willcourt et al., 1995). Laser coagulation
is not recommended after 21 weeks’ gestation (Challis et al.,
1999). Themost common complicationwas the development
of premature rupture ofmembranes, complicating up to 30%
of cases (Porreco et al., 1991; McCurdy et al., 1993; Quintero
et al., 1994, 1996; Hecher et al., 1995; Willcourt et al., 1995;
Rodeck et al., 1998; Deprest et al., 2000; Nicolini et al., 2001;
Johnson et al., 2002). Challis et al. (1999) reported a fail-
ure rate for cord coagulation of 10%, with fetal survival of
71%, and risk of preterm premature rupture of membranes
of 30%.

In recent years, we have converted to the use of intrafe-
tal RFAin TRAP sequence with 95% “pump” twin survival.
This is consistent with the survival reported by UCSF (Tsao
et al., 2002). The experience atCincinnati andUCSF compare
favorablywith the experience of European groupswho report
anoverall survival rate of 85%with fetoscopic bipolar electro-
cautery. Lee et al. (2008) reported the North American Fetal
TherapyNetwork (NAFTNet) experience with intrafetal RFA
at five centers. Not surprisingly, the centers with the most ex-
perience had the best survival and fewest complications (Lee
et al., 2008).

Twin−twin transfusion syndrome

Thenaturalhistoryof severe twin–twin transfusionsyndrome
(TTTS) is well established, withmortality approaching 100%
if left untreated, especially when it presents at less than 20
weeks’ gestation (Weir et al., 1979; Cheung et al., 1995; Saade
et al., 1997) (see Chapter 119).

The first treatment of TTTS that attempted to treat the
underlying chorioangiopagus was reported by DeLia et al.
(DeLia et al., 1995; Ville et al., 1995). Fetoscopic laser was

used to photocoagulate vessels crossing the inter-twin mem-
brane. In the first series of cases of TTTS, DeLia et al. (1995)
reported a survival of 53% in 26 patients. While survival was
not significantly better than previous reports with serial am-
nioreduction, the neurologic outcome was normal in 96%.
Othergroups fromEuropehave reported similar survivalwith
fetoscopic laser photocoagulation. Ville et al. (1995) reported
53% survival with a nonselective laser technique, which was
better than the survival observed with historical controls at
the same centerwith serial amnioreduction (37%).There also
appeared to be an improved neurologic outcome in fetuses
treated by laser. Nonselective fetoscopic laser photocoagula-
tion of all vessels crossing the inter-twin membrane may be
problematic, as the inter-twinmembrane often bears no rela-
tion to the vascular equator of the placenta. Thismay result in
sacrifice of vessels not responsible for the TTTS, resulting in a
higherdeath rateof thedonor twin fromacuteplacental insuf-
ficiency (Quintero et al., 1998).More recently a selective laser
photocoagulation technique has been reported (Quintero
et al., 1998). The selective technique does not photocoagulate
every vessel crossing the inter-twin membrane; only direct,
arterial–arterial and veno-venous, connections are photoco-
agulated, along with any unpaired artery going to a cotyle-
don with the corresponding vein (and vice versa) going to
the opposite umbilical cord (Figure 5-3). In a nonrandom-
ized comparison of patients treated by serial amnioreduction
at one center and selective laser photocoagulation at another,
the overall survival was not significantly different (61% for
laser vs. 51% for serial amnioreduction) (Hecher et al., 1999).
However, the survival of at least one twin with laser photo-
coagulation was 79%, while survival of at least one twin with
serial amnioreduction was only 60% (Hecher et al., 1999).
This was not a controlled trial, and patients were not ran-
domized.

A B

Figure 5-3 Fetoscopic view of chorioangiopagus on a monochorionic placenta before (A) and after (B) selective fe-
toscopic laser photocoagulation in a case of severe TTTS.
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Quintero et al. (2003) retrospectively examined data
from 78 patients treated by serial amnioreduction and
95 patients treated with selective laser photocoagulation with
no significant difference in the distribution of patients by
stage. Perinatal survival was not significantly different in the
laser versus amnioreduction group (64.2% vs. 57.7%). How-
ever, there was an inverse relationship between fetal survival
and stage in the amniocentesis group but not in the laser
group. For stage IV disease, there was a significantly lower
fetal survival in the amnioreduction group compared with
the laser group (20.6% vs. 63.6%, P = 0.001). This infor-
mation has important implications for evaluation of treat-
ment options and the development of stage-based treatment
protocols.

The Eurofoetus trial conducted by Senat et al. (2004)
was the first prospective randomized trial that compared
the efficacy and safety of treatment of twin-to-twin transfu-
sion syndrome with laser therapy versus serial amnioreduc-
tion. Women presenting between 15 and 26 weeks’ gestation
with polyhydraminos in the recipient twin and oligohy-
dramninos in the donor twin were allowed to participate.
Fifty-two percent of patients were stage I or II, 47% were
stage III, and 1% were stage IV. Enrollment was halted af-
ter a planned interim analysis revealed a significantly higher
likelihood of survival of at least one twin to 28 days of age
(76% vs. 56%, P = 0.009) and to 6 months of age (76% vs.
51%, P = 0.002) in the laser group compared to the amniore-
duction group. More infants were alive without neurologic
abnormalities detected on neuroimaging studies in the laser
group as well (52% vs. 31%, P = 0.003). The overall survival
in the laser arm was 57%. This is consistent with previous
reports of nonselective fetoscopic laser (53%) (DeLia et al.,
1995; Ville et al., 1995). This is significantly lower, however,
than the survival reported with selective fetoscopic laser (64–
68%) (Hecher et al., 2000; Fisk et al., 2004). Of particular
concern is the poor survival that was observed in the am-
nioreduction arm. The overall survival was only 39%, which
is significantly lower than previously reported (60–65%)
(Elliott et al., 1991; Pinette et al., 1993; Dickinson and Evans,
2000; Mari et al., 2001). Antenatal, peripartum, and neona-
tal care were provided by the referring hospital and lack of
standardization may explain some of these differences (Fisk
et al., 2004). The decreased survival in the amnioreduction
group may reflect the higher pregnancy termination rate in
the amnioreduction group (16 patients vs. 0 patients in the
laser group). The terminations were requested after the di-
agnosis of severe fetal complications; it would be instructive
to know whether these women were offered cord coagulation
as a means of rescuing one baby (Fisk et al., 2004). Reliable
assessment of neurologic outcome is critical when assessing
efficacy of treatment for TTTS. While there was a lower rate
of abnormality on neurologic imaging in the laser group (7%
vs. 17%), long-term neurodevelopmental assessment has re-
vealed no difference in outcome between survivors treated by
fetoscopic laser versus those treated by amnioreduction.

The NIH-sponsored TTTS trial is the only other
prospective randomized trial comparing the survival with

amnioreduction versus selective fetoscopic laser phtotocoag-
ulation (Crombleholme et al., 2007). This trial differed from
the Eurofetus trial in several important aspects. First, in order
to qualify for theNIHTrial, the TTTShad to fail to respond to
aqualifying amniocentesis.The rationale for this requirement
was to eliminate subjects who were more likely to respond to
amnioreduction, the so-called “single amnio paradox.” Sec-
ondly, patients were only candidates if the TTTS presented
earlier than 22 weeks and no stage I patients were candidates
for the trial. These two requirementswerequitedifferent from
the Eurofetus trial in which subjects were randomized up to
26 weeks’ gestation, and 52% of those entered were stage I
(Senat et al., 2004).

The study was stopped after 42 subjects were random-
ized because the Trial Oversight Committee detected a trend
in adverse outcome affecting the recipient twin in one treat-
ment arm.Basedon this finding, theTrialOversightCommit-
tee recommended to the Data Safety Monitoring Board that
the trial be stopped early to allow biostatistical analysis of this
adverse trend. The results of the NIH TTTS trial showed no
statistically significant difference in overall neonatal survival
to 30 days of life (60% vs. 43% p = NS) or neonatal survival
of one or both twins in the same pregnancy (75% vs. 65%,
p=NS) in cases of severe TTTS treated by either AR or selec-
tive fetoscopic laser photocoagulation (SFLP). Despite these
overall results, there is a statistically significantly worse fe-
tal survival observed among recipient twins in pregnancies
treated by SFLP compared to those treated by AR. This ap-
parent conundrum can be accounted for by recipient fetal
losses in the SFLP arm being balanced by increased treat-
ment failures among recipient subjects in the AR arm. These
results suggest that, in these highly selected cases of severe
TTTS, neither treatment is superior to the other. Once TTTS
reaches this severity, the mortality among recipients will be
considerable, but the losses may occur at different times de-
pending on treatment. The impact of TTTS severity on fetal
survival is further supported by the significantly worse fetal
survival among recipient twins in stages III and IV compared
to stage II. One of the strongest predictors of recipient demise
is echocardiographic evidence of TTTS cardiomyopathy. The
losses of fetal recipients treated by SFLP usually occur within
24 hours of the procedure. In contrast, the recipients treated
by AR are not lost following the procedure, but there is pro-
gressive TTTS cardiomyopathy as reflected by more recipi-
ents in the AR arm meeting criteria to be declared treatment
failures. Taken together these data suggest a disproportion-
ate impact of TTTS cardiomyopathy on recipient survival
in advanced stages of TTTS no matter what treatment they
receive.

Recently, Rossi et al., reported a Cochrane review of
TTTS with a meta-analysis including data from both the
Eurofetus and NIH trials. The conclusion drawn from this
analysis was that selective fetoscopic laser treatment of TTTS
is preferred over amnioreductionwhen it is available and am-
nioreductionwhen it is not (Rossi andD’Addario, 2008). The
results of this analysis are likely tobe skewed toward fetoscopic
laser based on the small numbers of subjects included from
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Table 5-3

Comparison of Overall Survival (Number
of Fetuses Treated Divided by Number of
Surviving Newborns) and Percentage of
Pregnancies with One or Both Twins
Surviving in Reported Series Using Selective
Fetoscopic Laser Photocoagulation∗

Overall Fetal At Least
Year Survival (%) 1 Survivor (%)

Hecher 1999 61 79

Hecher 2000 68 81

Quintero 2000 61.3 83

Quintero 2003 64.2 83.2

Huber 2004 70 83

Huber 2006 71.5 83.5

Crombleholme 2007 77 91.7

∗The overall survival trend has been improving indicating better outcomes
as experience with this technique grows.

the NIH trial (n = 40) compared to the number included
from the Eurofetus trial (n = 142).

Amnioreduction is readily available, less costly and less
invasive; laser therapy is only available at select institutions
and requires specialized training. While it makes sense to
use the former where treatment options give similar results,
it would be prudent to move promptly to laser therapy if
rigorous studies can prove laser has better short-term and
long-term outcomes in the setting of advanced disease (see
Table 5-3).

One potential limitation to the success of laser treat-
ment is the presence of deep vascular AV anastomoses that
cannot be identified endoscopically. In one study, vascular
casts of 8 of 15 placentae (53%) demonstrated potentially
significant atypical AV anastomoses such that two apparently
normal cotyledons were actually communicating below the
chorionic surface (Wee et al., 2005). A second type of atypical
AV anastomoses was noted in 11 of the 15 placentae (73%) in
which shared cotyledons arise within larger apparently nor-
mal cotyledons. One would be able to see these anastomoses
as shared cotyledons on endoscopy; ablating these has the po-
tential to destroy some surroundingnormal cotyledonwhich,
in the donor’s territory, could contribute to placental insuffi-
ciency (Wee et al., 2005). It has also been recognized that in up
to 20%of cases, communicating vessels on the chorionic plate
are missed at the time of fetoscopic laser treatment (Lopriore

et al., 2007). However, only 5% of these cases were associated
with persistence of TTTS. These observations point to the
necessity of a careful fetoscopic inspection of the chorionic
plate to be certain that no vessel has been missed.

Open Fetal Surgery

The technical aspects of open fetal surgery were developed
by Harrison and colleagues in extensive animal experiments
using fetal sheep and rhesus monkeys ( Harrison and Adzick,
1990). Using these experimental animal models, anesthetic,
tocolytic, and surgical techniqueswere developed and applied
clinically. Innovative techniques for opening and closing the
gravid uterus were developed that minimize the risks to the
mother’s health and future reproductive potential (Harrison
et al., 1993). This included the development of a uterine sta-
pling device to minimize myometrial bleeding (Adzick et al.,
1985a; Bond et al., 1989). The details of techniques used for
specific diagnoses requiring fetal surgery are covered under
the fetal intervention sections of the chapters on these top-
ics. The approaches to entering the gravid uterus, fetal ex-
posure, fetal and maternal monitoring, and anesthetic and
tocolytic management are largely the same and are discussed
below.

Thematernal abdomen is exposed through a low trans-
verse abdominal incision. The fascial incision is determined
by the position of the placenta. In the case of a posterior pla-
centa a midline fascial incision can be used, as the uterus will
not need to be lifted out of the abdomen. In contrast, in an an-
teriorly placed placenta, the rectusmuscles need to be divided
in order to allow room to tilt the uterus out of the abdomen,
facilitating a fundal or posterior hysterotomy. A large ab-
dominal ring retractor (Turner-Warwick, V. Mueller, Berlin,
Germany) is used tomaintain exposure. Sterile intraoperative
ultrasound examination is then used to map the fetal posi-
tion and the placental location. The edge of the placenta is
marked under ultrasound guidance using electrocautery. The
position and the orientation of the hysterotomy is planned in
order to stay parallel to the closest edge of the placenta and
4 to 5 cm from it.

Two different techniques have been used for perform-
ing the hysterotomy. A 2-cm incision is made through the
myometrium and amnion using electrocautery. This hys-
terotomy incision is then extended using a specially devel-
oped absorbable Lactimer stapler (U.S. Surgical Corporation,
Norwalk, CT) that is fast and hemostatic and seals the mem-
branes to the myometrium (Adzick et al., 1985a; Bond et al.,
1989). The second technique for performing a hysterotomy
uses a trocar attached directly to the uterine stapling device.
Two traction sutures are placed to elevate the membrane and
myometrial wall from the fetus, and a specially designed tro-
car attachment that fits on the anvil of the uterine stapling
device is inserted directly into the amniotic cavity under ul-
trasound guidance.

Once the hysterotomy is performed, it is necessary to
infuse saline in order to avoid cord compression. A red rubber
catheter attached to a Level I rapid volume infusion device is
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inserted into the amniotic cavity, which delivers a continuous
stream of normal saline warmed to 37◦C. The appropriate
fetal part is then exposed, leaving the rest of the fetus entirely
within the womb. A miniaturized pulse oximeter is wrapped
around the fetal palm and protected with a clear plastic ad-
hesive, then shielded from extraneous light with sterile foil
wrapping or Coban.

Once the specific defect has been repaired, the fetal
part is then returned to the uterus. Full-thickness number
1 PDS stay sutures are then placed along the length of the
hysterotomy. As the staples are made of polyglycolic acid and
are absorbable, they are left in place to avoid bleeding from
the hysterotomy edges. A watertight three-layer uterine clo-
sure is then performed, using a running O PDS. Just prior
to completing the first layer, 400 to 500 mL of warm normal
saline containing 500 mg of oxacillin is instilled into the am-
niotic cavity to restore the AF volume to a deepest vertical
pocket of 3 to 5 cm. After the hysterotomy has been closed,
the stay sutures are tied and the maternal laparotomy inci-
sion is closed in layers. A subcuticular maternal skin closure
is used with a transparent adhesive dressing to facilitate post-
operativemonitoring by a tocodynamometer and ultrasound
examination.

Tocolysis is administered as soon as the uterus is closed
with a 6 g load of magnesium sulfate over 1 hour, which then
continues at 2 g per hour, or at a higher dose, as clinically
indicated by uterine irritability. As the mother emerges from
deepanesthesiawith isoflurane, there is a tendency foruterine
tone to return and for uterine contractions to be observed. To
supplement the magnesium sulfate, rectal indomethacin on
a schedule of 50mg every 4 to 6 hours is also used for the first
48 hours. When using indomethacin in this setting, it is our
practice to perform daily fetal echocardiography to evaluate
for ductal constriction. Patient-controlled analgesia is also an
essential part of the tocolytic management. If the mother is
having pain, this will be reflected in increased uterine irri-
tability.We currently use a continuous fentanyl infusion sup-
plemented by bupivacaine for postoperative pain control, de-
livered through an epidural catheter, with patient-controlled
rescue doses. The systemic levels of fentanyl achieved with
the use of this epidural technique are sufficient to cross the
placenta and provide fetal analgesia as well.

Far and away themost difficult problem in themanage-
ment of the maternal–fetal patient following fetal surgery is
the control of preterm labor. The large hysterotomy necessary
for these procedures uniformly results in preterm labor. This
has led to the development of an aggressive tocolytic regimen
that often includes combinations of indomethacin, isoflurane
anesthesia, magnesium sulfate, terbutaline, calcium channel
blockers, and most recently intravenous nitroglycerin as a
nitric oxide donor (Adzick and Harrison, 1994b). Despite
aggressive tocolytic therapy, the median interval from fetal
surgery to delivery is only 8 weeks, with a range of 1 to 15
weeks (Harrison, 1993).

Although the benefits to the fetus with an otherwise
lethal congenital malformation are obvious, there are no di-
rect benefits to the mother, who must assume the risks of

fetal surgery and obligatory delivery by cesarean section.
Unlike any other procedure, with the possible exception
of organ transplantation from a living donor, fetal surgery
exposes two patients—the mother and the fetus—to the
risks of anesthesia, surgery, hysterotomy, and postoperative
tocolysis.

There have been no reports of maternal deaths related
to open fetal surgery, but the potential for maternal morbid-
ity is formidable. Among the 42 cases reported by Harrison,
5 patients have required perioperative blood transfusions. AF
leaks were observed in five patients, two via the hysterotomy
site requiring reoperationandthreevia thevagina.Pretermla-
bor was uniformly observed, and themajority of themorbid-
ity occurred as a result of aggressive treatment of preterm la-
bor, including pulmonary edema induced by tocolytic agents
(Harrison et al., 1993). In addition to these short-term com-
plications, women undergoing fetal surgery also face long-
term consequences as a result of fetal surgery. Specifically, the
hysterotomy used in fetal surgery is not in the lower uterine
segment and remains a weakened area in the myometrium.
Accordingly, thesewomen are at risk for rupture during active
labor with subsequent pregnancies. Because of the nature of
the hysterotomy used in all open fetal surgeries, it is manda-
tory that women undergoing open fetal surgery be delivered
by cesarean section prior to onset of labor in the index preg-
nancy as well as in all future pregnancies.

Given the maternal risks associated with fetal surgery,
careful monitoring of maternal status—including arterial
blood pressure and pulse oximetry—is necessary in the post-
operative period. In addition, appropriate fetal monitoring
includes telemetric fetal heartmonitoring, serial sonography,
andsurveillanceofpretermlaborbyexternal tocodynamome-
ter.Optimalmonitoring of bothpatients canbest bemanaged
in a fetal–maternal intensive care unit that combines the ca-
pabilities and expertise of both an intensive care unit and a
labor floor (Jennings et al., 1993).

The specific anatomic malformations in which open
fetal surgery has already been employed are listed inTable 5-4.
Detailed discussions of these specific conditions are reviewed
in the chapters that follow.

Ex utero Intrapartum Treatment
(EXIT procedure)

The central principle of the EXIT procedure is to maintain
controlled uterine hypotonia and preserve uteroplacental cir-
culation while performing a fetal procedure. The ex utero
intrapartum technique (EXIT) procedure was initially de-
scribed for reversal of tracheal occlusion in fetuses with se-
vereCDH(Mychaliska et al., 1997). These cases requiredneck
exploration for the removal of the tracheal clips, with main-
tenance of uteroplacental blood flow until the fetal airway
was secured by endotracheal intubation. Experience with the
EXIT technique demonstrated the ability to maintain fetal
and maternal hemodynamic stability, and soon led to ex-
panded indications for its use. Indications for EXIT proce-
dures now include giant fetal neck masses, fetal mediastinal
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Table 5-4

Fetal Malformations Treatable by Open Fetal Surgery

Fetal Malformation Fetal Presentation Fetal/Neonatal Consequences

Posterior urethral valves Hydronephrosis and Renal dysplasia and renal insufficiency
oligohydramnios Pulmonary hypoplasia and respiratory insufficiency

Cystic adenomatoid malformation
of the lung

Chest mass with mediastinal
shift and hydrops

Pulmonary hypoplasia and respiratory insufficiency

Congenital diaphragmatic hernia Herniated viscera in chest Pulmonary hypoplasia and respiratory insufficiency

Twin–twin transfusion syndrome Oligohydramnios and
polyhydramnios

IUFD, heart failure, MLE

Acephalic-acardiac twin IUFD

Sacrococcygeal teratoma High-output failure hydrops IUFD, prematurity, hemorrhage

Complete heart block Hydrops IUFD

Fetal neck mass Polyhydramnios Inability to ventilate due to lack of airway

IUFD = intrauterine fetal death; MLE = multifocal leukoencephalomalacia.

or lungmasses, congenital high airway obstruction syndrome
(CHAOS), as well as congenital heart disease requiring im-
mediate ECMO (see Table 5-5).

A common misconception is that an EXIT procedure
is merely a cesarean section. The goals of a cesarean delivery
are to (1) maximize the uterine tone to prevent postpartum
hemorrhage; and (2) minimize the transplacental diffusion
of inhalational anesthetic agents to avoid neonatal depres-
sion (if performed under general anesthesia). In contrast, the
goals during the EXIT procedure are to (1) achieve a state
of uterine hypotonia so to maintain the uteroplacental cir-
culation using deep general anesthesia; (2) preserve uterine
volume so to prevent placental abruption; (3) reach a deep
plane of maternal anesthesia but maintain normal maternal
blood pressure; and (4) achieve a surgical level of fetal anes-
thesia without cardiac depression. In addition, the EXIT pro-
cedure requires synchronized team work involving multiple
disciplines, including at least one or twopediatric surgeons or
a pediatric otolaryngologist, a maternal–fetal medicine spe-
cialist or obstetrician, an echocardiographer, a neonatologist,
two anesthesiologists, two circulating nurses, and two scrub
nurses. Unlike standard obstetric anesthetic practice inwhich
regional anesthesia is the rule, general anesthesia is the tech-
nique of choice for patients undergoing the EXIT procedure.

As with any fetal surgical procedure, the EXIT proce-
dure involves the treatment of two patients: the mother and
her baby. For this reason,weusually have one anesthesiologist
for the mother and another for the baby. There are a number
of maternal and fetal anesthesia considerations that must be

managed. The physiology of pregnancy contributes to a num-
ber of maternal and fetal anesthetic risks. The mother is at
increased risk for aspiration pneumonitis due to pregnancy-
related reduction of lower esophageal sphincter pressure, the
increased pressure of the gravid uterus on the stomach, and
increased gastric acid production. The cardiovascular system
is also affected during pregnancy. A decrease in the preload
during supine positioning can cause maternal hypotension,
decreased uterine artery perfusion, and thus fetal hypoxia.
It is therefore important to position the mother with a left
uterine displacement to maximize venous return to the heart
and preserve an adequate maternal cardiac output. In preg-
nancy there is an expanded blood volume, but a lower hemat-
ocrit andan increase inperipheral venouscapacity.Pregnancy
also affects pulmonary function,with a decrease in functional
residual capacity that puts the mother at an increased risk for
hypoxia. For these reasons, maternal anesthesia is induced
through a rapid-sequence technique using a combination of
thiopental (5mg/kg), succinylcholine (2mg/kg), and fentanyl
(1–2 mg/kg) administered intravenously. This is followed by
immediate endotracheal intubation. Paralysis is maintained
using intravenous vecuronium titrated by peripheral nerve
stimulation.

Support of the fetus during the EXIT procedure de-
pends entirely on the preservation of uteroplacental gas
exchange. Both uterine and umbilical artery blood flow
influence fetal oxygenation. Uterine artery blood flow is af-
fected by maternal systemic blood pressure and myometrial
tone.Volatile anesthetics usedduring the EXITprocedure not
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Table 5-5

Current Indications for the EXIT Procedure
at the Fetal Care Center of Cincinnati

Reversal of Tracheal Occlusion
Following tracheal clip or endoluminal balloon

procedures

Fetal Neck Masses
Cervical teratoma
Hemangioma
Goiter
Neuroblastoma

EXIT-to-Resection

Lung Masses
Congenital cystic adenomatoid malformation (CCAM)
Bronchopulmonary sequestration (BPS)

Mediastinal Mass
Teratoma
Lymphangioma

EXIT-to-ECMO
CDH with lung/head ratio (LHR) <1.0, and liver up
Congenital heart disease (CHD)

Hypoplastic left heart syndrome (HLFS) with
intact/restrictive atrial septum

Aortic stenosis with intact/restrictive atrial septum
CHD + CDH, LHR <1.2

EXIT-to-Separation for Conjoined Twins

CHAOS
Tracheal atresia
Laryngeal atresia

EXIT-to-Airway for micrognathia

only decrease myometrial tone but also tend to decrease both
maternal blood pressure and placental blood flow. This can
result in a decrease in fetal oxygenation (Luks et al., 1996).
Maintenance ofmaternal blood pressure within 10% of base-
line is therefore critical for adequate fetal oxygenation during
the EXITprocedure.Maintenance ofmaternal bloodpressure
is achieved using ephedrine to counterbalance the hypoten-
sive effects of the high concentrations of inhalational agents
used in EXIT procedures. Ephedrine acts selectively on pe-
ripheral vascular resistance and sparing placental circu1ation
(Gaiser and Kurth, 1999). Uteroplacental gas exchange is also
dependent on umbilical artery blood flow, which is influ-
enced by fetal cardiac output and placental vascular resis-
tance. Preservation of fetal cardiac output is thus important
in maintaining fetal oxygenation.

The cardiovascular physiology of the fetus is different
from that of full-term neonates in that the cardiac output
is more dependent on heart rate rather than on stroke vol-
ume. In addition, high vagal tone and low baroreceptor sen-
sitivity cause the fetus to respond to stress with a decrease
in heart rate. The fetus primarily relies on increased heart
rate to increase cardiac output and blood flow redistribu-
tion in response to stress. This preserves oxygenation for the
brain at the expense of the rest of the body. In addition to
the peculiar characteristics of fetal physiology, inhalational
anesthetics also cause a direct fetal myocardial depression,
vasodilatation, and changes in arteriovenous shunting, all
of which can lead to fetal hemodynamic instability (Biehl
et al., 1983). These physiologic differences and responses to
anesthetic agents require continuous fetal monitoring to en-
sure uncompromised uteroplacental gas exchange and fetal
well-being.

The inhalational anesthetic regime used during the
EXIT procedure passes through two different stages. Anes-
thesia is at first maintained with 0.5 MAC (minimal alveolar
concentration) of desflurane, isoflurane, or sevoflurane in
oxygen, and is then increased to 2MAC beforematernal inci-
sion. More recently, we have used total intravenous anesthe-
sia (TIVA) to prevent transplacental passage of inhalational
agent that may act as a fetal myocardial depressant. Inhala-
tional agent is used only at time of hysterotomy to achieve the
desired relaxation of uterine tone. Occasionally, a tocolytic
is given to augment the uterine relaxation. A number of
tocolytic agents can be used as an adjunct to inhalational
agents, including indomethacin, terbutaline, or nitroglycer-
ine. Indomethacin may also prevent prostaglandin-mediated
increases in placental resistance independent of its effects on
uterine tone (Holcberg et al., 2001). Maintenance of uterine
volume is also important to prevent uterine contraction. This
is accomplished by preventing the fetus from completely de-
livering and by the use of amnioinfusion with warm Ringer’s
lactate solution administered via a rapid infuser to prevent
cord compression.

The second critical stage of the anesthetic technique
comes just before clamping of the cord and ending the EXIT
procedure. During this stage, coordination between the sur-
gical and anesthesia teams is crucial to prevent uterine atony
and excessive maternal bleeding. The volatile anesthetic is
decreased to 0.5 MAC or turned off entirely to allow uterine
tone to return to normal. This is followed by administration
of oxytocin 20 units in 500mL of normal saline intravenously
as a bolus followed by 10 units in a 1000-mL drip titrated to
enhance uterine contraction. If required, further measures
are taken to decrease the risk of uterine atony. These mea-
sures include uterine massage and administration of 0.25 mg
Methergine and 250mg carboprost (F2-alpha prostaglandin)
via intramuscular or intravenous injection.After skin closure,
the inhalational anesthetic is discontinued and 100% oxygen
is administered. Maternal paralysis is reversed by the use of
glycopyrrolate (10 mg/kg) and neostigmine (0.7 mg/kg), and
the patient is extubated after spontaneous breathing is ob-
served (Bouchard et al., 2002).
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Fetal anesthesia is provided primarily through the
transplacental passage of the volatile anesthetics. However,
this takes about an hour to reach 70% of the maternal lev-
els. As such, before fetal incision, a cocktail comprising 10 to
20mg/kg fentanyl, 20mg/kg atropine, and 0.2mg/kg vecuro-
nium is administered intramuscularly to supplement anes-
thesia and provide for postoperative analgesia.

Close maternal and fetal monitoring during the EXIT
procedure are aimed at the early recognition and manage-
ment of problems as they arise.Maternalmonitoring includes
invasive arterial blood pressure monitoring (arterial line) to
recognize possible maternal hypotension that will jeopardize
fetal oxygen transport, aswell as continuousmaternal electro-
cardiography, pulse oximetry, and end-tidalCO2 monitoring.

Continuous fetal monitoring is also of paramount im-
portance during the EXIT procedure. Fetal arterial saturation
is monitored by a reflectance pulse oximeter placed on the
fetal hand and wrapped with foil to decrease ambient light
exposure (Dassel et al., 1992).Normal fetal arterial saturation
is 60% to 70%, although values greater than 40% represent
adequate fetal oxygenation. Continuous intraoperative fetal
echocardiography is also used to monitor fetal cardiovascu-
lar function (Rychik et al., 2004). The use of fetal echocar-
diography helps to identify early problems such as decreased
filling, fetal bradycardia, decreased myocardial contractility,
ductal constriction, and atrioventricular valve incompetence
(Figure 5-4). These are all signs of fetal distress that require
prompt treatment. Fetal arterial or venous blood gases may
be obtained through umbilical vessel puncture during peri-
ods of fetal distress to guide in therapy. An intravenous access
is essential to allow administration of fluids, blood, or medi-
cations for inotropic support when needed.

Thedecision to enter the abdomen through a low trans-
verse skin incision or through a midline fascial incision is
based on the placental location, predicted site of hystero-
tomy, and the indication for performing the EXIT procedure.

Figure 5-4 An intraoperative view during an EXIT proce-
dure demonstrating continuous fetal monitoring using a sterile
echocardiography, reflectance pulse oximetry, and IV access lines.

The incision of choice is usually a low transverse abdominal
incision unless the anterior position of the placenta neces-
sitates a posterior hysterotomy. In the latter case, a midline
laparotomy is required. After laparotomy, the uterus is ex-
amined for adequacy of myometrial relaxation, and concen-
tration of inhalational agents is adjusted as necessary. Before
fashioning the hysterotomy, precise sonographic mapping of
the placental edge is crucial to avoid placental injury and
hemorrhage. A sterile intraoperative ultrasound is used to
map the placental borders. This is performed while consid-
ering the position of the fetal head and neck to avoid exces-
sive fetal manipulation after hysterotomy. The position of the
hysterotomy is dictated by the placental location. A low an-
terior placental site precludes a low transverse hysterotomy
andmaynecessitate a posterior approach for the hysterotomy.
Special considerations are important in cases of severe poly-
hydramnios. Amnioreduction in these cases is necessary to
avoid underestimation of the proximity of the placental edge
to the hysterotomy. To adequately manipulate the fetus, it is
sometimes necessary to decompress any accompanying fetal
ascites or cystic mass. This can be achieved by using a 20- or
22-gauge spinal needle under U.S. guidance. In some in-
stances, the use of amnioinfusion and fetal version before
hysterotomy facilitate the exposure (Hedrick, 2003). During
EXIT procedures, hysterotomy is performed using a specially
designeduterine stapler (U.S. SurgicalCorporation,Norwalk,
CT) to decrease the incidence of bleeding (Bond et al., 1989).
Followinghysterotomy,maintenanceofuterine volume is one
of the most important steps in an EXIT procedure. This is
done to decrease the likelihood of uterine contraction and
placental abruption, thusmaintaining continuousmaternal–
fetal oxygen transfer. Warm Ringer’s lactate solution is in-
fused after the hysterotomy to maintain the uterine volume
and prevent cord compression. Limited exposure of the fetus
during theEXITprocedure alsohelps inmaintaining theuter-
ine volume and fetal temperature. Only the head, neck, and
shoulders are exposed while keeping the remainder of the
fetus and the cord intrauterine.

Figure 5-5 Bronchoscopy during an EXIT procedure to secure a
fetal airway.
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Themost important aspect of fetal airwaymanagement
during an EXIT procedure is preparedness for every contin-
gency. In that one can never assume that the fetus will only
require direct laryngoscopy and intubation, we have devel-
oped an airway algorithm. In addition to the basic instru-
ments and setup, the following items should be available on a
separate airway tablemanaged by a second scrub nurse: direct
laryngoscopy supplies with Miller 0 and 00 blades, armored
endotracheal tubes (ETTs) appropriate for the size of the fe-

tus, endotracheal tubeexchangers, 2.5and3.0Fr feeding tubes
for surfactant administration, 2.5 or 3.0 rigid bronchoscope,
a flexible bronchoscope, and a major neck tray for formal
tracheostomy or mass resection.

Direct laryngoscopy and endotracheal intubation
should be the first option for securing a fetal airway dur-
ing EXIT procedures (Figure 5-5). In cases in which there
is distortion of the normal anatomy, flexible and/or rigid
bronchoscopy may be necessary to visualize and diagnose

Table 5-6

Pitfalls of the EXIT Procedure

Failure to achieve adequate uterine relaxation Compromise uteroplacental gas exchange

Failure to treat polyhydramnios Inaccurate mapping of placental edge—hemorrhage

Failure to plan for fetal position relative to hysterotomy Difficult exposure for delivery of head

Failure to use uterine staples Maternal hemorrhage

Failure to use deep inhalational anesthesia Inadequate uterine relaxation—poor uteroplacental gas
exchange

Failure to maintain adequate maternal blood pressure Poor uterine artery perfusion or compromised
uteroplacental gas exchange

Failure to recognize cord compression Fetal bradycardia

Failure to recognize placental abruption Fetal hemorrhage

Failure to make airway first fetal priority May have to end EXIT acutely due to abruption, or
persistent fetal bradycardia

Failure to prepare for every airway challenge Fetal death. Must not assume that laryngoscopy will be
successful. Must be prepared for bronchoscopy,
tracheostomy, and/or mass resection

Failure to allow sufficient time for return of uterine tone Uterine atony and maternal hemorrhage

Failure to use armored endotracheal tube (ETT) Collapse of fetal endotracheal tube by tumor compression

Failure to confirm ETT tip position bronchoscopically Malpositioned ETT. This is especially important with
cervical or mediastinal tumors

Failure to maintain uterine volume Acute loss of uterine volume may predispose to placental
abruption

Failure to perform adequate intrapartum fetal monitoring Unrecognized fetal distress or bradycardia

Failure to recognize maternal indications for terminating
EXIT

Maternal hemorrhage

Failure to recognize fetal indications for terminating EXIT Fetal bradycardia or arrest, fetal hemorrhage, or hypoxic
brain injury
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abnormal airway anatomy. The glottis is sometimes displaced
cephalad above the level of the soft palate; in such cases, flexi-
ble bronchoscopy via the naresmay be helpful. In other cases,
mass effectmay shift the glottis severely from its normalmid-
line position.AnETTcanbeplacedover theflexible broncho-
scope or rigid lens and can be used to place the ETT beyond
the level of obstruction. If this fails to secure an airway, then
retrograde intubation becomes the next option in which a
tracheotomy is performed through limited neck dissection.
Using a Seldinger technique, an ETT exchanger is passed ret-
rograde until seen in the oropharynx. The ETT is passed ante-
grade over the ETT exchanger and the tracheotomy repaired.
In the case of large neck masses, traction by an assistant may
lift the mass off the airway. This permits an armored ETT to
be passed beyond the level of obstruction. If there is severe
compression, release of the strap muscles may be required to
permit passage of an armored ETT beyond the area of airway
obstruction. Airway control is sometimes impossible even af-
ter all these techniques have been attempted. In these cases,
reflection of the mass off the airway or resection of the mass
to facilitate formal surgical tracheostomy may be necessary.
Proper positioning of the tracheostomy is extremely impor-
tant, especially in cases of giant neck masses in which the
trachea is pulled out of the chest by neck hyperextension. It is
not uncommon to find the carina at the level of the thoracic
inlet due to the opisthotonic position of the head caused by
a neck mass. Care should be taken to place the tracheostomy
tube no lower than the second to third tracheal rings.

After securing the airway, it is prudent to confirm the
positionof theETTor tracheostomy tube relative to the carina
using flexible bronchoscopy. This is particularly important
in patients with cervical or mediastinal masses. If required,
surfactant can then be administered by a feeding tube passed
through the ETT. The fetus is then ventilated by hand. Finally,
umbilical arterial and venous access catheters can be placed
and the cord clamped. Coordination between the surgical
team and the anesthesiologists is of paramount importance
at this moment to ensure adequate return of the uterine tone
and proper hemostasis. The newborn is either taken to an
adjoining operating room for further resuscitation and com-
pletion of the neckmass resection or to the neonatal intensive
care unit for further resuscitation and stabilization.

The EXIT procedure is associated with an increased
potential risk of maternal bleeding due to uterine hypoto-
nia induced by high concentrations of inhalational agents.
These high levels may also induce maternal hypotension. It
is important to ensure the prompt return of uterine tone at
the conclusion of the EXIT procedure to minimize mater-
nal hemorrhage. Although uterine atony remains a signifi-
cant risk and there is the potential need for hysterectomy,
in our experience, the mean blood loss with EXIT proce-
dures has been equivalent to that observed in cesarean sec-
tions. Early in our experience, we had to transfuse a patient
in whom polyhydramnios caused us to underestimate the
proximity of the placenta to the hysterotomy. In a review of
the experience of clinicians at theUCSF, a slightly higher inci-
dence ofwound infectionwas reportedwith EXITprocedures

than with cesarean sections. Although the EXIT procedure is
specifically designed to optimize outcomes for the fetus, if it
is not performed appropriately, there is also the potential for
fetal complications. These are primarily related to failure to
preserve uteroplacental gas exchange due to cord compres-
sion, placental abruption, or loss of myometrial relaxation
(Table 5-6).
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SECTION A

Central Nervous System

6
CHAPTER

Agenesis of the
Corpus Callosum

Key Points

■ The corpus callosum is a major pathway
connecting the two hemispheres of the brain. By
the 17th week of gestation, the mature corpus
callosum is formed.

■ In agenesis of the corpus callosum (ACC), the
commissural fibers do not cross the midline but
rather form thick bundles of fibers called Probst
bundles, which course in a posterior direction
along the medial walls of the lateral ventricles.
These bundles indent and separate the anterior
horns of the lateral ventricles.

■ ACC may be isolated, but often is associated with
other malformations and genetic syndromes.

■ ACC occurs in <1% of the general population and
in 2% to 3% of the developmentally disabled
population.

■ The finding of mild ventriculomegaly during
routine prenatal ultrasound examination should
prompt a targeted search to confirm the presence
of the corpus callosum.

■ The most consistent and easy-to-identify finding is
the teardrop configuration of the lateral ventricles.

■ Prenatal magnetic resonance imaging (MRI) and
three-dimensional ultrasound examination may be

helpful in confirming the diagnosis. MRI may also
be useful in identifying other subtle brain
abnormalities that may not be apparent on
sonogram but may have an impact on the
long-term prognosis.

■ The natural history of antenatally detected ACC is
not known due to the fact that there have been
relatively few case series reported.

■ Fetal karyotype should be considered when ACC is
diagnosed antenatally due to its association with
chromosomal abnormalities.

■ Patients prenatally diagnosed with ACC can be
managed according to routine prenatal care
guidelines.

■ The neonate with suspected ACC should be
examined carefully. MRI is the radiologic
examination of choice.

■ ACC in addition to other abnormalities is often
associated with poor neurologic outcomes. The
long-term outcome of isolated ACC has not yet
been elucidated.

■ The recurrence risk of ACC depends on the
underlying cause.
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CONDITION

The corpus callosum is a major pathway connecting the two
hemispheres of the brain. The development of the corpus
callosum begins during the 5th week of fetal life with the
formation of the primitive lamina terminalis, which thickens
to form the commissural plate. Glial cells coalesce to form
a bridge-like structure that serves as a guide for the callosal
fibers crossing the longitudinal cerebral fissure to their targets
on the contralateral side of the brain (Rakic and Yakovlev,
1968). The mature corpus callosum is formed by the 17th
week of gestation. In agenesis of the corpus callosum (ACC),
the commissural fibers do not cross the midline; instead they
form thick bundles of fibers, called “Probst bundles,” which
course in a posterior direction along the medial walls of
the lateral ventricles. These bundles indent and separate the
anterior horns of the lateral ventricles.

ACC may be an isolated finding; however, it is fre-
quently associated with other malformations and genetic
syndromes including chromosomal aberrations and inborn
errors of metabolism (Parrish et al., 1979; Jeret et al., 1987;
Dobyns, 1989). Associated central nervous system (CNS)
abnormalities include Chiari malformations, anomalies of
neuronal migration including lissencephaly, schizencephaly,
pachygyria and polymicrogyria, encephaloceles, Dandy–
Walker malformations, holoprosencephaly, and olivoponto-
cerebellar degeneration (Barkovich and Norman, 1988). Ex-
tracranial malformations include abnormalities of the face
andof the cardiovascular, genitourinary, gastrointestinal, res-
piratory, and musculoskeletal systems (Parrish et al., 1979;
Franco et al., 1993; Kozlowski and Ouvrier, 1993).

INCIDENCE

ACC has been estimated to occur in 0.3% to 0.7% of the gen-
eral population and in 2% to 3% of the developmentally dis-
abled population (Freytag and Lindenberg, 1967; Grogono,
1968; Jeret et al., 1986). In a large series of patients diagnosed
with a metabolic disease, 17% were shown to have an ab-
normality of the corpus callosum by computed tomography
(CT), ultrasound, or autopsy examination (Bamforth et al.,
1988).

In a series of 4122 perinatal or neonatal autopsy speci-
mens, the incidence of CNSmalformations was 8.8%, and of
the 363 CNS malformations diagnosed, ACC accounted for
4.1% (Pinar et al., 1998).

SONOGRAPHIC FINDINGS

Usually only midsagittal and midcoronal scans of the fetal
brain allow clear visualization of the corpus callosum. Such
views can be obtained with standard transabdominal ultra-
sound examination of most fetuses in breech position or

transverse lie. For fetuses in the vertex position, transvagi-
nal sonography is the preferred technique.

On sagittal scan, the corpus callosum appears as a
sonolucent band, demarcated superiorly and inferiorly by
two echogenic lines. The superior line arises from the per-
icallosal cistern; the inferior line derives from the fornix and
roof of the cavum septumpellucidum. Color Doppler sonog-
raphy can demonstrate the pericallosal artery, a branch of the
anterior cerebral artery that sweeps in a circular pattern over
the corpus callosum. In a coronal scan, the corpus callosum
appears to form the roof of the cavum septum pellucidum
and frontal horns.

Classic neuroradiologic signs for the diagnosis of ACC
on pneumoencephalography were described by Davidoff and
Dyke (1934). Their criteria have been applied to the CT diag-
nosis and also can be applied to sonography (Skidmore et al.,
1983). The findings include the absence of the corpus callo-
sum and cavum septum pellucidum and a variety of indirect
findings, including

1. increased separation of the frontal horns and bodies of the
lateral ventricles;

2. relative dilatation of the occipital horns of the lateral ven-
tricles;

3. concave medial border of the lateral ventricles due to pro-
trusion of the Probst bundles;

4. general dilatation and upward displacement of the third
ventricle;

5. abnormal radial orientation of the medial cerebral gyri
(Comstock et al., 1985; Bertino et al., 1988; Sandri et al.,
1988; Pilu et al., 1993; Maheut-Lourmiere and Paillet,
1998).

In a series of 141 cases of fetal cerebral ventricu-
lomegaly, ACC was noted in 16 cases (11%) (Valat et al.,
1998). In another series of 82 cases of mild ventriculomegaly,
there were 7 cases (9%) of ACC (Vergani et al., 1998). The
finding of mild ventriculomegaly during routine prenatal
sonography should, therefore, prompt a targeted search to
confirm the presence of the corpus callosum.

Ultrasound diagnosis of ACC is more difficult prena-
tally than postnatally. The earliest prenatal diagnosis has been
made at 19 weeks of gestation (Pilu et al., 1993). Because the
corpus callosum is not normally formed until 18 weeks, most
reported cases have been diagnosed in the third trimester
(Bertino et al., 1988; Bennett et al., 1996). This difficulty in
prenatal diagnosis is usually due to the fact that the character-
istic ventricular abnormalities can be quite subtle on the axial
views of the fetal cranium that are most commonly obtained.
It is preferable to use coronal and sagittal views to diagnose
the characteristic ventricular abnormalities; however, these
views are not as commonly used prenatally.

Routine sonography of the fetal brain is usually per-
formed with axial scans that do not allow visualization of the
corpus callosum. However, enlargement of the atria of the
lateral ventricles is readily appreciated with these views. In
the largest series of prenatally diagnosedACC, 34 of 35 fetuses
had atrialmeasurements 10mm(Pilu et al., 1993).Once atrial
enlargement has been observed, other sonographic findings
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Figure 6-1 Transaxial ultrasound image demonstrating the
classic teardrop configuration of the lateral ventricle.

may identify possible ACC. The most consistent and easy-to-
identify finding is the teardrop configuration of the lateral
ventricles (Figure 6-1). In the axial plane, enlargement of the
atria and occipital horns and separation of the bodies com-
bine to generate a pattern that is readily recognizable. The
teardrop configuration of the ventricles has not been docu-
mented in conditions other than ACC, and it is believed to be
a specific sign for the diagnosis of callosal agenesis (Pilu et al.,
1993). In order to document the callosal lesion directly, it is
important to obtain midcoronal and midsagittal scans when
a dilated atrium or teardrop ventricle is identified.

Prenatal diagnosis of partial ACC has been reported
(Figure 6-2) (Lockwood et al., 1988; Pilu et al., 1993). The
natural history of partial ACC is uncertain, and cerebral find-
ings associated with it are probablymore subtle than with the
complete form. It is expected that antenatal diagnosis will not
be possible in many cases. The cavum septum pellucidum is
not identified in cases of complete ACC but may be visual-
ized in cases of partial agenesis. Sonographic evaluationof the
structure is potentially helpful in routine screening, alerting
the sonologist to perform more coronal and sagittal scans
for direct visualization of the corpus callosum. Widening
of the interhemispheric fissure and upward displacement of
the third ventricle can be documented in approximately half
of the prenatal cases. Radial arrangement of the medial cere-
bral sulci has been seen only in third trimester studies. This is
presumably because the surface of the hemispheres is smooth
in the second trimester,with secondary sulci appearingonly at
the onset of the third trimester. Inmany cases of ACC, prena-
tal ultrasound examinationmay only cause one to suspect the
diagnosis, while prenatal magnetic resonance imaging (MRI)
may be needed to accurately confirm the diagnosis (Glenn
et al., 2005). In one series of 14 cases of ACC, ultrasonog-
raphy confirmed the diagnosis in only 4 cases, while MRI
confirmed the diagnosis in 13 cases (d’Ercole et al., 1998).
In another series of 20 cases of ACC, prenatal MRI made a

Figure 6-2 Three-dimensional ultrasound image, using VCI-C
plane, of fetus at 22 weeks’ gestation with partial posterior age-
nesis of the corpus callosum. Thick arrow demonstrates normal
anterior corpus callosum fibers. Thin arrow demonstrates disap-
pearance of this band posteriorly.

positive diagnosis in 19 cases (Brisse et al., 1998). In a recent
series of 10 cases of callosal abnormalities suspected by ul-
trasound examination, 8 cases were confirmed byMRI and 2
cases were found to have a normal corpus callosum (Glenn et
al., 2005).MRI was also useful in identifying additional brain
abnormalities that were not apparent by sonography such as
abnormal sulcation. Sixty-three percent of cases (5/8) with
confirmed callosal abnormalities on both ultrasound exami-
nation andMRI were found to have additional abnormalities
on MRI. These occult findings were confirmed on postna-
tal MRI or autopsy in three of five patients. The information
obtainedbyMRI is invaluable for patient counseling since ad-
ditional brain abnormalities have been associated with worse
long-term outcomes. In addition, three-dimensional ultra-
sound examination may also be useful to confirm the diag-
nosis (Kalache et al., 2006; Pilu et al., 2006).

DIFFERENTIAL DIAGNOSIS

Dilatation of the atria and occipital horns is often the most
prominent sonographic finding; therefore, anything that
causes hydrocephalus is also within the differential diagnosis
for ACC (see Chapter 16). In ACC there is usually greater
enlargement of the occipital horns, as compared with the re-
mainingventricular system, than is observed inother formsof
hydrocephalus. When a dilated third ventricle is present, dif-
ferential diagnosis includesothermidline cystic spaces suchas
a cavumseptumpellucidum, cavumvergae, interhemispheric
arachnoid cyst, and medial porencephalic cyst.

ACC is associated with many recognizable genetic
syndromes (see Table 6-1) (Bamforth et al., 1988; Paul
et al., 2007). ACChas also been associatedwith abnormalities
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Table 6-1

Genetic Syndromes Associated with ACC

Syndrome Clinical Findings

With identified genes
Andermann syndrome (KCC3) ACC, progressive neuropathy, and dementia
XLAG (ARX) Lissencephaly, ACC, intractable epilepsy
Mowat Wilson syndrome (ZFHX1B) Hirschsprung disease, ACC
ACC with fatal lactic acidosis (MRPS16) Complex I and IV deficiency, ACC, brain malformations
HSAS/MASA syndromes (L1CAM) Hydrocephalus, adducted thumbs, ACC, MR

ACC seen consistently, no gene yet identified
Acrocallosal syndrome ACC, polydactyly, craniofacial changes, MR
Aicardi syndrome ACC, chorioretinal lacunae, infantile spasm, MR
Chudley–McCullough syndrome Hearing loss, hydrocephalus, ACC, colpocephaly
Donnai–Barrow syndrome Diaphragmatic hernia, exomphalos, ACC, deafness
FG syndrome MR, ACC, craniofacial changes, macrocephaly
Genitopatellar syndrome Absent patellae, urogenital malformations, ACC
Temtamy syndrome ACC, optic coloboma, craniaofacial changes, MR
Toriello–Carey syndrome ACC, craniofacial changes, cardiac defects, MR
Vici syndrome ACC, albinism, recurrent infections, MR

ACC seen occasionally (partial list)
ACC with spastic paraparesis (SPG11) Progressive spasticity and neuropathy, thin corpus callosum
Craniofrontonasal syndrome Coronal craniosynostosis, facial asymmetry, bifid nose
Fryns syndrome CDH, pulmonary hypoplasia, carniofacial changes
Marden–Walker syndrome Blepharophimosis, micrognathia, contractures, ACC
Meckel–Gruber syndrome Encephalocele, polydactyly, and polysystic kidneys
Microophthalmia with linear skin defects Microopthalmia, linear skin marking, seizures
Opitz G syndrome Pharygneal cleft, craniofacial changes, ACC, MR
Orofaciodigital syndrome Tongue hamartoma, microretrognathia, clinodactyly
Pyruvate decarboxylase deficiency Lactic acidosis, seizures, severe MR, and spasticity
Rubinstein–Taybi syndrome Broad thumbs and great toes, MR, microcephaly
Septo-optic dysplasia (DeMorsier syndrome) Hypoplasia of septum pellucidum and optic chiasm
Sotos syndrome Physical overgrowth, MR, craniofacial changes
Warburg micro syndrome Microcephaly, microophthalmia, microgenitalia, MR
Wolf–Hirschhorn syndrome Microcephaly, seizures, cardiac defects, 4p-

Modified from Paul LK, Brown WS, Adolphs R, et al. Agenesis of the corpus callosum: genetic, developmental and functional aspects of connectivity. Nat Rev
Neurosci. 2007;8:287-299.

of chromosomes 8, 13, and 18 (Jeret et al., 1987). ACC
also may be found in association with several inborn er-
rors of metabolism, including nonketotic hyperglycinemia,
Zellweger syndrome, adenylosuccinase deficiency, pyruvate
dehydrogenase deficiency, neonatal adrenoleukodystrophy,
Menkes disease, Leigh syndrome, and glutaric aciduria type II
(Dobyns, 1989;Kolodny, 1989; Blumet al., 1990).Various ter-
atogens have also been implicated as a possible cause of ACC,
including alcohol, valproate, cocaine, rubella, and influenza
virus (Table 6-1) (Friedman and Cohen, 1947; Cornover and
Roessmann, 1990; Dominguez et al., 1991; Lindhout et al.,
1992).

ANTENATAL NATURAL HISTORY

Little is known about the natural obstetric history of ACC
when it occurs as an isolated finding because there have
been relatively few case series reported. In one series of 37
pregnancies with prenatally diagnosed ACC, 28 resulted in
elective termination of pregnancy, and in the remaining
9 cases liveborn infants were delivered (Hatem-Gantzer et al.,
1998). Four of these 9 infants died in the postnatal period. It
seems unlikely that the presence of isolated ACC should alter
the antenatal course of pregnancy.
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MANAGEMENT OF PREGNANCY

Identification of ACC demands a careful search of fetal
anatomy for other intracranial and extracranial abnormal-
ities. The association between ACC and chromosomal ab-
normalities has been addressed by Serur et al. (1988), who
reviewed 100 cases. Identification of ACC demands a careful
search of fetal anatomy for other intracranial and extracranial
abnormalities. MRI is of value for confirming the diagno-
sis and ensuring no other intracranial malformations coexist
(Brisse et al., 1998; d’Ercole et al., 1998; Glenn et al., 2005).
Three-dimensional ultrasound may also be useful (Kalache
et al., 2006; Pilu et al., 2006).

In the report of Serur et al., trisomy 18 was found in 29
cases, full or mosaic trisomy 8 in 21 cases, trisomy 13 in 20,
and a variety of other conditions in the remaining cases. It
is therefore postulated that chromosomes 8, 13, and 18 have
a direct influence on the development of the corpus callo-
sum. In Pilu et al.’s (1993) review of fetal diagnosis of ACC,
three fetuses with abnormalities of chromosome 8 had ACC
as the only sonographic finding. Therefore, it is our practice
to offer amniocentesis for fetal karyotyping independently
of the presence of other sonographically detectable abnor-
malities.

If an isolated ACC is detected and the chromosomes
are normal, there is no indication to change the standard of
obstetrical care. This diagnosis does not necessitate delivery
at a tertiary care hospital. One should consult with genetics
and pediatric neurology specialists. However, the presence
of other associated structural abnormalities should prompt
referrals to the appropriate pediatric subspecialists, and in
this situation the patient should be delivered at a tertiary care
hospital.

Vaginal delivery is recommended unless there is sig-
nificant hydrocephalus with macrocephaly. Delivery prior to
term is not recommended unless an obstetrical indication
exists.

FETAL INTERVENTION

There is no fetal intervention recommended for this con-
dition.

TREATMENT OF THE NEWBORN

Detailed examination of the newborn is required. The radi-
ologic procedure of choice postnatally is MRI, which allows
detection of subtle abnormalities not seen by the othermeth-
ods, including CT and ultrasound (Davidson et al., 1985;
Barkovich and Norman, 1988). Additional metabolic inves-
tigationsmay be necessary if inborn errors of metabolism are
suspected.

SURGICAL TREATMENT

Therearenosurgical issues for isolatedACC;however, surgery
maybe indicated for additional intracranial or extracranial le-
sions. Some infants may require ventriculoperitoneal shunts
for treatment of progressive ventricular dilatation and accel-
erated head growth (Lacey, 1985).

LONG-TERM OUTCOME

Children with ACC and multiple major congenital abnor-
malities are at high risk for neurodevelopmental retardation,
especially if craniofacial defects are present. The presence of
either neonatal or infantile seizures is an ominous prognostic
sign; most of these children are severely retarded or exhibit
delayed development (Lacey, 1985). Childrenwith additional
intracerebral abnormalities also appear to have a poor prog-
nosis, withmost infants experiencing developmental delay. A
diagnosis of ACC should alert the physician to the likelihood
of severe neurodevelopmental delay and subsequent seizures.

No specific risk figures are available at present to coun-
sel parents regarding neurologic development in children
with isolated ACC. Vergani et al. (1988) reported that three
infantswith prenatal diagnosis ofACChadnormal or border-
line intelligence quotients at 3-year follow-up examination.
In the series by Pilu et al. (1993), a normal developmen-
tal quotient was found in 9 of 11 nonfamilial cases with a
follow-up ranging between 6 months and 11 years, and bor-
derline development was found in the remaining two. The
neurologic development of surviving infants was evaluated
with the Brunet–Lezine test and the Stanford–Binet Intel-
ligence Scale. Even in the presence of normal intelligence,
ACCmay be associated with subtle cognitive defects (Temple
et al., 1989, 1990; Jeeves, 1991). A possible relationship be-
tween ACC and psychotic disorders has also been proposed
(Swayze et al., 1990).

In a survey of ACC from the United Kingdom, two
thirds of 59 affected patients had epilepsy, half of the adult
cases had intellectual impairment, and one-third had a psy-
chotic disorder (Taylor and David, 1998). However, this and
other seriesmay be biased by under-ascertainment of asymp-
tomatic cases of ACC. In another series of 10 children who
had a diagnosis of ACC made prenatally, all had normal de-
velopmental outcome at 3 years of follow-up, although febrile
convulsions were reported to occur more frequently than
expected (Moutard et al., 1998).

Goodyear et al. (2001) compared patients with prena-
tally diagnosed ACC (14) to those in whom the disorder was
diagnosed in postnatal period (61). The patients were eval-
uated for developmental milestones as well as other clinical
issues. ACC was more common in males than in females,
and partial ACC was more common in the postnatally di-
agnosed group. Complete ACC had a worse prognosis com-
pared to partial ACC, especially when it was associated with
other abnormalities, particularly those of the CNS. The only



76

Part II Management of Fetal Conditions Diagnosed by Sonography

neurodevelopmentally normal patients were in the group
with an isolated finding of partial ACC. Adverse neurological
outcomes included seizures, developmental delay, andmental
retardation, as well as a need for special help in school.

More recently, Francesco et al. (2006) evaluated 9 chil-
dren, aged 2 to 16, who had been diagnosed with ACC during
the prenatal period. The diagnosis was confirmed in the post
partum period. Six children had had isolated ACC, three of
whomhadgeneralizedhypotonia,while three others hadnor-
mal neurological development. The three with other associ-
atedfindingsdidnothavenormalneurologicaloutcomes.The
authors concluded that if ACC is associatedwith other abnor-
malities apooroutcome is likely.However, if it is not, it is diffi-
cult to predict if there will be a normal neurological outcome.

With regard to partial ACC, Volpe et al. (2006) recently
evaluated 19 prenatally diagnosed cases. Ten cases occurred
in association with other anomalies. Nine cases were initially
thought to be isolated. One of the nine cases was found to
have additional brainmalformations followingMRI, and this
case was lost to follow-up. There were 11 livebirths, 6 volun-
tary terminations, and 2 perinatal deaths. Thirty-two (6/19)
percent of cases had normal psychomotor follow-up. All of
these cases had isolated partial ACC. Two cases of isolated
partial ACC had less favorable outcomes, one of which had
significant developmental delay and hypotonia. Similar to the
cases of isolated complete ACC, isolated partial ACC may be
associated with significant adverse neurological outcomes.

GENETICS AND RECURRENCE RISK

The recurrence risk of ACC, whether it is isolated or in ad-
dition to inborn errors of metabolism or genetic syndromes,
depends on the underlying cause. If ACC is associated with
aneuploidy, the recurrence risk is 1% or the maternal age–
related risk for aneuploidy, whichever is greater. If there is
an isolated ACC with no known cause, the recurrence risk is
probablyon theorderof 2%to3%(Younget al., 1985).ACC is
aknowncriterion for thediagnosisof certain syndromes, such
as Aicardi, Andermann, and acrocallosal syndromes (Philip
et al., 1998).WhileACCisgenerally considered tobe sporadic,
familial cases have been reported (Naritomi et al., 1997).
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7
CHAPTER

Anencephaly

Key Points

■ Accounts for approximately one-half of all cases of
neural tube defects.

■ Incidence is approximately 0.3/1000 births.
Maternal risk factors include Hispanic ethnicity,
pregestational diabetes, obesity, and
hyperthermia.

■ First trimester sonographic findings include a
reduced crown-rump length, and the “Mickey
Mouse’’ sign in the coronal view. Second trimester
findings include an absent upper cranial vault and
no cerebral tissue above the level of the orbits.

■ Differential diagnosis includes amniotic bands,
ruptured encephalocele, and iniencephaly.

■ Approximately a quarter of affected pregnancies
are complicated by polyhydramnios.

■ Consider prenatal karyotype if associated
anomalies present. If anencephaly is isolated,
consider postnatal karyotype.

■ Condition is uniformly fatal postnatally. Only 7% of
fetuses die in utero.

■ Preconceptual folic acid (4 mg/day) significantly
decreases recurrence if anomaly is isolated and
not due to a chromosomal or single-gene
disorder.
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CONDITION

Anencephaly [congenital absence of a major portion of the
brain, skull, and scalp (Medical Task Force on Anencephaly,
1990)] is the most severe and single most common prena-
tally detected neural tube defect (Goldstein and Filly, 1988).
Although the cerebral hemispheres can develop in this condi-
tion, any exposed brain tissue is subsequently destroyed (see
Chapter 13). This produces a hemorrhagic, fibrotic mass of
neurons and glia, with no functional cortex. The brainstem
and cerebellum may be spared. Despite the severe brain ab-
normalities, the facial bones and base of the skull are nearly
normally formed. The frontal bone, however, is always absent
and the brain tissue is always abnormal.

Anencephaly is sometimes divided into two subcate-
gories. The milder form is known as meroacrania, which de-
scribes a small defect in the cranial vault covered by the area
cerebrovasculosa. The more severe form is holoacrania, in
which the brain is completely absent.

Van Allen et al. (1993) proposed that multisite neural-
tube closure provides the best explanation for neural tube
defects in humans. The closure sites aremost likely controlled
by separate genes expressed during embryogenesis. These au-
thors hypothesized that the majority of neural tube defects
could be explained by a failure of fusion of one of the closures
or their contiguous neuropores. Anencephaly results from
failure of closure site 2 for meroacranium and closures 2 and
4 for holoacranium. Folate deficiency is thought to affect the
closures of sites 2 and 4. This hypothesis has been demon-
strated in humans with more than one neural tube defect
(Pantzar et al., 1993).

INCIDENCE

Anencephaly accounts for approximately one-half of all cases
of neural tube defects (Chescheir et al., 2003). The incidence
of anencephaly in livebirths and stillbirths has been estimated
as 0.3 per 1000 by the Centers for Disease Control (Medical
Task Force on Anencephaly, 1990). Female fetuses are more
commonly affected. The ratio of affected females to males is
3:1 to 4:1 (Naidich et al., 1992). In one study, there was a 2.6
fold increased incidence of anencephaly in twins (Ben-Ami
et al., 2005). There is also an increased incidence of anen-
cephaly in Hispanic women, who are 45% more likely than
white women to have an affected pregnancy (Feuchtbaum
et al., 1999). Other risk factors include maternal pregesta-
tional diabetes,maternal obesity, andmaternal hyperthermia
(Mitchell, 2005). Unlikemeningomyelocele, the risk of anen-
cephaly is not increased in women who take valproic acid
and/or carbamazepine (Mitchell, 2005). Themost important
environmental influence is diet. There is a well-documented
protective effect of maternal periconceptual folic acid sup-
plementation. Data from countries that have implemented
mandatory folic acid fortification programs indicate a 30%

to 50% reduction in the prevalence of neural tube defects
postfortification (Mitchell, 2005).

In one study, Limb and Holmes (1994) documented
that prenatal diagnosis and the availability of elective termi-
nation of pregnancy had significantly altered the birth status
of infants with anencephaly. They noted a prevalence that
varied between 1.0 and 0.4 per 1000 live and stillbirths dur-
ing two different study periods (1972–1974 and 1979–1990,
respectively). In the 1970s, half the infants with anencephaly
were born alive at an average gestational age of 35.6 weeks. By
1988 to 1990, all affected infants were diagnosed by mater-
nal serum α-fetoprotein screening or prenatal sonography.
All parents elected to terminate, at an average gestational age
of 19.6 weeks. These investigators, however, commented that
their study population was potentially biased due to a higher
percentage of mothers with epilepsy and diabetes delivering
at their institution. More recent data, however, collected over
the Internet, suggest that a larger proportion of women are
opting to continue their pregnancies thanwould be suggested
from the Limb and Holmes study (Jaquier et al., 2006).

SONOGRAPHIC FINDINGS

The first trimester sonographic appearance of anencephaly
differs significantly from the second trimester (Chatzipapas
et al., 1999). In the first trimester, the cerebral hemispheres
are present and in direct contact with the amniotic fluid. In
the coronal section of the head, the exposed cerebral lobes
resemble the face of Mickey Mouse. In addition, the crown-
rump length is significantly reduced in affected fetuses.

In the second trimester, the ultrasound diagnosis of
anencephaly is made on the basis of the absence of the up-
per portion of the cranial vault (Figures 7-1 to 7-3). Above
the level of the orbits, where the cerebral hemispheres are
normally seen, no tissue is present or an ill-defined mass of
heterogeneous density is observed. The abnormality is best
demonstrated on coronal views of the fetal face (Figure 7-2).
The sonographic diagnosis of this condition is very accurate
and there are almost no false-positive diagnoses.

Anencephalic fetuses are usually normal in terms of
bodyweight for gestational age (Melnick andMyrianthopou-
los, 1987). Thus, intrauterine growth restriction is uncom-
mon in isolated anencephaly. Another sonographic finding
that may be present is polyhydramnios.

Goldstein and Filly (1988) reviewed the spectrum of
prenatal sonographic findings in 20 fetuses with anencephaly.
The sonographic diagnosis was based on the absence of brain
and calvarium superior to the orbits on coronal views of the
fetal head. In 45% of cases, echogenic tissue was seen supe-
rior to the orbits. This corresponded to the area cerebrovas-
culosa and was quite large in four fetuses. In 35% of their
cases, frank polyhydramnios was seen. There were no cases
of oligohydramnios. These authors stated that anencephaly
can be distinguished from cranial defects associated with the
amniotic band syndrome on the basis of symmetry of the
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Figure 7-1 Sagittal view of fetal facial profile, demonstrating a
lack of cranium above the easily visualized orbit. (Image courtesy
of Prenatal Diagnosis Center, Women and Infants’ Hospital).

cranial defects and the absence of limb, body wall, and spinal
anomalies that generally accompany amniotic bands. In this
report, prenatal diagnosis was 100% accurate after 14 weeks
of gestational age. These authors missed one case initially
studied at 12.5 weeks of gestation, but the defect was diag-
nosed on a repeat study performed at 26 weeks (Goldstein
and Filly, 1988). As stated above, more recently it has become
appreciated that the first trimester signs of anencephaly are
different, so accuracy of detection earlier in gestation is likely
to improve.

Figure 7-2 Coronal image through the face of a fetus with anen-
cephaly, demonstrating lack of cranial structures above the or-
bits. (Image courtesy of Prenatal Diagnosis Center, Women and
Infants’ Hospital).

Figure 7-3 Three-dimensional ultrasound image at 12 weeks
gestation of a fetus with anencephaly demonstrating lack of cra-
nial bones above the orbits.

In postnatal studies, 13% to 33% of anencephalic in-
fants have additional major congenital anomalies. These in-
clude congenital heartdisease (4%to15%of cases), hypoplas-
tic lungs (5% to 34%), congenital diaphragmatic hernia (2%
to 6%), malrotation of the gut (1% to 9%), renal malforma-
tions (25%) including polycystic or dysplastic kidneys (1% to
3%), hypoplasia of the adrenal glands (94%), and omphalo-
cele (16%) (Melnick and Myrianthopoulos, 1987; Medical
Task Force onAnencephaly, 1990). Additionalminor anoma-
lies that have been observed in fetuses with anencephaly in-
clude a single umbilical artery, a patent ductus arteriosus, and
a patent foramen ovale, seen in 2% to 31% of cases. In one
study, four-dimensional (4-D) sonography was used to study
the hand and bodymovements of an anencephalic fetus at 19
weeks (Andonotopo et al., 2005). These were compared to a
normal fetus at the same gestational age. Movement of the
hand occurred in only one direction, and it was abnormal,
forceful, and “jerky.” In the normal fetus, movements were
continuous and occurred in all directions. The anencephalic
fetus showed a lack of positional changes.

DIFFERENTIAL DIAGNOSIS

Themajor consideration in the differential diagnosis is to dis-
tinguish anencephaly from the presence of amniotic bands. In



80

Part II Management of Fetal Conditions Diagnosed by Sonography

Table 7-1

Disorders Associated with Anencephaly

Folate deficiency

Maternal hypothermia

Trisomy 13

Trisomy 18

Turner syndrome

Triploidy

Amniotic band syndrome

Limb/body wall defects

Walker–Warburg syndrome

addition, scalp-covered lesions that include demineralization
of the skull can occasionally be confused with anencephaly.
It is important to note that the cranial defect associated with
anencephaly is always symmetric.With amniotic bands, there
shouldbeevidenceofotherdefects, suchas limbordigital am-
putations, asymmetric ventral wall defects, or spinal defects.
Amniotic bands are often associated with oligohydramnios,
which is in contrast to anencephaly, which is often associ-
ated with polyhydramnios. Other conditions in the differen-
tial diagnosis include ruptured encephalocele (see Chapter
12) and iniencephaly. The latter condition does not involve
the rostral skull or the forebrain. It is very important to dis-
tinguish between anencephaly and amniotic bands because
of significant differences in their respective recurrence risks.
Disorders that are associated with anencephaly are listed in
Table 7-1.

ANTENATAL NATURAL HISTORY

In one recent study, data were collected via a personal website
from211womenwho opted to continue their pregnancies af-
ter a prenatal diagnosis of anencephaly (Jaquier et al., 2006).
These data showed that only 7%of cases resulted in intrauter-
ine fetal demise,whichwas lower than expected. The stillbirth
rate was 20%. Polyhydramnios complicated 26% of pregnan-
cies.Additional externally visiblemalformationswerepresent
in 8% of neonates. Thirty-four percent of infants were deliv-
ered prematurely and delivery by cesarean section was per-
formed in 26% of women. Themost common indications for
cesarean section were breech presentation, placenta previa,
twin pregnancy, and parental request. Seventy-two percent

(153) of infants were liveborn. Of these, 103 died within the
first 24 hours, but 6 survived for 6 to 28 days.

MANAGEMENT OF PREGNANCY

Interestingly, although maternal serum α-fetoprotein (AFP)
levels are elevated in approximately 90% of cases of anen-
cephaly (Medical Task Force on Anencephaly, 1990), as a pri-
mary screen, routine sonography detects a higher percent-
age of cases than second trimester maternal serum screening
(Norem et al., 2005). All cases of significantly elevatedmater-
nal serum AFP levels need to be followed with a sonographic
examination to confirmdating of the pregnancy and evaluate
fetal anatomy. Prospective parents confirmed to be carrying
a fetus with anencephaly should be referred to a tertiary care
center, with ultrasound technicians and physicians who are
capable of definitive diagnosis of fetuses with anomalies. If
additional fetal structural anomalies are detected, a prena-
tal karyotype should be offered, and if declined, a postnatal
karyotype is recommended. If the anencephaly is isolated, a
postnatal karyotype is also encouraged, although the yield is
likely to be low. In one prospective study of 46 fetuses with
acrania or anencephaly, chromosome analysis was normal
in 45/46 cases (Sepulveda et al., 2004). Only one fetus with
anencephaly was shown to have trisomy 18.

Because pregnancy with a fetus with anencephaly car-
ries an increased medical risk for the mother, prospec-
tive parents should be offered the opportunity to termi-
nate, if the diagnosis is made before 24 weeks of gestation,
as the prognosis for the fetus is uniformly fatal. Because
polyhydramnios is often associated with this condition, pre-
mature delivery is increased (Jaquier et al., 2006). Labor
and delivery are frequently associated with an unstable
fetal position, and common maternal complications include
dysfunctional labor (poor dilatation or dystocia) and post-
partum hemorrhage (Medical Task Force on Anencephaly,
1990). There is an increased incidence of placental abruption
with anencephaly (Melnick and Myrianthopoulos, 1987).

A special situation exists for twins in which one fetus
has anencephaly, as there is an increased risk of premature
delivery of the unaffected fetus (Leeker and Beinder, 2004) In
dichorionic pregnancies, selective termination of the anen-
cephalic fetus may prevent polyhydramnios and decrease the
chance of preterm labor. The selective termination is most
safely performed prior to 16 weeks of gestation.

In a review of more than 181 consecutive infants born
with anencephaly,Main andMennuti (1986) found thatmore
than half of the cases were stillborn and virtually all oth-
ers died during the neonatal period. However, more than
40% were alive at 24 hours and 5% lived to at least 7 days.
These numbers were very similar in the most recent study
performed by Jaquier et al. (2006). Therefore, parents should
not be counseled that the infant will die immediately after
birth. They should, however, be advised that the prognosis is
uniformly fatal for this condition.
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FETAL INTERVENTION

There is no fetal intervention for anencephaly.

TREATMENT OF THE NEWBORN

The mean gestational age at delivery for infants with anen-
cephaly is 36.7 ± 5 weeks (Melnick and Myrianthopoulos,
1987). The mean birth weight for fetuses with anencephaly,
when corrected for the absence of the brain, is within nor-
mal limits. The diagnosis of anencephaly can be confirmed
on physical examination when the following criteria are met:
A large portion of the skull is absent, the scalp is absent over
the skull defect, and a hemorrhagic, fibrotic mass of tissue
is exposed to the environment (Figure 7-4). There are no
recognizable cerebral hemispheres present.

Because affected infants lack functioning cerebral cor-
tex, they are permanently unconscious, but brainstem func-
tion is present in varying degrees. These patients are not,
however, comatose. All infants have spontaneousmovements
of the extremities and startle myoclonus, although their tone
and deep tendon reflexes are increased. Their typical behav-
ior pattern consists of increased extensor tone and sponta-
neous or stimulus-induced axial myoclonus of the upper and
lower extremities (Peabody et al., 1989).They respond tonox-
ious stimuli and exhibit the primitive reflexes associated with
feeding and breathing.

Figure 7-4 Sagittal view of a 20-week-old fetus with anen-
cephaly. Note the total lack of cranial development above the or-
bits. The area cerebrovasculosa is easily seen. (Photograph cour-
tesy of Dr. Joseph Semple.)

Most infants reported have died within the first few
days of life, however, survival beyond 1 week of age has been
reported in up to 9% of affected infants. The Medical Task
Force on Anencephaly (1990) confirmed that one infant with
anencephaly survived for 2 months.

SURGICAL TREATMENT

Surgical treatment is not applicable in anencephaly.

LONG-TERM OUTCOME

The major issue in long-term outcome is the potential use
of anencephalic fetuses or infants as organ donors. This is a
consideration because nationally 30% to 50% of children less
than 2 years of age who are registered for organ transplanta-
tion die while waiting for donor organs to become available.
Anencephalic infants have been considered as potential or-
gan donors because they have a uniformly fatal prognosis.
Difficulties exist, however, because of the traditional means
of determining brain death for organ donors. Because anen-
cephalic patients have no functioning cerebral cortex, the
usual methods of determining brain death, such as cerebral
blood flow testing and electroencephalograms (EEGs), are
irrelevant to the diagnosis of anencephaly. For anencephalic
patients, the diagnosis of braindeathdepends ondocumenta-
tion of disappearance of previously existing brainstem func-
tions, such as a positive apnea test or loss of spontaneous
movements.

Four different strategies have been suggested for the
procurementoforgans for transplantation fromanencephalic
patients.

The first is to place the infant on life support systems at
birth and remove the organs as soon as technically possible
without regard to the presence or absence of brainstem func-
tion. This strategy has been described by a group inGermany.
Holzgreve et al. (1987) removed the kidneys from three in-
fants with anencephaly and successfully transplanted them
into four recipients. These authors argued that the anen-
cephalic infants were “brain absent.” Potential benefit was
experienced not only by the organ recipients, but also by the
parents of the anencephalic fetuses, who experienced psycho-
logic benefits and additional moral purpose in carrying the
anencephalic pregnancies to term (Holzgreve et al., 1987).

A second strategy is to place the anencephalic infant
on life support systems at birth and observe the infant un-
til all brainstem functions stop. This approach was tested
by Peabody et al. (1989), who modified the medical care of
12 liveborn infants with anencephaly. For a period of 1 week,
they tried to determine whether organ viability could be
maintained andwhether the criteria of total braindeath could
be met if these anencephalic infants were placed on life sup-
port for 1 week. Only 2 of the 12 infants met these criteria,
and no solid organs were procured from these 12 infants.
The authors concluded that most organs were suitable for
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transplantation at birth and that organ function was main-
tained when intensive care was provided, but only one infant
had conclusive evidence of brainstem death.

A third strategy is to give the infant with anencephaly
only comfort care until signs of cardiorespiratory failure de-
velop and then to place the infant on life support awaiting
brain death. Peabody et al. (1989) concluded that when in-
tensive carewasdelayeduntil braindeathwas imminent,most
organs were damaged to the extent that they were no longer
suitable for transplantation.

Most centers currently use a fourth strategy for organ
donation from anencephalic infants. They provide standard
comfort care until the infant dies. Then cadaver organs are
removed, such as the corneas, heart valves, and kidneys.

It is important to note that most of the major organs
from anencephalic infants are smaller than average for body
size and have somewhat higher rates of malformation, but
neither of these findings preclude their use in transplantation
(Botkin, 1988).

GENETICS AND RECURRENCE RISK

A family history of spina bifida and/or anencephaly is one of
the strongest risk factors for recurrence. Most cases of anen-
cephaly are compatible with a multifactorial model, with a
recurrence risk of between 2% and 5% following a single
case (Medical Task Force on Anencephaly, 1990). For fetuses
identifiedwithmultiple sonographic abnormalities, if a kary-
otype has not been performed prenatally, it should be ob-
tained at delivery, as some cases of anencephaly are associated
with chromosomal abnormalities, such as trisomies 13 and
18, and triploidy. In isolated populations, anencephaly has
been described as a single-gene disorder. In Iranian Jews, who
are highly inbred, anencephaly is inherited as an autosomal
recessive condition (Zlotogora, 1995).

All women of reproductive age should take at least 400
mcg of folic acid daily to prevent neural tube defects. To be
effective, folic acid must be consumed before conception and
at least through the first 4 weeks of development. Folic acid
is nontoxic even at very high doses and it is rapidly excreted
in the urine. For women who have previously had a fetus
or infant affected with anencephaly, the Centers for Disease
Control and Prevention (CDC) recommends increasing the
intake of folic acid to 4000 mcg (4mg) per day beginning at
least 1 month prior to conception (Committee on Genetics,
1999). Prenatal diagnosis can be performed in a subsequent
pregnancy, either by sonographic examination, or by mater-
nal serum α-fetoprotein analysis.

The genetic basis of the interaction between folate
metabolism and neural tube defects is under investigation.
The conversion of homocysteine to methionine requires fo-
late (Chescheir et al., 2003). Some—but not all—studies have
shown that parents who have had a pregnancy complicated
by a neural tube defect are more likely to be homozygous
or a mutation in the gene for the enzyme methylenetetrahy-
drofolate reductase (MTHFR) than an unaffected population
(Relton et al., 2003).
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8
CHAPTER

Arachnoid Cyst

Key Points

■ Arachnoid cysts are rare central nervous system
malformations that represent 1% of neonatal
intracranial masses.

■ Arachnoid cysts are diagnosed prenatally as a
simple, echolucent area within the fetal head and
in which no communication with the ventricular
system is seen.

■ The main differential diagnosis for a posterior fossa
arachnoid cyst is between mega cisterna magna
and Dandy–Walker malformation.

■ Most arachnoid cysts remain stable antenatally,
but some may cause hydrocephalus by their mass
effect as the pregnancy progresses.

■ Management of pregnancy is generally not altered
with an arachnoid cyst, unless significant
hydrocephalus is present. Careful head imaging in
the neonatal period is required to confirm the
diagnosis and exclude associated abnormalities.

■ Prognosis depends on the presence of other
malformations, parenchymal hemorrhage, rate of
cyst growth, and progession of ventriculomegaly.

■ Pediatric management is usually either expectant,
for asymptomatic cysts, or open or endoscopic
fenestration or obliteration of the cyst if
symptomatic.

CONDITION

Arachnoid cysts represent collections of cerebrospinal fluid
enclosed within layers of pia arachnoid, that do not com-
municate with the intracranial ventricular system (Osborn
and Preece, 2006). They are lined by arachnoidal cells and
collagen. Arachnoid cysts are unilocular, round, oval, or cres-
centlike in shape. They initially communicate with the sub-
arachnoid space and have the potential to grow due to this
continued communication. Fluid accumulates as a result of
a ball-valve mechanism (Diakoumakis et al., 1986). Choroid
plexus-like tissue can be present within the cyst wall. This ec-
topic tissue secretes cerebrospinal fluid, resulting in progres-
sive distention of the cyst (Diakoumakis et al., 1986). These
fluid-filled masses must be distinguished on prenatal sono-
graphic evaluation from the fourth ventricle and vallecula.
The cerebellar vermis, hemispheres, and brainstem are usu-
ally normal in this condition except when the cyst compresses
these structures (Altman et al., 1992).

Two types of arachnoid cysts exist: the congenital type,
which is considered to be the result of maldevelopment of
the leptomeninges, and the acquired type, which is the result
of hemorrhage, trauma, or infection (Meizner et al., 1988).

Two-thirds of prenatally detected cases are supratentorial in
location, whereas one-third are located within the posterior
fossa (Estroff et al., 1995). In contrast, most postnatally de-
tected cases are located within the posterior fossa (Hogge
et al., 1995). Five percent of supratentorial interhemispheric
arachnoid cysts are associated with agenesis of the corpus
callosum (Lena et al., 1995).

Structural features of the arachnoid cyst wall that dis-
tinguish it from the normal arachnoid membrane include

1. splitting of the arachnoid membrane at the margin of the
cyst;

2. a very thick layer of collagen present in the cyst wall;
3. absence of the traversing trabecular processes within the

cyst;
4. presence of hyperplastic arachnoid cells located within the

cyst wall that presumably participate in collagen synthesis
(Rengachary and Watanabe, 1981).

Electronmicrographic studies of arachnoid cysts reveal
a striking and nearly invariable association of the arachnoid
cyst with the normal subarachnoid cistern. Some investiga-
tors have demonstrated that in their early stages, arachnoid
cysts communicate with the subarachnoid space, revealing
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the exclusively intra-arachnoidnatureof the cyst (Rengachary
andWatanabe, 1981).Other investigators, however, postulate
that the retrocerebellar arachnoid cystmay represent a persis-
tent diverticulum of the fourth ventricle that fails to involute,
the so-called Blake pouch (Altman et al., 1992). The precise
cause for the development of arachnoid cyst is unknown. The
factors responsible for the formation of the normal subarach-
noid cistern, however, also produce splitting of the arachnoid
membrane in that location. This results in a diverticulum
or enclosed cystic space. Thus, arachnoid cysts are thought
to be a developmental anomaly of the subarachnoid cistern
(Rengachary and Watanabe, 1981).

INCIDENCE

The incidence of arachnoid cysts is unknown. They are rare
in prenatal life. Arachnoid cysts represent 1% of all space-
occupying masses in childhood (Estroff et al., 1995) and are
an incidental finding in 0.5% of autopsy studies (Rafferty
et al., 1998). Arachnoid cysts are more common in males
than in females (Kollias et al., 1993; Lena et al., 1995). The
left side of the brain is more commonly affected than the
right.

SONOGRAPHIC FINDINGS

Sonographic diagnosis of arachnoid cyst relies on the finding
of a sonolucent mass with smooth and thin walls within the
brain (Figure 8-1). This cyst does not communicate with the
lateral ventricles, but may be associated with hydrocephalus

Figure 8-2 Transaxial image of a fetal head demonstrating an
arachnoid cyst and associated hydrocephalus.

(Figure 8-2) due to a mass effect that obstructs the flow of
cerebrospinal fluid. In this condition, the cerebellar vermis is
normal in size. The cyst is usually completely echolucent,with
the same signal intensity as CSF (Figure 8-2). Occasionally,
hemorrhage into an arachnoid cyst may obscure its simple
appearance (Osborn and Preece, 2006).

In 1986, Diakoumakis et al. described a fetal suprasel-
lar arachnoid cyst that was detected on a routine antenatal
sonographic examination at 32 weeks of gestation, and re-
sulted in development of hydrocephalus. Postnatal cranial
computed tomographic (CT) examination revealed a char-
acteristic “head of the bunny” appearance with amidline cyst
and two dilated lateral ventricles (Diakoumakis et al., 1986).
In another case report, a fetus was described at 22 weeks
of gestation with an isolated extraventricular supratentorial
arachnoid cyst, which appeared as a rounded, fluid-filled cyst

Figure 8-1 Transaxial image of fetal head
demonstrating solitary arachnoid cyst.
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in the right parieto-occipital lobe of the brain (Meizner et al.,
1988). There was splaying of the right lateral ventricle due to
a pressure effect, and the cyst enlarged progressively over the
duration of pregnancy (Meizner et al., 1988).

Most cases of arachnoid cysts are detected at>20weeks
of gestation (Hogge et al., 1995; Rafferty et al., 1998). Only
rarely are extracranial abnormalities detected. In one case
report, a 1- by 1-cm posterior fossa cyst was detected at 18
weeks of gestation. The pregnancy was aborted because of
associated chromosomal abnormalities (Hogge et al., 1995).

Estroff et al. (1995) described two cases of arachnoid
cysts that, on the basis of prenatal sonographic findings, were
suspected antenatally to be a Dandy–Walker malformation.
These authors noted that sonographic distinction between
the retrocerebellar arachnoid cysts and the Dandy–Walker
cyst may be difficult. Both malformations may be associated
with hydrocephalus. In arachnoid cysts, the underlying cere-
bellar hemispheres and vermis are normal, although they are
displaced and compressed anteriorly. Typically, no extracra-
nial abnormalities are present in arachnoid cysts (Estroff
et al., 1995). At least 27 cases of fetal arachnoid cysts have
been described in the literature (reviewed in Chen, 2007). Of
these, 9 had prenatal MR imaging in addition to sonography.
In a few cases, the diagnosis wasmade in the second trimester,
but themajoritywere third trimesterdiagnoses. Inone report,
using transvaginal sonography, a posterior fossa arachnoid
cyst was diagnosed at 13 weeks of gestation (Bretelle et al.,
2002).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for arachnoid cysts is given in
Table 8-1, and antenatal magnetic resonance imaging (MRI)
may be needed for accurate evaluation (Golash et al., 2001).
Mega cisterna magna can be confused with arachnoid cyst
but, there is nomass effect on the cerebellar hemispheres nor
hydrocephalus in the setting of mega cisterna magna (Estroff
et al., 1995). Arachnoid cysts in the midline that lie wholly
posterior to the cerebellum may be difficult to distinguish
from the mega cisterna magna (Altman et al., 1992).

Dandy–Walker malformation can also be mistaken for
an arachnoid cyst (see Chapter 11), as it is associated with a
well-defined posterior fossa cyst that is separate from the ven-
tricular system(Meizner et al., 1988).Anterior extensionof an
arachnoid cyst to the cerebellar hemispheres effectively rules
out the Dandy–Walker malformation (Altman et al., 1992).
It may be quite difficult to distinguish antenatally between
Dandy–Walker malformation and posterior fossa arachnoid
cysts. The determination of size, shape, and position of the
fourth ventricle and cerebellar vermis is critical to accurate
differentiation between arachnoid cyst and Dandy-Walker
malformation (Estroff et al., 1995). The finding of associ-
ated agenesis of the corpus callosum may suggest a diagnosis
ofDandy–Walkermalformation. Postnatally, an invasive pro-
cedure, such as instilling radiographic contrast material into

Table 8-1

Differential Diagnosis of Arachnoid Cyst

Mega cisterna magna

Dandy–Walker malformation

Normal variant

Alobar holoprosencephaly

Porencephalic cyst

Ependymal cyst

Schizencephaly

Infarct

Tumor

the ventricular system (cisternagram) may be necessary to
distinguish amongDandy–Walkermalformation and its vari-
ants (see Chapter 11), mega cisterna magna, or Blake pouch
cyst (Estroff et al., 1995). La Torre et al. (1973) recommended
angiographic distinction between Dandy–Walker malforma-
tion and arachnoid cysts by evaluation of the posterior infe-
rior cerebellar artery and its vermian branch. In arachnoid
cysts, all vessels are normal in size and are displaced forward
and upward, while in the Dandy–Walker malformation, the
posterior inferior cerebellar artery is miniature and the ver-
mian branch of the inferior cerebellar artery and the inferior
vermian vein are absent.

An additional consideration in the differential diagno-
sis of arachnoid cyst is a variant of normal. Knutzon et al.
(1991) described a linear hyperechoic structure in the cis-
terna magna previously thought to be the straight sinus. This
structure was identified in 92 to 95 of prenatal sonographic
examinations. This structure appeared cystlike in 17 of 95
cases studied. On histopathologic correlation in aborted fe-
tuses, this structure was shown to be formed by subarachnoid
septa. It is most likely due to focal concentrations of arach-
noid trabeculations in the subarachnoid space (Knutzonet al.,
1991). Intrahemispheric arachnoidcysts canbeconfusedwith
a dorsal cyst present in cases of alobar holoprosencephaly (see
Chapter14) (Lenaet al., 1995).Porencephalic cysts are located
within brain matter, communicate with the ventricular sys-
tem, and do not exert a mass effect. They are often associated
with prenatal or postnatal brain injury (Lena et al., 1995).
Ependymal cysts occur less frequently than arachnoid cysts
and tend to occupy the central white matter of the frontal or
temporoparietal lobes (Rengachary and Watanabe, 1981). In
ependymal cysts, the protein content of the cyst fluid is higher
than that of the arachnoid cyst.



86

Part II Management of Fetal Conditions Diagnosed by Sonography

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history of arach-
noid cysts. Some increase in size and others resolve sponta-
neously. Two cases have been described in the medical liter-
ature of arachnoid cysts associated with increased maternal
serum α-fetoprotein levels (Kwon and Jeanty, 1991; Hogge
et al., 1995). It is not known if these are etiologically related
or coincidental. From the limited number of prenatal cases
reported, it appears that the cyst can grow in size during an-
tenatal life (Diakoumakis et al., 1986;Meizner et al., 1988). In
addition, hydrocephalus can develop from obstruction of the
foramen of Monro and displacement of the aqueduct poste-
riorly with blocked basal cisterns.

MANAGEMENT OF PREGNANCY

When an arachnoid cyst is detected within the fetal brain,
the patient should be referred to a center capable of complete
anatomic sonographic fetal diagnosis. If differential diagnosis
of a posterior fossa arachnoid cyst from Dandy–Walker mal-
formation is difficult, prenatal MRI may be necessary. Serial
sonographic examination should be performed to monitor
potential enlargement of the cyst and subsequent develop-
ment of ventriculomegaly (Hogge et al., 1995). It is impor-
tant to seek evidence of associated malformations, as arach-
noid cystsmay be part of amultiplemalformation syndrome.
For example, one rare recessively inherited condition con-
sists of absent tibia, polydactyly, cleft palate, and the presence
of retrocerebellar cysts (Holmes et al., 1995). Rare cases of
arachnoid cyst have been associated with tetralogy of Fallot
and neurofibromatosis type 1.

Serious consideration should be given to performing
amniocentesis to obtain a fetal karyotype, particularly if other
anomalies are present. In one case, a fetus with a posterior
fossa arachnoid cyst was shown to have an abnormal kary-
otype consisting of 46,X der(X),tX:9(q22;q22). Thus, this fe-
tus had a partial trisomy of the long arm of chromosome 9
with partial monosomy of the long arm of the X chromo-
some. This was due to a balanced translocation occurring
in the mother between chromosomes X and 9 (Hogge et al.,
1995). Other chromosome abnormalites described in associ-
ation with fetal arachnoid cyst include deletion of the distal
long arms of chromosome 14 (Souter et al., 2003) and chro-
mosome16 (Arriola et al., 2005), trisomy18 (Pilu et al., 1997),
and triploidy (Elbers and Furness, 1999).

Prospective parents of a fetus demonstrated to have an
arachnoid cyst should be offered the opportunity to consult
with a pediatric neurologist, neurosurgeon, and medical ge-
neticist. The presence of an isolated arachnoid cyst is not an
indication for cesarean section (Meizner et al., 1988). How-
ever, because of the potential for development of ventricu-
lomegaly, the patient should be followed by serial sonograms
to determine if the fetal head size is small enough for a vaginal

delivery. An additional consideration in the determination of
route of delivery is the risk of trauma and hemorrhage within
the cyst (Altman et al., 1992).

FETAL INTERVENTION

There is no fetal intervention recommended for arachnoid
cyst.

TREATMENT OF THE NEWBORN

Newborns who have been diagnosed with an arachnoid cyst
antenatally should have an evaluation with consultants in ge-
netics and neurology. Depending on the location of the cyst,
CT or MRI scanning is indicated to confirm the presence of
the cyst. A careful measurement should be made of the new-
born’s head circumference, and the presence of asymmetry
of the calvarium should be noted. The newborn should be
observed for any changes in head circumference, as the po-
tential exists for expansion of the cyst by hemorrhage due
to trauma at delivery through the rupture of bridging veins
(Altman et al., 1992). Clinical characteristics at birth will de-
pend on the size of the cyst (Kollias et al., 1993). Associated
hydrocephalus is present in 30% to 100% of cases (Kollias
et al., 1993). In newborns in whom an arachnoid cyst is
detected postnatally, the overwhelming presenting symp-
tom is macrocephaly (71.5% of 67 cases reported) (Pascual-
Castroviejo et al., 1991). Seizures may occasionally occur in
infants with arachnoid cyst. Increased intracranial pressure
is rarely a presenting clinical sign.

SURGICAL TREATMENT

The operative procedures for treatment of arachnoid cysts
consist of cyst excision, fenestration, or drainage into an ad-
jacent cistern, abdominal cavity, or atrium (Richard et al.,
1989). Small asymptomatic cysts do not require any inter-
vention. Surgical excision of the cyst is indicated in the rare
cases in which increased intracranial pressure is detected.
Craniotomy, however, may result in severe complications.
The most common treatment consists of a cystoperitoneal
shunt, which results in a high rate of regression of the cyst and
rarely produces recurrence or complications. These shunts
may need revision due to blockage or growth of the patient
(Pascual-Castroviejo et al., 1991).Most neurosurgeons prefer
to treat the patient initially with expectant management, as
the avoidance of a shunt is the primary goal in management
(Fewel et al., 1996).More recently, an endoscopic approach to
cyst obliteration has been described (Choi et al., 1999; Golash
et al., 2001). Additionally, endoscopic cyst fenestration may
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also be used as a less invasive alternative to open surgical
management (Nakamura et al., 2001).

LONG-TERM OUTCOME

The major complications in the long-term outcome for af-
fected patients include hydrocephalus, seizures, and neuro-
logic abnormalities (Altman et al., 1992; Hogge et al., 1995).
Estroff et al., (1995) described normal developmental out-
come for a fetus diagnosed at 28 weeks of gestation with
hydrocephalus and a retrocerebellar cyst following cystoperi-
toneal shunt decompression (Estroff et al., 1995).

In a follow-up study of 16 children with symptomatic
supratentorial interhemispheric cysts ascertainedpostnatally,
Lena et al. (1995)demonstrated thatnocyst became largerbut
none disappeared completely. These authors had a median
follow-up period of 50 months. In 16 children, the preoper-
ative symptoms disappeared completely in 7 and partially in
4. Two of the original patient group were asymptomatic and
remained completely normal. Of the 16 children, 12 were
entirely neurologically normal, 1 had moderate disability, 2
had severe disability, and 1 died from unrelated pneumonia
3 months after surgery. Seizures developed in 4 of the 16
children (Lena et al., 1995). Richard et al. (1989) followed
affected children into adulthood over a 48-year period. These
investigators demonstrated a favorable outcome for most pa-
tients, with 62% to 93% of all individuals followed over this
period having had normal physical and social development
and a satisfactory quality of life. The prognosis was also noted
to be related to age at operation. Independent of the surgi-
cal method used over this 48-year period, the percentage of
patientswith any disability as comparedwith all due to arach-
noid cyst ranged from approximately 11% to 14%. Patients
who died in this study had causes of death unrelated to the
arachnoid cyst (Richard et al., 1989).

In another series of 33 cases of supratentorial arach-
noid cysts managed surgically and followed to a mean of
70 months, all patients were improved symptomatically,
even though most still demonstrated persistence of the cyst
(Galarza et al., 2002). One of these 33 children had devel-
opmental delay and 4 had epilepsy, although all 4 of these
children were seizure free on medications following surgery.

GENETICS AND RECURRENCE RISK

Most cases of arachnoid cyst appear to be sporadic (Altman
et al., 1992). Rare cases of arachnoid cyst are associated
with neurofibromatosis type 1 or other multiple congenital
anomaly disorders due to single gene mutations (Holmes
et al., 1995). For example, an unexpectedly high number of
asymptomatic intracranial arachnoid cysts were found in a
group of 247 patients with autosomal dominant polycystic
kidney disease who underwent high-resolution CT scanning

or MR imaging (Schievink et al., 1995). If a prenatal kary-
otype analysis is performed and an unbalanced chromosome
abnormality is detected, as in the cases cited here (Hogge
et al., 1995; Souter et al., 2003; Arriola et al., 2005), parental
chromosome analysis is strongly suggested.

Occasional families have been described with recur-
rence of arachnoid cysts. For example, Handa et al. (1981)
reported the presence of bilateral arachnoid cysts in the mid-
dle cranial fossa in two brothers, aged 10months and 3 years.
Other reports of siblings affected with arachnoid cysts exist
in themedical literature (Wilson et al., 1988; Pomeranz et al.,
1991; Tolmie et al., 1997; Hendricks et al., 1999). Arriola
et al. (2005) described two families that had three affected
members each. Significantly, each family had individualswith
arachnoid cysts in two generations. These reports suggest the
possible existence of heritable factors that predispose indi-
viduals to the formation of arachnoid cysts.
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9
CHAPTER

Cerebral Calcifications

Key Points

■ Cerebral calcifications are rare and are associated
with fetal infections, such as CMV, rubella,
toxoplasma, syphilis, and herpes, as well as with
trisomies 21 and 13.

■ Following the diagnosis, detailed sonographic
evaluation for other markers of aneuploidy or

intrauterine infection is warranted, together with
maternal TORCH titers, followed by amniocentesis
for the specific infectious agent as suggested by
abnormal TORCH titers.

■ Further pregnancy and pediatric management is
dictated by the specific underlying etiology.

CONDITION

Cerebral calcifications are an unusual sonographic finding
in the fetus. They are thought to occur late in gestation and
result from localized neuronal-cell death. Intracranial calci-
fications are most commonly associated with the in utero
infections due to the TORCH (toxoplasmosis, other agents,
rubella, cytomegalovirus, herpes virus) agents (Ghidini et al.,
1989). This chapter covers three types of fetal cerebral calci-
fications: (1) focal, punctate parenchymal calcifications, (2)
periventricular echogenicity, and (3) echogenic blood vessels

demonstrated in the thalami and basal ganglia (Estroff et al.,
1992).

INCIDENCE

Fetal intracranial calcifications are rare. Although congen-
ital cytomegalovirus is common [affecting 30,000 to 40,000
infants each year inUnited States (Ross and Boppana, 2004)],
most cases of congenital cytomegalovirus are not associ-
ated with cerebral calcifications. One study found fetal brain
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abnormalities, including intracranial calcifications, in 10 of
39 (20%) of fetuses who were infected congenitally and had
prenatal sonographic studies (Enders et al., 2001).

SONOGRAPHIC FINDINGS

Much of the information regarding the differential diagno-
sis and outcome for infants with intracranial calcifications
derives from the postnatal pediatric radiographic literature.
The use of postnatal cranial sonography as an effectivemeans
of visualizing intracranial calcifications in newborn infants
with congenital infections was first described by Dykes et al.
in 1982. She and her colleagues demonstrated the presence
of multifocal, high-intensity echoes in infants with infection.
What was unusual about this sonographic finding was that
there was no acoustical shadowing from these echoes. Sub-
sequently, Teele et al. (1988) noted the unique sonographic
finding of bright, branching vessels in the thalami and basal
ganglia of 12 newborn infants. This findingwas strongly asso-
ciated with the presence of congenital infection. In this group
of 12 infants, 5 had congenital cytomegalovirus (CMV), 2
had congenital rubella, 1 had congenital syphilis, and 3 had
trisomy 13 with no known evidence of infection. These find-
ings later were extended by other investigators, including
Ben-Ami et al. (1990), who studied 11 infants noted to have
bright echogenic stripes in the thalami and basal ganglia. By
using duplex sonography, these investigators demonstrated
that the stripes derived from the lenticulostriate arteries in the
basal ganglia (Figure 9-1). In their study group, 8 of 11 cases
were infected in utero, and 1 additional patient had trisomy
13. In a retrospective review of 2320 neonatal cranial sono-
grams, 25 newborns were identified with these linear areas of
echogenicity in the basal ganglia (Hughes et al., 1991). Three
of the 25 newborns were shown to have abnormal chromo-
somes (2 had trisomy 21 and 1 had trisomy 13). An additional
four patients had CMV, and eight had clinical evidence of
either anoxia or other metabolic brain injury (Hughes et al.,
1991).

Relatively few cases of fetal intracranial calcifications
have been described in the literature on prenatal diagnosis
(Ghidini et al., 1989). Fakhry and Khoury (1991) reported
two cases of fetal intracranial calcifications associated with
CMV. In one case, at 32 weeks of gestation, the fetus was
also noted to have microcephaly (Figure 9-2). In the other
case, the fetus had a completely normal sonographic exami-
nation at 17 weeks, but by 22 weeks was noted to have mild
hydrocephalus and hyperechoic foci in the periventricular ar-
eas. The pattern of bilateral periventricular calcificationsmay
be a specific finding for intrauterine CMV infection (Figure
9-3) (Tassin et al., 1991). A different fetal manifestation of
congenital CMV infection has also been reported by Estroff
et al. (1992). This included a hyperechoic rim in the periph-
ery of the fetal cerebral cortex, with branching linear areas
of echogenicity seen in the fetal thalami, which is likely to be
the fetal equivalent of the lenticulostriate artery echogenicity

Figure 9-1 Coronal sonogram of a newborn with congenital
cytomegalovirus infection, demonstrating branching, echogenic
vessels in the basal ganglia. (Reprinted, with permission, from
Ben-Ami T, Yousef-zadeh D, Backus M, Reichman B, Kessler A,
Hammerman-Rozenberg C. Lenticulostriate vasculopathy in infants
with infections of the central nervous system: sonographic and
Doppler findings. Pediatr Radiol. 1990;20:575-579.)

demonstrated postnatally in several studies (Teele et al., 1988;
Ben-Ami et al., 1990; Hughes et al., 1991).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of fetal intracranial calcifications
includes noninfectious and infectious causes. The noninfec-
tious or structural causes include intracranial tumors (Sherer
and Onyeije, 1998), the bilateral periventricular calcifica-
tion of subependymal nodules seen in tuberous sclerosis (see
Chapter 58), sagittal or transverse sinus thrombosis, Sturge–
Weber syndrome, trisomy 13, and intracranial or intraven-
tricular hemorrhage. Why echogenicity of the lenticulostri-
ate arteries in the fetal thalami or basal ganglia is associated
with trisomy 13 is currently not known. Case reports also
exist that document the finding of fetal intracranial calcifica-
tions in rare autosomal recessive conditions such as carnitine
palmitoyltransferase II deficiency (Elpeleg et al., 2001) and
Aicardi–Goutières syndrome (Le Garrec et al., 2005).

Themore commoncause for fetal intracranial calcifica-
tion is congenital infection (Degani, 2006). Inmany cases, the
fetal intracranial calcificationsareaccompaniedbyotherfind-
ings suggestive of infection, including intrauterine growth
restriction, placental villitis, hepatosplenomegaly, ascites,
hydrops fetalis, ventriculomegaly, or microcephaly (Ghidini
et al., 1989; Enders et al., 2001). The infections likely to cause
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A B

Figure 9-2 A. Axial scan of a fetal head at 32 weeks of gestation showing periventricular hyperechoic foci with absent
acoustic shadowing. The choroid plexi are well seen in the moderately dilated ventricles. B. CT scan without contrast
obtained after birth from the same infant, showing ventriculomegaly and periventricular and parenchymal calcifica-
tions. (Reprinted, with permission, from Fakhry J, Khoury A. Fetal intracranial calcifications: the importance of periventric-
ular hyperechoic foci without shadowing. J Ultrasound Med. 1991;10:51-54.)

intracranial calcifications includeCMV(Hohlfeld et al., 1991;
Estroff et al., 1992), rubella (Yamashita et al., 1991), toxoplas-
mosis, and herpes simplex, although CMV is overwhelm-
ingly the most likely infectious cause (see Figures 7-1 to 7-3)
(Fakhry and Khoury, 1991).

ANTENATAL NATURAL HISTORY

Toxoplasmosis, CMV, herpes simplex virus type 2, and
rubella infections reach the fetal central nervous system via

Figure 9-3 Axial scan of a fetal head in a fetus with cy-
tomegalovirus demonstrating ventriculomegaly and bilateral
periventricular calcifications. (Reprinted, with permission, from
Drose JA, Dennis MA, Thickman D. Infection in utero: US findings in
19 cases. Radiology. 1991;178:369-374.)

hematogenous dissemination. These viruses are known to
have a predilection for rapidly growing subependymal or ger-
minal matrix cells. Once the fetus is infected, these agents
cause neuronal- or ganglia-cell necrosis. Necrotic cells may
subsequently undergo calcification (Ghidini et al., 1989). Be-
cause of this sequence of events, cerebral calcification is rarely
documented before the mid to late second trimester.

In several cases in which a neuropathologic examina-
tion was performed on infants who died with the postnatal
sonographic finding of echogenic branching thalamic vessels,
histopathology demonstrated thickened hypercellular walls
with deposits of amorphous basophilic material, suggest-
ing a perinatally acquired vasculitis (Teele et al., 1988). The
pathophysiology behind the demonstration of echogenicity
was likely due to a vascular injury resulting from a viral in-
fection that affected the fetal central nervous system. Teele
et al. concluded that postnatal sonography was helpful in de-
tecting early noncalcific inflammation and mineralization in
vasculitis due to infection. Fetuses with perinatally acquired
infection are at increased risk of spontaneous abortion.

MANAGEMENT OF PREGNANCY

When fetal intracranial calcifications are documented, a
careful search must be undertaken for associated structural
anomalies, intrauterine growth restriction, and placental
problems. The leading candidate in the differential diagnosis
is CMV, so furthermanagement of pregnancy should include
maternalTORCHtiters. In somecenters, TORCHtiter testing
has been replaced by testing only for CMV antibodies due to
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the extremely low likelihood of finding positive results for
toxoplasma, syphilis, or herpes virus (Abdel-Fattah et al.,
2005). Primary CMV infection can be diagnosed if CMV-
specific IgG antibodies are found in a patient previously
known to be seronegative. The presence of both IgG and
IgM however can be difficult to interpret, as CMV IgM can
remain present following distant infection, or can be cross-
reacting IgM from herpes virus infection. In such situations,
CMVIgGavidity testingonmaternal serum is recommended,
with binding by antibodies less avidly during recent infection
(Andrews, 2004). An amniocentesis is recommended for fetal
karyotyping to ruleout trisomies 13 and21, and toobtain am-
niotic fluid for CMV analysis. Amniotic fluid can be analyzed
for CMV using either viral culture, shell vial assay, PCR to
quantify CMV DNA or amplification for CMV-specific RNA
(Andrews, 2004). CMVculture, however, will be positive only
6 weeks after the onset of infection, and is generally only reli-
able after 21weeks’ gestation. In one series, two false-negative
results from amniotic fluid CMV culture were reported fol-
lowing analysis less than 4weeks following infection (Nicolini
et al., 1994). After 18 to 20 weeks of gestation, cordocentesis
canbeperformed tomeasure fetal immunoglobinM(IgM) to
CMV,although this is rarelyperformednowdue to the limited
sensitivity for CMV and the improvements in amniotic fluid
detection techniques. The finding of grossly abnormal liver-
function tests and complete blood count has been associated
with a rapidly fatal postnatal outcome (Hohlfeld et al., 1991).

One of the main challenges with identifying CMV in
amniotic fluid is the lack of correlation with symptomatic
congenital infection (Guerra et al., 2000). However, there
does appear to be a correlation between CMV viral load and
a higher likelihood of fetal infection. Serial sonograms are
recommended to monitor fetal growth.

FETAL INTERVENTION

There is no known effective therapy to treat the fetus in utero
(Guerina, 1994;Ross andBoppana,2004).The resultsof treat-
ing newborns with ganciclovir have been encouraging, and
prompt consideration may be given to fetal treatment with
this antiviral agent. Because ganciclovir crosses the placenta
by simple diffusion, maternal administration should be pos-
sible (Gilstrap et al., 1994). However, there are no prospective
data to validate this approach.

TREATMENT OF THE NEWBORN

Because of the risk of anemia and cardiovascular complica-
tions associatedwith severe perinatal infection, consideration
should be given to delivering potentially infected infants in a
tertiary care center. After delivery, a complete physical exami-
nation is indicated,with careful attention tomeasurements of
weight, head circumference, and length. A computed tomo-
graphic (CT) scan is useful to confirm the areas of intracranial

calcification that were noted on prenatal sonography. How-
ever, if bright branching thalamic vessels were demonstrated
antenatally, this finding will not be demonstrated on postna-
tal CT scans (Teele et al., 1988).

If amniocentesis was not performed antenatally, a
neonatal urine sample should be obtained for CMV culture.
Newborn TORCH titers should be drawn to pair with the
maternal samples. The use of amplification techniques for
CMV DNA in peripheral blood samples from the newborn
may also be effective (Ross and Boppana, 2004). If the infec-
tionwithCMVis confirmed, consideration shouldbe given to
treatmentwith ganciclovir over a 6-week course.Ophthalmo-
logic examinationmay be useful to document the presence of
chorioretinitis. Prior to discharge, the newborn infant should
undergo hearing tests.

SURGICAL TREATMENT

There is no surgical treatment for cerebral calcifications.

LONG-TERM OUTCOME

The long-term outcome will depend on the cause of the cere-
bral calcifications. If the underlying diagnosis is trisomy 13,
refer to Chapter 129. If the underlying diagnosis is congenital
CMV infection, the prognosis is variable. The major com-
plications include hearing loss, microcephaly, developmental
delay, seizures, and visual impairment (Ben-Ami et al., 1990;
Koga et al., 1990). In a reviewof 19 cases ofprenatally acquired
infection due to different agents, Drose et al. (1991) described
6 cases of CMV, 3 of which were detected prenatally by the
presence of periventricular calcifications on sonography. An
additional 3 were detected postnatally by CT scan or at au-
topsy. The outcomes for these 6 cases included 2 spontaneous
losses at 23 and 24 weeks of gestation, 1 death in the neonatal
period, 1 infant who survived with hydrocephalus, 1 infant
who survived with hearing loss and abnormal development
to 18 months of age, and 1 survivor with only hearing loss
(Drose et al., 1991).

The postnatal history of intracranial calcifications in
infants with treated congenital toxoplasmosis has been stud-
ied by computed tomography (Patel et al., 1996). In infants
who were treated with appropriate doses of antibiotics, the
majority (75%) of calcifications resolved or diminished.

GENETICS AND RECURRENCE RISK

Fetal intracranial calcifications due to an infectious cause pre-
sumably have a low risk of recurrence. Limited case reports
exist of recurrence of fetal CMV, although reactivation of
CMV infection in a subsequent pregnancy is much less likely
to result in intrauterine infection. If echogenic branching
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thalamic vessels were demonstrated due to trisomy 21 or 13,
the recurrence risk is 1%, or the maternal age–related risk,
whichever is greater.
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10
CHAPTER

Craniosynostosis

Key Points

■ Condition due to premature fusion of cranial
sutures (sagittal, coronal, lambdoid, or
metopic).

■ Incidence is 1 in 2000 livebirths. One of the most
common human malformations.

■ Eighty to ninety percent of cases are isolated,
10%–20% are syndromic.

■ Women with fetuses suspected of having
craniosynostosis should be referred for a detailed
fetal anatomic survey. Sonographers should pay
attention to the fetal hands, midface, heart, and
central nervous system.

■ Differential diagnosis includes Muenke coronal
craniosynostosis, Saethre–Chotzen syndrome,
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Key Points (cont.)

Apert syndrome, Crouzon syndrome, Pfeiffer
syndrome, and many others.

■ DNA diagnosis is available to detect mutations in
the causative genes associated with
craniosynostosis, including FGFR1, FGFR2, FGFR3,
TWIST, and MSX2.

■ Newborns are at risk for difficulties with breathing,
feeding, and vision. Consultation with genetics
and neurosurgery is indicated.

■ Long-term outcome and recurrence risk depend
on identification of a genetic basis through DNA
analysis.

CONDITION

The term craniosynostosis refers to the process of premature
bony fusion of the cranial sutures. The term is frequently used
interchangeably with the word craniostenosis, which techni-
cally refers to the aberrant skull shape that results from the
process of craniosynostosis (Graham, 1981). The weight of
the brain doubles during the first year of life, and enlarge-
ment of the skull vault is distributed among the main cranial
sutures—sagittal, coronal, lambdoid, and metopic. Prema-
ture fusion of a suture leads to reduced growth in the di-
rection perpendicular to the fused suture (Thompson et al.,
1994). Compensatory growth occurs in the remaining nor-
mal sutures. Normally, the cranial sutures are open at birth
and become interdigitated by 7.5 months of age. Cranial su-
tures do not fuse completely until the fourth decade of life
(Graham, 1981).

It is important to determine whether craniosynostosis
is primary or secondary. In primary craniosynostosis, abnor-
mal skull development is genetically determined and alter-
ation in sutural growth is present from birth (Flores-Sarnat,

Table 10-1

Classification of Craniosynostosis

Primary Secondary

Single suture Multiple sutures Storage disorders

Nonsyndromic (simple) Nonsyndromic Syndromic (complex)
Hurler syndrome

Scaphocephaly (sagittal) Brachycephaly (bicoronal) Crouzon

Morquio syndrome

Plagiocephaly (coronal or lambdoid) Apert

Metabolic disorders

Trigonocephaly (metopic) Pfeiffer

Rickets

Saethre–Chotzen

Hyperthyroidism
Hematologic disorders

Polycythemia vera
Thalassemia

Drug teratogens
Diphenylhydantoin
Retinoic acid

Shunted hydrocephalus

From Thompson D, Jones B, Hayward R, Harkness W. Assessment and treatment of craniosynostosis. Br J Hosp Med. 1994;52:17-24.

2002). In primary craniosynostosis, the head of the affected
individual is frequently asymmetric. The brain grows at a
normal rate but must adjust to the confined space. The brain
continues to grow in areas where the sutures are open but
not in areas where the sutures are closed (Lyons-Jones et al.,
1980). Most children affected with primary craniosynostosis
are normal neurologically and benefit from surgery. In sec-
ondary craniosynostosis, brain growth is impaired and most
affected children are neurologically abnormal. In secondary
craniosynostosis, ametabolic, storage, hematologic, or struc-
tural disorder results in microcephaly or otherwise abnor-
mal brain growth (Table 10-1). In evaluating the fetus with
craniosynostosis, it is important to determine whether the
craniosynostosis is isolated (80–90% of cases) or syndromic
(10–20% of cases). More than 150 syndromes have been de-
scribed that include craniosynostosis as an associated feature
(Lajeunie et al., 1995; Warren and Longaker, 2001).

Isolated craniosynostosis generally presents during the
first year of life, and severe neuropsychologic sequelae are
unusual (Meilstrup et al., 1995). In most studies, the sagittal
suture is the most common site for isolated craniosynostosis
(Figure 10-1). This is called “scaphocephaly,” and it results
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Figure 10-1 Prenatal transaxial sonographic image of an iso-
lated suture synostosis, which gives a lemon-like shape to the
cranium.

in a narrow, elongated head. Physical examination reveals a
palpable ridge along the line of the fused suture. Bilateral
coronal craniosynostosis (Figure 10-2) leads to “acrobrachy-
cephaly” and a broad, short head (Flores-Sarnat, 2002). Uni-
lateral coronal craniosynostosis, called “plagiocephaly,” re-
sults in asymmetric flattening of the forehead with loss of the
supraorbital ridge. This condition is best appreciated when
viewed from above the patient. In most reported studies,
the least commonly involved suture is the metopic. This is
called “trigonocephaly,” and produces a keel-shaped forehead
and orbital hypotelorism (Thompson et al., 1994). The klee-
blattschädel deformity, also described as a cloverleaf skull, has
a more symmetric trilobar appearance, which results from
premature synostosis of the coronal and lambdoidal sutures
(Meilstrup et al., 1995).

Figure 10-2 Prenatal sonographic image of a fetus at 24 weeks
with bilateral coronal craniosynostosis.

INCIDENCE

Craniosynostosis is one of the most common human mal-
formations, with an incidence of approximately 1 in 2000
livebirths (Shuper et al., 1985; Lajeunie et al., 1995; Van der
Ham et al., 1995). Craniosynostosis is associated with ad-
vanced paternal age (Lajeunie et al., 1995), maternal smok-
ing, and higher altitudes (Alderman et al., 1994, 1995). In
a study of 154 patients at Johns Hopkins Hospital followed
over a 2-year period, Van der Kolk and Beatty (1994) found
that 78% of affected patients had only one suture involved,
whereas 16% of patients had multiple sutures involved. Of
these 154 patients, 94% had isolated craniosynostosis and
6%had complexor syndromic craniosynostosis. In this study,
secondary synostosis occurred in four patients as a result of
microcephaly or following complications of ventriculoperi-
toneal shunt placement (Van der Kolk and Beatty, 1994).
Craniosynostosis occurs in all ethnic and racial groups.

Of the syndromic craniosynostoses, the most common
are Saethre–Chotzen syndrome (Lewanda et al., 1994) and
Muenke coronal craniosynostosis (Muenke et al., 1997). The
next most common is Crouzon syndrome, with an incidence
of 1 per 25,000 livebirths (Leo et al., 1991). Apert syndrome,
with its distinctive craniofacial and digital abnormalities,
occurs in 1 per 65,000 to 160,000 livebirths (Chenowith-
Mitchell and Cohen, 1994; Moloney et al., 1996). Apert syn-
drome is associated with advanced paternal age (Moloney
et al., 1996).

SONOGRAPHIC FINDINGS

Prenatal sonographic evaluation of the fetus in which cran-
iosynostosis is suspected should include examination of

1. the symmetry of the calvarium contour (coronal views
through temporal lobes and orbits);

2. the continuity of the calvarium to exclude encephalocele;
3. the size and shape of the orbits;
4. the cerebral ventricles;
5. the brain parenchyma;
6. the overall head size;
7. the remainder of fetal anatomy by detailed sonography

(Meilstrup et al., 1995).

The most important consideration in the sonographic
examination is the distinction between isolated and syn-
dromic craniosynostosis. For most of the conditions associ-
ated with craniosynostosis, long-bone growth is within nor-
mal limits. It is particularly important to evaluate the fetal
hands and feet, the central nervous system, and the heart.

In most published reports of prenatal diagnosis of
craniosynostosis, the diagnosis was not made until the third
trimester, unless a family history was present for one of the
associated syndromes. In one report, 16 fetuses at risk for
craniosynostosis were referred to a fetal medicine unit be-
cause of a positive family history (Delahaye et al., 2003). Serial
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Figure 10-3 Prenatal sonographic image of a fetus at 23 weeks’
gestation with Apert syndrome, demonstrating bilateral coro-
nal suture synostosis and a tower-like shape of the skull (turri-
cephaly).

sonographic examinations were performed at 12, 22, and 32
weeks of gestation. In all cases, postnatal diagnosis agreed
with the third trimester (and, in a few cases, second trimester)
diagnosis. Craniosynostosis was diagnosed when there was a
loss of hypoechogenicity of the normal suture. Sutures were
examined along their entire length.Dysmorphology and skull
deformity preceded closure of the sutures by 4 to 16 weeks.

Fetuses at risk forApert syndrome (Figure 10-3) should
be evaluated for abnormalities of the hands (syndactyly),
proptosis, congenital heart defects, agenesis of the corpus
callosum, and abnormalities of the limbic structures of the
brain (de León et al., 1987; Skidmore et al., 2003; Hansen
et al., 2004). At least one case has been reported of Apert
syndrome presenting as fetal hydrocephalus, although the
presence of hydrocephalus is considered controversial (Kim
et al., 1986). Some authors prefer to use the term distortion
ventriculomegaly to indicate that the apparent abnormalities
in fluid are the result of the misshapen brain (Cohen and
Kreiborg, 1993b). One case of Apert syndrome presenting as
nuchal-fold thickening as early as 12 weeks of gestation has
been described (Chenowith-Mitchell and Cohen, 1994). This
fetus did not demonstrate any additional sonographic abnor-
malities until after 26 weeks of gestation, when an abnormal
head shape was first noted. By 29 weeks of gestation, the fetal
skull was demonstrated to have prominent parietal lobes, and
for the first time, lack of separate fetal finger movement was
noted. This latter finding of the absence of distinct and sepa-
ratemovements of the fingers and toes is considered to be one
of the hallmarks of Apert syndrome (Hill et al., 1987). Three-
dimensional (3-D) sonographic imaging has been shown to
be useful in the diagnosis of a sporadic case of Apert syn-
drome, specifically by demonstrating a widely open metopic
suture and bilateral fusion of the coronal sutures (Esser et al.,
2005).

Pfeiffer syndrome is characterized by coronal cran-
iosynostosis, midface hypoplasia, and broad thumbs and

great toes. There are three clinical subtypes: type I is the
mildest presentation, type II is the most severe, and type III
is intermediate. Type II is associated with a cloverleaf-shaped
skull, severe ocular proptosis, midface hypoplasia, radially
deviated digits, and occasional ventriculomegaly (Benacer-
raf et al., 2000). Several cases of the sonographic diagnosis
of Pfeiffer syndrome, type II, with molecular confirmation,
have been reported in the literature (Benacerraf et al., 2000;
Blaumeiser et al., 2004; Gorincour et al., 2005).

DIFFERENTIAL DIAGNOSIS

Whenever craniosynostosis is considered in a fetus, an at-
tempt should bemade to rule out encephalocele (see Chapter
12) and the presence of an intracranial mass. Craniosynosto-
sis is associated with abnormalities of chromosomes 5p, 7p,
and 13q, single-gene disorders, and rare teratogens, such as
aminopterin.

The most common conditions associated with syn-
dromiccraniosynostosis includeSaethre–Chotzen syndrome,
which includes craniosynostosis, facial asymmetry, low
frontal hairline, ptosis, a deviated nasal septum, brachy-
dactyly, andpartial cutaneous syndactylyof the toes (Lewanda
et al., 1994). Saethre–Chotzen syndrome is dominantly inher-
ited, but in some families the features are so mild that they
may go unrecognized.

Arelatively recently identified syndrome,Muenkecoro-
nal craniosynostosis, has significant clinical overlap with
Saethre–Chotzen syndrome (Vajo et al., 2000). It is also quite
common. There is considerable phenotypic variability in this
condition and mild cases may be missed. Affected individu-
als have coronal craniosynostosis, and mild abnormalities of
the hands and feet, including carpal and tarsal fusion, brachy-
dactyly, thimble-likemiddle phalanges, and cone-shaped epi-
physes.Additionalfindings include sensorineuralhearing loss
and developmental delay (Muenke et al., 1997). This condi-
tion is also dominantly inherited.

The next most common syndrome associated with
craniosynostosis is Crouzon syndrome, which includes coro-
nal craniosynostosis, maxillary hypoplasia, shallow orbits,
and ocular proptosis. This condition was first described in
1912 in an affected mother and daughter (Leo et al., 1991).
Crouzon syndrome is distinguished from some of the other
syndromes by the absence of abnormalities in the hands and
feet. The essential features of this syndrome are limited to
the skull and face, resulting in brachycephaly and orbital hy-
poplasia (Thompson et al., 1994).

Less common syndromes in the differential diagnosis
include Jackson–Weiss, Pfeiffer (types I, II, III) and Carpen-
ter. Jackson–Weiss syndrome was first described in an Amish
kindred with more than 130 affected family members. The
characteristic findings of Jackson–Weiss syndrome include
craniosynostosis, maxillary retrusion, frontal prominence,
hypotelorism, strabismus, and in general, anomalies of the
feet but not the hands. The characteristic anomalies of the
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feet include medial deviation of the big toes and partial syn-
dactyly of the first web space (Stankovic et al., 1994). Pfeiffer
syndrome has three forms. There is a relatively benign form,
known as the type I, which consists of an acrocephalic skull
due to bicoronal synostoses. Affected patients have broad
thumbs and great toes and soft tissue syndactyly. Like many
of the other syndromes associated with craniosynostosis,
affected patients have hypotelorism, maxillary hypoplasia,
low-set ears, and normal intelligence (Hill and Grzybeck,
1994). Two other subgroups of patients with Pfeiffer syn-
drome had extreme proctosis and hydrocephalus. These pa-
tients have a uniformly poor outcome and are distinguished
fromeachother as the type II formwith thecloverleaf skull de-
formity and the type III form without the cloverleaf skull de-
formity (Moore et al., 1995). The kleeblattschädel, or clover-
leaf, skull deformity is also associated with thanatophoric
dysplasia (see Chapter 90). Of all patients with the clover-
leaf skull deformity, 20% are due to Pfeiffer syndrome and
40% are due to thanatophoric dysplasia (Hill and Grzybeck,
1994). In Carpenter syndrome, affected patients have acro-
cephaly, soft-tissue syndactyly, radial/tibial polydactyly, con-
genital heart disease, and mental retardation. In Baller–
Gerold syndrome, affectedpatients have craniosynostosis and
radial/tibial upper-limb malformations (see Chapter 106)
(Boudreaux et al., 1990).

Patients with the Apert syndrome, first described in
1906, have a shortened anterior–posterior diameter of the
skull with a high, full forehead, flat occiput, flat facies, shal-
low orbits, hypotelorism, osseous and cutaneous syndactyly,
andassociatedanomalies (Figures10-3and10-4).Tenpercent
of patients have cardiovascular abnormalities, and approxi-
mately 10% have genitourinary anomalies, most commonly
hydronephrosis and cryptorchidism (Cohen and Kreiborg,
1993b). One of the most characteristic findings of patients
affected with Apert syndrome includes the complete digital
fusion of the soft tissues of the digits 2, 3, and 4, which cre-
ates a mid-digital hand mass with a single common nail (see
Figures 105-1 to 105-4).

ANTENATAL NATURAL HISTORY

The cranium develops as islands of bone within a fibrous
membrane called the “ectomenix.” The wedge-shaped
proliferation of cells at the periphery is called the “osteogenic
front.” When osteogenic fronts come in close proximity to
each other, a suture develops. The suture allows spatial sep-
aration of cranial bones during growth. The suture includes
fibrous tissue defined radiographically by lucency andby pro-
liferating osteogenic tissue on the periphery of the bone. The
cranial sutures consist of five layers including two cambial
and two periosteal layers separated by amiddle vascular layer.
The suture allows bone growth at sutural margins secondary
to distant forces separating sutures (Van der Kolk and Beatty,
1994).

Figure 10-4 Fetus from Figure 10-3 after termination, demon-
strating turricephaly and a wide open metopic suture. Prena-
tal sonograms and post-termination photographs of this fetus’
extremities are shown in Figures 105-1 to 105-4.

The antenatal natural history for fetuses affected with
craniosynostosis dependsonwhether the condition is isolated
or syndromic. In general, fetuseswith isolated craniosynosto-
sis grow and develop normally. Fetuses with syndromic cran-
iosynostosis are also generally normal, if not sometimes large
for gestational age. There is no evidence that any of these
syndromes are associated with increased lethality in utero.

MANAGEMENT OF PREGNANCY

Oneof themost important considerations in themanagement
of pregnancy is to obtain a detailed family history. Both par-
ents should be examined for the presence of facial asymmetry
or for partial syndactyly of the fingers or toes. These findings
are consistent with themildest expression of some of the syn-
dromic craniosynostoses. It is also important to remember
that parents affected with one of the syndromic craniosynos-
toses may have had extensive plastic surgical repair and will
therefore have a relatively normal appearance.

We recommend referral of the pregnant patient carry-
ing a fetus with presumed craniosynostosis to a tertiary care



97

Chapter 10 Craniosynostosis

center capable of targeted sonographic examination of the
fetus. It is particularly important to rule out the presence of
associated hand and foot abnormalities as well as the more
serious cardiovascular abnormalities that can be present in
some of these syndromes. If there is a positive family history
of isolated craniosynostosis, no further work-up is necessary.
If, however, the family history is negative, we recommend
prenatal karyotyping to rule out chromosomal abnormalities
associatedwithcraniosynostosis (FryburgandGolden, 1993).
Furthermore, in the setting of a negative family history, if ad-
ditional sonographic findings suggest a syndromic diagnosis,
it is important that the parents meet with a medical geneti-
cist to discuss the implications of the potential diagnoses and
perform molecular diagnosis. Many of the syndromic cran-
iosynostoses are associated with normal intelligence; how-
ever, Apert syndrome is associated with a significant chance
of developmental delay.

Fetalmagnetic resonance imaging (MRI) has beenused
to confirm cranial abnormalities in a case of Apert syndrome
(Boog et al., 1999). If the diagnosis ismade before 24weeks of
gestation, parents can be given the option of terminating the
pregnancy. If the diagnosis is made in the third trimester, we
recommend that the delivery occur in a tertiary care center
because of the possibility of associated feeding and breathing
difficulties in the neonate. In addition, it will be important
for a medical geneticist to examine the infant after birth to
confirm the presumed clinical diagnosis and perform confir-
matorymolecular diagnosis testing. Fetuseswith skull abnor-
malities suggesting a head circumference larger than normal
may need to be delivered by cesarean section.

FETAL INTERVENTION

In utero correction of craniosynostosis is not recommended
(Warren and Longaker, 2001).

TREATMENT OF THE NEWBORN

Infants with suspected craniosynostosis should have a de-
tailed physical examination at birth. Some of the associated
physical findings in the syndromic craniosynostosis are listed
in Table 10-2. Anteroposterior and lateral views of the skull
should be obtained. On radiography, the prematurely fused
suture is either completely absent or represented by a line of
increased density. In cases of coronal synostosis, the so-called
harlequin appearance of the orbit is due to elevation of the
ipsilateral sphenoid wing. Physical examination of the infant
should be performed in consultation with a clinical geneti-
cist to seek specific evidence of associated abnormalities. For
example, 30% of infants affected with Apert syndrome have
submucous cleft palate (Mulliken and Bruneteau, 1991). Fur-
thermore, geneticists facilitate molecular testing to provide a
definitive diagnosis. This is important even in the setting of

Table 10-2

Differential Diagnosis of Craniosynostosis

Chromosome Abnormalities

5p+

7p−

13q−

Single-Gene Disorders Pattern of Inheritance

Apert syndrome Autosomal dominant
Crouzon syndrome Autosomal dominant
Pfeiffer syndrome Autosomal dominant
Saethre–Chotzen syndrome Autosomal dominant
Carpenter syndrome Autosomal dominant
Jackson–Weiss syndrome Autosomal dominant
Christian syndrome Autosomal recessive
Summitt syndrome Autosomal recessive
Baller–Gerold syndrome Autosomal recessive
Gorlin–Chaudhry-Moss Autosomal recessive

syndrome

Teratogen

Aminopterin

isolated unilateral coronal craniosynostosis (Mulliken et al.,
2004). In one study, mutations in FGFR2,3 or TWIST were
found in 8 of 47 patients studiedwith unilateral coronal cran-
iosynostosis. Detection of amutation was shown to influence
the type of surgical repair (Mulliken et al., 2004).

For patients with suspected syndromic craniosynosto-
sis, computed tomographic (CT) and MRI examinations are
recommended to check for brain parenchymal abnormalities
and for the presence of hydrocephalus.

Treatment of the affected newborn includes an assess-
ment of four main functional areas: breathing, feeding, vi-
sion, and complications of increased intracranial pressure. In
infants affected with syndromic craniosynostosis, the max-
illary hypoplasia responsible for midface abnormalities re-
duces nasal and postnasal volume (Thompson et al., 1994).
Foreshortening of the skull base, palatal arching, and choanal
stenosis further compromise the upper airway. Thehindbrain
contents can herniate through the foramen magnum. Pedia-
tricians should note the affected infant’s respiratory rate and
work of breathing, monitor oxygen saturation, and consider
nasal stents or nasal prongs, or even tracheostomy to prevent
airway obstruction. The role of continuous positive airway
pressure (CPAP) is being investigated for affected infants.
MRI of the trachea can also be considered.

The anatomic abnormalities that affect breathing also
canaffect feeding. Infants shouldbeevaluated for thepresence
of cleft palate. Oropharyngeal coordination during sucking
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and swallowing can be amajor problem. A careful assessment
should be made of feeding capabilities; feeding by gastros-
tomy tube can be considered.

One third of children with craniosynostosis have in-
creased intracranial pressure. This is especially a problem in
children who have multiple suture synostosis or syndromic
synostosis (Thompson et al., 1994). Because intelligence quo-
tient (IQ)anddevelopment canbeaffected, someauthors rec-
ommendmeasurement of the intracranial pressure (Thomp-
son et al., 1994). This helps to plan the timing of the surgical
repair. Intracranial pressure can bemeasured by insertion of a
subdural pressure transducer with pressure recordings made
over a 24-hour period.

In patients with syndromic craniosynostosis who have
proptosis, the globes are predisposed to infection, corneal
ulceration, and recurrent prolapse of the orbital contacts. Ex-
cessive drying of the eyes may necessitate the use of artifi-
cial tears. Patients with severe proptosis are generally treated
surgically.

SURGICAL TREATMENT

The primary objective of surgery is to allow adequate brain
growth within the first 12 months of life. The secondary ob-
jective is to improve the patient’s appearance. The optimal
timing for surgical treatment of craniosynostosis is under de-
bate. If evidence exists for symptomatic increased intracranial
pressure (such as bulging fontanelles, or progressive optic
atrophy), most surgeons would intervene as soon as possi-
ble (Warren and Longaker, 2001). In general, surgical repair
consists of three phases: (1) suture release, cranial vault de-
compression, and upper orbital advancement at ages 6 to
12months; (2) craniofacial surgery to correctmidface abnor-
malities at ages 6 to 12 years; and (3) orthognathic surgery at
ages 14 to 18 years (Warren and Longaker, 2001).

For patients who have isolated (simple) craniosynos-
tosis, a single definitive operation performed during the first
year of life produces excellent cosmetic results in 93% of af-
fected patients (Whitaker et al., 1987; Thompson et al., 1994).
For patients with scaphocephaly, a strip craniectomy is per-
formedwith a widemargin of excision. For patients with pla-
giocephaly and trigonocephaly, the frontal bones are removed
and supraorbital ridges are adjusted via a bifrontal cran-
iotomy (Thompson et al., 1994). Complications of surgery
include bony infection, meningitis, aspiration pneumonia,
and postoperative development of encephalocele (Whitaker
et al., 1987).

For patients affected with syndromic craniosynostoses,
a multidisciplinary assessment is recommended. The identi-
fication and control of elevated intracranial pressure is cen-
tral to the planning of surgery. Most surgeons recommend
an initial cranial vault expansion, followed by midface ad-
vancement to reduce maxillary hypoplasia. For patients af-
fected with Apert syndrome, the surgery is typically staged.
However, in Apert syndrome, only the coronal sutures are

fused from the base upward; the sphenozygomatic, sphe-
notemporal, lambdoidal, and occipital mastoid sutures are
all radiologically patent at birth. For individuals affectedwith
Apert syndrome, the coronal sutures are released initially and
frontal bone advancement occurs at 3 to 6 months of age
(Mulliken and Bruneteau, 1991). The purpose of this initial
surgery is to decompress the intracranial space, to protect
proptotic globes, and to perform the initial construction of
a normal-appearing supraorbital and frontal configuration.
It is important for prospective parents to recognize that the
syndromic craniosynostoses are more complicated than the
isolated craniosynostoses. For most of the syndromes, ini-
tial decompression surgery is followed by plastic surgery in
adolescence.

LONG-TERM OUTCOME

The long-term outcome depends on whether the craniosyn-
ostosis was simple or complex. In one study of 56 children
with craniosynostosis, Noetzel et al. (1985) studied 27 pa-
tients with simple craniosynostosis. None of these patients
had hydrocephalus on CT scan. Seventeen of 27 patients with
simple craniosynostosis had average intelligence. An addi-
tional 6 had intelligence in the low average range, and 1 was
developmentally delayed. This individual also had a history of
perinatal depression.These authorsnoted thathydrocephalus
occurred more frequently in complex craniosynostosis,
specifically in affectedpatientswithPfeiffer andCrouzon syn-
dromes. Of the 25 patients in the study who had complex or
syndromic craniosynostosis, 19 had normal intelligence.

For most of the conditions associated with craniosyn-
ostosis, long-bone growth and pubertal development occur
normally (Cohen and Kreiborg, 1993a). An additional com-
plicationof the complexcraniosynostosis syndromes includes
middle-ear infections (Kaplan et al., 1991). An unusual long-
term complication of Apert syndrome is the presence of se-
vere acne, which extends down to the forearm (Kaplan et al.,
1991). This localized acne is now known to be due to a muta-
tion in the fibroblast growth factor receptor 2 (FGFR2) gene
(Munro andWilkie, 1998). PatientswithApert syndromealso
have excessive sweating.

GENETICS AND RECURRENCE RISK

All fetuses suspected of having craniosynostosis should have
a detailed family history taken by a trained geneticist. Of 154
patients studied at John Hopkins Hospital, only 2.5% with
isolated synostosis hadapositive familyhistory. In contrast, in
patients affected with one of the syndromic craniosynostosis
conditions, 50% had a positive family history (Van der Kolk
and Beatty, 1994).

The first syndrome associated with craniosynostosis to
be identified at the molecular level was a relatively rare form
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of craniosynostosis known as the “Boston type.” This condi-
tion is characterized by high penetrance and variable expres-
sion.Affectedpatients have a variety of phenotypes, including
frontal orbital recession to pansynostosis to a cloverleaf skull
deformity (Warman et al., 1993). Later that year Jabs et al.
demonstrated that this condition was due to a substitution of
histidine for a proline in the MSX2 homeobox, which created
a gain-of-function mutation. Overexpression of MSX2 pre-
vented osteoblast differentiation and mineralization of the
extracellular matrix (Jabs et al., 1993).

The fibroblast growth factor receptor types 1, 2, and
3 genes are all involved in the molecular etiology of many
of the conditions that cause craniosynostosis, specifically
Apert, Crouzon, Jackson–Weiss, Pfeiffer,Muenke, andBeare–
Stevenson syndromes (Li et al., 1994; Jabs et al., 1994;
Gorry et al., 1995; Rutland et al., 1995; Wilkie, 2005).
FGFRs are signal-transduction molecules that cross the cell
membrane. All FGFRs share a similar structure in their
molecular sequence, which consists of three extracellular
immunoglobulin-like domains (IgI, IgII, and IgIII), a single-
pass transmembrane segment, and a split tyrosine kinase do-
main (TK1/TK2) (Kan et al., 2002).

FGFR2 encodes a cell membrane receptor protein.Mu-
tations in a single exon (IIIc) have been associated with three
different phenotypes. The more severe phenotype associated
with Apert syndrome has beenmapped to exon IIIu. Themu-
tation spectrumofApert syndrome is suprisingly narrow. In a
study of 118 unrelated patients with Apert syndrome, all had
one of two specific cytosine-to-guanine transversions in the
FGFR2 gene on chromosome 10. Furthermore, in every case
the mutation arose from the father (Moloney et al., 1996).

Themutational spectrum of FGFR2 is relatively narrow, with
distinct mutations occurring in a limited number of exons
(Kan et al., 2002). In a prospective study of 259 patients with
craniosynostosis, the IgIIIa/IIIc region of the gene was shown
to be a genuine mutation hotspot (Kan et al., 2002). Investi-
gators have also shown that Pfeiffer syndrome is genetically
heterogenous. It is causedbymutations in twodifferent genes,
the FGFR1 gene, located on the short arm of chromosome 8,
and FGFR2 gene located on the long arm of chromosome
10 (Muenke et al., 1994; Schell et al., 1995). Muenke coronal
craniosynostosis and a specific subtype ofCrouzon syndrome
with acanthosis nigricans are both caused by mutations in
FGFR3 (Vajo et al., 2000). In newly occurring cases in fami-
lies, FGFR3 mutations exclusively occur on the paternal copy
of chromosome 4 and are associated with advanced paternal
age (Rannan-Eliya et al., 2004).

The gene for Saethre–Chotzen syndrome has been
mapped to 7p21 (Rose et al., 1994; van Herwerden et al.,
1994). Saethre–Chotzen syndrome is caused by mutations
in TWIST, a basic helix-loop-helix transcription factor
(Howard et al., 1997). Drosophila embryos that lack the
TWIST protein have a “twisted” appearance. Haploinsuf-
ficiency for this gene is the pathogenetic mechanism for
this condition (Johnson et al., 1998). More than 35 mu-
tations in TWIST have been described in individuals with
Saethre–Chotzen syndrome (Paznekas et al., 1998). TWIST
mutations are also the underlying basis for Baller–Gerold
syndrome, which manifests as craniosynostosis and radial
aplasia.

The known genes identified in the syndromic cran-
iosynostoses are listed in Table 10-3. A summary of the

Table 10-3

Genes Involved in the Syndromic Craniosynostoses

Gene Syndrome Mode of Inheritance Chromosomal Location

FGFR1 Pfeiffer (mild) AD 8p11.2

FGFR2 Apert AD 10q26
Beare–Stevenson AD 10q26
Crouzon AD 10q26
Jackson–Weiss AD 10q26
Pfeiffer (severe) AD 10q26

FGFR3 Muenke coronal craniosynostosis AD 4p16.3
Crouzon with acanthosis nigricans AD 4p16.3

MSX2 Boston-type craniosynostosis AD 5q34-q35

TWIST Saethre–Chotzen AD 7p21
Baller–Gerold AD 7p21

AD = autosomal dominant.
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Table 10-4

Molecular Basis of Syndromic Craniosynostosis

Condition Gene Amino Acid Substitution

Craniosynostosis, Boston type MSX2 Pro7His

Greig cephalopolysyndactyly GLI3 —

Saethre–Chotzen syndrome TWIST Many

Crouzon syndrome FGFR2 Exon 9(B) Tyr328Cys
Gly338Arg
Tyr340His
Cys342Ser
Cys342Arg
Cys342Tyr
Cys342Trp
Ala344Ala
Ala344Gly
Ser347Cys
Ser354Cys

Exon 7(U) Cys278Phe
Deletion His, lle, Glu 287-289
Gln289Pro
Trp290Arg

Pfeiffer syndrome FGFR1 Exon 5 Pro252Arg
FGFR2 Exon 9(B) Cys342Arg

Cys342Tyr
Thr341Pro
Asp321Ala
Acceptor splice site

Jackson–Weiss syndrome FGFR2 Exon 9(B) Ala344Gly
Others?

Apert syndrome FGFR2 Exon 7(u) Ser252Trp
Pro253Arg
Others?

Thanatophoric dysplasia, type II FGFR3 Lys650Glu

molecular mutations discovered to date in the craniosynos-
tosis syndromes is given in Table 10-4.

Adult individuals affected with one of the craniosyn-
ostosis syndromes should have DNA analysis to determine
their specific mutation prior to contemplating pregnancy.
If the underlying mutation responsible for their disorder is
identified, prenatal diagnosis is available for them on fetal
tissue obtained by chorionic villus sampling (CVS) or am-
niocentesis. The advantage of DNA testing is that the di-
agnosis is available earlier in gestation than by sonographic

examination and it is more definitive. Adult individuals af-
fected with one of the syndromic craniosynostoses will have
a 25% or 50% risk of recurrence, depending on the specific
syndrome. In theory, unaffected individuals with a prior af-
fected child do not have an increased incidence of recur-
rence above the underlying background risk, although go-
nadal mosaicism is a small possibility. For patients with
a negative family history, prenatal sonographic diagnosis
in subsequent pregnancies is warranted to provide reassur-
ance.
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11
CHAPTER

Dandy–Walker
Malformation and Variants

Key Points

■ Dandy–Walker malformation refers to the
combination of hypoplasia of the cerebellar
vermis, cystic dilation of the fourth ventricle
communicating with the cisterna magna, and
increase in size of the posterior fossa.

■ Related conditions include Dandy–Walker variant
(varying hypoplasia of the inferior vermis without
enlargement of fourth ventricle or cisterna
magna), mega cisterna magna (enlarged cisterna
magna in the setting of normal vermis), and Blake’s
pouch cyst (extension of the fourth ventricle into
the cisterna magna, represented by septae within
the cisterna magna).

■ Some authors feel that there is no role in
differentiating Dandy–Walker malformation and

variant, as both can be associated with CNS and
non-CNS malformations, aneuploidy, and adverse
neurological outcome.

■ False-positive diagnoses of Dandy–Walker
malformation are possible, especially if noted
before 18 weeks, or if the abnormality is confined
to the cerebellar vermis alone.

■ Following diagnosis, a detailed search for other
CNS and non-CNS malformations is required,
including prenatal MRI, and karyotype analysis.

■ Other than multidisciplinary counseling, no other
alterations to standard obstetric care are
indicated.

CONDITION

The Dandy–Walker malformation is a nonspecific congenital
brain malformation that results from a number of diverse
causes. There are two principal features of the Dandy–Walker
malformation: aplasia or hypoplasia of the cerebellar vermis
and posterior fossa cysts that represent cystic dilatation of the
fourth ventricle (Nyberg et al., 1988).

The first case of Dandy–Walker malformation was re-
ported in 1887 (Murray et al., 1985). In 1914, Blackfan and
Dandy described a hindbrain abnormality in a patient with
cystic dilatationof the fourth ventricle, hypoplasia of the cere-
bellar vermis, separation of the cerebellar hemispheres, and
absence of the lateral andmedian apertures of the fourth ven-
tricle (cited in Chang et al., 1994). The term Dandy–Walker
malformation was first used in 1954, combining case reports
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of Blackfan and Dandy, and a subsequent report of Taggart
and Walker (Chen and Chu, 1994).

TheDandy–Walkermalformationoriginates before the
6th or 7th week of embryonic development (Russ et al.,
1989). Themalformationmay occur in single-gene disorders,
in chromosomal abnormalities, in environmentally induced
malformation syndromes, or in conjunction with other mul-
tifactorial anomalies (Cornford and Twining, 1992).

The full Dandy–Walker malformation consists of com-
plete vermian agenesis, cystic dilatation of the fourth ventri-
cle that communicates with an enlarged cisterna magna, and
an enlarged posterior cranial fossa. While obstructive hydro-
cephalus is nearly always an associated finding postnatally, it
is usually not present prenatally (Niesen, 2002). It is unclear if
suchhydrocephalus is due to failure of the foraminaof Lushka
and Magendie to open, or to some other embryological dis-
ruption.

The full Dandy–Walker malformation is sometimes
distinguished from the Dandy–Walker variant and mega cis-
ternamagna (Chen andChu, 1994). TheDandy–Walker vari-
ant consists of variable hypoplasia of the cerebellar vermis,
without enlargement of the posterior fossa. There is usu-
ally a communication between the fourth ventricle and the
cisterna magna. Ventricular dilatation may or may not be
present and the cerebellar hemispheres are generally within
normal limits (Estroff et al., 1992; Bromley et al., 1994). In
mega cisterna magna (greater than 10 mm in anteroposte-
rior dimension), an enlarged cisterna magna is present with
a normal cerebellar vermis and fourth ventricle (Estroff et al.,
1992). While many authors have tried to distinguish between
Dandy–Walker malformation and its variant to better de-
lineate the expected prognosis for the affected fetus, it is
unclear how useful this is in clinical practice. In one series
of 50 cases of Dandy–Walker malformation and 49 cases of
Dandy–Walker variant, the incidence of additional CNS and
non-CNS anomalies, and the incidence of karyotypic abnor-
malities, were similar in both groups (Ecker et al., 2000).
Some authors feel that the termDandy–Walker variant is im-
precise and should not be used, and the preferred descriptive
term “cerebellar hypoplasia” be used instead (Niesen, 2002).
Others consider Dandy–Walker variant to be little more than
a variant of normal (Patel and Barkovich, 2002).

A further normal anatomic entity, referred to as Blake’s
pouchcyst, is formed fromthenormaldorsal expansionof the
fourth ventricle into the cisterna magna, and is detected pre-
natally by transverse lines, or septa, within the cisternamagna
behind the cerebellar vermis (Robinson andGoldstein, 2006).
This finding may be associated with development of symp-
toms such as headache and recurrent loss of consciousness
(Calabro et al., 2000).

INCIDENCE

Dandy–Walker malformation occurs in at least 1 in 5000
liveborn infants (Parisi andDobyns, 2003). In a series of post-

natally ascertainedDandy–Walkermalformation, it occurred
in 12% of cases of congenital hydrocephalus and 2% to 4% of
cases of childhood-onset hydrocephalus (Murray et al., 1985;
Chen and Chu, 1994).

SONOGRAPHIC FINDINGS

Amajor consideration in thediagnosisofDandy–Walkermal-
formation is gestational age. Although Dandy–Walker mal-
formation has been diagnosed in the first trimester (Achiron
andAchiron, 1991;Gembruchet al., 1995;Nizard et al., 2005),
a false-positive diagnosis can be made at gestational ages of
less than 18 weeks. Bromley et al. (1994) prospectively eval-
uated 897 fetuses between 13 and 21 weeks of gestation to
determine the normal development of the fetal cerebellum. A
total of 147 fetuses were shown to have an open vermis at the
time of initial scanning, of which 56% were open at 14 weeks
of gestation, 23% were open at 15 weeks of gestation, and
6% remained open at 17 weeks of gestation. After 17.5 weeks
of gestation, all fetuses were noted to have a closed vermis.
These authors concluded that prenatal diagnosis of cerebel-
lar malformations, in particular subtle findings such as the
Dandy–Walker variant, should not be made at less than 18
weeks’ gestation because development of the cerebellar ver-
mis may be incomplete. True Dandy–Walker malformations
are usually visible earlier in gestation, because the cerebellar
hemispheres are hypoplastic and laterally displaced, and in
addition, a cyst can be visualized (Figure 11-1).

The sonographic features of theDandy–Walkermalfor-
mation include a central cyst communicating with the fourth
ventricle, agenesis or hypoplasia of the cerebellar vermis, and
splaying of the cerebellar hemispheres with anterolateral dis-
placement against the tentorium, thereby enlarging the pos-
terior fossa (Russ et al., 1989). In a study of 15 prenatally

Figure 11-1 Transaxial sonogram of a fetal head demonstrating
a posterior fossa cyst with cleft of the cerebellar vermis.
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diagnosed cases of Dandy–Walker malformation, the antero-
posterior diameter of the posterior fossa cyst was between 7
and 45 mm, with most being >10 mm (Russ et al., 1989).
Macrocephaly was seen in 3 of 15 cases (20%), and there
were additional brain anomalies in 68% of cases. Agenesis
of the corpus callosum was seen in 7% to 17% of cases. In
this study, extracranial anomalies were present in 60% of fe-
tuses studied, including involvementof thecardiac, genitouri-
nary, gastrointestinal, and skeletal systems. Of the 12 fetuses
whohadkaryotyping, one-thirdwere abnormal. Similarfind-
ings were noted by Nyberg et al. (1988), who reviewed seven
proven cases of prenatally diagnosed Dandy–Walker malfor-
mation. Of the seven patients, five had hydrocephalus, four
had multiple malformations, and two of these had abnormal
karyotypes. These authors concluded that the presence of a
Dandy–Walkermalformation should prompt a careful search
for concurrent abnormalities and consideration of a kary-
otype. In another study of 78 cases of prenatally diagnosed
Dandy–Walker malformation, almost 20% had an associated
karyotypic abnormality (Has et al., 2004).

Diagnostic criteria for Dandy–Walker variant are quite
unclear, with some suggesting that this term should no longer
be used as it does not appear to be predictive of outcome
(Niesen, 2002; Patel and Barkovich, 2002). The sonographic
criteria for theDandy–Walker variant include partial or com-
plete absence of the cerebellar vermis (Figure 11-2), with
near normal-sized cerebellar hemispheres. The sonographic
continuity between the fourth ventricle and the cisterna
magna gives the appearance of a cleft (Estroff et al., 1992).
In one study of 17 cases of Dandy–Walker variant, 4 fetuses
also had ventriculomegaly and 3 had agenesis of the corpus
callosum (Estroff et al., 1992). Almost half of the affected
fetuses had other non-CNS abnormalities, including con-
genital heart disease, gastrointestinal malformations, renal
malformations, and intrahepatic calcifications. Additionally,
the presence of the Dandy–Walker variant was associated

Figure 11-2 Transaxial sonogram demonstrating cleft of the
cerebellar vermis and splaying of the cerebellar hemispheres.

with a high incidence (29%) of abnormal karyotype (Estroff
et al., 1992). In contrast, a recent study of 19 cases of Dandy–
Walker variant, diagnosed strictly as isolated inferior vermian
hypoplasia by prenatal MRI, demonstrated near normal out-
come (Limperopoulos et al., 2006). This would underscore
the importanceofusing strict prenatal diagnostic criteria, and
perhaps using the term isolated inferior vermian hypoplasia
for the select cases previously referred to as Dandy–Walker
variant.

The appearance of the cisterna magna has taken on in-
creasing importance over recent years (Pretorius et al., 1992).
The effacement of the cisternamagna gives the “banana sign”
of the cerebellum seen in myelomeningocele (see Chapter 19
and Figure 19-2). A small cisterna magna implies an associ-
ated neural tube defect and a Chiari II malformation. In con-
trast, however, an enlarged cisterna magna can be associated
with a Dandy–Walker cyst, cerebellar hypoplasia, and com-
municating hydrocephalus (Pretorius et al., 1992). Nyberg
et al. (1991) studied 33 fetuses with the sonographic appear-
ance of an enlarged cisterna magna. Of these 33 fetuses, 18
(55%) had underlying chromosomal abnormalities. Interest-
ingly, the absence of hydrocephalus and milder enlargement
correlated more strongly with the presence of an underly-
ing chromosomal abnormality. The negative correlation be-
tween ventriculomegaly and chromosomal abnormality was
also seen in another study (Chang et al., 1994). These authors
tried to distinguish the prognosis based on the sonographic
appearance of the fetal vermis. They reviewed sonographic
findings in 65 fetuses with Dandy–Walker malformation. Of
these, 37 had inferior vermian agenesis, or themilder form of
the disorder, and 28 had complete vermian agenesis. Chro-
mosomal abnormalities were seen in 23 of the 51 fetuses who
were karyotyped (45%). Chromosomal abnormalities were
lessprevalent among fetuseswithventriculomegaly.Extracra-
nial abnormalities were seen in 66% of fetuses with inferior
vermian agenesis (Chang et al., 1994). In another series, chro-
mosomal abnormalities were seen in 36% and 46% of cases
of Dandy–Walker variant and Dandy–Walker malformation,
respectively (Ecker et al., 2000).

DIFFERENTIAL DIAGNOSIS

Major considerations in the differential diagnosis include dis-
tinguishing between Dandy–Walker malformation, Dandy–
Walker variant, enlarged cisterna magna, and Blake’s pouch
cyst, as well as the dorsal cyst seen in holoprosencephaly, and
arachnoid cysts (see Chapter 8). The normal anteroposterior
depth of the cisterna magna does not exceed 10 mm. The
pathognomonic finding in Dandy–Walker malformation is
a defect in the vermis through which the cyst communicates
with fourth ventricle. The trueDandy–Walker cyst appears as
a triangular midline fluid collection with symmetric splaying
of the cerebellar hemispheres (see Figure 11-1) (Russ et al.,
1989). Neither arachnoid cysts nor enlarged cisterna magna
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Table 11-1

Conditions Associated with Dandy–Walker
Malformation

Mendelian disorders
Joubert–Boltshauser syndrome
Walker–Warburg syndrome
Coffin–Siris syndrome
Fraser cryptophthalmos syndrome
Meckel–Gruber syndrome
Aicardi syndrome
Smith–Lemli–Opitz syndrome

Chromosome abnormalities
Trisomy 9/mosaic trisomy 9
Triploidy
45,X
49,XXX
6p.24–25 deletion
Duplication 5p,8p,8q,17q
Trisomy 13
Trisomy 18

Teratogens
Rubella
Cytomegalovirus
Toxoplasmosis
Coumadin
Alcohol
Isotretinoin
Maternal diabetes

is associated with vermian defects or other cerebellar or cere-
bral abnormalities. Retrocerebellar arachnoid cysts compress
but do not communicatewith the fourth ventricle. In general,
arachnoid cysts are asymmetrically positioned in the poste-
rior fossa and tend to be rounded rather than triangular. If the
Dandy–Walker cyst herniates through the foramen magnum
or a defect in the occiput, this may be mistaken for a primary
encephalocele (Lee et al., 2005).

The dorsal cyst associated with alobar or semilo-
bar holoprosencephaly can sometimes be confused with
the Dandy–Walker malformation. However, in holoprosen-
cephaly, the cyst is supratentorial and communicates directly
with the single ventricle seen in this condition. In addition,
a hallmark of the diagnosis of holoprosencephaly is the pres-
ence of fused or partially fused thalami (see Chapter 14)
(Nyberg et al., 1988).

A list of the common conditions associated with
Dandy–Walker malformation is given in Table 11-1. Of note
are twoMendelian (single-gene)disorders that are commonly
associated with Dandy–Walker malformation. In Joubert–
Boltshauser syndrome, vermian agenesis is one of the criteria

needed for diagnosis. Joubert–Boltshauser syndrome, an au-
tosomal recessive disorder, consists of familial vermian age-
nesis, episodic hyperpnea, developmental delay, hypotonia,
and abnormal eye movements (Keogan et al., 1994). In ad-
dition, Dandy–Walker malformation is seen in 53% cases of
Walker–Warburg syndrome (Vohra et al., 1993). TheWalker–
Warburg syndrome consists of lissencephaly with cerebellar
malformations, retinal malformations, and congenital mus-
cular dystrophy. The Dandy–Walker malformation is seen in
most cases of trisomy 9 or mosaic trisomy 9 (Bureau et al.,
1993;McDuffie, 1994;Chen et al., 2002).Dandy–Walkermal-
formation is now also included as one of the CNSmalforma-
tions that support the diagnosis ofMeckel–Gruber syndrome
(Summers and Donnenfeld, 1995). For an exhaustive list of
genetic disorders associated with Dandy–Walker malforma-
tion, refer to Chitayat et al. (1994).

The differential diagnosis for apparent defects of the
cerebellar vermis must also include normality. False-positive
diagnoses of Dandy–Walker malformation have been re-
ported. In one series of 14 cases of prenatally diagnosed cases
of Dandy–Walker malformation, subsequent autopsy con-
firmed this diagnosis in only 6 (43%) cases (Carroll et al.,
2000).

ANTENATAL NATURAL HISTORY

Thenatural history forDandy–Walkermalformation in utero
is not known. It appears that progressive changes usually oc-
cur slowly (Russ et al., 1989). Some degree of enlargement of
the posterior fossa cyst and worsening hydrocephalus can be
observed in utero, however.

Gestational age at diagnosis is important for predict-
ing immediate pregnancy outcomes. In a study by Ulm et al.
(1997), a comparison was performed of associated structural
and chromosomal abnormalities in 14 fetuses with Dandy–
Walker malformation diagnosed before 21 weeks and 14 fe-
tuses diagnosed after 21 weeks. They concluded that fetuses
diagnosed earlier in gestation had a worse prognosis.

It appears that the immediate prognosis for Dandy–
Walker malformation is influenced by the presence of associ-
ated abnormalities. Of the nine fetuses with Dandy–Walker
malformation in one report, three had multiple significant
CNS and non-CNS abnormalities (Keogan et al., 1994). Fe-
tuses with an isolated vermian hypoplasia all did well. Simi-
larly, Cowles et al. (1993) described the presence of multiple
associated CNSmalformations in the Dandy–Walkermalfor-
mation, including agenesis of the corpus callosum and occa-
sional occipital encephaloceles. In their patient population,
they observed extracranial malformations, including cleft lip
and cleft palate, cardiacmalformations, and urinary tract ab-
normalities. In Nyberg’s study of seven prenatally diagnosed
cases of Dandy–Walker malformation, there was high peri-
natal mortality, with five of the seven patients dying in the
perinatal period (Nyberg et al., 1988).
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MANAGEMENT OF PREGNANCY

When a suspected diagnosis of fetal Dandy–Walker malfor-
mation exists, the prospective parents should be referred to a
center capableof adetailedanatomic surveyof the fetus.There
is a high incidence of associated CNS and extra-CNSmalfor-
mations in this condition. Importantly, it is the presence of
the additional sonographically detected anomalies that ap-
pear to adversely affect survival and prognosis for the infant
and child with Dandy–Walker malformation. Summarizing
many studies, the risk of associated intracranial anomalies
appears to range from 25% to 70%, and the risk of addi-
tional intracranial anomalies appears to range from 20% to
60% (Chen and Chu, 1994). Between 20% and 50% of cases
of Dandy–Walker malformation will have karyotypic abnor-
malities (Ecker et al., 2000; Has et al., 2004). Diagnosis of
fetal karyotype is recommended, given the association be-
tween Dandy–Walker malformation and trisomies 9, 13, or
18, because of the confirmed association between enlarged
cisterna magna and trisomy 18, and also because of the wide
varietyof chromosomeabnormalities thathavebeen reported
with this brain malformation (Imataka et al., 2007).

There is an increased incidence of bothmental retarda-
tion and perinatal mortality for fetuses and children with this
condition. Therefore, the option of pregnancy termination
should bemade available to parents, if desired. In most cases,
progressive increase in the size of the posterior fossa cyst, ven-
tricular size, and cisterna magna dimensions occurs slowly.
Rarelyhowever, severeor rapidly increasingventriculomegaly
can necessitate aggressive obstetric intervention, possibly in-
cluding elective preterm delivery (Russ et al., 1989). It is im-
portant to recognize that whenDandy–Walkermalformation
or variant occurs as an isolated finding, the prognosis is vari-
able, and up to 50% of fetuses with this condition have been
reported with a normal outcome. When the disorder is asso-
ciated with an underlying Mendelian condition, such as one
of those listed in Table 11-1, the prognosis is then distated by
that specific disorder.

There areno specific indications for cesareandelivery in
this condition. Similarly, delivery can occur in a community
hospital; however, the prospective parents should be advised
that the child will need subspecialty evaluation after birth.

FETAL INTERVENTION

There is no fetal intervention for Dandy–Walker malforma-
tion.

TREATMENT OF THE NEWBORN

The infant diagnosed prenatally with Dandy–Walker malfor-
mationor oneof its variants shouldundergo a complete phys-
ical examination promptly at birth. The best imaging study

Table 11-2

Associated Abnormalities Seen in 148 Cases
of Dandy–Walker Malformation

Percent

Cranial
Agenesis of corpus callosum 14.8
Abnormal gyral pattern 10.8
Occipital encephalocele 7.4
Aqueductal stenosis 3.3

Cardiac
Ventriculoseptal defects 6.7
Patent ductus arteriosus 3.3
Atrial-septal defects 2.7
Pulmonary stenosis 2.0
Atrioventricular canal defect 2.0

Renal
Obstructive uropathy 2.0
Polycystic kidneys 2.0
Abnormal uterus 2.0
Cryptorchidism 2.0

Face/hands
Cleft lip/cleft palate 6.7
Dysmorphic face 5.4
Facial angioma 5.4
Syndactyly 2.7

Reprinted, with permission, from Cornford E, Twining P. The
Dandy–Walker syndrome: the value of antenatal diagnosis. Clin Radiol.
1992;45:172-174.

for the posterior fossa is magnetic resonance imaging (MRI).
Wedonot recommendobtaining a postnatal headultrasound
examination through the anterior fontanelle because of the
high incidence of false-negative diagnoses. Parents should be
counseled that hydrocephalus may not be present at birth,
but will become apparent in 75% of survivors by 3months of
age (Estroff et al., 1992).

Both prenatal and postnatal consultation should be ob-
tained with specialists in pediatric neurology, neurosurgery,
and medical genetics. There is a high incidence of associated
congenital anomalies, some of whichmay not be apparent on
the antenatal scan. These are summarized in Table 11-2.

Interestingly, a strong association exists between the
presence of large, aggressive facial hemangiomas and the
Dandy–Walker malformation or similar posterior fossa ab-
normalities. In a postnatal study, seven of nine patients with
unilateral facial hemangiomas had Dandy–Walker malfor-
mation (Reese et al., 1993). This has raised the question of a
developmental-field abnormality as the cause of the Dandy–
Walker malformation.
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SURGICAL TREATMENT

Surgical treatment in the Dandy–Walker malformation con-
sists mainly of placement of a ventriculoperitoneal shunt for
cases of symptomatic hydrocephalus (Chen and Chu, 1994).
More recent surgical practice hasmoved away from ventricu-
loperitoneal shunting to a choice of either surgical fenes-
tration of the posterior fossa cyst membrane or ventriculo-
cystoperitoneal shunting (Kumar et al., 2001). In one series of
42 cases of Dandy–Walkermalformationmanaged surgically,
only 2 patients required revision of a ventriculocystoperi-
toneal shunt or a cyst fenestration procedure (Kumar et al.,
2001).

LONG-TERM OUTCOME

Review of the pediatric neurosurgical literature indicates a
mortality rate of between 12% and 50%. However, in gen-
eral, the postnatal diagnosis of children with Dandy–Walker
malformation has a better prognosis than the prenatal diag-
nosis of fetuses with the same condition. In a study of 65
prenatally diagnosed cases of Dandy–Walker malformation,
22 resulted in liveborn infants (Chang et al., 1994). A total
of nine (41%) of these died, seven of which deaths occurred
during the first month of life and the remaining two within
the first year. In another study, Russ et al. (1989) reviewed the
outcome for 15 cases of prenatally diagnosed Dandy–Walker
malformation. Excluding the elective terminations, there was
an overall mortality of 55% in this group (6 of 11 liveborn in-
fants). However, the coexisting structural and chromosomal
abnormalities contributed to 83% of the postnatal deaths.
In the six liveborn infants who died, three deaths occurred
within 5 days of delivery, and three between 5 and 24months
of age. Overall, therefore there appears to be a liveborn mor-
tality rate of between 30% and 70%when detected prenatally,
but only between 10% and 25% when the diagnosis is made
postnatally.

With regard to longer term morbidity, in a study of 26
patients with strictly diagnosed isolated Dandy–Walker mal-
formation confirmed by MRI, the long-term prognosis was
dependent on the state of the cerebellar vermis (Klein et al.,
2003). In 21 patients with a vermis that retained its two fis-
sures and three lobes, there were no additional brain malfor-
mations and all but two were functionally normal. However,
in the five cases in which the vermis was highly dysplastic, all
were severelymentally retarded. InEstroff ’s reviewof patients
with the Dandy–Walker variant, of 11 survivors, 1 had tri-
somy 21 and another was severely handicapped (Estroff et al.,
1992). Nine of the remaining 11 survivors were developing
normally. However, six of these nine did not have any asso-
ciated extracranial abnormalities. Reviewing the long-term
prognosis for eight fetuses with the Dandy–Walker variant
who had an isolated anomaly, six of eight (75%) were nor-
mal. One died and one was deaf and blind (Estroff et al.,

1992). The functional outcome for survivors is variable, de-
pending on the degree of disruption of the cerebellar vermis.
An IQ of less than 80 has been documented in approxiamtely
50% of cases (Russ et al., 1989). It is important to realize that
disruption of the cerebellum does not lead solely to motor
and coordination dysfunction in survivors. Rather, it is now
clear that the residual neurological impairment also includes
developmental delay, including problems with language and
social skills (Niesen, 2002). Even children with isolated infe-
rior vermian hypoplasia (which has previously been referred
to simply as Dandy–Walker variant) have overall develop-
mental, functional, and behavioral profiles below the mean
(Limperopoulos et al., 2006).

Thus, an appropriate summation of the available
follow-up literature seems to indicate that prognosis is sig-
nificantly better for fetuses with milder anomalies and if
the Dandy–Walker malformation is isolated. The presence of
additional abnormalities contributes significantly to an in-
creased risk of mortality and developmental delay. However,
thedataonprognosis donot support the concept thatDandy–
Walker variant has a completely normal outcome. This caveat
underscores the limitations of trying to differentiate between
Dandy–Walker malformation and variant (Ecker et al., 2000;
Pilu et al., 2000).

GENETICS AND RECURRENCE RISK

Themost important consideration in determining the recur-
rence risk for Dandy–Walker malformation is to determine
whether the finding is associated with a Mendelian disorder,
such as those listed in Table 11-1, or if a chromosomal ab-
normality is present. If chromosome studies have not been
obtainedantenatally, they shouldbeobtainedduring thenew-
born period.

For isolatedDandy–Walkermalformations, familial re-
currences are infrequent but do occasionally occur (Ob-
wegeser et al., 1994; Bragg et al., 2006). Ulm et al. (1999)
described a family in which the first child and subsequent
dizygotic twins were all affected with isolated Dandy–Walker
malformation.

In a review of the genetics of Dandy–Walker malfor-
mation, Murray et al. (1985) performed a retrospective study
of 21 autopsy-proven cases of Dandy–Walker malformation,
together with a literature review of an additional 92 subjects.
These authors noted the increased frequency of association
of Dandy–Walker malformation with congenital heart dis-
ease, cleft lip and cleft palate, and neural tube defects. Of
the 113 cases studied, 7 had recognizable single-gene disor-
ders, including two cases of Meckel–Gruber syndrome, and
one case each of arthrogryposis type 2B, Walker–Warburg
syndrome, Ruvalcaba syndrome, Cornelia–De Lange syn-
drome, and congenital rubella. Excluding the known single-
gene diagnoses, of the 106 remaining cases, 22 had other
associated major malformations. These authors pooled in-
formation available on 44 siblings of the 106 index patients
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and 54 siblings of 26 patients with Dandy–Walker malfor-
mation associated with hydrocephalus. They documented
1 additional case in 98 siblings, thus giving a 1% risk of
recurrence.

These authors concluded that the Dandy–Walker mal-
formation is a nonspecific CNS abnormality that can oc-
cur in single-gene disorders and chromosomal abnormalities
(Murray et al., 1985). It can be environmentally induced,may
exist as an isolated malformation, or may exist in conjunc-
tion with other abnormalities. They suggested the following
information for genetic counseling: (1)WhenDandy–Walker
malformation occurs as part of a Mendelian disorder, the re-
currence risks are those of the specific disorder. (2) When
Dandy–Walker malformation is associated with a chromoso-
mal abnormality, the recurrence risks include those of ma-
ternal age for trisomy, and those of the family, depending on
whether there is a familial risk for an unbalanced chromo-
somal abnormality. (3) If the Dandy–Walker malformation
is associated with other multifactorial abnormalities, such as
cleft lip and palate or congenital heart defects, there is an ad-
ditional 5% recurrence risk for those abnormalities. (4) If the
Dandy–Walker malformation was isolated, there is an em-
piric recurrence risk of between 1% and 5% (Murray et al.,
1985).

If the presence of an unbalanced karyotype has been
documented in the fetus or newborn, parental chromosomes
should be studied prior to judging recurrence risks. Prenatal
diagnosis is available in subsequent pregnancies through the
use of targeted ultrasound examination, ideally delayed until
18 weeks’ gestation so as to avoid false-positive diagnoses.
However, it remains possible to diagnose the full Dandy–
Walkermalformation by prenatal ultrasonography as early as
12 to 14 weeks’ gestation.

In general, DNA diagnosis is not available for indi-
viduals with isolated Dandy–Walkermalformation. Recently,
however, in a group of seven patients with Dandy–Walker
malformation and de novo interstitial deletion of chromo-
some 3q, a critical region associated with this anomaly was
identified (Grinberg et al., 2004). This region encompasses
two linked zinc finger genes, ZIC1 and ZIC4. Mice created
with a targeted heterozygous deletion of these two genes have
a phenotype that closely resembles Dandy–Walker malfor-
mation.
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12
CHAPTER

Encephalocele

Key Points

■ Encephalocele is a rare defect of the cranial vault,
which may contain meninges only, or also neural
tissue.

■ Most cases in Caucasian populations are occipital
in location, while Southeast Asian populations are
more commonly frontal.

■ Causes include maternal diabetes, rubella,
hypervitaminosis-A, isolated neural tube defect,
amniotic-band syndrome, aneuploidy such as
trisomies 13 and 18, and genetic syndromes such
as Meckel–Gruber.

■ Differential diagnosis includes cystic hygroma,
cervical teratoma or hemangioma, or epidermal
scalp cysts, while false-positive diagnoses have
been made by mistaking clumps of fetal hair in the
third trimester.

■ Natural history and prognosis depends on the
presence of associated malformations and
presence of neural tissue within the meningeal sac.

■ Pregnancy management includes prenatal MRI to
confirm absence of neural tissue within the sac,
and possible elective cesarean delivery if prognosis
appears favorable.

CONDITION

Encephalocele refers to the herniation of cranial contents
through a defect in the skull. This term includes both en-
cephaloceles, which contain meninges and brain, as well as
meningoceles, which consist of meninges and cerebrospinal

fluid. Empty meningoceles are not as common as encephalo-
celes. Encephaloceles are subdivided according to their loca-
tion: occipital and frontal. This distinction is important, as
each of the conditions has a different prognosis based on their
location. In occipital encephaloceles, the defect lies between
the lambda and foramen magnum (Simpson et al., 1984).
These encephaloceles are considered part of the spectrum of
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neural tube defects. Sincipital or frontal encephaloceles are
situated between the bregma and anterior margin of the eth-
moid bone. The majority of these encephaloceles extend into
the rootof thenose, and theyarenot considereda formofneu-
ral tube defect, but rather are likely secondary to an environ-
mental exposure. Occipital encephaloceles are considerably
more common than frontal encephaloceles in populations of
European descent, whereas frontal encephaloceles are much
more common in populations from Southeast Asia.

The cause of encephalocele is unknown, but occipital
encephaloceles are thought tobecausedby failureof closureof
the rostral neural pore. Themajority of encephaloceles occur
in the midline; however, they may also result from disrup-
tion of fetal-skull formation, such as in the amnion rupture
sequence (Chervenak et al., 1984). Encephaloceles occur be-
tween 25 and 50 days of gestation for anterior defects and up
to 60 days for posterior defects (Brown and Sheridan-Pereira,
1992).

INCIDENCE

In a recent review from New Zealand, encephaloceles were
seen in one in 13,000 births (Monteith et al., 2005). In an
earlier U.S. study extendingmore than 17 years,Wiswell et al.
(1990) documented 112 cases of encephalocele in 763,364
livebirths, or 0.15 per 1000 livebirths. Of these infants with
encephaloceles, 40% had associated congenital anomalies.
Encephalocele is more often associated with extra-CNS mal-
formations than anencephaly or spina bifida (Kalien et al.,
1998). In an Australian study, the incidence of encephalocele
was shown to be 0.08 per 1000 total births (David and Proud-
man, 1989). In Australians of European descent, the occipital
location for the encephalocele is more common, whereas in
patients of Southeast Asian extraction, the frontal location
is more common (Richards, 1992). The United Kingdom,
with its generally higher rate of all neural tube defects, has a
higher incidence of encephalocele—between 0.3 and 0.6 per
1000 livebirths (Fleming et al., 1991).

Encephaloceles are associated with maternal rubella,
diabetes, genetic syndromes (such as Meckel–Gruber), and
amniotic bands. They have been produced experimentally
with X-irradiation and hypervitaminosis A. In the Western
world, 75% of encephaloceles are located in the occipital
region (Chervenak et al., 1984). The frontoethmoidal en-
cephalocele is more prevalent inMalaysia, Thailand, Indone-
sia, Burma, and parts of Russia. In Burma, a high prevalence
of encephalocele has been noted among rural and peasant
rice farmers (David and Proudman, 1989). There is no rela-
tionship between encephalocele and parental age.

SONOGRAPHIC FINDINGS

The sonographic appearance of encephalocele is diverse, de-
pendingon its contents.Encephaloceles canappear as apurely

cysticmass, a solidmass with a gyral pattern continuous with
the cranium, or a combined cystic and solidmass (Graham et
al., 1982;Winter et al., 1993).A calvarial defect is usually iden-
tified. In most European studies, the encephalocele is present
in theoccipital region75%of the time, in the frontal/sincipital
region 15% of the time, and at the vertex 5% of the time. An
encephalocele that is observed in an asymmetric or atypical
location may be related to the amniotic-band syndrome or
limb–body wall complex (Graham et al., 1982; Winter et al.,
1993). Encephaloceles have been noted to have a unique “cyst
within a cyst” (Figures 12-1A and 12-1B) or “target sign” ap-
pearance when the encephalocele is viewed from the en face
position (Goldstein et al., 1991; Adetiloye et al., 1993).

To diagnose an encephalocele sonographically, the fol-
lowing considerations should be taken into account:

� Themass should be seen attached to the fetal head ormove
with the fetal head.

� A bony defect should be revealed.
� Intracranial anatomic abnormalities should be detected,
such as hydrocephalus.

� The spine should be examined to exclude associated spina
bifida.

� The fetal kidneys should be examined, because of a high
incidence of association with renal cystic disease (Meckel–
Gruber syndrome).

In 7% to 15% of cases, neural tube defects are shown
to be present in association with the encephalocele (Flem-
ing et al., 1991). In addition, microcephaly is seen in 20% of
cases.Other associated central nervous system(CNS) anoma-
lies thatmay occur with encephalocele include agenesis of the
corpus callosum, orofacial clefting, craniosynostosis,Dandy–
Walker malformation, Arnold–Chiari malformation, hemi-
facial microsomia, Klippel–Feil anomaly, iniencephaly, and
myelomeningocele (Cohen and Lemire, 1982).

In one study, Budorick et al. (1995) reviewed 26 cases
of prenatally diagnosed encephalocele. Seventy-one percent
of these cases were in the occipital location. Sixty-five per-
cent of cases had associatedmajor congenital anomalies. CNS
features that were observed and helped with the diagnosis of
encephalocele included visible skull defect (seen in 96% of
cases), ventriculomegaly (23%),microcephaly (50%), beaked
tectal plate (38%), and flattened occiput (38%).

In another study, Goldstein et al. (1991) reviewed the
prenatal sonograms of encephaloceles in 15 fetuses. Of these,
13 were in the occipital location, 1 in the ethmoidal, and 1
frontoparietal.Theseauthors couldnot accuratelydistinguish
prenatally betweenmeningocele andmeningoencephalocele.
They also noted an inward depression of the frontal bones
(the lemon sign) in 33% of fetuses with encephalocele. Of the
nine cases in which prenatal chromosome studies were per-
formed, four (44%)were abnormal, including trisomy13, tri-
somy18,mosaic trisomy20, and anunbalanced chromosome
translocation. The outcome for the remaining 11 patients
included 5 terminations of pregnancy, 2 stillbirths, and 4
neonatal deaths. Similarly, Wininger and Donnenfeld (1994)
reviewed 15 cases of prenatally diagnosed encephalocele.
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A

B

Figure 12-1 A. Transaxial sonogram demonstrating an occipital
encephalocele with the appearance of a cyst within a cyst. The ar-
row indicates the location of the encephalocele. 4th v = the fourth
ventricle. B. Sagittal half-Fourier single-shot turbo spin-echo se-
quence (HASTE) magnetic resonance image of the fetus with a pos-
terior encephalocele shown in part (A). A small amount of brain tis-
sue is seen within the sac. The remainder of the fetal brain appears
normal except for the posterior aspect of the occipital lobe. (Image
courtesy of Dr. Deborah Levine.)

These authors also demonstrated a high incidence of asso-
ciatedmajor anomalies (60% of cases). Themean gestational
age at detection of these cases was 12 to 14 weeks. These
authors identified three multifactorial disorders, two cases
of chromosomal abnormalities, and two autosomal recessive
syndromes.

DIFFERENTIAL DIAGNOSIS

Important considerations in the sonographic differential di-
agnosis of encephalocele include location of the extracranial
mass (midline or lateral), contents of the mass (cystic or

solid), and whether or not the anomaly is associated with
an underlying cranial bony defect (Sherer et al., 1993). En-
cephaloceles are typicallymidline cystic structures thatoverlie
or project through a defect in the calvarium. The diagnosis
is helped by the identification of herniated brain tissue and
associated hydrocephalus.

A major consideration in the differential diagnosis is
cystic hygroma (Table 12-1). An occipital meningocele that
contains only cerebrospinal fluid can be confused with a cys-
tic hygroma. With cystic hygromas, however, the margins of
themass blend into the skin line, and a bony defect in the cra-
nial vault should not be visible. Cystic hygromas frequently
contain septations and there may be fewer CNS anomalies
associated with cystic hygromas (see Chapters 31 and 32). In
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Table 12-1

Differential Diagnosis Between Cystic Hygroma and Encephalocele

Sonographic Finding Cystic Hygroma Encephalocele

Bone defect in skull Never Always

Septae Present and bilateral; often
extend to neck

If present, only in midline;
continuous with fetal brain

Contents of sac Fluid only Variable

Associated microcephaly Rare Common

Location Posterolateral aspect of neck Occipital, 70%; frontal, parietal, or
nasofrontal, 30%

addition, other findings of hydrops, such as pleural effusions
and ascites, are often foundwith cystic hygroma (Pearce et al.,
1985; Goldstein et al., 1991). Encephaloceles can also be
confusedwith cervical teratomas,which are solid orheteroge-
neous but have no demonstrable brain tissue. Hemangioma
is an additional soft tissue mass that can be confused with
encephalocele; they are heterogeneously echogenic, with no
identifiable skull defects. They form an obtuse angle with the
adjacent skull, as opposed to encephaloceles, which typically
form an acute angle with the adjacent skull (Bronshtein et al.,
1992; Winter et al., 1993). Sherer et al. (1993) described the
case of a 27-week-old fetus with a right retroauricular mass
thought to overlay a bony defect of the skull. This was initially
diagnosed as an encephalocele, but it was later shown to be a
subcutaneous hemangioma. Other considerations in the dif-
ferential diagnosis include scalp edema (Winter et al., 1993),
a clump of fetal hair (Noriega et al., 2001), epidermal scalp
cyst (Shahabi and Busine, 1998), and branchial cleft cysts.

Once the encephalocele has been verified, a careful
search must be made for associated anomalies. Encephalo-
celes are frequently associated with other anomalies, and the
demonstrationof suchfindingsmayhelp tomakeasyndromic
diagnosis. A significant cause of encephaloceles is amniotic
band or amniotic rupture (see Chapter 100). Encephaloceles
due to amniotic bands tend to have irregular surfaces, and
asymmetric placement.

A listing of the major syndromes of which encephalo-
cele is a component is given in Table 12-2. The most com-
mon of these is Meckel–Gruber syndrome, an autosomal
recessive condition that is characterized by the presence of
an occipital encephalocele, polydactyly, polycystic kidneys,
and multiple associated anomalies (Figures 12-2A and 12-
2B). Meckel–Gruber syndrome should be suspected in fe-
tuses with encephalocele and oligohydramnios, with four of
five patients with oligohydramnios and encephalocele hav-
ing this syndrome (Budorick et al., 1995). Encephalocele

is found in association with several different chromosome
abnormalities.

ANTENATAL NATURAL HISTORY

The presence of encephalocele is associated with an increased
incidence of death in utero. An encephalocele is the predom-
inant neural axis anomaly found in fetuses spontaneously
aborted at less than 20weeks’ gestational age (Goldstein et al.,
1991). The concept of antenatal evolution of encephalocele
has also been documented. A report by Bronshtein and Zim-
mer (1991) documented by sonography the formation of a
cephalocele in two stages. Initially, an occipital meningocele
was detected by transvaginal scan at 13 weeks of gestation.
By 19 weeks, brain tissue was visualized, and the diagnosis
was changed to a meningoencephalocele, illustrating that the
primary process was the formation of the meningocele, but
that once an opening became present, brain tissue protruded
into it at a later stage.

In the Budorick et al. (1995) study of 26 cases of pre-
natally diagnosed encephalocele, if more than 50% of the in-
tracranial contents were exteriorized, postnatal survival was
unlikely. In another study of 15 prenatally diagnosed cases,
the long-term outcome was uniformly poor with only 3 of
14 fetuses with adequate follow-up being born alive (21%)
(Goldstein et al., 1991). In a further review of 15 prenatally
diagnosed encephaloceles, pregnancy outcomewas also poor,
with one fetus miscarrying at 23 weeks, and six terminations
of pregnancy (Wininger and Donnenfeld, 1994). Of the eight
liveborn infants, only five survived beyond the neonatal pe-
riod, and all of the three for whom follow-up information
was available had developmental delay.

Predictors of more favorable outcome in cases of pre-
natally diagnosed encephalocele include normal karyotype
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Table 12-2

Syndromes in Which Encephalocele is a Major Component

Condition Pattern of Inheritance Associated Findings

Chemke syndrome Autosomal recessive Hydrocephalus, cerebellar dysgenesis, retinal
dysplasia, corneal opacities, cataracts

Cryptophthalmos syndrome
(Fraser)

Autosomal recessive Skin of forehead covers one or both eyes; total/
partial syndactyly of fingers or toes

Dyssegmental dwarfism Autosomal recessive Short tubular bones, bowing of extremities,
vertebral anomalies, small thorax, cleft palate,
micrognathia

Frontonasal dysplasia Sporadic Ocular hypertelorism, median cleft lip

Knobloch syndrome Autosomal recessive Retinal detachment, myopia, normal intelligence

Meckel–Gruber syndrome Autosomal recessive Polydactyly, polycystic kidneys, oligohydramnios,
other CNS abnormalities

Amniotic band (rupture) Sporadic Limb amputations, facial clefts, thoracoabdominal
wall defects, skull malformations

Roberts syndrome Autosomal recessive Short or absent limbs, facial cleft, hypertelorism,
heart and kidney defects

and lack of associated CNS or other malformations. In such
cases of isolated encephalocele prognosismay be favorable. In
a series of 13 cases of isolated encephalocele, 6 cases in which
neural tissue was present in the sac were terminated (Bannis-
ter et al., 2000). In the remaining seven cases with minimal
or no neural tissue within the sac, one resulted in a still-
birth and the other six were liveborn with relatively normal
outcome.

MANAGEMENT OF PREGNANCY

Fetuses inwhichencephalocele is suspected shouldbe referred
to a center capable of thorough anatomic study. Detailed
sonography should be performed to verify the presence of
the encephalocele and to search for associated anomalies. Be-
cause of the increased incidence of chromosomal abnormali-
ties, a prenatal karyotype should be offered. Most encephalo-
celes are covered by skin, so typically there is no increase in
the maternal serum α-fetoprotein level if second trimester
biochemical screening is performed.

Once the encephalocele is diagnosed, further obstet-
rical management is dictated by the size of the defect, the
gestational age at diagnosis, and the presence or absence of
associated anomalies. A thorough discussion should be held

with the prospective parents that describes the expected prog-
nosis for the infant. Prognosis depends on

1. the presence and amount of brain in the herniated sac;
2. the presence or absence of hydrocephalus;
3. the presence or absence of microcephaly;
4. the presence or absence of other anomalies that suggest a

syndromic diagnosis (Fleming et al., 1991).

Magnetic resonance imaging may help to better delin-
eate fetal CNS anatomy (Figure 12-1B). Encephaloceles in the
sincipital or frontal location have a better prognosis. This is
probably because the defects are in general smaller, result-
ing in less herniation of neural tissue. Also, it appears that
the loss of some areas of frontal cortex may produce fewer
neurologic defects (Chervenak et al., 1984). Termination of
pregnancy should be discussed with the parents. If parents
want to continue the pregnancy, the opportunity to meet
with a neurosurgeon, neonatologist, and medical geneticist
should be provided.

The routeofdelivery is determinedby fetal sonographic
findings. If a large amount of neural tissue is observed in the
sac, or if associated anomalies are present, minimizing ma-
ternal risk should be the primary consideration, and cesarean
section probably has little role. Cesarean section may be con-
sidered when
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A

B

Figure 12-2 A. Transaxial sonogram of a fetal head demonstrating a small occipital encephalocele. This fetus has
Meckel–Gruber syndrome. B. Corresponding autopsy photograph of the same fetus with an intact encephalocele.
The fetus also has micrognathia. (Photograph courtesy of Dr. Joseph Semple.)

1. the encephalocele is large enough to cause cephalopelvic
disproportion;

2. other obstetric considerations are present, such as a previ-
ous uterine surgery;

3. a coincidental viable twin is present;
4. the parents are aware of the risk of significant developmen-

tal defects in the infant but, after accepting these risks,

still want full pediatric intervention (Chervenak et al.,
1984; Chatterjee et al., 1985).

In situations in which parents wish full pediatric in-
tervention, we recommend that the baby be delivered at a
tertiary care center to facilitate coordination of services for
the newborn.
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FETAL INTERVENTION

There is no fetal intervention indicated for encephalocele.

TREATMENT OF THE NEWBORN

Treatment of the newborn with encephalocele depends to a
large extent on the size and location of the lesion andwhether
ornot associated anomalies arepresent. For largeoccipital en-
cephaloceles, the long-term outcome is uniformly poor. Even
if parents have decided not to terminate the pregnancy, they
may decide that no aggressive intervention should be taken.
Alternatively, certain parents may desire that everything be
done for their newborn. Infants with encephalocele typically
have an intact skin cover, and are usually microcephalic. A
complete physical examination is indicated to rule out an
associated syndrome (see Table 12-2). Consultation with a
medical genetics specialist should be obtained, andwith a pe-
diatric neurosurgeon if the parents are considering surgery.
In general, surgical treatment is performed as soon as possi-
ble, although few data exist that correlate timing of surgery
with ultimate developmental outcome.

SURGICAL TREATMENT

The surgical challenges in cases of encephalocele include clos-
ing the anatomical defect in the cranial vault and achieving
as near normal functional outcome as possible with mini-
mal psychomotor defects (Habal, 1993). Surgical repair of
encephalocele consists of opening and exploring the sac, ex-
cising malformed brain tissue, and closing the basal dural
defect. Surgical repair is generally timed for 0 to 4 months
of age (Date et al., 1993). Bony grafting is usually required
in such situations to close the cranial defect (Bozinov et al.,
2005). In cases of giant occipital encephaloceles with micro-
cephaly secondary to massive brain herniation, the use of a
fine mesh has been described to provide a rigid extracranial
compartment for the encephalocele. Daily digital compres-
sion is performed and the mesh is gradually imbricated into
the calvarium (Gallo, 1992).

Surgical considerations for frontal/sincipital encepha-
loceles are different because of the associated craniofacial de-
formities, and typically require multidisciplinary approach,
including neurosurgery, ophthalmology, ENT, and plastic
surgery (Barsani andCecchi, 2006). In general, surgical treat-
ment for frontal/sincipital encephaloceles include removal of
the encephalocele, closure of the dura intracranially, followed
by transcranial bone grafting, and correctionof orbital hyper-
telorism or dystopia (David and Proudman, 1989). Hockley
et al. (1990) described the following indications for urgent
surgery: absence of skin cover, hemorrhage, airway obstruc-
tion, or impairment of vision. For most cases of frontal en-
cephalocele, surgery is elective, with indications including

protection of the brain; facilitation of nursing; prevention of
infection; improvement of the airway, speech, and vision; or
treatment of associated anomalies, such as hydrocephalus and
hypertelorism.

LONG-TERM OUTCOME

The most important consideration in the long-term follow-
up of a patient with encephalocele appears to be whether or
not brain tissue is present in the extracranial sac. There is no
question that the prognosis is much better for a fetus with a
meningocele as opposed to a meningoencephalocele. In one
report of 24 patients with surgically repaired encephalocele,
follow-up information was available on 22 patients who sur-
vived (Date et al., 1993). In this study, one patient died from
pneumonia at 8 months of age and another at 4 years. Of
the 22 surviving patients, 14 had meningoceles. All of these
surviving children were normal. Of the eight survivors with
meningoencephalocele only two were normal, four were am-
bulatory and hadmild tomoderate retardation, and twowere
bedriddenwithmarked retardation.These authors concluded
that the presence of gross brain tissue in the sac was the most
important prognostic factor (Date et al., 1993).

Similar results were seen by Simpson et al. (1984), who
studied the outcome for 74 patients with encephaloceles. Of
these infants, 17 had meningoceles; all did well, even if as-
sociated hydrocephalus developed. Of the 57 infants with
meningoencephalocele, almost all did poorly despite surgical
expansion of the cranial cavity or decompression of enlarged
ventricles.

Docherty et al. (1991) described the outcome for 52 pa-
tients with occipital encephaloceles between 1971 and 1990.
This study was limited, in that no information was given
regarding whether the lesion was a meningocele or a menin-
goencephalocele. Hydrocephalus developed in 57% of pa-
tients, and over half of these required shunting. Twenty-three
percent of patients died within the first year. Of the 23 sur-
vivors, 14 were normal and 9 were significantly handicapped,
but this study was limited in that the underlying pathology
of the lesion was not described. Based on the available lit-
erature, it seems reasonable to conclude that outcome for
fetuses with meningocele is reasonably good, whereas out-
come for fetuses with demonstrable brain tissue in the mass
is uniformly poor. A more recent review of 31 cases of prena-
tally diagnosed encephalocele supported this view, with good
long-term outcome for six of the seven cases of meningocele
(Bannister et al., 2000).

GENETICS AND RECURRENCE RISK

Animportant consideration in thegeneticsof encephalocele is
to determinewhether the lesion is isolated. Rare families have
been described in the literature with autosomal dominantly
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inherited occipital encephalocele (Bassuk et al., 2004; Zhao
et al., 2007). In one family there was clear documentation of
21 affected out of 113 members over five generations (Zhao
et al., 2007). All affected individuals had normal or nearly
normal neurologic function.Many nonisolated encephaloce-
les are associated with specific syndromes; in general, many
of these are inherited as autosomal recessive conditions (see
Table 12-2). It is therefore extremely important to determine
whether the encephalocele has associated anomalies, making
it consistent with a syndromic diagnosis, such as Meckel–
Gruber syndrome.

An attempt should be made to study chromosomes ei-
ther prenatally or postnatally. Previously reported chromo-
somal abnormalities that have been demonstrated in fetuses
with encephaloceles include trisomies 13 and 18 and mosaic
trisomy 20, as well as unbalanced translocations and inver-
sions (Goldstein et al., 1991).

Although isolated encephalocele is not generally con-
sidered to have an increased risk of recurrence, parents can
be offered early prenatal sonography in a subsequent preg-
nancy. Encephaloceles have been diagnosed as early as 12
weeks of gestation by transvaginal sonography (Cullen et al.,
1990; Fleming et al., 1991). In a patient with a previous preg-
nancy affected by Meckel–Gruber syndrome, it is possible to
diagnose encephalocele as early as 12 to 13 weeks in a sub-
sequent pregnancy, thereby confirming the recurrence of the
condition (Tanriverdi et al., 2002).
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13
CHAPTER

Exencephaly/Acrania

Key Points

■ Rare fetal anomaly that is incompatible with
survival.

■ Bones of the cranial vault are absent but facial
structures and skull base are preserved. Residual
brain tissue is present and floats free in amniotic
fluid.

■ Likely to be the first trimester precursor to
anencephaly. Now called fetal
acrania–anencephaly sequence.

■ Incidence is 3 per 10,000 second trimester
pregnancies.

■ Sonographic findings in the first trimester include:
absent calcification of the cranial bones, lateral
widening of the cerebral hemispheres (the “Mickey
Mouse” sign), and echogenic amniotic fluid.
Second trimester findings include free-floating

disorganized brain tissue with preservation of the
face.

■ Often associated with omphalocele, amniotic band
syndrome, limb–body wall complex, and
pentalogy of Cantrell.

■ Differential diagnosis includes acalvaria, massive
meningoencephalocele, amniotic bands,
limb–body wall complex, hypophosphatasia, and
osteogenesis imperfecta type II.

■ Condition is uniformly fatal postnatally.

■ Recurrence risk depends on underlying etiology. If
syndromic may have 25% to 50% recurrence risk.
Otherwise, recurrence risk is 2% to 5%.

■ Preconceptual folic acid (4 mg/day) is
recommended for subsequent pregnancies.

CONDITION

Exencephaly is a rare fetal anomaly that is incompatible with
extrauterine life. In exencephaly, the bones of the cranial vault
are absent (acrania), but the facial structures and the base of
the skull are preserved (Casellas et al., 1993). The terms exen-
cephaly and acrania are used interchangeably in this chapter.
Exencephaly is a precursor to anencephaly (the so-called fetal
acrania-anencephaly sequence); it differs from anencephaly
in that residual brain tissue is present and floating free in the
amniotic fluid.

Exencephaly is frequently noted in animal teratogen
studies. Human exencephaly appears to be confined to early
gestation.Only rare reports exist of a third trimester diagnosis
of anexencephalic fetus (Wilkins-HaugandFreedman,1991).
Anencephaly, however, is more common in humans than in
animals. The greater prevalence of anencephaly in humans
is attributed to a longer gestational period, which presents

the opportunity for destruction of the free-floating brain
matter.

Exencephaly is due to the failure of the anterior neuro-
pore to close during the 4th week of embryonic development.
The underlying defect is due to a failure in mesenchymal mi-
gration (Stagiannis et al., 1995). In pathologic studies, the
exencephalic brain is noted to be covered by a highly vascu-
lar epithelial layer. In exencephaly, two relatively equivalent
cerebral hemispheric remnants are present within a reddish
mass of disorganized tissues, remnants of deep cerebral neu-
ral elements, blood vessels, fibrous tissues, and fluid-filled
spaces (Hendricks et al., 1988). The remaining brain has been
termed the “anencephalic area cerebrovasculosa.” In exen-
cephalic brain tissue, the gyri and sulci are shallow, flattened,
and disorganized. All surfaces of the brain are highly vascu-
lar. The remaining central nervous system tissue is dysplastic,
with little or no neuronal differentiation, and very little nor-
mal cortex (Hendricks et al., 1988).
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INCIDENCE

Papp et al. (1986) reviewed cases of neural tube defect de-
tected by maternal serum α-fetoprotein (AFP) screening. In
36,075 screenedpregnancies, 10 cases of exencephalywere de-
tected. This equals an incidence of 3 cases per 10,000 screened
pregnancies. The same population had 14 cases of anen-
cephaly per 10,000 screened pregnancies. In this report from
Hungary, the mean age of the mothers of fetuses with exen-
cephaly was 22 years. Of the 10 affected pregnancies detected,
9 were singletons and 1 was a twin gestation. In eight of the
nine cases described, the maternal serum AFP levels were
greater than 2.5 multiples of the median.

In experimental animals, there is an increased inci-
dence of exencephaly in fetuses of female mice injected with
clomiphene citrate prior to ovulation (Dziadek, 1993). In ad-
dition, hyperglycemia in mice induces exencephaly (Sadler,
1980). The phenomenon inmice is similar to the inhibition of
neural tube closure seen in infants of mothers with diabetes.

SONOGRAPHIC FINDINGS

Exencephaly/acrania can be detected early and late in gesta-
tion. In the normal fetus, echogenic areas can be seen that
correspond to calcification of the cranial bones at approx-
imately 11 weeks. If calcification is absent at this point in
gestation, exencephaly should be considered. Another find-
ing can be lateral widening of the cerebral hemispheres with
clear delineation of the interhemispheric fissure, the “Mickey
Mouse” sign. Later in gestation, the most common finding
in exencephalic fetuses is the presence of a large quantity of
disorganized brain tissue that is not covered by the bones of
the skull, with concomitant preservation of facial structures
and bones at the base of the skull (Figure 13-1).

Thefirst prenatal sonographic diagnosis of exencephaly
was made at 39 weeks and described by Cox et al. in 1985.
Subsequently, the gestational age at diagnosis has decreased
considerably.Multiple case reportshave contributed to the in-
formation available regarding sonographic diagnosis. In one
report, in a routine sonographic examinationperformedat 29
weeks of gestation, the flat bones of the skull were noted to be
absent with only a small part of the occipital bone present
(meroacrania). Disorganized brain tissue was noted to be
floating free in the amniotic cavity. In addition, no evidence
of cerebral ventricles was seen, and the gyri were noted be
extremely disorganized (Casellas et al., 1993).

Exencephaly is often associated with other major mal-
formations, most commonly omphalocele, amniotic band
syndrome, limb–body wall complex, and pentalogy of
Cantrell.

First trimester diagnosis of exencephaly is possible
(Nishi and Nakano, 1994; Bognoni et al., 1999). In a case di-
agnosed at 9 weeks, the following sonographic features were
observed: the cranial pole was smaller than the chest, the cra-
nial pole bulged dorsally, and the surface of the cranium was
irregular (Becker et al., 2000). In another report at 10 weeks,
a vaginal sonogram demonstrated absence of the calvarium,
choroid, and echolucent areas normally seen in the brain at
that point in gestation (Kennedy et al., 1990). In the affected
fetus, the brain appeared echodense, with a pulsatile promi-
nence in the area of the forebrain. Because of the concern
regarding lack of cranial calcification, repeat sonography was
performed at 14 weeks of gestation. At this later time, the
cranium was noted to be absent above the occipital bones, a
widened cervical spine was present, and fragments of neural
tissue were seen attached but floating in the amniotic fluid in
the process of degeneration (Kennedy et al., 1990).

More recently, Cafici and Sepulveda (2003) de-
scribed an indirect sonographic sign of acrania/exencephaly,
echogenicamnioticfluid. It ishypothesized thatafter10weeks

Figure 13-1 Sagittal view of a fetus demonstrating a
large quantity of disorganized brain tissue not covered by
skull bones (arrow).
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of gestation, the exposed fetal brain rubs against the uterine
wall. This mechanical trauma results in the exfoliation of
blood and neural tissue into the amniotic fluid, which can be
identified as echogenic free-floating particles.

Three-dimensional (3-D) scanning in the diagnosis of
acrania–anencephaly sequence has also been described (Liu
et al., 2005).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for exencephaly includes acrania,
acalvaria, massive meningoencephalocele, amniotic bands or
amniotic rupture, limb–body wall complex, and skeletal dys-
plasias. It is important to distinguish exencephaly from mas-
sivemeningoencephalocele because the latter condition is not
lethal. In massive meningoencephalocele, the cranial vault is
always detected, and part of the brain is intracranial (Abu
Musa et al., 1990). In meningoencephalocele, the exposed
brain tissue appears more normal than in exencephaly, in
which marked dysplasia and disorganized development of
rudimentary brain tissue exists.

Acrania is a lethal malformation characterized by par-
tial or complete absence of the calvarium and disorganized
brain anatomy. It overlaps clinically with exencephaly. Acal-
varia is a rare congenital anomaly in which the flat bones
of the cranial vault, dura mater, and associated muscles are
absent, but the skull base, facial bones, and intrancranial con-
tents are present (Bianca et al., 2005). Acalvaria is potentially
compatible with life.

In the amniotic band syndrome, rupture of the am-
nion leads to subsequent entanglement of fetal parts by fi-
brous mesodermic bands. This condition is suggested by the
presence of asymmetric lesions in the brain, with associated
defects of the spine, abdominal wall, and limbs (Hendricks
et al., 1988; Abu Musa et al., 1990; Casellas et al., 1993; Cin-
core et al., 2003; Chen et al., 2004). In limb–body wall com-
plex, exencephaly or encephalocele are associated with facial
clefts, limb defects, and scoliosis. This condition is diagnosed
by disruption of the body wall in association with multiple
severe abnormalities (Pumberger et al., 2001; Luehr et al.,
2002). Pentalogy of Cantrell (see Chapter 61) consists of a
supraumbilical wall defect, defect of the lower sternum, defi-
ciency of the anterior diaphragm, defect of the diaphragmatic
pericardium, and the presence of intracardiac defects. In sev-
eral reports, approximately 10% of patients with pentalogy
of Cantrell have associated central nervous system malfor-
mations, including exencephaly (Hori et al., 1984; Denath
et al., 1994; Bognoni et al., 1999). A final consideration in
the differential diagnosis is the presence of a skeletal dyspla-
sia. This can be suggested by lack of mineralization of skull
bones, such as is seen in hypophosphatasia (see Chapter 98)
and osteogenesis imperfecta type II (see Chapter 91). In the
skeletal dysplasias, however, the intracranial anatomy is nor-
mal. Typical of the skeletal dysplasias are the abnormalities of
the long bones, which include shortening or bowing.

ANTENATAL NATURAL HISTORY

Exencephaly is considered to be a precursor to anencephaly.
In animals with short gestational periods, exencephaly is fre-
quently observed. However, if the gestation is prolonged ar-
tificially, the exposed cerebral structures experience destruc-
tion, resulting in anencephaly (Casellas et al., 1993). Wood
andSmith (1984)developedanexperimentalmodel for anen-
cephaly by administering vitamin A to pregnant rats. The fe-
tuses were noted to have exencephaly that spontaneously dis-
integrated and eventually became anencephaly. It is thought
that the chemical and physical trauma to which the cerebral
tissue (unprotected by its sheltering bone cover) is exposed
determines its eventual destruction. In humans, destruction
of exposed developing brain structures may be complete by
8 to 10 weeks of gestation (Abu Musa et al., 1990).

It has now been demonstrated in humans that a similar
progression fromexencephaly to anencephaly exists.Wilkins-
Haug and Freedman (1991) described a case in which pro-
gression to anencephaly was demonstrated bymultiple sono-
grams in a continuing pregnancy. In their case, a 16-week-old
fetus was diagnosed with exencephaly. In the cranial area, a
well-circumscribed tissue mass was demonstrated without
sonographic evidence of cranial calcification. At 18 weeks
of gestation, these findings were unchanged, and the par-
ents elected to continue the pregnancy. Repeat sonography
was performed at 24 weeks of gestation, when polyhydram-
nios was demonstrated, and the brain tissue appearance had
changed significantly. The disorganized tissue mass was no
longer well circumscribed, but was convoluted and floating
free in the amniotic fluid cephalad to the frontal bones. At
29 weeks of gestation, the volume of the free-floating brain
tissue had significantly decreased. Only a thin layer of tissue
remained above the frontal bones. A female infant was deliv-
ered by spontaneous vaginal delivery at 30 weeks of gestation
with Apgar scores of 1 and 0. The physical appearance of this
infantwas consistentwith classic anencephaly. Physical exam-
ination of the cranial area revealed a minimal amount of ery-
thematous, spongy tissue, without cranial or skin covering.
This case demonstrates the destruction and disorganization
of the developing brain that eventually results in the devel-
opment of the anencephalic area cerebrovasculosa. A similar
phenomenon has been described in another case report, in
which selective feticide was performed in a twin pregnancy
at 18 weeks of gestation. One twin was normal and the other
affected with exencephaly (Papp et al., 1986). This case was
followed by repeated sonograms for the healthy twin, and the
exposed cerebral mass in the affected twin also regressed over
time.

MANAGEMENT OF PREGNANCY

In a study of 3600 pregnant women in Taiwan who received
first trimester serum and nuchal translucency screening for
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Down syndrome, results were reviewed to determine if these
tests could also diagnose acrania. Seven cases of exencephaly/
acrania occurred, and all were detetected by nuchal translu-
cency screening (Cheng et al., 2003) Five of the seven af-
fected pregnancies underwent screening with free beta hCG
and PAPP-A levels, and there were no differences between
the affected and control pregnancies. However, fetuses with
exencephaly are accurately detected with second trimester
maternal serum screening (Driscoll and Professional Practice
and Guidelines Committee of the American College of Med-
ical Genetics, 2004). Maternal serum AFP, maternal serum
human chorionic gonadotropin (hCG), and urinary β-core
hCG levels are all elevated in this condition (Hayashi et al.,
1994). Fetuses in which exencephaly is suspected should be
referred to a center capable of detailed sonographic screening
to confirm the diagnosis. Pregnancies in which amniocen-
teses have been performed also reveal extremely high levels
of amniotic-fluid AFP (Papp et al., 1986). In addition, large
numbers of actively phagocytic macrophages can be demon-
strated in the amnioticfluidof fetuseswith exencephaly (Papp
et al., 1986). It is thought that the degeneration of the exposed
neural tissue is potentiated by themacrophages, although it is
not known whether these macrophages are fetal or maternal
in origin.

Typically, exencephaly is not associated with chromo-
somal abnormalities, although one case reported deletion of
the long arm of chromosome 13 (Lam et al., 1998). However,
because of the severity of the defect, a chromosome analysis
should be performed to permit accurate genetic counseling.
Exencephaly is not compatible with postnatal life. Therefore,
the parents should be given the option of termination of preg-
nancy if this condition is diagnosed before 24 weeks of ges-
tation. Cesarean delivery should be considered for maternal
indications.

FETAL INTERVENTION

There is no fetal intervention for exencephaly.

TREATMENT OF THE NEWBORN

Exencephaly is a lethal condition. There is no indication for
resuscitation of the newborn.

SURGICAL TREATMENT

There is no surgical treatment for exencephaly.

LONG-TERM OUTCOME

Exencephaly is uniformly fatal.

GENETICS AND RECURRENCE RISK

Exencephaly may be one part of a multiple congenital
anomaly syndrome that is inherited as a single-gene disor-
der. For example, exencephaly is part of the Roberts syn-
drome,which is inherited as an autosomal recessive condition
and consists of limb-reduction anomalies, unilateral anoph-
thalmia, and premature centromeric splitting on karyotype
(Verloes et al., 1989). Exencephaly has also been reported
to be associated with an autosomal dominant brachydactyly
pedigree (Stagiannis et al., 1995). Exencephaly can also be an
extrememanifestationof theAdams–Oliver syndrome,which
is inherited as an autosomal dominant gene. This condition
consists of congenital scalp defects and distal limb anoma-
lies. Every attempt should be made to determine whether the
exencephaly is isolated or part of a multiple malformation
syndrome. If the fetus is terminated, an autopsy should be
performed and chromosome analysis should be performed
at the time of termination.

Exencephaly has been described in a product of a con-
sanguineous (brother/sister) mating in which both parents
had Waardenburg syndrome. This mating raised the ques-
tion of homozygosity for a mutation in the PAX3 gene. The
PAX3 gene is analogous to themouse splotch gene. In splotch
homozygotes, exencephaly develops in half of litters. This hu-
manmating possibly demonstrates the role ofPAX3 in neuru-
lation, neural crest cell migration, and development of limb
muscles in the human as well as themouse (Aymé and Philip,
1995).

The recurrence risk for exencephaly depends on its un-
derlying etiology. Cases that are associated with amnion rup-
ture do not have an increased risk of recurrence. If a single-
gene disorder is present, the recurrence risk will depend on
whether it is autosomal recessive, autosomal dominant, or X-
linked. Exencephaly is considered to be within the spectrum
of neural tube defects, which have an increased risk of recur-
rence on the order to 2% to 5%. Preconceptual folic acid and
sonographic examination are recommended in subsequent
pregnancies.
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14
CHAPTER

Holoprosencephaly

Key Points

■ A complex brain malformation characterized by
the forebrain failing to cleave into two
hemispheres, a process that is usually completed
by 5 weeks.

■ Four subtypes exist, listed in order of decreasing
severity: alobar, semilobar, lobar, and middle
hemispheric variant.

■ Incidence is approximately 1 in 8000 second
trimester pregnancies.

■ Approximately 40% of cases have a chromosome
abnormality. Of these 75% are due to trisomy 13.

■ Maternal diabetes increases the risk of
holoprosencephaly by 200-fold.

■ Management of pregnancy should include fetal
karyotype, DNA mutation testing, and
consideration of fetal MRI. A detailed family history
should be obtained.

■ Mutations in eight different genes are associated
with holoprosencephaly (SHH, PTCH, SIX3, SL12,
ZIC2, TGIF, TDGF1, and FAST1).

■ If chromosome abnormalities and craniofacial
anomalies are absent, long-term survival is possible.
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CONDITION

The term holoprosencephaly describes a spectrum of cere-
bral and facial malformations that result from absent or in-
complete division of the embryonic forebrain, the prosen-
cephalon. The abnormality occurs during the 3rd week of
gestation (Müller and O’Rahilly, 1989). Two separate sets of
terms are used to describe the facial and brain anomalies.
DeMyer (1964) proposed a subclassification of holoprosen-
cephaly based on the extent of sagittal division of the cerebral
cortex, thalamus, andhypothalamus. In themost severe form,
alobar holoprosencephaly, midline structures are absent and
there is nodivisionof thehemispheres.A single commonven-
tricle is present and the thalami are fused. In semilobar holo-
prosencephaly, incomplete division of the forebrain results
in partial separation of the hemispheres. In lobar holopros-
encephaly, there is normal cortical division and two thalami,
but abnormalities exist in the corpus callosum, septum pel-
lucidum, or olfactory tract or bulbs. More recently, a fourth
subtype of holoprosencephaly was described, known as the
middle interhemispheric variant (MIH) (Simon et al., 2002;
Pulitzer et al., 2004). In MIH, the posterior frontal and pari-
etal lobes fail to separate, but the poles of the frontal and
occipital lobes are well separated.

The facial abnormalities accompanying holoprosen-
cephaly range from subtle to grotesque (Figure 14-1). In
general, the more severe facial malformations are associ-
ated with alobar holoprosencephaly, but exceptions do occur
(Table 14-1). Themost severe facialmalformation is cyclopia,
a single or fused double eye and absent nasal structures (Fig-

A

D E F G

B C

Figure 14-1 The spectrum of facial malformations that can accompany holoprosencephaly. A and B demonstrate
cyclopia. C shows cyclopia with a proboscis. D shows ethmocephaly with a proboscis. E demonstrates cebocephaly
with a single nostril. F shows mild holoprosencephaly with a midline cleft lip. G is the mildest form of holoprosen-
cephaly with a single central incisor (see text for details).

ures 14-1A and 14-1B). A proboscis, a cylindrical protuber-
ance, may also be present (Figure 14-1C). In ethmocephaly,
the eyes are separate but closely placed (hypotelorism); a pro-
boscis is present (Figure 14-1D). Ethmocephaly is the rarest
of the facial malformations seen in holoprosencephaly. In ce-
bocephaly, ocular hypotelorism is present along with a nasal
structure that has a single nostril (Figure 14-1E). In themilder
forms of holoprosencephaly, ocular hypotelorism, flat nose,
and a median cleft lip occur (Figure 14-1F). Arrhinencephaly
refers to the absence of the olfactory tracts and bulbs. Sub-
tle, often missed forms of holoprosencephaly include mild
hypotelorism, eye abnormalities (iris or retinal colobomas),
mildmidface hypoplasia, bifid uvula, and single central max-
illary incisor tooth (Figure 14-1G).

INCIDENCE

The true incidence of holoprosencephaly is unknown, as
presumably there is a high incidence of death in early em-
bryonic life. In a study of 36,380 spontaneous abortions,
Matsunaga and Shiota (1977) noted 150 embryos with holo-
prosencephaly. This equals a prevalence of 40 per 10,000. Us-
ing data from a population-based birth defects registry from
California, Croen et al. (1996) identified 121 cases among a
cohort of 1,035,386 livebirths and fetal deaths. This equaled
a prevalence of 1.2 per 10,000 births. Of all cases, 41% (50 of
121) had a chromosomal abnormality, most commonly, tri-
somy 13. Among cases with normal chromosomes, increased
risks are observed among Hispanic and Pakistani women
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Table 14-1

Post Delivery Assessment of a Fetus/Infant with Alobar Holoprosencephaly

Brain Face Clinical Findings

Alobar HP Cyclopia Median single or fused eyes; may have no eye;
proboscis present or absent

Alobar HP Ethmocephaly Rarest facial type; severe ocular hypotelorism
with proboscis

Generally alobar HP Cebocephaly Ocular hypotelorism and blind-ended, single
nostril nose

Generally alobar HP Median cleft lip Ocular hypotelorism, flat nose, median cleft lip

Semilobar or lobar HP Mild dysmorphism Spectrum of milder abnormalities, including
ocular hypotelorism, flattened midface and
nose, unilateral or bilateral cleft lip, iris
coloboma, single central incisor. Could also
appear normal.

(Ong et al., 2007). There is an excess of female conceptuses
in alobar (3:1), as opposed to lobar (1:1) holoprosencephaly
(Cohen, 1989a). Prevalence is also increased in twins (Suslak
et al., 1987). Amore recent U.K. population-based survey in-
cluded all cases in which the pregnancy was terminated after
prenatal diagnosis (Bullen et al., 2001). The total prevalence
(including terminations) was 1.2 cases per 10,000 registered
births. The birth prevalence (affected livebirths and stillbirths
at >24 weeks) was 0.49 cases per 10,000 births. Prenatal de-
tection was 86% of cases with a program of routine second-
trimester anatomic survey.

Maternal diabetes is the only confirmed human ter-
atogen associated with holoprosencephaly; the incidence of
holoprosencephaly among diabetics is increased 200-fold as

compared with controls (Barr et al., 1983; Cohen and Shiota,
2002). Other postulated teratogens include ethanol (Jellinger
et al., 1981; Ronen and Andrews, 1991; Cohen and Shiota,
2002), salicylate (Benawra et al., 1980), cytomegalovirus
(Byrne et al., 1987), retinoic acid, and products of the choles-
terol biosynthesis pathway (Cohen and Shiota, 2002).

SONOGRAPHIC FINDINGS

In most fetuses, a midline echo is normally generated by the
reflection of sound waves from acoustic interfaces at the in-
terhemispheric fissure. This echo is absent in alobar holo-
prosencephaly (Figure 14-2) (Pilu et al., 1987). In addition,

A B

Figure 14-2 Prenatal sonographic image at 23 weeks from fetus with alobar holoprosencephaly. A. Axial view with
fused thalami. B. Single communicating ventricle.
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A

B

Figure 14-3 A. Coronal sonographic image
demonstrating thalamic fusion. B. Corre-
sponding pathologic specimen from a fetal
brain, demonstrating a single ventricle and
thalamic fusion. (Photograph courtesy of
Dr. Joseph Semple.)

in the standard transverse viewof the fetal head obtained dur-
ingmeasurement of the biparietal diameter (BPD), ventricu-
lomegaly may be noted. The extent of thalamic fusion is best
evaluated on a coronal scan (Figure 14-3). When a large cys-
tic abnormality of the fetal head is detected, evaluation of the
midline structures of the fetal face is recommended. Greene
et al. (1987)havedescribed theuseof two sonographic criteria
for the diagnosis of holoprosencephaly: intracranial abnor-
malities and structural abnormalities of the face. In any case
of suspected holoprosencephaly, the bony orbits should be vi-
sualized. Normal standards exist for the distance between or-
bits; this is important in the diagnosis of ocular hypotelorism
(Mayden et al., 1982). Facial views will also demonstrate the
presence of a proboscis. First trimester holoprosencephaly
has been diagnosed by two and three-dimensional transvagi-
nal sonography (Bronshtein andWiener, 1991;Hamada et al.,
1992; Stagiannis et al., 1995; Tongsong et al., 1999; Lai et al.,

2000; Chen et al., 2005). The first trimester cross-sectional
view of the fetal brain demonstrating both choroid plexuses
(the so-called “butterfly sign”) has been advocated as a screen
for holoproscencephaly (Sepulveda et al., 2004).

Several studies have shown that extracranial abnor-
malities occur in approximately 50% of cases (Berry et al.,
1990; McGahan et al., 1990). The most common anomalies
are meningomyelocele, renal dysplasia, cardiac defects, and
polydactyly.

DIFFERENTIAL DIAGNOSIS

The main considerations in the differential diagnosis of
holoprosencephaly include hydrocephalus, midline cere-
bral defects, such as septo-optic dysplasia, hydranencephaly,
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and porencephalic cysts. Holoprosencephaly may be distin-
guished from fetal hydrocephalus by demonstration of the
absence of the midline echo and fusion of the thalami. Hy-
drocephalus due to aqueductal stenosis or an Arnold–Chiari
malformation displays an intact falx cerebri, distinct and sep-
arate ventricles, and splayed thalami (Nyberg et al., 1987). In
hydranencephaly, a thinned cerebral cortex may be noted.
Finally, although both hydranencephaly and porencephalic
cyst can demonstrate an absent or deviated falx, the thalami
should be distinct with these diagnoses (Nyberg et al., 1987).
Holoprosencephaly can occur as an isolated finding or in
combination with other anomalies in a single-gene disorder,
such as Smith–Lemli–Opitz syndrome (Peebles, 1998).

ANTENATAL NATURAL HISTORY

Holoprosencephaly is highly lethal during fetal life. It has
been estimated that only 3% of holoprosencephalic concep-
tuses are liveborn (Cohen, 1989b). In a retrospective study,
40% of cases were associated with vaginal bleeding and were
considered threatened miscarriages (Berry et al., 1990). The
perinatal mortality rate is on the order of 89% (McGahan
et al., 1990). It is important to recognize, however, there is
a correlation between the severity of the condition and the
outcome.

MANAGEMENT OF PREGNANCY

Holoprosencephaly is a profound fetal brain anomaly that
cannot be altered or treated. Considerations formanagement
of pregnancy include elective termination if the diagnosis is
made earlier than 24 weeks, determining the cause of the
holoprosencephaly, and planning the route of delivery. Be-
cause approximately 30% to 50% of fetuses with holopros-
encephaly have chromosomal abnormalities, prenatal kary-
otype is strongly recommended.Achromosomalabnormality
is more likely to be present if extrafacial abnormalities are de-
tected on sonography (Berry et al., 1990; Bullen et al., 2001).
Trisomy 13 accounts for ∼75% of the chromosome abnor-
malities. A wide variety of other chromosomal abnormalities
have also been described (Aronson et al., 1987; Gillerot et al.,
1987; Münke, 1988, 1989; Urioste et al., 1988; Helmuth et al.,
1989; Estabrooks et al., 1990; Isada et al., 1990; Lurie et al.,
1990; Hamada et al., 1991; Hatziioannou et al., 1991; Kuchle
et al., 1991; Petit et al., 1991; Van Allen et al., 1993).

If the karyotype is normal, we recommend sending
amniocytes for commercial DNA mutation testing of the
genes SHH, TGIF, SIX3, and ZIC2 (see section “Genetics and
Recurrence Risk”).

Since familial recurrences of holoprosencephaly have
been reported, a family history should be obtained to elicit
information on family members with mental retardation,
microcephaly, cleft lip and/or cleft palate, eye abnormalities,
flattening of themidface, or the presence of a single central in-

Figure 14-4 Adult with mild phenotypic features of holopros-
encephaly, including a central incisor tooth and hypotelorism.
These features may not be noticed in apparently normal indi-
viduals, yet they place the parent at high risk for offspring with
more severe forms of holoprosencephaly. (From Johnson VP. Holo-
prosencephaly: a developmental field defect. Am J Med Genet.
1989;34:258-264.)

cisor (Figure14-4) (Berry et al., 1984;Hattori et al., 1987).The
mother should be asked whether she has a history of diabetes
mellitus or was exposed to ethanol or salicylates. TORCH
(toxoplasmosis, other agents, rubella, cytomegalovirus, her-
pes simplex) titers should be considered. Although sonogra-
phy should adequately identify the presence of holoprosen-
cephaly, fetal magnetic resonance imaging (MRI) has been
reported as an alternative to improve antenatal definition of
the central nervous system (CNS) anatomy (Horvath and
Seeds, 1989; Toma et al., 1990; Pulitzer et al., 2004; Wong
et al., 2005).

Cesarean delivery may be considered for mild cases of
holoprosencephaly. Occasionally, macrocephaly due to ven-
triculomegaly may prevent vaginal delivery. In nonviable
cases of alobar holoprosencephaly, cephalocentesis may facil-
itate a nonoperative delivery. In a large study of 104 long-term
surviviors with holoprosencephaly, the mean gestational age
at birth was 38 weeks (Stashinko et al., 2004).

FETAL INTERVENTION

There is no fetal intervention for this condition.

TREATMENT OF THE NEWBORN

Infants with cyclopia, ethmocephaly, and cebocephaly do not
survive the perinatal period.Given the expectations for severe
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mental retardation in infants who survive with alobar holo-
prosencephaly, aggressive resuscitation, including mechani-
cal ventilation, is contraindicated. In the delivery room, the
infant should be warmed and dried. A thorough physical ex-
amination is recommended todocument thepresenceof asso-
ciated anomalies. If a karyotype was not obtained prenatally,
it should be obtained at birth. Some infants will breathe and
maintain their own temperature. Potential problems for the
newborn include seizures, apnea, and feeding difficulties. If
the parents are willing to take the infant home, they can be
taught to feed the infant by gavage. Postnatal high-resolution
MRI of the neonatal head may be helpful to further define
anatomy and prognosis.

A common misperception is that children with holo-
prosencephaly do not survive past infancy (Hahn and
Plawner, 2004). When chromosome abnormalities or severe
craniofacial anomalies are present, this is true. However, in-
fantswithmild-to-moderate formsof holoprosencephalywill
survive into childhood and adolescence.

LONG-TERM OUTCOME

Thereare increasing reportsof long-termsurvivorswithholo-
prosencephaly (Barr and Cohen, 1999; Hahn and Plawner,
2004; Stashinko et al., 2004) (Figure 14-5). Problems include
mental retardation, seizures, feeding difficulties, endocrino-
pathies, such as diabetes insipidus, and abnormalities of tone
and movement. Children with alobar holoprosencephaly are
unable to walk, reach objects, or speak (Hahn and Plawner,

2004). In a study of 104 survivors with holoprosencephaly,
only 4 of 30 individuals with semilobar holoprosencephaly
had normal hand or arm function and only 2 could speak
in sentences. In contrast, about half of the lobar holopros-
encephaly patients could walk independently, use their up-
per extremities normally, and speak in sentences (Hahn and
Plawner, 2004).

GENETICS AND RECURRENCE RISK

Thevarious etiologies ofholoprosencephaly are listed inTable
14-2. Holoprosencephaly due to sporadic, nonchromosomal,
nonsyndromic reasons carries an empiric recurrence risk of
6% (Roach et al., 1975). In a 20-year review of cases from
Western Scotland, Whiteford and Tolmie (1996) suggested
that holoprosencephaly does not necessarily breed true, and
that affected families had a 12% recurrence risk for serious
neurologic disability. If a chromosomal abnormality is de-
tected, the recurrence risk may be approximately 1% (in the
case of trisomy13or 18) or higher (if a balanced translocation
was found in a parent). In women with diabetes mellitus, the
recurrence risk is 1% (Barr et al., 1983). A careful searchmust
be made for relatives with the subtle findings of holoprosen-
cephaly. The autosomal dominant form is notable for varia-
tion in the phenotype (see Figures 14-4 and 14-5 [Right]).
Penetrance of the gene is on the order of 30% (Collins
et al., 1993). In addition, DeMyer et al. (1963) described an
autosomal recessive pattern of inheritance for holoprosen-
cephaly.

Figure 14-5 Postnatal photographs of surviving infants with milder forms of holoprosencephaly. (Left) Infant with
severe hypotelorism, upslanting palpebral fissures, severe midface and nasal hypoplasia, and median cleft lip and
palate. (Right) More mildly affected infant with midface hypoplasia, and a median cleft lip and palate that have been
repaired. She is the daughter of the man shown in Figure 14-4. (From Johnson VP. Holoprosencephaly: a developmental
field defect. Am J Med Genet. 1989;34:258-264.)
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Table 14-2

Etiologies of Holoprosencephaly

Categories Factors

Genetic factors Familial holoprosencephaly

Chromosomal
abnormalities

Trisomy 13
Trisomy 18
Duplications, deletions, and

rearrangements of multiple
chromosomes

Monogenic
syndromes

Pseudotrisomy 13
Pallister–Hall syndrome
Meckel syndrome
Velocardiofacial syndrome
Smith–Lemli–Opitz syndrome

HPE gene
mutations

SHH
PTCH
TGIF
TDGF1
ZIC2
SIX3
GLI2
FAST1

Environmental
exposures

Antiepileptic drugs
Retinoic acid
Alcohol
Smoking
Statin drugs
Pregestational diabetes
Cytomegalovirus infection
Maternal hypocholesterolemia

Much progress has occurred in the molecular under-
standing of the development of holoprosencephaly (Münke
et al., 1989). At least eight different human genes have been
identified that are involved in thedevelopmentofholoprosen-
cephaly (Table 14-2) (Hahn and Plawner, 2004). Two of these
genes (SHH andPTCH) arepartof the sonichedgehog signal-
ing pathway, which regulatesmental development in the fore-
brain and spinal cord (Hahn and Plawner, 2004). The human
sonic hedgehog gene (SHH) has been shown to be the same
as the holoprosencephaly 3 (HPE 3) gene located on chro-
mosome 7q36 (Belloni et al., 1996; Roessler et al., 1996). In
humans, loss of one SHH allele is sufficient to cause holopros-
encephaly (Roessler et al., 1996, 1997). Results of a complete
DNA analysis of the SHH gene in 344 unrelated cases of holo-
prosencephaly has identified 23 different mutations (Nanni
et al., 1999). These include nonsense andmissensemutations,
deletions, and an insertion. No genotype–phenotype corre-

lation is apparent based upon this mutational analysis. In
autosomal dominant holoprosencephaly, mutations in SHH
are the most commonly indentified genetic defect (Nanni
et al., 1999). Furthermore, Smith–Lemli–Opitz syndrome, a
recessively inheriteddisorderof cholesterolbiosynthesis, is as-
sociated with holoprosencephaly. Low cholesterol levels lead
to abnormal or incomplete modification of the SHH protein.

Genes that are involved in the nodal signaling path-
way (important in neural patterning) are also involved in the
pathogenesis of holoprosencephaly. These include transcrip-
tional corepressor TG-interacting factor (TGIF), TDGF1,
which encodes a membrane-associated protein, and FAST1.
Other genes involved in the etiology of holoprosencephaly do
not play a role in the above pathways. These include SIX3, the
HPE2 locus on human chromosome 2p21. This homeobox
gene contains information that is essential for the develop-
ment of the anterior neural plate and eye in humans (Wallis
et al., 1999). ZIC2, a human homologue of the Drosophila
odd-paired gene, maps to chromosome 13q32. Heterozygous
mutations in ZIC2 are the underlying cause of holoprosen-
cephaly in approximately 3% to 4% of cases (Brown et al.,
1998, 2001). Interestingly, patients with ZIC2 mutations tend
to have relatively normal faces (Brown et al., 2001). GL12
mutations are associated with a distinctive phenotype that
consists of abnormal anterior pituitary formation and pan-
hypopituitarism, midface hypoplasia, with or without overt
abnormalites of forebrain cleavage (Roessler et al., 2003).
Table 14-3 summarizes our recommendations for postdeliv-
ery assessment of a fetus or infant with holoprosencephaly.
Given the rapid progress in human genetic and developmen-
tal research, we recommend obtaining a skin biopsy or pla-
cental material to establish a fibroblast cell line for future
DNA studies. Finally, in all cases of holoprosencephaly, it is
essential to hold a follow-up meeting with the parents after
delivery or termination to review all pathologic studies and to

Table 14-3

Postdelivery Assessment of a Fetus/Infant
with Holoprosencephaly

Rule out chromosomal abnormality with high-resolution
banding

Obtain a detailed family history

Examine the proband’s family to rule out subtle
abnormalities

Obtain an autopsy

Bank DNA for future genetic studies

Hold follow-up meeting to summarize results of above
studies
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summarize the understanding of the cause, genetics, and re-
currence risk.
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15
CHAPTER

Hydranencephaly

Key Points

■ Hydranencephaly is a rare condition in which the
cerebral hemispheres are virtually absent.

■ The typical case is that of an isolated finding
without additional abnormalities.

■ The diagnosis should be expected when a large
cystic mass fills the cranial cavity and there is no
recognizable cerebral cortex.

■ The antenatal natural history is not well known but
appears to represent an evolving intrauterine
process secondary to a vascular insult.

■ Correct diagnosis is important for the management
of these cases. Vaginal delivery is optimal.

■ The long-term outcomes associated with complete
hydranencephaly are extremely poor.

■ In most cases, there is no recurrence risk since
hydranencephaly is most often associated with a
destructive process rather than with a primary
malformation.
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CONDITION

Hydranencephaly describes a condition in which the cerebral
hemispheres are virtually absent. The hemispheres are re-
placed by membranous sacs containing cerebrospinal fluid.
The meninges and skull are intact. The cerebellum and
brainstem are typically normal. The falx is usually present
but may be partially or completely absent. Hydranencephaly
is considered the most severe form of a spectrum of disor-
ders that includes porencephalic cyst and schizencephaly. It is
differentiated from extreme hydrocephalus by the lack of any
identifiable cerebral cortex in hydranencephaly.

The most commonly accepted mechanism for the de-
velopment of hydranencephaly is bilateral internal carotid
artery occlusion resulting in cerebral infarction.Myers (1969)
described the surgical ligation of the common carotid ar-
teries and jugular veins of a rhesus monkey fetus at 84 to
86 days of gestation. On subsequent postmortem examina-
tion the fetal craniumwas fully developed; however, the cere-
bral hemispheres were absent and replaced by thin membra-
nous sacs filled with cerebrospinal fluid, while the brainstem
and cerebellum were normal (Myers, 1969). Prenatal in-
fections including toxoplasmosis (Altshuler, 1973; Plantaz
et al., 1987), cytomegalovirus (Kubo et al., 1994), rubella
(Deshmukh et al., 1993), and herpes simplex infections
(Christie et al., 1986; Hutto et al., 1987) have also been
associated with hydranencephaly. Hemorrhagic states such
as familial factor XIII deficiency have also been reported
(Takada et al., 1989).

The typical case of hydranencephaly is that of an iso-
lated finding with no additional abnormalities. A variety
of syndromes has been reported in association with hydra-
nencephaly, including trisomy 13 (Dixon, 1988), agnathia
malformation complex (Persutte et al., 1990), hypoplastic
thumbs (Norman and Donnai, 1992), lethal multiple ptery-
gium syndrome (Mbakop et al., 1986), and both renal aplas-
tic dysplasia and polyvalvular developmental heart defect
(Bendon et al., 1987). Four cases of hydranencephaly associ-
ated with severely dysplastic kidneys have also been reported
(Gschwendtner et al., 1997). Hydranencephaly may occur in
a surviving co-twin following single intrauterine fetal demise
in a monochorionic pregnancy (Hahn et al., 2003). In ad-
dition, although this condition is usually sporadic, affected
siblings (Hamby et al., 1950; Najafzadeh et al., 1982) and a set
of affected twins have been reported (Regec and Bernstine,
1979). Hydranencephaly has also been reported in associa-
tion with a primary congenital rhabdoid tumor of the brain
(Velasco et al., 1993).

INCIDENCE

The reported incidence of hydranencephaly is between 1 in
4000 and 1 in 10,000 births (Romero et al., 1988). Hemihy-

dranencephaly is an extremely rare condition and has been
reported on six occasions (Muir, 1959;Warkany, 1971;Moser
and Seljeskog, 1981; Suzuki et al., 1985; Ohtsuka, 1986; van
Doornik and Hennekam, 1992).

SONOGRAPHIC FINDINGS

Hydranecephaly can be diagnosed in the first trimester and
should be suspected when a large cystic mass fills the cranial
cavity without recognizable cerebral cortex (Lin et al., 1992;
Lam and Tang, 2000) (Figure 15-1). The lack of cerebral cor-
tex differentiates the condition from severe hydrocephalus.
The midbrain, basal ganglia, and posterior fossa are usually
normal, and there is often a characteristic protrusion of the
brainstem into the cystic mass (Romero et al., 1988). The
falx is usually present but may be partially or completely
absent. Macrocephaly may be present and is attributed to
continuing production of cerebrospinal fluid by the choroid
plexus (Raybaud, 1983; Greene et al., 1985). Polyhydramnios
can be a common associated finding (Fleischer and Brown,
1977).

The sonographic appearance of hydranencephaly may
sometimes be difficult, because visualization of a com-
pletely anechoic cystic mass is dependent on the timing of
sonography in relation to the vascular insult. The diagno-
sis of hydranencephaly may not be clear when the infarction
and hemorrhage are evolving. Recent hemorrhage appears
echogenic, and as clot lyses it assumes the characteristic ane-
choic appearance of hydranencephaly (Greene et al., 1985;
Edmondson et al., 1992). Serial sonographymay therefore be

Figure 15-1 Prenatal sonographic image demonstrating the ab-
sence of cerebral cortex and presence of a large fluid-filled
mass.
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necessary to confirm the diagnosis, as hydranencephaly is an
evolving process (Lam and Tang, 2000). Magnetic resonance
imaging can be used to confirm the diagnosis (Byers et al.,
2005).

DIFFERENTIAL DIAGNOSIS

Themost common differential diagnoses that should be con-
sidered include extreme hydrocephalus, porencephaly, and
lobar holoprosencephaly. When hydrocephalus is extreme
the cerebral cortex may be very thin and closely applied to
the cranium, thereby making it difficult to differentiate from
cases of hydranencephaly with preserved falx. The presence
of even minimal cerebral cortex indicates extreme hydro-
cephalus rather than hydranencephaly. In addition, hydra-
nencephaly usually demonstrates a pronounced bulging of
the brainstem into the cystic cavity, while in extreme hydro-
cephalus the presence of residual cortical matter prevents this
characteristic appearance (Romero et al., 1988). Magnetic
resonance imaging (MRI) has been reported as a comple-
mentary technique for the definitive intrauterine diagnosis
of hydranencephaly (Vila-Coro and Dominguez, 1989; Byers
et al., 2005).

Porencephaly may be differentiated from hydranen-
cephaly by the asymmetric appearanceof porencephalic cysts,
although complete differentiation of the two conditions can
be difficult because theymay represent a continuum (Sanders
et al., 1996). Features that help differentiate lobar holopros-
encephaly from hydranencephaly include absence of the falx
and midline structures, absence of the third ventricle, fusion
of the thalami, and preservation of some cortical tissue in
holoprosencephaly. Furthermore, facial anomalies and addi-
tional central nervous system anomalies are usually present
with alobar holoprosencephaly. A list of the conditions
that have been associated with hydranencephaly is given in
Table 15-1.

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history of hy-
dranencephaly. In one reported case, the initial sonographic
evaluation was normal at 18 weeks’ gestation. Follow-up
ultrasound examination at 25 weeks revealed sonographic
evidence of hydranencephaly (Sanders, 1996). Other case
reports document the intrauterine diagnosis of massive in-
tracranial hemorrhage at 27 and 30 weeks of gestation, with
subsequent development of hydranencephaly over a period
of weeks (Greene et al., 1985; Edmondson et al., 1992). These
findings confirm the theory that hydranencephaly represents
an evolving intrauterine process that may be secondary to a
profound vascular insult.

Table 15-1

Reported Associations with
Hydranencephaly

Infections
Cytomegalovirus (Kubo et al., 1994)
Herpes simplex (Christie et al., 1986; Hutto et al.,

1987)
Rubella (Deshmukh et al., 1993)
Toxoplasmosis (Altshuler, 1973; Plantaz et al., 1987)

Chromosomal abnormalities
Trisomy 13 (Dixon, 1988)

Neoplasms
Congenital rhabdoid tumor of the brain (Velasco et al.,

1993)

Bleeding disorders
Factor XIII deficiency (Takada et al., 1989)

Syndromes associated with hydranencephaly
Agnathia malformation complex (Persutte et al., 1990)
Hypoplastic thumbs (Norman and Donnai, 1992)
Renal dysplasia (Bendon et al., 1987; Gschwendtner

et al., 1997)
Polyvalvular heart defect (Bendon et al., 1987)
Lethal multiple pterygium syndrome (Mbakop et al.,

1986)

MANAGEMENT OF PREGNANCY

An accurate prenatal diagnosis is necessary for appropriate
management decisions. It is particularly important to make
the distinction between hydranencephaly and extreme hy-
drocephalus. Patients should be counseled about the poor
prognosis associated with this congenital anomaly, and ter-
mination should be offered.MRI is suggested (Vila-Coro and
Dominguez, 1989). Serology and/or cultures for toxoplas-
mosis, cytomegalovirus, rubella, and herpes should also be
performed. If there is any sonographic suspicion of other
abnormalities, fetal karyotyping should be considered.

Serial ultrasound examinations are recommended to
evaluate for the development of macrocephaly. Vaginal deliv-
ery is the preferred route of delivery due to the poor prognosis
associated with hydranencephaly. Because macrocephaly is
commonly associated with the disorder, cephalocentesis may
be necessary to facilitate successful vaginal delivery (Greene
et al., 1985). Cephalocentesis is performed by inserting an
18- or 20-gauge spinal needle into the fetal head under ultra-
sound guidance and aspirating cerebrospinal fluid. The fluid
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removed is usually dark brown (Greene et al., 1985). If the
fluidobtained isnotdarkbrown, it shouldpromptanalysis for
protein concentration because in hydranencephaly a highly
proteinaceous fluid is suggestive of an intracranial neoplasm
(Velasco et al., 1993).

If there is anydoubtabout thediagnosis,delivery should
beperformed in a tertiary care settingwhere qualified subspe-
cialists are available for resuscitationand syndromediagnosis.
If there is no doubt regarding the diagnosis, there is no advan-
tage to delivery in a tertiary care setting. Fetal monitoring is
not indicated. If fetalmonitoring is performed and the results
are not reassuring, cesarean delivery is not recommended.

FETAL INTERVENTION

No fetal interventions have been described following the pre-
natal diagnosis of hydranencephaly.

TREATMENT OF THE NEWBORN

The neonate with hydranencephaly usually presents with
macrocephaly and frequent seizures, although the diagno-
sis may be delayed for several months because of relatively
appropriate early behavior. In one series of 22 patients, the
average age at diagnosis was 12 weeks, with a range of 1 day
to 10.5 months (Herman et al., 1988). Common presenting
symptoms include increasingheadsize,psychomotor retarda-
tion, and increasing spasticity.Most patients have ophthalmic
abnormalities involving optic-nerve abnormalities, strabis-
mus, and inferior displacement of the globe (the “setting
sun” sign). Transillumination of the skull was the traditional
method of postnatal diagnosis of hydranencephaly. How-
ever, transillumination of the skull may also be seen with
extreme hydrocephalus. Computed tomographic (CT) scan-
ning is helpful in distinguishing hydranencephaly from ex-
treme hydrocephalus and may demonstrate maximal preser-
vation of the frontal cortex and a normal cerebral vascular
architecture in hydrocephalus (Herman et al., 1988). MRI is
the most definitive imaging technique for the diagnosis of
hydranencephaly (Hanigan and Aldrich, 1988).

Electrophysiologic studies, specifically electroen-
cephalography (EEG) and visual evoked responses may also
be helpful in distinguishing extreme hydrocephalus from hy-
dranencephaly (Iinuma et al., 1989). The EEG in hydranen-
cephaly is typically flat, and visual evoked potentials show
no response. By contrast, in neonates with extreme hydro-
cephalus there is someEEG activity and normal visual evoked
potentials (Herman et al., 1988; Iinuma et al., 1989). Auditory
evoked potentials in hydranencephaly show an absent mid-
dle latency response, while somatic evoked potentials show
an absent cortical response (Hanigan and Aldrich, 1988). If

prenatal testing was not performed for cytomegalovirus, tox-
oplasmosis, rubella, and herpes infections, then appropriate
serologic and microbiologic studies should be done during
the newborn period.

SURGICAL TREATMENT

Unlike extreme hydrocephalus, shunting procedures are not
indicated in hydranencephaly. Sutton et al. (1980) followed
neonates with hydranencephaly with serial CT, EEG, and de-
velopmental evaluations for 4 to 23 months. No improve-
ment was demonstrated in these five infants by radiologic
or neurologic criteria despite aggressive surgical treatment
and shunt placement. In contrast, five infants with extreme
hydrocephalus treated during the same period improved dra-
matically after shunt placement (Sutton et al., 1980). In cases
of unilateral hydranencephaly, shunting to prevent increas-
ing compromise of the uninvolved side is indicated and has
demonstrated favorable results (vanDoornikandHennekam,
1992). No other surgical interventions are recommended for
hydranencephaly.

LONG-TERM OUTCOME

The outcome for children with complete hydranencephaly is
universally poor. There is no specific treatment, and active
medical intervention is not indicated. Almost half of infants
with hydranencephaly die within 1 month, and fewer than
15%survive1year (Dixon,1988).Nonetheless, it is important
to counsel patients that prolonged survival can occur. In a
series of 22 patients, 3 patients were alive at ages 9, 12, and
17 years, but all 3 required constant custodial care (Herman
et al., 1988). Survival up to 19 and 20 years has been reported
(McAbee et al., 2000; Covington et al., 2003).

In contrast, the prognosis for unilateral hydranen-
cephaly is more favorable (Greco et al., 2001). In one
study of the six patients with this disorder, four patients
demonstrated mild developmental delay (van Doornik and
Hennekam,1992).Nodatawereprovided foronepatient.An-
other patient had multiple congenital defects combined with
hemihydranencephaly and severe retardation (van Doornik
and Hennekam, 1992).

GENETICS AND RECURRENCE RISK

Hydranencephaly is usually the result of a destructive process
in a previously normally formed brain rather than a primary
malformation. There has been a reported association with
trisomy 13 (Dixon, 1988). Therefore, for most cases there
will be no recurrence risk. Familial cases are extremely rare,
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and such families should be offered prenatal diagnosis with
ultrasound examination in a subsequent pregnancy.
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16
CHAPTER

Hydrocephalus

Key Points

■ Hydrocephalus is usually due to obstruction of CSF
flow, either within (noncommunicating
hydrocephalus) or outside (communicating
hydrocephalus) the ventricles.

■ Ventriculomegaly simply refers to enlargement of
intracranial ventricles. It can be associated with
hydrocephalus or abnormal brain development.

■ Ventriculomegaly is commonly defined as a
measurement of 10 mm or greater in the posterior
horns of the lateral ventricles noted on an axial
brain scan, irrespective of gestational age.

■ Approximately 40% of cases of ventriculomegaly
have associated CNS or extra-CNS abnormalities,
and 12% have an abnormal karyotype.

■ Underlying causes include aqueductal stenosis,
meningomyelocele, intrauterine infection (CMV,
toxoplasmosis, syphilis), agenesis of corpus
callosum, X-linked hydrocephalus syndromes,
intracranial hemorrhage, Dandy–Walker
malformation, and intracranial tumors.

■ L1CAM gene mutations account for up to 25% of
male cases of isolated congenital hydrocephalus.

■ Recurrence risk, in the absence of a positive family
history, or a known L1CAM mutation, is
approximately 4%.

CONDITION

Hydrocephalus is a pathologic increase in intracranial cere-
brospinal fluid (CSF) volume, whether intraparenchymal or
extraparenchymal, independent of hydrostatic or barometric
pressure (Raimondi, 1994). CSF is formedwithin the ventric-
ular system—50% from the choroid plexus and 50% from
the cerebral capillaries. The circulation of CSF is unidirec-
tional (Vintzileos et al., 1983). It flows from the lateral ven-
tricles through the foramen of Monro into the third ventri-
cle. It then flows from the third ventricle to the aqueduct of
Sylvius through the fourth ventricle into the spinal subarach-
noid space (foramen of Magendie) or to the basal cisterns
(foramen of Luschka) over the cerebral hemispheres. CSF is
reabsorbed by arachnoid villi in venous sinuses. The flow of
CSF is partially derived by arterial pulsations of the choroid
plexus (Vintzileos et al., 1983).

Hydrocephalus may result from either fluid produc-
tion that exceeds absorption or primary atrophy of the cere-
bral parenchyma. Most cases are due to mechanical ob-
struction to the flow of CSF at some level (DeLange, 1977).
The site of obstruction may be inside the ventricular system

(noncommunicating or internal hydrocephalus) or outside
the ventricles (communicating or external hydrocephalus).
Aqueductal stenosis comprises one-third of the cases of hy-
drocephalus in postnatal series; it is less common in prena-
tal studies. The aqueduct of Sylvius is the narrowest portion
of the spaces through which the CSF flows, and aqueductal
stenosis can be diagnosed following the finding of dilation of
both lateral, and the third, ventricles (Raimondi, 1994; Davis,
2003).

Ventriculomegaly is a descriptive term of a pathologic
process that has many causes. It may occur due to obstruc-
tion of CSF flow, or as a consequence of maldevelopment
of the ventricle in anomalies such as agenesis of the cor-
pus callosum (colpocephaly) or as an ex vacuo (destructive)
phenomenon secondary to cerebral atrophy (Cardoza et al.,
1988a). Ventriculomegaly is an indicator of underlying cen-
tral nervous system (CNS) anomalies. It may also be the first
sign of associated extra-CNS anomalies. The main causes of
ventriculomegaly are aqueductal stenosis, Chiari II malfor-
mation (associated with meningomyelocele), Dandy–Walker
malformation, agenesis of the corpus callosum, and fetal an-
euploidy (D’Addario et al., 2007).
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The hereditary nature of hydrocephalus was first ap-
preciated by Bickers and Adams in 1949. It is now known that
mutations in L1CAM, which result in a collection of X-linked
conditions known as the L1 spectrum disorders, account
for the majority of inherited cases of hydrocephalus (Zhang
et al., 2006).

INCIDENCE

The incidence of isolated fetal ventriculomegaly is 0.5 to 1.5
per 1000 pregnancies. (Wilson et al., 1989; Wiswell et al.,
1990; Davis, 2003). In a retrospective analysis of all liveborn
and stillborn infants inU.S. Armyhospitals between 1971 and
1987, 370of763,364pregnancieshadhydrocephalus (Wiswell
et al., 1990). This equaled an incidence of 0.5 per 1000 total
births, or 1 per 2063 total births. Of the infants with hy-
drocephalus, 37% had additional anomalies unrelated to the
primary defect. No significant racial differences were seen,
but an increased incidence of affected males was noted (64%
male, 36% were female). A predominance of males is con-
sistently observed in all studies of hydrocephalus due to the
inherited X-linked forms of the abnormality.

SONOGRAPHIC FINDINGS

Hydrocephalus is generally easily diagnosed prenatally due
to the striking sonographic appearance of enlarged ventricles
(Figure 16-1). It is important to note that the fetal biparietal
diametermaynot necessarily be increasedwhen the ventricles
are dilated. The lateral ventricles can be visualized as early
as 12 weeks of gestation. Early in the second trimester, the
choroid plexus is very echogenic and large relative to the vol-

Figure 16-1 Axial sonographic image of a fetal head with com-
municating hydrocephalus. Third ventricle and lateral ventricles
are markedly enlarged.

ume of the cerebral hemispheres, normally filling the entire
lateral ventricle posterior to the foramenofMonro.This tends
to obscure the lateral ventricular wall to which it is closely
applied (Fadel, 1989). This, together with the hypoechoic
brain mantle, may falsely be interpreted as dilated ventri-
cles filled with CSF. In second trimester fetuses with hydro-
cephalus, the first recognizable abnormality is generally the
relative shrinkage of the normally prominent choroid plexus.
Additionally, the choroid plexus appears to hang away from
the ventricularwalls, an appearance that is referred to as “dan-
gling choroid.”

Several differentmethods have been proposed to quan-
titatively evaluate increasedCSF.Thesemethods includemea-
surement of the ratio of the lateral ventricular width (LVW)
to the hemispheric width (HW), (the LVW:HW ratio), or
measurement of the ventricular atria.However, the LVW:HW
ratio isnot sensitive inearlypregnancy.Thefirstmeasurement
of lateral ventricular dilation is the displacement of the me-
dial wall of the lateral ventricle toward themidline, whichwill
not change the LVW:HW ratio (Fadel, 1989). Furthermore,
the echogenic outer lines originally thought to represent the
lateral walls of the lateral ventricle in an axial scan of the fetal
head have been shown by Hertzberg et al. (1987) to originate
from deep cerebral veins. These reflections from small ve-
nous structures and deep fetal white matter may be displaced
in the presence of hydrocephalus. The position of the fetal
choroid plexus relative to the ventricular walls is dependent
on gravity, and so the choroid angle (the angle between the
long axis of the choroid plexus and the linear midline echo
on a transverse axial sonogram through the body of the lat-
eral ventricle), may be a useful indicator of ventricular size
(Cardoza et al., 1988a). In normal-sized ventricles, this angle
varies from 6 to 22 degrees, while in fetuses with ventricu-
lomegaly the angle ranges from 29 to 90 degrees (Cardoza
et al., 1988a). The choroid angle appears to increase with the
severity of hydrocephalus.

The most common method for assessing ventricular
size today is the atrial diameter measured on an axial sono-
gram through the fetal brain. In a study of 100 healthy fetuses
between 14 and 38 weeks of gestation, the normal atrial di-
ameter remained relatively constant throughout gestationde-
spite growth of the surrounding brain (Cardoza et al., 1988b).
Thesemeasurementswere comparedwith 38 fetuses inwhom
ventriculomegaly had already been diagnosed. The mean di-
ameter of the normal atrium was 7.6 ± 0.6 mm, and it was
suggested that atrial diameters >10 mm, (greater than 4 SD
above themean), indicated the presence of ventriculomegaly.
This measurement is quick to perform, is reproducible, and
does not vary by gestational age (Cardoza et al., 1988b).

While an atrial diameter of >10 mm is considered ab-
normal, the term borderline ventriculomegaly is often used
to refer to an atrial measurement of between 10 and 12 mm.
Borderline ventriculomegaly is associated with an increased
risk of CNS and non-CNS abnormalities, and suggests the
need for a more detailed fetal anatomic examination. Several
studies have substantiated this recommendation. Mahony
et al. (1988) performed a prospective study of 20 fetuses with
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apparently isolated borderline ventriculomegaly (defined as
a 3- to 8-mm separation existing between the choroid plexus
in the atrium of the lateral cerebral ventricle and the adjacent
ventricular wall on an axial scan). Of the 20 fetuses iden-
tified, 8 had a normal outcome (40%). The remaining 12
fetuses had additional sonographic abnormalities. Of these
12, 4 had an uncertain prognosis and 8 died. In another study
of 55 fetuses with borderline ventriculomegaly, 13 had iso-
lated ventriculomegaly and 42 had associated abnormalities
(Goldstein et al., 1990). Of 15 living children who could be
identified, 9 (60%) were normal at 6 to 30 months of post-
natal age, 3 (20%) were abnormal, and 3 (20%) were lost
to follow-up. These authors concluded that borderline ven-
triculomegaly, when isolated, was associated with a better
prognosis than more substantial ventriculomegaly. A litera-
ture review in 1993 found 109 cases ofmild ventriculomegaly,
92 of which were isolated, and 11 of these had an abnormal
karyotype (12%) (Achiron et al., 1993). In another retrospec-
tive study of 44 fetuseswith borderline ventriculomegaly (10–
12 mm), 17 fetuses (39%) had other sonographic abnormal-
ities, 6 of which were in the CNS (Bromley et al., 1991). Of 36
liveborn neonates in this study, 26 were developmentally and
clinically normal at 3 to 18 months of postnatal age, while 10
of the 36 were developmentally impaired, including 5 cases
from apparently isolated borderline ventriculomegaly.

Unilateral hydrocephalus is extremely uncommon.
This condition carries a better prognosis than bilateral hydro-
cephalus. Of eight reported prenatal cases, five were due to
congenital absence or stenosis of the foramen of Monro, one
was due to transient obstruction of CSF flow by an intracra-
nial hematoma, one was due to holoprosencephaly, and one
was due to unknown causes (Patten et al., 1991). It appears
that unilateral hydrocephalus is not associated with the pres-
ence of extracranial anomalies, and such patients generally
have required postnatal placement of a ventriculoperitoneal
shunt (Patten et al., 1991; Anderson et al., 1993; Chari et al.,
1993).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for hydrocephalus and ventricu-
lomegaly includes aqueductal stenosis, meningomyelocele
(Chiari II malformation), Dandy–Walker malformation,
agenesis of the corpus callosum, aneuploidy, intrauterine
infection (cytomegalovirus, toxoplasmosis, or syphilis), in-
tracranial hemorrhage,CNS tumor, hydranencephaly, poren-
cephaly, and holoprosencephaly. Meningomyelocele can be
the underlying reason for hydrocephalus due to herniation
of the cerebellum through the foramen magnum resulting in
the Chiari II malformation. The fetal spine should therefore
be carefully examined inmultiple planes in all such cases (see
Chapter 19).

In hydranencephaly, only remnants of the cortex re-
main,withfluid-filled sacs that are linedby leptomeninges re-
placing the rest of thebrain (seeChapter 15). Inporencephaly,

the parenchyma of the brain contains one ormore fluid-filled
cavities (see Chapter 21). The Dandy–Walker malformation
includes ventricular dilation (see Chapter 11). Demonstra-
tion of the absence of falx cerebri and fusion of the thalami
can distinguish holoprosencephaly from other causes of hy-
drocephalus (see Chapter 14). Consideration should also be
given to the possibility of underlying single-gene disorder.

One of the major concerns with the antenatal sono-
graphic finding of hydrocephalus is the fact that ventricu-
lomegaly is frequently associated with additional anomalies
within and outside of the fetal brain. Associated intracra-
nial anomalies (such as agenesis of the corpus callosum or
the Dandy–Walker malformation) are present in at least one-
third of cases. Extracranial abnormalities have been demon-
strated in two-thirds of cases (Fadel, 1989). In another series
of 61 cases of hydrocephalus, 51 fetuses (84%) had associ-
ated abnormalities, 34 of which were extracranial and 27
had multiple malformations (Nyberg et al., 1987). In this
series, false-negative diagnoses were common, and included
esophageal atresia, spinal abnormalities, lunghypoplasia, and
cardiac defects. Of 61 fetuses, 41 ultimately died from as-
sociated conditions such as asphyxiating thoracic dystrophy
(Jeune syndrome), Apert syndrome, in which hydrocephalus
is considered a major associated malformation (Hyon et al.,
1986), and the Walker–Warburg syndrome. This latter reces-
sively inherited condition includes hydrocephalus, multiple
CNS malformations, microophthalmia, severe mental retar-
dation, congenital myopathy, and a limited life span (Crowe
et al., 1986). Finally, inborn errors of metabolism, such as
fumarase deficiency, can cause polyhydramnios and hydro-
cephalus in utero (Remes et al., 1992). In this condition, en-
largement of the cerebral ventricles is due to cerebral atrophy,
while the associated polyhydramnios is due to intrauterine
hypotonia, causing poor swallowing.

ANTENATAL NATURAL HISTORY

In a review of 24 cases of fetal hydrocephalus, four fetuses
underwent transabdominal or transvaginal cephalocentesis
prenatally and intracranial pressures were measured. The re-
sults suggested that the fetal brain is subjected to extremely
high intracranial pressures, resulting from a mixture of hy-
drocephalic pressure and intermittent uterine constriction
(Oi et al., 1990). In another study of patients with fetal CNS
defects who had cephalocentesis performed at the time of ter-
mination of pregnancy, intracranial CSF pressures and vol-
umes were quite variable, with no correlation between the
type of lesion and intracranial pressure observed (Simpson
et al., 1988). It therefore does not appear that there is any
value in measuring fetal intracranial pressure for predicting
outcome.

Following the diagnosis of borderline ventricu-
lomegaly, a significant number of fetuses will demonstrate
spontaneous resolution of the ventricular enlargement and
will have a normal outcome. In a study of 63 fetuses with
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apparently isolated ventriculomegaly of 10 to 15 mm, 26
(41%) showed normalization of lateral ventricles, 27 (43%)
remained stable, and only 10 (16%) demonstrated progres-
sive enlargement (Parilla et al., 2006).

MANAGEMENT OF PREGNANCY

The finding of prenatal ventriculomegaly mandates referral
to a center capable of targeted sonographic examination of
the fetus due to the high incidence of associated CNS and
extra-CNS anomalies. Prospective parents should be coun-
seled regarding the diversity of conditions that can be asso-
ciated with hydrocephalus (Pober et al., 1986). They should
be counseled that ventriculomegaly is progressive in 2.5% to
4.5% of cases, and that the incidence of associated abnor-
malities varies from 54% to 84% (Rosseau et al., 1992). Se-
rial sonograms should therefore be performed to determine
whether the hydrocephalus is stable, progressive, or resolving.

The major factor that influences prognosis is the pres-
ence of associated abnormalities (Pober et al., 1986). Given
the difficulty in excluding other CNS abnormalities, it would
be reasonable to consider performance of a fetalmagnetic res-
onance image (MRI) in cases of significant ventriculomegaly.
In general, decisions about management options depend on
the gestational age at the time of diagnosis and the presence
and nature of associated abnormalities. Pregnancy termina-
tion may also be considered. Further recommended diag-
nostic studies include chromosome analysis, DNA analysis
for L1CAM mutations, and an infectious work-up to rule out
cytomegalovirus and toxoplasmosis. Themost commonly as-
sociated chromosome abnormalities include trisomies 9, 13,
and 18, as well as triploidy (Schrander-Stumpel and Fryns,
1998).

Mode of delivery should be individualized in all cases.
In general, a cesarean delivery after demonstrating pul-
monary maturity is recommended if the fetal head size is
significantly enlarged (Figures 16-2 and 16-3). However, if
ventriculomegaly is isolated, without significant head en-
largement, vaginal delivery is also reasonable. If severe ab-
normalities incompatible with extrauterine life are present,
such as thanatophoric dysplasia, cephalocentesis (removal of
CSF from the ventricular system) to reduce head size to per-
mit vaginal delivery can be considered.

FETAL INTERVENTION

In utero treatment, using shunts or repeated cephalocente-
ses, has been previously attempted for hydrocephalus to try
to prevent progressive damage to the fetal brain caused by the
chronically increased CSF pressure (Birnholz and Frigoletto,
1981; Clewell et al., 1982). Specific criteria for intrauterine
therapy were established by the International Fetal Medicine
and Surgery Society (IFMSS), including ventriculomegaly,

Figure 16-2 Axial 3D image showing marked bilateral ventricu-
lomegaly.

and gestational age of less than 30 weeks. A registry was
formed in 1982 under the auspices of the IFMSS (Manning
et al., 1986; Drugan et al., 1989). This group analyzed the
results of 39 antenatal procedures performed in the United
States and 5 in Italy between 1982 and 1985. Of the 44 cases,
36 (82%) fetuses survived and8 (19%)died inuteroor during
the perinatal period. Four of these deaths were related to the
in utero procedure. Twenty-two of 36 survivors were left with
varying neurologic and physical handicaps, with 48% being
severely handicapped (Manning et al., 1986). Because of the
high rate of procedure-related death and lack of significant
improvement in outcome, such in utero treatment has been
abandoned.

Hudgins et al. (1988) retrospectively reviewed the out-
comes of 47 fetuses evaluated during a 4-year period in the
fetal treatment program at the University of California at
San Francisco. Twenty-five of these 47 fetuses with ventricu-
lomegaly had severe associated abnormalities and were either
electively terminated or died during the perinatal period. Of
the remaining 22, 19 had stable ventriculomegaly, 2 had pro-
gressive ventriculomegaly, and 1 resolved in utero. Of the 19
postnatal long-term survivors, 13 (68%) were normal and 6
(32%) had moderate-to-severe developmental delay. Associ-
ated abnormalities were detected in 74% of fetuses, and there
was a 20% false-negative rate of detection of associated ab-
normalities. These authors concluded that they were unable
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A B

Figure 16-3 A. Aqueductal stenosis leading to marked hydrocephalus and B. macrocephaly at 36 weeks’ of gestation.

to define a group of patients that would benefit from in utero
shunting. In their series, only a14%incidenceof isolated,pro-
gressive ventriculomegaly was noted.While such fetuses with
isolated, progressive ventriculomegaly are the most likely to
benefit from in utero treatment, these fetuses represent such
a small minority of the total population of fetuses with ven-
triculomegaly that in utero treatment is currently not recom-
mended. Indeed, since 1985, a moratorium on fetal shunts
for hydrocephalus had been agreed upon by members of the
IFMSS (Davis, 2003). However, experimental approaches to
more invasive fetal surgery for select cases of hydrocephalus
are being investigated, such as hysterotomy and placement of
a tunneled shunt from the fetal lateral ventricles to the skin
at the fetal back (Davis, 2003).

Fetal intervention for hydrocephalus occurring sec-
ondary to meningomyelocele is discussed in Chapter 19.

TREATMENT OF THE NEWBORN

Infants who are delivered following a prenatal diagnosis of
ventriculomegaly need a detailed physical examination (Fig-
ure 16-4). Consultation with a medical geneticist and a neu-
rosurgeon is recommended. Postnatal diagnostic imaging of
the CNS may include computed tomographic (CT) scan and
magnetic resonance imaging (MRI). If a chromosome anal-
ysis was not performed prenatally, it should be performed
during the newborn period. The major goals of treatment of
the newborn are to determine an underlying cause for the
hydrocephalus and to stabilize the infant for the placement
of a ventriculoperitoneal shunt. Provided the newborn with
significant hydrocephalus is not diagnosed with other ab-
normalities incompatible with life, the goal will usually be
to arrange shunting in the first 4 days of life (Futagi et al.,
2002).

If the infant has been found to havemultiple associated
abnormalities incompatible with survival, a detailed autopsy
is recommended if death occurs during the neonatal period.

SURGICAL TREATMENT

The major treatment of hydrocephalus is the placement of
a ventriculoperitoneal shunt. The shunt has a proximal por-
tion, typically placed in the frontal horn of the lateral ventri-
cle, togetherwith a one-way valve that is placed extracranially.
This then connects to the distal portion of the shunt, which
is usually tunneled subcutaneously to the peritoneal cavity,
although other rarer sites include the right atrium or the sub-
clavian vein. High pressure between the intracranial portion
and the intraperitoneal portion of the device results in flow
out of the ventricular system.

Figure 16-4 Postnatal photograph of a newborn infant diag-
nosed prenatally with hydrocephalus. Note enlarged head and
prominent venous pattern on scalp.
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Mortality related to this surgery is minimal. The major
morbidities are associated with malfunction or blockage of
the shunt and shunt infection. Unfortunately, such complica-
tions are extremely common, with 25% to 50% of all shunts
requiring revision within the first 2 years of life (Liptak and
McDonald, 1985).

LONG-TERM OUTCOME

The most important factor in the long-term outcome is the
presence of associated abnormalities. In one study, Rosseau
et al. (1992) reviewed follow-up data on 40 patients identi-
fied prenatally with hydrocephalus in a community-acquired
series. Of these 40 patients, 3 were electively terminated and
37 delivered. Of the 37, 26 (70%) underwent the placement
of a ventriculoperitoneal shunt. Ten of these 26 (38%) had
satisfactory cognitive ability. Of the 11 patients who were
not treated, reasons for nontreatment included misdiagno-
sis, resolution of hydrocephalus, or parental refusal. Multiple
studies seem to indicate that approximately 40% to 50% of
survivors have a normal IQ. The IQs are not proportional to
brain expansion after the placement of the shunt. Degree of
ventricular dilatation does not appear to be associated with
long-term outcome (Hirsch, 1994). Similarly, the site of ob-
struction does not affect long-term intelligence.

In a study of 27 fetuses with isolated, borderline ven-
triculomegaly, 25 had a normal neurological outcome, 1 had
petit mal seizures, and one was electively terminated (Lipitz
et al., 1998). Approximately 10% of survivors have a seizure
disorder (Hirsch, 1994). In a study of intelligence outcome in
44 children with shunted hydrocephalus, the site of obstruc-
tion, the number of shunt revisions, the number of postsur-
gical complications such as infection or hematoma, or the
presence of seizures did not correlate with abnormalities in
neuropsychologic functioning. Verbal intelligencewas shown
to be affected by the presence of motor deficits and the need
for antiepileptic therapy. Nonverbal intelligence was affected
by the presence of a brainmalformation or the age at the time
of shunt placement. In this study, if a shuntwas placed later in
life it indicated that the aqueductal stenosis developed slowly
(Riva et al., 1994).

Futagi et al. (2002) reviewed 38 children who had sur-
gical management of prenatally diagnosed hydrocephalus.
Neurodevelopmental outcome was normal at a mean age of
7.4 years in only three patients, while one had borderline
intelligence, seven had intellectual impairment, and 27 had
significant motor impairment.

GENETICS AND RECURRENCE RISK

The major considerations in the genetics of hydrocephalus
are related to the underlying cause. In a review of the causes

of hydrocephalus in liveborn infants, Burton (1979) demon-
strated that only 1.4% of siblings of 205 affected patients also
hadhydrocephalus. Specific subgroupswere identified tobeat
high risk, includingmaleswith aqueductal stenosis.ClassicX-
linked recessivehydrocephalus, knownasBickers–Adamsdis-
ease, or hereditary stenosis of the aqueduct of Sylvius (HSAS),
has been mapped to chromosome Xq28 by linkage analysis
(Willems et al., 1990). X-linked hydrocephalus is the most
commonof the inheritance patterns. In a fetus identifiedwith
hydrocephalus, a complete family history is essential. It is im-
portant to note that males affected with X-linked HSAS may
be normocephalic and nondysmorphic, but they will have
mental retardation (Kelley et al., 1988). Families with autoso-
mal recessively inherited hydrocephalus have been described,
but in general, consanguinity is also present (Zlotogora et al.,
1994). Rare families with apparently dominantly inherited
hydrocephalus have also been reported in the literature
(Ferlini et al., 1995; Verhagen et al., 1998).

X-linked hydrocephalus comprises approximately 5%
of all cases of hydrocephalus (Schrander-Stumpel and Fryns,
1998). These conditions are collectively known as L1 disease,
and includeHSAS (hydrocephalusdue to aqueductal stenosis,
mental retardation, clasped thumbs, and spastic paraparesis),
MASA (mental retardation, aphasia, shuffling gate, and ad-
ducted thumbs), X-linked agenesis of the corpus callosum,
and spastic paraparesis type 1 (SPG1) (Weller and Gärtner,
2001).MASA syndrome andSPG1presentwithmilder symp-
toms andhave a longer life expectancy thanHSAS. These four
conditions are all caused by heterogeneous mutations in the
gene encoding the neural cell adhesion molecule L1. L1 is
involved in intracellular recognition and neuronal migration
in the CNS (Jouet et al., 1995). A wide variation is observed
in patients belonging to the same family, as well as in patients
from different families.

L1 is a member of the immunoglobulin superfamily.
Jouet et al. (1995) reviewed the 23 mutations described by
that time in the L1 gene. Three mutations had been identi-
fied that affect different fibronectin domains and are critical
for L1 function in brain development. More recently, over
140 different pathogenic mutations have been described in
L1 (Finckh and Gal, 2000; Weller and Gärtner, 2001). Thus,
heterogeneous mutations in the L1 gene form a clinical spec-
trum of disorders that can be recognized both prenatally and
postnatally (Takechi et al., 1996). In one study, L1CAM mu-
tations were identified in 22% (15/67) of cases of suspected
L1 disease without a family history (Finckh and Gal, 2000).
Therefore DNA testing is recommended for all affected male
fetuses independent of family history. Families who have a
history that suggests the presence of an X-linked disorder
should have DNA collected to try to prospectively identify L1
gene mutations.

A family history should alert the health care provider to
the potential presence of an X-linked disorder in the family.
For familieswithnoother familyhistory andnegativeL1CAM
mutation testing, the recurrence rate of hydrocephalus is 4%.
This figure was ascertained from a prospective study per-
formed of 251 pregnancies with couples with at least one
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previous child with hydrocephalus (Váradi et al., 1988). Of
261 pregnancies, 15 had fetal CNS malformations including
12 cases of hydrocephalus and 3 cases of isolated neural tube
defects.

Families in whom no genetic etiology can be identified
should be offered detailed prenatal sonographic evaluation
in a subsequent pregnancy due to the recurrence risk of 4%.
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17
CHAPTER

Intracranial Hemorrhage

Key Points

■ Fetal intracranial hemorrhage is generally
diagnosed in the late second trimester as an
asymmetric echogenic mass within the ventricles,
mostly associated with some degree of
ventriculomegaly.

■ Causes to be considered include drug use
(warfarin, cocaine), alloimmune
thrombocytopenia, coagulation disorders, or
trauma.

■ Grading of severity uses a similar scale to that for
neonatal intraventricular hemorrhage (IVH), with
prognosis being quite poor for most cases of
Grades III or IV IVH.

■ The only specific treatment relates to situations in
which the underlying cause is alloimmune
thrombocytopenia, where aggressive therapy with
IVIG and steroids in subsequent pregnancies may
minimize recurrence.

CONDITION

Fetal intracranial hemorrhage refers to bleeding that occurs
antenatally from a blood vessel into the ventricles, subdural
space, or parenchyma of the brain. Whereas neonatal hem-
orrhage is a relatively common occurrence, affecting 40% to
60% of infants delivered before 32 weeks of gestation, fetal
intracranial hemorrhage is quite rare. Factors that may place
the fetus at risk for intracranial hemorrhage include alter-
ations inmaternalbloodpressure, amaternal seizuredisorder,
placental abruption, specific medication or substance expo-
sure (such as warfarin or cocaine), severe abdominal trauma,
hereditary coagulation disorders (Komlósi et al., 2005) or al-
loimmune platelet disorders (Kuhn et al., 1992; Sherer et al.,
1998; Lynch et al., 2002). Coagulation disorders associated
with fetal intracranial hemorrhage incude factor V Leiden
(Komlósi et al., 2005), Factor X mutations (Herrmann et al.,
2005), prothrombin G20210A mutation, protein C or S de-
ficiency, antithrombin III deficiency, and antiphospholipid
antibody syndrome (Lynch et al., 2002).

Three types of intracranial hemorrhages can occur:
intraventricular (or periventricular), intraparenchymal, and
subdural. Intraventricular or periventricular hemorrhages
are the most common, emanating from small vessels within
the subependymal germinal matrix before 33 weeks of gesta-
tion (McGahanet al., 1984).Thepathogenesis of intraventric-
ular hemorrhage (IVH) is related to fragility of the capillary
bed of germinal matrix, a disproportionate amount of total
cerebral blood flow to the periventricular area, and the lack
of autoregulation of cerebral blood flow in the fetus or pre-
mature infant. IVH is the most common form of intracranial
hemorrhage seen in the neonate and is categorized in sever-
ity on a four-point scale, with the most severe fourth grade
including parenchymal involvement (Lynch et al., 2002).

Intraparenchymal hemorrhages may be identified as
distinct echogenic areas within the cerebral tissue, with
or without displacement of the underlying ventricular or
outer surfaces of the brain. As these hemorrhages evolve,
they become hypoechoic and flattened as the hematoma
liquefies. Residual changes may include development of a
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porencephalic cyst (see Chapter 21) or ventricular enlarge-
ment. Clots in the ventricular system are seen as bright
echogenic areas that are similar to choroid plexus.

Subdural hematoma generally presents as fetal macro-
cephaly, with separation of the skull from the cerebral cortex.
Hyperechoic and hypoechoic areas are identified, filling the
space between the brain gyri and the skull. The presence of
cerebral edema may cause acoustic enhancement of brain
gyri. Catanzarite et al. (1995) have reported on the diagnosis
of fetal subdural hemorrhage. They recommended imaging
the fetal head in the axial or coronal plane at one level of the
sylvian fissure. Normally the separation between the cortex
and the inner table of the skull is less than 4 mm. Subdural
bleeding can be seen as a collection of echodense material
outlining the cortex and separating the sylvian fissure from
the inner table of the skull. An additional report on fetal sub-
dural hematoma came from Rottmensch et al. (1991), who
identified enhanced echogenicity of the sulci as an indica-
tion of brain edema. These authors stated that brain function
cannot bepredicted sonographically except in themost severe
cases.

In a retrospective study of pregnant women in whom a
diagnosis of fetal intracranial hemorrhagewasmade,Achiron
et al. (1993) identified five fetuses between 26 and 36weeks of
gestation at the time of diagnosis. Hyperechoic lesions were
shown in the brain parenchyma and lateral ventricles in three
of five fetuses. Transvaginal sonography permitted the en-
hanced visualization of ventriculomegaly in one fetus and
periventricular leukomalacia in the second fetus. Of the five
fetuses studied, two growth-restricted fetuses died after birth,
and of the three survivors, two had normal long-term devel-
opment. One infant developed hydrocephalus, suffered from
neurodevelopmental retardation and eventually died at age
7 months (Achiron et al., 1993). In another series, Vergani
et al. (1996) described their experience with six cases diag-
nosed at the University of Milan and 35 cases identified from
theEnglish literature.Of the41casesof fetal intracranialhem-
orrhage reviewed, 20 had isolated IVH, 13 had parenchymal
hemorrhage, and eight had subdural or subarachnoid hem-
orrhage. These investigators devised a prognostic scoring sys-
tem for IVH. A favorable outcome was seen in 50% (6 of 12)
fetuses observed with Grade II IVH, but none of the fetuses
with the equivalent of a Grade III IVH (blood filling the ven-
tricles) had a favorable outcome.

INCIDENCE

In one study performed at a single institution, the University
of Milan, six cases of antenatal intracranial hemorrhage were
detected in 6651 fetuses studied. This suggests an incidence of
almost one per 1000 fetuses (Vergani et al., 1996). An unusu-
ally high incidence of fetal subdural intracranial hemorrhage
has been documented in Pacific Islanders who emigrate to
New Zealand (Becroft and Gunn, 1989). The cause for this
high incidence is unknown, but it suspected to be due to

traditional forms of abdominal massage used to change fetal
position in utero.

In one study, Sims et al. (1985) reviewed the clini-
cal features and neuropathology of intracranial hemorrhage
in 433 consecutive stillbirth autopsies. The authors identi-
fied 25 cases of periventricular or intraventricular hemor-
rhage or gliosis. Of the 25 cases, 10 had IVH alone, 5 had
IVH plus an additional intraparenchymal hemorrhage, 5 had
parenchymal hemorrhage only, and 5 had gliosis, indicating
a remote neurologic injury. Other studies have shown that
IVH is present in 6% of stillbirths at autopsy (Minkoff et al.,
1985).

Immune thrombocytopenic purpura is the most com-
mon autoimmune disorder affecting pregnant women, with
an incidence of 1 in 1000 to 1 in 10,000 pregnancies. Fewer
than1%of thesewomenwillhavebabies inwhoman intracra-
nial hemorrhage develops. In contrast, severe fetal thrombo-
cytopenia commonly occurs with alloimmune thrombocy-
topenia, which develops as a result of maternal sensitization
to fetal platelet antigens. This occurs in 1 in 2000 to 1 in 5000
pregnancies. Of these cases, approximately 10% to 30% are at
risk for intracranial hemorrhage (Johnson et al., 1997; Bussel
et al., 1988). This makes alloimmune thrombocytopenia the
most common cause of severe thrombocytopenia in fetuses,
and the most frequent cause of intracranial hemorrhage in
term neonates (Bussel et al., 2005; Berkowitz et al., 2007).

SONOGRAPHIC FINDINGS

Sonographic diagnosis of fetal intracranial hemorrhage was
first reported in 1982 in a woman with recurrent episodes
of pancreatitis and a fetal death at 29 weeks of gestation
(KimandElyaderani, 1982). Subsequently, themajority of re-
ported antenatally detected cases of intracranial hemorrhage
have occurred during the late second and third trimesters
(Catanzarite et al., 1995; Elchalal et al., 2005).

Intracranial hemorrhage is identified as an echogenic
area within the ventricles or brain parenchyma. Blood clots
are usually echogenic (Figures 17-1 and 17-2) and evolve to
characteristic echolucent cystic areas. The sonographic cri-
teria for an intracranial hemorrhage include the presence of
an echogenic mass, unilateral or bilateral ventriculomegaly
with the presence of intraventricular echogenic foci, germi-
nal matrix, echogenicity, or the presence of periventricular
hypoechoic lesions (cysts). In approximately 50% of cases of
IVH, sonographic findings will be bilateral (Elchalal et al.,
2005).

The commonly used IVH classification system in
neonatal imaging has been applied to prenatal sonographic
findings, with some modifications (Elchalal et al., 2005).
Grade I IVH refers to hemorrhage limited to the subependy-
mal matrix; Grade II refers to no more than 50% filling of
the ventricles and lateral ventricular enlargement of no more
than 15 mm; Grade III involves more than 50% ventricular
filling together with significant ventriculomegaly; Grade IV
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Figure 17-1 Axial sonographic image showing large echogenic
area consistent with intracranial hemorrhage.

refers to intraventricular bleeding that also involves the
periventricular parenchyma.

DIFFERENTIAL DIAGNOSIS

Themajor considerations in the differential diagnosis include
identifying other potential causes of intraparenchymal or in-
traventricular masses, as well as identifying potential causes
for hemorrhage. It is important to rule out the presence of
a prominent choroid plexus. This may present as a densely
echogenic mass within the ventricles, mimicking blood clot.
The choroid plexus can occupy a large proportion of ven-
tricular space, but this is a normal finding with an expected
normal prognosis (Kim and Elyaderani, 1982). Other causes
of an echogenic midbrain mass include intracranial neo-

Figure 17-2 Axial sonographic image showing echogenic debris
within lateral ventricles consistent with intraventricular hemor-
rhage.

plasm or infection. A case of malignant glioblastoma multi-
forme presenting with the appearance of significant intracra-
nial hemorrhage in a 32-week fetus has been reported (Sell
et al., 2006).

Considerations in the differential diagnosis of the cause
of hemorrhage include coagulation disorders, such as factor
V Leiden (Komlósi et al., 2005), Factor X gene mutations
(Herrmann et al., 2005), prothrombin G20210A mutation,
protein C or S deficiency, antithrombin III deficiency, and
antiphospholipid antibody syndrome (Lynch et al., 2002).
Fetal thrombocytopenia due to maternal immune thrombo-
cytopenia ormaternal platelet antigen incompatibility should
also be considered, with the latter being a much more likely
cause of significant fetal thrombocytopenia and hemorrhage
(Bussel et al., 2005; Berkowitz et al., 2007).Maternal TORCH
infection and maternal medication or substance use are also
causes of fetal intracranial hemorrhage.

ANTENATAL NATURAL HISTORY

Twomain factors are implicated in thepathogenesis of neona-
tal intracranial hemorrhage, and the same factors are relevant
for fetal intracranial hemorrhage: sudden changes in cerebral
blood pressure, which cause subependymal hemorrhage in
the fragile premature capillary bed of germinal matrix, and
perinatal asphyxia, with its attendant hypoxia that tends to
induce fluctuations in cerebral blood pressure, resulting in
intracranial hemorrhage (Volpe, 1981). The pathogenesis of
spontaneous intrauterine subdural hematoma remains less
clear. It has been postulated that subdural hematoma may be
due to the presence of intermittent aqueductal obstruction,
which results in intermittent decompression. This can result
in tearing of bridging veins and the development of subdural
hematoma (Atluru and Kumar, 1987).

The natural history of intracranial hemorrhage can
evolve from bleeding to clot formation to obstruction of
spinal fluid drainage, which results in hydrocephalus, or the
clot can destroy brain parenchyma and develop into a poren-
cephalic cyst (see Chapter 21).

Porencephaly is defined as a fluid-filled cavity present
within the cerebral hemispheres, whichmay ormay not com-
municate with the spaces that contain cerebrospinal fluid
(Eller and Kuller, 1995). A porencephalic cyst results from
destruction of cerebral tissues secondary to trauma, infec-
tion, or hemorrhage (see Chapter 21). Type 1 porencephaly
is a condition that is acquired during the third trimester,
due to a destructive process. The area of destroyed cerebral
parenchyma is replaced with cerebrospinal fluid. The germi-
nal matrix is especially vulnerable to hypoxia and ischemia
between 24 and 32 weeks of gestation due to the sparse sup-
portive stroma, delicate vasculature, and increasedmetabolic
activity of this area (Eller and Kuller, 1995).

Another complication in the evolution of fetal intracra-
nial hemorrhage is hydranencephaly. Hydranencephaly is a
congenital abnormality of the central nervous systemmarked
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by absence of cerebral tissue, which can evolve following a
subacute intraparenchymal hemorrhage (see Chapter 15).
Edmondson et al. (1992) described a circumscribed hypere-
choic mass that progressively became more sonolucent with
increased fluid accumulation and resulted in loss of identifi-
able cerebral cortex over the left parietal and occipital lobes.
Macrocephaly developed. The infant eventually died on day
4 of life. At autopsy, an organizing hematoma and extensive
resorption of the underlying cortex were seen, leaving a fluid-
filled cavity with a meningeal covering.

In a series of 33 cases of prenatally diagnosed intracra-
nial hemorrhage, 16 were managed expectantly and 2 of
these 16 (12%) resulted in spontaneous intrauterine demise
(Elchalal et al., 2005).

MANAGEMENT OF PREGNANCY

The major consideration in the management of pregnancy
is to determine the cause of the intracranial hemorrhage.
The pregnant patient should be questioned regarding her
medical history or the possibility of drug exposure. Mater-
nal conditions associated with fetal intracranial hemorrhage
include pancreatitis, preeclampsia, seizures, immune and al-
loimmune thrombocytopenia, and other disorders of coagu-
lation. These include factor V Leiden, prothrombinG20210A
mutation, protein C or S deficiency, antithrombin III defi-
ciency, and antiphospholipid antibody syndrome (Lynch
et al., 2002). Fetal conditions that have been reported to be as-
sociated with intracranial hemorrhage include factors V and
Xdeficiency (Catanzarite et al., 1995).Alterations inmaternal
blood pressure, such as hypotension or hypertension associ-
ated with placental abruption or preeclampsia, can result in
fetal intracranial hemorrhage.

An extensive history regarding the possibility of drug
exposure should be obtained. For example, maternal expo-
sure to warfarin has been associated with fetal subdural hem-
orrhage and evolution to hydrocephalus (Robinson et al.,
1980; Ville et al., 1993). The pregnant patient who requires
anticoagulation should be changed to heparin during preg-
nancy. In thenormal secondtrimester fetus, vitaminK2 is20%
of adult levels and vitamin K1 is undetectable. Even in sub-
therapeutic doses,warfarin further reduces the bioavailability
of vitamin K to the fetus (Ville et al., 1993). Also, maternal
cholestasis and ingestion of cholestyramine can lead to vita-
minK deficiency (Sadler et al., 1995). Furthermore, ingestion
of aspirin has also been shown to result in fetal hemorrhage
(Karlowicz and White, 1993). Salicylate competes with vita-
min K at prosthetic group sites on enzymes that synthesize
coagulantproteins.Cocainehasalsobeenpostulated tobe im-
portant as a cause of fetal intrauterine hemorrhage because
cocaine use leads to destructive lesions of the fetal brain, par-
ticularly cerebral infarction (Volpe, 1992). In another study,
however, although maternal cocaine exposure was shown to
lead to placental abruption, investigators did not find an as-
sociation between prenatal cocaine use and fetal or neonatal

intracranial hemorrhage (Dusick et al., 1993). Fetal trauma,
such as in the traditional Polynesian maternal massage, can
result in fetal subdural hemorrhage (Gunn et al., 1988).

The presence of a maternal seizure disorder can pre-
dispose to fetal intracranial hemorrhage. Neonates exposed
to anticonvulsants in utero can have coagulation defects.
Fetal anoxia that occurs during a maternal seizure may lead
to redistribution of blood flow to the brain and to arterial
hypertension (Minkoff et al., 1985). These authors recom-
mended that the fetus of a patient with a seizure disorder
who has seizures during pregnancy should be evaluated after
the seizure for the presence of intracranial hemorrhage.

The fetus identified antenatally with an intracranial
hemorrhage may have abnormal fetal heart rate patterns
(Catanzarite et al., 1995), a nonreactive nonstress test, fetal
tachycardia, or a positive oxytocin challenge test related to fe-
tal anemia. No relationship, however, has been demonstrated
between the umbilical and cerebral artery pulsatility index
and severe intracranial hemorrhage (Scherjon et al., 1993).

Repeated sonography is indicated to monitor the evo-
lution of the bleeding, to monitor for the development of hy-
drocephalus, porencephaly or hydranencephaly. Serial mid-
dle cerebral arteryDoppler evaluation to check for significant
fetal anemia is also recommended. Depending on the cause
of the hemorrhage, the fetus may require transfusion with
red cells, platelets, and intravenous γ -globulin (in the case
of alloimmune thrombocytopenia). Some investigators have
suggested daily nonstress tests and contraction stress tests,
daily biophysical profiles, and weekly sonography until there
is evidence of fetal lung maturity (Pretorius et al., 1986)

Aggressive antenatal managementmay be indicated for
fetuses with alloimmune thrombocytopenia (AIT). Murphy
andBussel (2006) have suggested a regimenof intravenous γ -
globulin (IVIG)with orwithout prednisolone from20weeks’
gestation onward for patients with AIT at risk for fetal in-
tracranial hemorrhage. Response to therapy can be guided
by percutaneous cordocentesis and direct fetal platelet quan-
tification (see Chapter 4). Patients can be categorized as high
risk, in which a previous pregnancy has been complicated by
fetal intracranial hemorrhage, or standard risk, in which AIT
has been diagnosed but without an index case of intracra-
nial hemorrhage. High-risk patients will likely do better with
a more aggressive approach of IVIG combined with pred-
nisolone from the second trimester onward, and with fur-
ther treatment guided by fetal blood sampling. Such further
treatmentmay also include serial fetal platelet transfusions in
nonresponding cases. Standard-risk patients may be able to
avoid fetal blood sampling, with its inherent morbidity, and
may bemanaged with IVIG alone (Murphy and Bussel, 2006;
Berkowitz et al., 2007). The rationale behind the efficacy of
maternal IVIGadministration is that itmay either reducema-
ternal antibody production or transport across the placenta,
or may delay the destruction of antibody-coated platelets in
the fetal reticuloendothelial system.

The serologic diagnosis of AIT can be made by satis-
fying three requirements: demonstration of a platelet anti-
gen incompatibility between the parents, demonstration of a
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platelet antibody in maternal serum that binds paternal but
not maternal platelets, and identification of an antibody as
specific for platelet antigen incompatibility.When a prior sib-
ling has had an antenatal intracranial hemorrhage due toAIT,
the clinical manifestations are the same or worse in subse-
quent fetuses who carry the same antigen (Bussel et al., 1997;
Murphy and Bussel, 2006). To prevent antenatal intracranial
hemorrhage, treatment must be initiated as early as possible
in the subsequent pregnancy.

Following the diagnosis of fetal intracranial hemor-
rhage it may also be useful to perform fetal MRI examination
of the cranial anatomy. In certain cases, in which prenatal ul-
trasound examination has suggested a Grade II or Grade III
IVH, fetal MRI may reveal additional information useful for
predicting neurological prognosis (Elchalal et al., 2005).

We recommend that the fetuswith an intracranial hem-
orrhage be delivered at a tertiary care center capable of resus-
citation of the newborn infant. Cesarean delivery should be
considered for fetuses known to have AIT (Burrows et al.,
1988).

Aggressive management may or may not be indicated
in the case of fetal subdural hematoma. In one report, a fetus
with subdural hematoma was detected in utero at 32 weeks
of gestation by the presence of multiple blood clots in the
subdural space with secondary compression of brain tis-
sue. Cordocentesis detected anemia in the fetus, who was
treated aggressively with transfusion of packed red cells and
platelets. Following transfusion, the nonstress test and bio-
physical profile improved, but delivery was delayed to reduce
anticipated complications of prematurity. Nine days later, a
secondepisodeof intracerebralbleedingoccurred,prompting
delivery by emergency cesarean section. Despite the aggres-
sive treatment, the infant died at 6 hours of age (Rottmensch
et al., 1991).

FETAL INTERVENTION

No specific intervention is indicated for the fetus other than
transfusion of intravenous γ -globulin and/or platelets in
cases of AIT.

TREATMENT OF THE NEWBORN

Specific attention should be paid to evidence of increased
intracranial pressure, by measurement of the head circum-
ference and palpation of the sutures and fontanelles. The in-
fant should also be specifically examined for the presence
of petechiae or ecchymoses as evidence of coagulopathy. A
blood count is indicated to determine whether the infant is
anemic. Depending on the cause of the hemorrhage, post-
natal transfusion with intravenous γ -globulin, packed red
blood cells, or platelets lacking an incompatible antigen or

steroid therapy in the case of AIT, may be indicated. A di-
agnostic work-up for AIT and viral sepsis should also be
performed.

Postnatally, cranial anatomyshouldbeassessedbycom-
puted tomography (CT) scan ormagnetic resonance imaging
(MRI). Specific consideration should be given to monitoring
for the presence of posthemorrhagic hydrocephalus. Hydro-
cephalus develops as a consequence of acute obstruction to
cerebrospinal fluid flow by a blood clot. If posthemorrhagic
hydrocephalus is present, consultation with a neurosurgeon
is appropriate.

SURGICAL TREATMENT

If posthemorrhagic hydrocephalus is present, the infant may
need the placement of a ventriculoperitoneal shunt to drain
cerebrospinal fluid.

LONG-TERM OUTCOME

In their review of 41 antenatally detected cases of intracra-
nial hemorrhage, Vergani et al. (1996) documented that a
poor outcome was present in 68% of fetuses. The outcome
was directly related to the location and extent of the hemor-
rhage. A poor outcome was present in seven of eight (88%)
fetuseswith subduralor subarachnoidhemorrhage. Similarly,
a poor outcome was present for 12 of 13 (92%) fetuses with
parenchymal hemorrhage. A more favorable prognosis was
present for fetuses with IVH, in which 9 of 20 cases (45%)
had a poor outcome, but these were all observed in Grade
II and III hemorrhages. Therefore, the presence of a Grade I
IVH observed antenatally is generally associated with a favor-
able prognosis. In a series of 33 prenatally diagnosed cases of
intracranial hemorrhage of 16 fetusesmanaged expectantly, a
total of 8 neonates hadmoderate to severe neurological deficit
at a mean age of 3 years (Elchalal et al., 2005).

All fetuses with intracranial hemorrhage are at an in-
creased risk for the postnatal development of seizures and
cerebral palsy (Scher et al., 1991). Similarly, the potential
exists for the prenatal or postnatal development of hydro-
cephalus and neurodevelopmental delay.

The clinical course for fetuses diagnosed with AIT is
more variable. The outcome ranges from benign resolution
within 2 to 3 weeks after birth to an occasional fatal hemor-
rhage (Kuhn et al., 1992).

GENETICS AND RECURRENCE RISK

Thegenetic causesof intracranialhemorrhage includeplatelet
incompatibility disorders and the hereditary coagulopathies.



146

Part II Management of Fetal Conditions Diagnosed by Sonography

Every attempt should be made to diagnose the underlying
basis of the hemorrhage, as a number of the coagulopathies
that involve protein or factor deficiencies are inherited in an
autosomal dominantmanner and are expected to have a 50%
risk of recurrence. The exceptions are Factor X mutations,
which are inherited as autosomal recessive conditions.

Ninety-eight percent of the population of fetuses with
AIT are phospholipase A1 (PLA1)-positive. The transmission
of the gene for this platelet antigen is autosomal dominant
(Morales and Stroup, 1985). Two percent of the population
lacks this platelet antigen. The affected infant is generally di-
agnosedonly after an initial hemorrhagic episode.The chance
of recurrence depends on whether the father of the baby is
homozygous, meaning that both of his chromosomes carry
the gene for the platelet antigen. If the father is a homozy-
gote, there is a 100% chance of having a subsequently affected
child. However, if the father is heterozygous there is only a
50% chance that a subsequent child will inherit the chro-
mosome carrying the gene for PLA1 (Kuhn et al., 1992). A
review of the medical literature shows an overall 75% chance
of having a subsequently affected child, but it is important to
remember that the risk is either 50% or 100% for an individ-
ual couple.

Formanyof the inheritedcoagulopathiesorplateletdis-
orders, prenatal diagnosis is available on a DNA basis from
chorionic villi or amniotic fluid cells, or by obtaining fetal
blood at cordocentesis. Because of the relatively high recur-
rence risk for these conditions, careful sonographic monitor-
ing in a subsequent pregnancy is indicated tomonitor for the
potential for fetal intracranial hemorrhage.
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CHAPTER

Macrocephaly

Key Points

■ Macrocephaly is defined as a head circumference
greater than three standard deviations (SDs) above
the mean for age and sex.

■ This disorder is rare, and the exact incidence is
unknown.

■ The antenatal natural history has not been
elucidated.

■ During the antepartum period, other causes of
macrocephaly should be excluded such as hydro-
cephalus or intracranial space-occupying lesion.

■ The diagnosis of macrocephaly should not alter
prenatal care with regard to timing of delivery or
mode of delivery.

■ Long-term outcome regarding macrocephaly is
sparse. The majority of cases appear to do well;
however, it appears to be associated with an
increased risk for autism. Unilateral macrocephaly
seems to be associated with poor outcomes.

■ The inheritance pattern of benign macrocephaly is
autosomal dominant with incomplete penetrance
with a male to female preponderance of 4:1.
Differential diagnosis should include consideration
of overgrowth syndromes, which may be due to
single-gene disorders.

CONDITION

Macrocephaly is defined as a head circumference greater than
3 SD above the mean for age and sex. The terms macroen-
cephaly and megaloencephaly have been used interchangeably
with macrocephaly, which indicates an increased brain vol-
ume in the absence of hydrocephalus (Gooskens et al., 1988).
It may be associated with subdural hematoma, other space-
occupying lesions, an unduly thickened skull, or a large brain
(Lorber and Priestley, 1981). Normal brains of adults usually
weigh less than 1500 g. Weights above this are considered ab-
normal andmacrocephalic. At birth the normal brain weighs

approximately 370 g. Almost all cases of macrocephaly repre-
sent normal variants with a normal large brain (Lorber and
Priestley, 1981).

The most common variety of this condition is benign
familial macrocephaly, accounting for at least 50% of cases.
It is usually associated with an autosomal dominant pattern
of inheritance (DeMeyer, 1972). There is amale to female pre-
ponderance of 4:1 (Lorber and Priestley, 1981). Isolated spo-
radic macrocephaly without evidence of a familial disorder
is less common (DeMeyer, 1972; Pettit et al., 1980). Macro-
cephaly may also be associated with generalized disorders of
overgrowth, such as cerebral gigantism (Sotos syndrome),
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Figure 18-1 Nine-year-old boy who exhibits macrocephaly as
part of an overgrowth syndrome. His head circumference is 4 SD
above the mean. (Photograph courtesy of Dr. Patricia Wheeler.)

Beckwith–Wiedemann syndrome, Weaver syndrome, and
achondroplasia (Ott and Robinson, 1969; Dodge et al., 1983)
(see Chapter 124) (Figure 18-1).

Several neurocutaneous disorders are associated with
macrocephaly. It is seen most consistently with multiple
hemangiomatosis syndrome (Riley and Smith, 1960) and
Bannayan–Riley–Ruvalcaba syndrome (Gorlin et al., 1992).
Hypotonia associated with gross motor and developmental
delay is also common (DiLiberti, 1992). In one series of
14 children with hypotonia and macrocephaly, 13 demon-
strated evidence of lipid storage myopathy on muscle biopsy
(DiLiberti, 1992). All 13 children had clinical examina-
tions consistent with either benign familial macrocephaly or
the Bannayan–Riley–Ruvalcaba syndrome. Althoughmacro-
cephaly is generally a benign condition, in several series it has
been associated with intellectual impairment. A syndrome of
X-linked mental retardation associated with macrocephaly,
coarse facies, hypertelorism, and macro-orchidism has been
reported (Atkin et al., 1985). The affectedmales were moder-
ately intellectually impaired, and therewas someexpression in
heterozygotes. In another report, three sisters with moderate
to severe intellectual impairment togetherwithmacrocephaly

anddistinctive faciesweredescribed, and itwas suggested that
this was either a dominant condition or the heterozygous ex-
pression of an X-linked entity (Fryns et al., 1988). In a subse-
quent report, a family with X-linked mental retardation was
described in which the affected members had macrocephaly
with heterozygous expression (Turner et al., 1994).

Unilateral macrocephaly is an unusual variant of
macrocephaly, in which there is enlargement of only one
cerebral hemisphere. It is due to abnormal neuronal cell mi-
gration in utero. It is usually associated with severe seizures
during the neonatal period. The term macrocephaly is rather
simplistic in such cases, as the anomaly is more typical of
a hamartomatous malformation than a simple hypertrophy
(Bignami et al., 1968; Townsend et al., 1975). Unilateral
macrocephaly seems to be equally distributed between the
right and left sides (King et al., 1985; Robain et al., 1988).

INCIDENCE

Macrocephaly is an unusual prenatal finding with an un-
known incidence.

SONOGRAPHIC FINDINGS

Macrocephaly should be suspected in the presence of abnor-
mally large head measurements (greater than 3 SD above
the mean for gestational age), without evidence of hydro-
cephalus or intracranial masses. Sonography should confirm
the absence of other fetal anomalies, particularly hydro-
cephalus, by the identification of a normal fetal lateral ventri-
cle:hemisphere ratio.Magnetic resonance imaging (MRI) can
be used as an adjunct to determine if themacrocephaly is iso-
lated or complicated by other brainmalformations (Parazzini
et al., 2005).

Benign familial macrocephaly has rarely been diag-
nosed in utero. In one case report, the abnormally large head
circumference was first noted at 32 weeks’ gestation, at which
time the biparietal diameter was consistent with a gestational
age of 39 weeks (DeRosa et al., 1989). As the pregnancy pro-
gressed, the head size increased proportionately with other
fetal biometric parameters.

Sonographic findings in unilateral macrocephaly in-
clude enlargement of one cerebral hemisphere, a shift of
the midline structures, and mild ipsilateral ventriculomegaly
(Sandri et al., 1991; Ramirez et al., 1994).

DIFFERENTIAL DIAGNOSIS

A family history and physical examination of the parents, in-
cluding measurement of their head circumferences, may be
helpful when the diagnosis of macrocephaly is considered
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(DeRosa et al., 1989). Hydrocephalus, intracranial hemor-
rhage, and other intracranial masses (such as an intracranial
tumor or vein of Galen aneurysm) should all be considered in
the differential diagnosis. Syndromes associated with macro-
cephaly include Beckwith–Wiedemann syndrome, Gorlin
syndrome (basal-cell-nevus syndrome), FG syndrome,
Weaver syndrome, Sotos syndrome, and Bannayan–Riley–
Ruvalcaba syndrome. Porencephaly, intracranial tumors, and
other conditions associated with a shift of the midline echo
should also be considered in the differential diagnosis of uni-
lateral macrocephaly.

ANTENATAL NATURAL HISTORY

Little information isavailable forcounseling thepatientonthe
natural history of prenatally diagnosedmacrocephaly. Coun-
seling will depend on the etiology of the macrocephaly.

MANAGEMENT OF PREGNANCY

If the diagnosis of macrocephaly is suspected prenatally, a de-
tailed sonographic examination is indicated to rule out other
conditions associated with an enlarged fetal head, such as hy-
drocephalus or intracranial space-occupying lesions (Table
18-1). If no other abnormalities are identified, and no addi-

Table 18-1

Conditions Associated with Macrocephaly

Benign familial macrocephaly

Sporadic macrocephaly

Neurofibromatosis

Cerebral gigantism (Sotos syndrome)

Achondroplasia

Osteogenesis imperfecta

Beckwith–Wiedemann syndrome

Neurocutaneous syndromes

Bannayan–Riley–Ruvalcaba syndrome

Weaver syndrome

Unilateral macrocephaly

tional risk factors are present, there does not seem to be an
indication for amniocentesis. A family history should be ob-
tained, and a physical examination of the parents, including
measurement of their head circumferences, should be per-
formed to search for possible genetic syndromes associated
with macrocephaly (DeRosa et al., 1989). Serial sonography
is recommended to confirm the diagnosis and exclude other
conditions that may become apparent later in gestation, such
as short-limb skeletal dysplasias or hydrocephalus.

In one of the few case reports of prenatally diagnosed
macrocephaly, a normal spontaneous vaginal delivery oc-
curred in a patient with a maternal height of 4 ft 11 in and a
weight of 211 lb (DeRosa et al., 1989).With regard tomanage-
ment of delivery, there does not seem to be a significant risk of
macrosomia associated with the diagnosis of macrocephaly.
In a series of 109 cases of macrocephaly, the mean birth
weight in 95 full-term infants was normal (3462 g) (Lorber
andPriestley, 1981).Only 13 childrenhadbirthweights above
the90thpercentile (LorberandPriestley, 1981).Headcircum-
ference at birth in 51 infants ranged from32 to 40.5 cm,with a
mean of 36.2 cm, as comparedwith a normalmean of 34.6 cm
(Lorber and Priestley, 1981). A diagnosis of macrocephaly
should not change the timing of delivery, and there is no in-
dication for routine cesarean delivery unless other standard
obstetric indications exist. It is not necessary for delivery to
occur in a tertiary care setting.

FETAL INTERVENTION

No fetal intervention has been described for macrocephaly.

TREATMENT OF THE NEWBORN

Most cases of isolated macrocephaly do not give rise to dif-
ficulty in the delivery room. The clinical presentation varies
from no apparent neurologic deficit in the majority of cases
to severe seizures and mental retardation. It is interesting to
note that idiopathic macrocephaly has been linked to an in-
creased risk for autism (Bolton et al., 2001; Dementieva et al.,
2005).

A thorough physical examination should be performed
to search for phenotypic features of any of the genetic syn-
dromes associated with macrocephaly. Measurement of the
head circumference in children is a standard and essential
part of the newborn clinical examination. Composite charts
for head circumference from birth to 18 years are available,
and a single head circumference measurement outside the
range of normal should lead to further evaluation of the child
(Nellhaus, 1968).

Other causes of macrocephaly, such as hydrocephalus,
subdural hematoma, intracranial tumor, or other space-
occupying lesions, must be ruled out as soon as possible.
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Macrocephaly should be considered a diagnosis of exclusion
following thorough clinical examination and imaging of the
head. Cranial ultrasound examination is usually the first line
for imaging of the neonatal head. Postnatal computed tomo-
graphic (CT) scanning or MRI is the more usual examina-
tion in older infants and children since the anterior fontanelle
may not provide an adequate ultrasound scanning window.
In some cases of autosomal dominant macrocephaly, histo-
chemical examination of skeletal muscle biopsies for lipid
storagemyopathymay be useful in resolving clinical ambigu-
ities (DiLiberti, 1992).

The clinical presentationofunilateralmegaloencephaly
is characterized by severe seizures in early infancy. Cranial
asymmetry may be overlooked in the newborn if the skull
is not examined carefully. CT imaging in such cases demon-
strates enlargement of the hemisphere and displacement of
the ventricles and the falx. MRI may be helpful in the ra-
diologic evaluation of unilateral macrocephaly (Kalifa et al.,
1987).

SURGICAL TREATMENT

No surgical treatment is required for benign, isolated macro-
cephaly.

LONG-TERM OUTCOME

The long-term prognosis formacrocephaly is not well known
and depends on the etiology of the disorder. In a follow-up
study of 109 children with macrocephaly, the rate of head
growth was noted to be above normal in 80% of children
during the first 4 months of life, and in a further 12% at 1
to 2 years of age (Lorber and Priestley, 1981). The major-
ity of these children were neurologically normal. Ninety-six
children were judged to be of normal intelligence, and of the
remaining 13 children, 6 were judged to be in the normal-
to-below average range. Seven children had significant in-
tellectual impairment; 6 of these 7 children had normal CT
examinations. Persistent muscular hypotonia was noted in
5 children, and 2 had seizures (Lorber and Priestley, 1981).

Nonetheless, it is interesting to note that macrocephaly
appears to be associatedwith an increased risk for autism, and
thatmacrocephaly is one of themost consistent physical find-
ings in peoplewith autism. In a case–control study of a cohort
of boys born with macrocephaly, infantile macrocephaly was
associated with an increased risk for autism (odds ratio 5.44,
95%CI 1.11–52.15; p = 0.03) (Bolton et al., 2001). Abnormal
acceleration of head growth may be one of the reasons why
these individuals are at risk for autism (Dementieva et al.,
2005).

The prognosis for unilateral macrocephaly seems to be
universally poor. In the reviews of this condition 8 of 16 chil-
dren had died by 6 months of life and 7 more had died be-

fore 5 years of age (King et al., 1985; Robain et al., 1988).
The remaining infant was 11 months of age at the time of
reporting. In another series, all five children with unilateral
macrocephaly were still alive at ages up to 9 years (Kalifa et al.,
1987). The reason for better survival in this series may be im-
provements in anticonvulsant therapy.

GENETICS AND RECURRENCE RISK

The inheritance pattern of benign macrocephaly is autoso-
mal dominant with incomplete penetrance (Asch andMyers,
1976; Lorber and Priestley, 1981; Cole and Hughes, 1991).

The high male:female ratio is puzzling for a condition
with a well-defined autosomal dominant mode of inheri-
tance. It is possible that boys are more likely to be referred
for evaluation of hypotonia or weakness than girls (DiLiberti,
1992), but this is an unlikely explanation for the entire sex-
ratio discordance. The recurrence risk for other causes of
macrocephaly depends on the underlying syndrome diag-
nosed. Several of the conditions associated with generalized
overgrowth, such as Sotos syndrome and Bannayan–Riley–
Ruvalcaba syndrome, are due to knownmutations in specific
genes (NSD1 and PTEN, respectively).

References
Asch AJ, Myers GL. Benign familial megaloencephaly: report of a family

and review of the literature. Pediatrics. 1976;57:535-539.
Atkin JF, Flaitz K, Patil S, et al. A new X-linked mental retardation

syndrome. Am J Med Genet. 1985;21:697-705.
Bignami A, Palladini G, Zappella M. Unilateral megaloencephaly with

nerve cell hypertrophy: an anatomical and quantitative histochemi-
cal study. Brain Res. 1968;9:103-114.

Bolton PF, Roobol M, Allsopp L, Picles A. Association between id-
iopathic infantile macrocephaly and autism spectrum disorders.
Lancet. 2001;358:726-727.

ColeTR,HughesHE.Autosomaldominantmacrocephaly:benign famil-
ial macrocephaly or a new syndrome? Am J Med Genet. 1991;41:115-
124.

Dementieva YA, Vance DD, Donnelly SL, et al. Accelerated head growth
in early development of individuals with autism. Pediatr Neurol.
2005;32:102-108.

DeMeyer W. Megalencephaly in children: clinical syndromes, genetic
patterns, and differential diagnosis from other causes of megalo-
cephaly. Neurology. 1972;22:634-643.

DeRosa R, Lenke RR, Kurczynski TW, et al. In utero diagnosis of benign
fetal macrocephaly. Am J Obstet Gynecol. 1989;162(3):690-692.

DiLiberti JH. Correlation of skeletal muscle biopsy with phenotype in
the familial macrocephaly syndromes. J Med Genet. 1992;29:46-49.

Dodge PR, Holmes SJ, Sotos JF. Cerebral gigantism. Dev Med Child
Neurol. 1983;25:248-252.

Fryns JP, Dereymaeker AM, Haegeman J, et al. Mental retardation,
macrocephaly, short stature and craniofacial dysmorphism in three
sisters: a new entity among the mental retardation-macrocephaly
syndromes? Clin Genet. 1988;33:293-298.

Gooskens RHJM, Williams J, Bijlsma JB, Hanlo PW. Megalen-cephaly:
definition and classification. Brain Dev. 1988;10:107.

Gorlin RJ, Cohen MM, Condon LM, et al. Bannayan–Riley–Ruvalcaba
syndrome. Am J Med Genet. 1992;44:307-314.

Kalifa GL, Chiron C, Sellier N, et al. Hemimegalencephaly: MR imaging
in five children. Radiology. 1987;165:29-33.



151

Chapter 18 Macrocephaly

King M, Stephenson JBP, Ziervogel M, et al. Hemimegalencephaly—a
case for hemispherectomy? Neuropediatrics. 1985;16:46-55.

Lorber J, Priestley BL. Children with large heads: a practical approach
to diagnosis in 557 children, with special reference to 109 children
with megalencephaly. Dev Med Child Neurol. 1981;23:494-504.

Nellhaus G. Head circumference from birth to eighteen years: prac-
tical composite international and interracial graphs. Pediatrics.
1968;41:106-114.

Ott JE, Robinson A. Cerebral gigantism. Am J Dis Child. 1969;117:357-
368.

Parazzini C, Righini A, Lalatta F, Bianchini E, Triulzi F. Fronatl bilateral
megalencephaly: fetal and autopsy MR evaluation of an unclassified
malformation. Prenat Diagn. 2005;25:489-491.

Pettit RE, Kilroy AW, Allen JH. Macrocephaly with head growth parallel
to normal growth pattern: neurological, developmental, and com-
puterized tomography findings in full-term infants. Arch Neurol.
1980;37:518-521.

Ramirez M, Wilkins I, Kramer L, et al. Prenatal diagnosis of unilateral
megalencephaly by real-time ultrasonography. Am J Obstet Gynecol.
1994;170:1384-1385.

Riley HD, Smith WR. Macrocephaly, pseudopapilledema and multiple
hemangiomata. Pediatrics. 1960;26:293.

Robain O, Floquet C, Heldt N, et al. Hemimegalencephaly: a clinico-
pathological study of four cases. Neuropathol Appl Neurobiol. 1988;
14:125-135.

Sandri F, Pilu G, Dallacasa P, et al. Sonography of unilateral megalen-
cephaly in the fetus and newborn infant. Am J Perinatol. 1991;8:
18-20.

Townsend JJ, Nielsen SL, Malamud N. Unilateral megalencephaly:
hamartoma or neoplasm? Neurology. 1975;25:448-453.

Turner G, Gedeon A, Mulley J. X-linked mental retardation with het-
erozygous expression and macrocephaly: pericentromeric gene lo-
calization. Am J Med Genet. 1994;51:575-580.

19
CHAPTER

Myelomeningocele

Key Points

■ Open spinal cord defect that protrudes dorsally, is
not covered by skin, and is associated with
spinal-nerve paralysis.

■ Current prevalence in the United States is still 0.5
to 1 case per 1000 pregnancies.

■ Maternal risk factors include obesity,
anticonvulsant medication, short interpregnancy
interval, and genetic polymorphisms in various
enzymes in the homocysteine methylation
pathway.

■ Sonographic findings include a small biparietal
diameter, scalloping of the frontal bones, a
compressed cerebellum, lateral ventriculomegaly,
Chiari II abnormalities, splaying of dorsal vertebrae,
and a dorsal sac.

■ Karyotype should be performed, even in isolated
neural tube defects.

■ A prospective clinical trial comparing outcomes for
open fetal surgery compared to standard postnatal
surgery is in progress.

■ Long-term outcome depends on the level of the
spinal defect and the presence of associated
anomalies.

■ Morbidity has been significantly improved by
interventricular shunting for hydrocephalus and
clean intermittent bladder catheterization to
reduce renal complications.

■ Most neural tube defects are isolated and have a
multifactorial inheritance pattern.

CONDITION

Myelomeningocele is an open spinal cord defect that pro-
trudesdorsally, isnot coveredby skin, and isusually associated
with spinal nerve paralysis. Technically, spina bifida refers to

a cleft or opening in the vertebral body; this term is also used
to collectively describe a group of disorders that involve the
spinal cord. Lumbosacral lipomas are subcutaneous masses
of fat in the lumbosacral region (Shurtleff and Lemire, 1995).
Myelomeningoceles are malformations that result from



152

Part II Management of Fetal Conditions Diagnosed by Sonography

failure of the neural tube to fuse during early embryogen-
esis, between 25 and 28 days postovulation, when the an-
terior and posterior neuropores close. Skin-covered defects,
such as lipomyelomeningocele, result from abnormalities in
secondary neurulation and retrogressive differentiation that
occurs between 28 and 56 days postovulation (Shurtleff and
Lemire, 1995).

The first medical report of a myelomeningocele was
made by a Dutch physician, Nicholas Tulp, who practiced
between 1593 and 1674. He described a series of six cases of
patients with spina bifida (Tulp, 1716).

“Open”neural tubedefects aremyelomeningoceles that
are not covered by skin. Leakage of α-fetoprotein (AFP)
from the cerebrospinal fluid (CSF) into the amniotic fluid
results in an increased transport of AFP into the maternal
circulation. Screening by maternal serum AFP analysis has
resulted in an increased ability to detect these lesions prena-
tally.

Herniation of the spinal cord probably reduces in-
traspinal pressure. This allows the hindbrain to become
downwardly displaced, resulting in the hindbrain herniation
that is part of the Chiari type II malformation, which is seen
almost exclusively in patients affected withmyelodysplasia. It
is characterized by caudalmovement of the cerebellar vermis,
brainstem, and fourth ventricle. The Chiari type II malfor-
mation is responsible for many of the early deaths in patients
affectedwithmyelodysplasia. Chiari, a professor of pathology
in Prague, wrote two papers in 1891 and 1896 that described
four types of pathologic changes occurring in 40 affected pa-
tients (Rauzzino andOakes, 1995). These changes concerned
the abnormal position of the cerebellum in relation to the
foramenmagnum.Arnold, in contrast, publisheda single case
report in 1894 that described a single patient with myelodys-
plasia and other congenital anomalies (Rauzzino and Oakes,
1995).

INCIDENCE

The incidence and livebirth prevalence of myelomeningocele
are correlated strongly with ethnic and geographic factors.
The highest frequencies of neural tube defects are found in
Great Britain, Ireland, Pakistan, Northern India, Egypt, and
Arab countries. The lowest incidences are found in Finland,
Japan, and Israel. Even in the United States, a geographic
distribution of these defects occurs, with the frequency being
the highest in the East and the South, and the lowest in the
West (Harmon et al., 1995). There is an increased incidence
of neural tube defects in Hispanics, especially if the mother
was born in Mexico (Shaw et al., 1994).

The livebirth prevalence of infants with myelo-
meningocele has changed dramatically since the advent of
widespread maternal serum screening for AFP. Before 1980,
the livebirth prevalence of infants with neural tube defects

was between 1.5 and 4.5 per 1000 livebirths. After 1980, this
decreased to 0.74 to 2.5 per 1000 livebirths (Shurtleff and
Lemire, 1995). In the United States, the current prevalence of
neural tube defects is 0.5 to 1 per 1000 pregnancies (Shaer et
al., 2007). The lowest incidence of neural tube defects is in
Africanblacks,whohave a livebirth prevalence of 1 per 10,000
(Shurtleff and Lemire, 1995). Because the screening tests de-
tect anencephaly (see Chapter 7) as well as myelomeningo-
cele, and many parents decide to terminate pregnancies af-
fected with the uniformly fatal anencephaly, the incidence of
myelomeningocele has increased as a percentage of all cases
of neural tube defects (Rieder, 1994).

In a review of factors associated with neural tube de-
fects in the NIH-sponsored Collaborative Perinatal Project
that reviewed the pregnancies of 53,000 pregnant women,
Myrianthopoulos andMelnick (1987)demonstrated thatma-
ternal diabetes mellitus, heart disease, lung disease, and use
of diuretics, antihistamines, or sulfonamides were all associ-
atedwith an increased risk of neural tube defects. In addition,
women who had a short interval between the end of the pre-
vious pregnancy and the current pregnancy had an increased
incidence of neural tube defects.

More recently, it has been shown that maternal use of
the anticonvulsants valproic acid and carbamazepine, or the
folic acid inhibitor aminopterin, is also associatedwith neural
tube defects. Similarly, a maternal history of prepregnancy
obesity or type II diabetes increases the chance of conceiving
a child with neural tube defect (Shaw et al., 2000; Watkins
et al., 2003). Neural tube defects are also associated with low
socioeconomic status, a positive family history, and twinning.
In general, females are affectedmore often thanmales (Källén
et al., 1994).

Maternal polymorphisms or mutations in various en-
zymes in the homocysteine remethylation pathway confer an
increased risk for fetal neural tube defects. The enzyme 5,10-
methylenetetrahydrofolate reductase (MTHFR) is important
in the production of the circulating formof folic acid. Specific
polymorphisms in the gene forMTHFR, such asmaternal ho-
mozygosity for the 677T allele, or compound heterozygosity
for the C677T/A1298C alleles, carry an increased risk (Peadar
et al., 2004). Maternal variation in the gene for another en-
zyme,methionine synthase (MTRR) also carries an increased
risk for affected fetuses when present in combination with an
MTHFR polymorphism or low B12 levels (van der Linden
et al., 2006).

Theetiologyofmyelomeningocele is thought tobemul-
tifactorial in most cases; however, women who preconceptu-
ally takeat least400μgof folate aday for3monthshave70%to
80%reduction in risk of their fetuses having openneural tube
defect (Centers for Disease Control and Prevention, 1992).
TheCenter forDiseaseControl andPrevention estimated that
the rates of open neural tube defects, both anencephaly and
myelomeningocele, have fallen by 26% in the United States,
compared to before 1998whenmandatory folate fortification
of cereal grain products began (Matthews et al., 2002; Centers
for Disease Control and Prevention, 2004).
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SONOGRAPHIC FINDINGS

Prior to the mid-1980s, sonographic diagnosis of myelo-
meningocele relied on the meticulous scanning of the fetal
vertebrae for abnormalities. Using this method, neural tube
defects were missed. More recently, the prenatal sonographic
diagnosis of myelomeningocele has been enhanced by the
recognition of specific brain abnormalities that generally pre-
cede detection of the spinal lesion (Blumenfeld et al., 1993)
(Table 19-1).

Intracranial Findings

The central nervous system (CNS) abnormalities described
in neural tube defects include cerebral ventriculomegaly,
microcephaly, abnormalities of the frontal bone, and obliter-
ationof the cisternamagnawith an apparently absent cerebel-
lum or an abnormal concavity of the cerebellar hemispheres.
These latter abnormalities have been referred to as the “fruit”
findings, which include the lemon and the banana signs. The
lemon sign (Figure 19-1) describes a concave or flattened
frontal contour of the fetal calvarium rather than a normal
convex frontal contour. The banana sign (Figure 19-2) de-
scribes the posterior convexity of the cerebellum within the
posterior cranial fossa (Nicolaides et al., 1986). The lemon
sign has been described in 1% of apparently normal fetuses,
whereas the banana sign is not found in normal fetuses. The
abnormal CNS sonographic findings are a consequence of
the Arnold–Chiari malformation. In a prospective analysis,
Campbell et al. (1987), who studied 436 fetuses at high risk
for spina bifida, identified 26 fetuseswith an openneural tube
defect. Of the 26, 17 (62%) had a small biparietal diameter for
gestational age, 9 (35%) had an abnormally small head cir-

Table 19-1

Sonographic Abnormalities in
Myelomeningocele

Intracranial Findings
Small biparietal diameter
Small head circumference
Lemon sign—scalloping of frontal bones
Banana sign—compressed cerebellum
Lateral ventriculomegaly
Chiari II abnormalities

Beaking of tectum
Hindbrain herniation—cerebellar vermis through

foramen magnum
Elongation and kinking of medulla
Obliteration of cisterna magna

Spinal Findings
Splaying of dorsal vertebral elements
Meningocele sac
Myelomeningocele sac
Presence of placode on surface of sac
Neural elements bridging across the sac

cumference, and 100%had a positive lemon sign. In addition,
25 of 26 fetuses (96%) had a cerebellar abnormality. Of these,
nine had an absent cerebellum, and 16 had a positive banana
sign. Only one fetus in the study with an open neural tube
defect had a normal cerebellum. These findings were further
defined by Van den Hof et al. (1990), who demonstrated that

A B

Figure 19-1 A. Transverse view of a fetal head demonstrating the ‘‘lemon sign” in a fetus with myelomeningocele.
B. Similar sonographic presentation of an apparent lemon sign. This fetus, however, has craniosynostosis.
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Figure 19-2 Suboccipital bregmatic view of a fetal head demon-
strating the ‘‘banana sign,” which derives from anterior curving of
the cerebellar hemispheres with simultaneous obliteration of the
cisterna magna.

theCNSabnormalities seen inmyelomeningocele evolvewith
gestation. These authors studied 130 fetuses with open spina
bifida and demonstrated a relationship between gestational
age and the presence of the lemon and banana signs. A lemon
sign was present in 98% of fetuses with open spina bifida at
≤24weeks of gestation, although this findingwas seen in only
13% of fetuses at >24 weeks. Cerebellar abnormalities were
seen in 95% of fetuses at any stage of gestation, although the
banana sign was more typical at <24 weeks, and apparent
cerebellar absence was typical of fetuses at >24 weeks. Be-
cause the lemon sign is due to decreased intracranial pressure
because of caudal herniation of the hindbrain contents, lack
of the lemon sign may be due to skull maturation. Alterna-
tively, the cerebroventriculomegaly that is very common in
open spina bifida may compensate for the loss of the brain
mass. This may displace the skull bones.

More recently, Ball et al. (1993) demonstrated that
the lemon sign is not specific for myelomeningocele
(Figure 19-1B). In this report of 23 cases of a positive lemon
sign, 12 were associated with an open spina bifida, and 6 were
seen in cases of encephalocele (see Chapter 12). An additional
5 fetuses didnothave aneural tubedefect, although theyhada
variety of other abnormalities, including thanatophoric dys-
plasia, cystic hygroma, and agenesis of the corpus callosum.
An additional CNS finding associated with myelomeningo-
cele was effacement of the cisterna magna, which was seen in
19 of 20 fetuses studied with myelomeningocele (Goldstein
et al., 1989). In a review of 234 fetuses with open spina bifida
diagnosed at <24 weeks of gestation, Watson et al. (1991)
demonstrated that all but two fetuses had at least one of the
cranial abnormalities described for affected fetuses. They also
questioned whether there was a higher positive predictive
value for open spina bifida when more than one sign was
observed antenatally. These authors also cautioned that eval-
uation of motor function in the fetus was not predictive of
future neuromuscular status.

A common accompanying intracranial finding in
myelomeningocele (MMC) is lateral ventriculomegaly, in

which the atrial measurements of the posterior horns ex-
ceed 1 cm. In the second trimester, the biparietal diameter
and head circumference may be below the 5% for gestational
age (Shaer et al., 2007). When MMC is diagnosed between
16 and 24 weeks, microcephaly has been observed in up to
69% of fetuses (Campbell et al., 1987; Thiagarajah et al.,
1990). As pregnancy progresses, both biparietal diameter
and head circumference tend to normalize in late second
trimester. Hydrocephalus, present in 75% of cases, tends to
progress slowly during the third trimester (Shaer et al., 2007).

Spinal Findings

As stated in Chapter 88, evaluation of the fetal spine depends
on the visualization of the three ossification centers within
the fetal vertebra. The centers of the neural arches should be
parallel or converging. In the longitudinal plane, the spine
should appear like a “railroad track,” with gradual widen-
ing toward the fetal head and tapering toward the sacrum.
However, the distal part of the spine may not be ossified in
healthy fetuses at <22 weeks of gestation (Budorick et al.,
1995). Spina bifida can be demonstrated in both the coronal
and transverse planes. In the coronal plane, widening of the
ossification centers in the neural arch interrupts the normal
parallel configuration of the vertebral arches (Figure 19-3A).
In the transverse plane, ossification centers in the neural arch
either diverge or take on a U-shaped configuration (Figure
19-4). The presence of scoliosis or kyphosis is associated with
neural tube defects (Figure 19-3B).

Kollias et al. (1992) assessed the sonographic accuracy
of the estimation of spinal level involved in the MMC. Of
28 cases studied, sonographic and pathologic levels were in
agreement in 18 (64%) and within one spinal level in 22
(79%).

Other sonographic findings that may suggest a MMC
include a cysticmeningeal sac, whichmay have a shimmering
effect with fetal motion (Figure 19-5) (Budorick et al., 1995).
The sonographer should also examine the fetus’s lower ex-
tremities for the possibility of clubfeet.

With the presence of skin covering the neural tube de-
fect, the lesion is considered to be a closed neural tube defect,
such as lipomyelomeningocele, which has a different etiol-
ogy. Closed neural tube defects are not usually associated
with Arnold–Chiari II malformations and they have a much
more favorable prognosis (Tortori-Donati et al., 2000; Ramin
et al., 2002).

Magnetic Resonance Imaging

The adjunctive use of magnetic resonance imaging (MRI) of
the fetus has provided additional and complementary infor-
mation to ultrasound examination alone (Figure 19-6). The
results of at least two studies suggest that fetal MRI is supe-
rior to ultrasound examination for prenatal diagnosis of the
intracranial abnormalities associatedwithMMC (Dinh et al.,
1990; Levine et al., 1999). In a comparison of sonography and
MRI, both were equally accurate in assignment ofMMC level
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A B

Figure 19-3 A. Ultrasound image in coronal plane demonstrating widened ossification centers of the neural arches
which interrupt the normal parallel configuration. B. Three-dimensional reconstruction demonstrating scoliosis at the
level of dysraphic defect.

(Aaronson et al., 2003). MRI may be a particularly helpful
adjunct to ultrasound examination when there is a large ma-
ternal body habitus, oligohydramnios, low position of fetal
head, or posterior position of fetal spine present (Glenn and
Barkovich, 2006).

Figure 19-4 Transverse view of ossification centers in the neural
arch with a U-shaped configuration.

Figure 19-5 Transverse view through the sacrum of a fetus at 20
weeks with a large sacral sac.
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Figure 19-6 Prenatal MRI of a fetus at 28 weeks with a large
L2-S2 meningomyelocele demonstrating a Chiari malformation
with significant herniation of the cerebellum through the fora-
men magnum. (Image courtesy of Dr. E. Twomey, Children’s Univer-
sity Hospital, Temple Street, Dublin.)

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for MMC includes isolated
hemivertebrae (see Chapter 88). The lemon sign, as stated
earlier, has also been seen in encephalocele (see Chapter 12),
thanatophoric dysplasia (seeChapter 90), cystic hygroma (see
Chapter 31), and craniosynostosis (see Chapter 10 and Figure
19-1B). The demonstration of a mass near the fetal sacrum
should also suggest a possible diagnosis of sacrococcygeal ter-
atoma (see Chapter 115). Sacrococcygeal teratomas are large
cystic or solid masses arising from the coccyx. These masses
may be associated with fetal hydrops or polyhydramnios. If
the fetal sacral bones cannot be visualized, considerations in
the differential diagnosis also include the caudal regression
syndrome and sirenomelia (see Chapter 87).

ANTENATAL NATURAL HISTORY

With the presence of an open neural tube defect there is in-
creased in utero lethality. For example, at 8weeks of gestation,
one fourth of all conceptuses with neural tube defects will be
liveborn, one-fourth will be stillborn, and one half will spon-
taneously abort (Main and Mennuti, 1986).

Embryology

The formation of the neural tube begins at approximately day
19with formationof the primitive streak. Epiblasts transform
to ectoderm along the dorsal midline of the embryo. This
gives rise to the neural plate, which then enfolds to form the
neural groove. In the middle of the 4th week, neural folds on
each side of the neural groove begin to fuse, thus forming the
neural tube (Rieder, 1994). Current evidence suggests that
there are two parallel processes that occur. At the level of the

fifth somite,where the brain and spinal cordmeet, the normal
folds join in a zipperlike fashion that proceeds cranially and
candally (Shaer et al., 2007). A second closure site appears in
the forebrain; fusion also occurs at that site in two directions,
andmeets the zipper process proceeding from the hindbrain.
In parallel, the zipper process moves to close the most rostral
part of the forebrain. Lack of signaling between the neural
tissue and overlying ectoderm and mesoderm may result in
the bony defect that overlie the unfused sections of the neural
tube (O’Rahily and Muller, 2002).

Open Neural Tube Defects

More than 80% of children with a neural tube defect can
be detected by maternal serum AFP screening before birth
(Brock and Sutcliffe, 1972). Although the determination of
amniotic fluid acetylcholinesterase canbehelpful, ultrasound
examination is the method of choice for the diagnosis of
neural tube defects. Direct visualization of the fetal spine
can usually be accomplished by 16 weeks’ gestation. Since the
1980s, the sonographic diagnosis ofMMChas been enhanced
by the introduction of high-resolution imaging tools and by
recognition of specific brain abnormalities (Blumenfeld et al.,
1993). First described by Arnold and Chiari at the end of
the 19th century (Arnold, 1894; Chiari, 1895), the Arnold–
Chiari II malformation is defined as the maldevelopment of
a small posterior fossa and the herniation of the cerebel-
lar vermis and brainstem (including the fourth ventricle)
through an enlarged foramen magnum. Additionally, age-
nesis of the corpus callosum, enlargement of the massa inter-
media, cortical heterotopia, and polymicrogyria can be seen.
The origin of the Arnold–Chiari II malformation remains in
dispute. The predominant hypothesis maintains that an im-
balance of hydrodynamic forces occurs secondary to loss of
CSF from the lesion (Padget, 1968; McLone and Knepper,
1989; Paek et al., 2000; Bouchard et al., 2003). An alter-
native theory interprets the hindbrain herniation as the
consequence of a traction injury caused by cranial growth
imbalance (Penfield and Coburn, 1938; Lichtenstein, 1942;
Hoffman et al., 1975; McLone and Knepper, 1989). Over-
growth of the cerebellum and brainstem, along with a pos-
terior fossa that is smaller than normal, leads to downward
dislodgment of these structures, resulting inArnold–Chiari II
malformation (Barry et al., 1957). Despite the controversies
about the origin of MMC-associated hindbrain herniation,
these lesions are identifiable in the embryo from as early as
8 weeks of gestation and are established in the fetus by the
12th week.

Pathologic studies of human embryos and fetuses with
MMC in earlier stages of gestation reveal an open neural tube
but undamaged neural tissue with almost normal cytoarchi-
tecture (Patten, 1953). This suggests that neural degeneration
occurs at some point later in gestation (the “two-hit” hy-
pothesis) (Ehlers et al., 1992; Hutchins et al., 1996). The first
“hit” is the failure of neurulation early in gestation. The sec-
ond “hit” is the spinal cord injury resulting from prolonged
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exposure of the neural tissue to the intrauterine environment.
In theory, this secondary event can be prevented if an ade-
quate prenatal covering of the exposed neural tube can be
provided. To have the best outcome, this repair must be fash-
ionedbefore theonsetof irreversibleneuraldamage.Thereare
several observations in human embryos, fetuses, and infants
to support this premise (Neumann et al., 1994; Meuli et al.,
1997).

In a pathologic examination of spinal cords of still-
born human fetuses with MMC (19–25 weeks of gestation),
varying degrees of neural tissue loss at the site of the lesion
were observed, but the dorsal and ventral horns were normal
proximal to the defect (Hutchins et al., 1996). This group was
among the first to suggest the two-hit hypothesis because they
attributed these alterations to injuries occurring subsequent
to the failure of primary neural tube formation. A study of
10 additional fetuses had similar findings (Meuli et al., 1997).
Additional support exists for the two-hit hypothesis from in
vitro studies. Drewek et al. (1997) reported that damage to
open neural tissue appears to be progressive and results from
exposure to toxic substances in the amniotic fluid during the
third trimester.

Korenromp et al. (1986) observed that fetuses with
MMC exhibited leg movement at 16 to 17 weeks. These in-
vestigators suggested that the affected fetuses did have good
function at that point in gestation. No follow-up could be
reported in this series because pregnancies were interrupted.
Furthermore, Sival et al. (1997) compared the legmovements
of 13 fetuses with MMC prenatally and postnatally. Only
one of the 13 had abnormal leg movements before birth,
but 11 demonstrated abnormal leg movements postnatally.
Two possible explanations for this phenomenon exist. The
prenatal leg movements could be secondary to spinal cord
reflex rather than of cerebral origin, thus permitting motion
without electrical impulses conducted through the damaged
spinal cord tissue. In addition, leg movements early in preg-
nancy could result fromcerebral function conducted through
an exposed spinal cord that is not yet damaged. However,
even extremely experienced sonographers find it difficult to
distinguish between spontaneous and reflex-based fetal leg
movements (Filly, 1994).

Most newbornswithMMCshow severe neurologic im-
pairment of the lower extremities at birth, a finding suggest-
ing that the neurologic injury may occur later in gestation or
even at the time of delivery. It is remarkable that patients with
lipomeningomyelocele (in which the neural tissue is covered
and protected by skin) often have almost normal lower leg
function and continence, despite a neurulation abnormality
that is nearly identical to that present in newborns with open
neural tube defects. These studies support direct injury to the
protruding spinal cord as the primary cause of damage and
loss of function (Hutchins et al., 1996; Meuli et al., 1997). As
the pregnancy progresses, the volume of the amniotic fluid
decreases, and this may result inmore frequent contact of the
exposed neural tissue with the uterine wall. Chick models of
oligohydramnios, inwhichpressurenecrosis ofprominent ar-

eas of the body developed, support this hypothesis (Thévenet
and Sengel, 1986).

Closed Neural Tube Defects

Clinically, closed neural tube defects should be differentiated
from open neural tube defects because the embryogenesis
appears to differ in most cases. In open defects, there is an es-
sential failureduring theprimaryneurulation,whereas closed
neural tube defects appear to result from another form of
disturbance during neural tube formation (McComb, 1996).
With few exceptions, the structural malformations of closed
neural tube defects are limited to the spinal cord and are not
associated with the Arnold–Chiari II malformation or hy-
drocephalus. In contrast to open defects, newborns with a
closed neural tube defect have no exposed neural tissue and
do not leak CSF. Additionally, the prognosis of an infant af-
fected by a closed defect is significantly better than one with
an open neural tube defect. Generally, children born with
closed defects have an intellectual function that is of the same
distribution as the normal population, do not require CSF-
diverting shunts, and have considerably fewer problems with
lower extremity sensorimotor function and with bladder and
bowel function (McComb, 1997). Because the clinical man-
ifestations of closed defects can be undetected for days or
even years, the origin of this group of neural tube defects is
unidentified; no link to genetic, environmental, or dietary
factors have been found. The major forms of closed neural
tube defect are briefly described in the sections below.

Meningoceles are commonly located in the lumbosacral
region in the vertebral arches. These lesions are often covered
with skin, and thebonyabnormality rarely involvesmore than
two to three vertebrae. The meningocele sac consists of both
arachnoid and dural meninges with CSF. Most meningoce-
les also contain neural elements. Meningoceles are an infre-
quent and heterogeneous group of cystic lesions. The accu-
rate prevalence of meningocele is subject to debate, because
meningoceles are often grouped with MMCs. Furthermore,
their pathogenesis remains unknown. The neurologic out-
come of affected newborns is normal, but surgical correc-
tion and resection of the herniated meninges are indicated
(McComb and Chen, 1996).

Lipomatous malformations includeall theclosedneural-
tube defects with excessive lipomatous tissue present within
or attached to the spinal cord or filum terminale. These le-
sions are called lipomyelomeningocele, lipomyelocele, lepto-
myelolipoma, lumbosacral lipoma, or lipomaof thefilum ter-
minale. The origin of lipomatous closed neural tube defects is
controversial. Two different theories have been advanced: (1)
lipomas arise from cells originating from the somatic meso-
derm and (2) lipomatous closed neural tube defects are a true
malformation resulting from defective neurulation (Catala,
1997).Most affected infantshaveagoodprognosiswithnearly
normal leg and urologic function.

Anencephaly and MMC are important contributors
to fetal and infant mortality. All newborns affected by
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anencephaly are stillborn or die shortly after birth, whereas
children born with MMC usually survive. However, the risk
of death with neural tube defects varies significantly world-
wide, depending not only on the severity of the defect but
also on such aspects as availability, use, and acceptance of
medical and surgical intervention. For example, in some re-
gions of northern China, nearly 100% (Moore et al., 1997);
in the Netherlands, 35% (den Ouden et al., 1996); and in the
United States, 10% (Shurtleff et al., 1994) of children affected
by neural tube defects die.

MANAGEMENT OF PREGNANCY

MMC may be suspected either by abnormalities in maternal
serum AFP screening or an abnormal sonographic exami-
nation. Once the MMC is suspected, the patient should be
referred to a center capable of thorough anatomic diagno-
sis of the fetus. Confirmation of the MMC can be made by
noting the presence of the cranial abnormalities discussed
in the “Sonographic Findings” section. In addition, associ-
ated anomalies should be sought. Once the neural tube defect
has been definitively identified, the parent should be offered
the opportunity to obtain amniotic fluid for fetal karyotype
analysis.

In a study of 77 fetuses retrospectively identified with
isolated neural tube defects (Harmon et al., 1995), karyotype
information was available in 43. The risk for chromosomal
abnormalities based on the maternal age of this population
was 0.3%. In the study group, however, 7 chromosomal ab-
normalities were discovered, an incidence of 16.3%. The dif-
ference between the expected occurrence of chromosomal
abnormalities based on maternal age and the observed inci-
dence of chromosomal abnormalities was highly significant.
In the study, two cases of trisomy 18, three cases of triploidy,
one case of a balanced Robertsonian translocation, and one
Xq inversion were demonstrated. Subsequent studies have
confirmed that between 2% and 16% of isolated neural tube
defects occur in association with a chromosome abnormality
or single-genedefect (Shaer et al., 2007). Themost commonly
associated aneuploidy inMMC is trisomy 18.We recommend
obtaining a fetal karyotype because knowledge of the fetal cy-
togenetic status affects prognosis, management of the preg-
nancy, intervention, as well as recurrence risks.

Once the diagnosis of neural tube defect is confirmed,
the parents should be offered the opportunity to discuss the
long-term prognosis for a child with MMC with pediatric
subspecialists. This is best performed in the context of a mul-
tidisciplinary team. We recommend that parents meet with
a neonatologist, geneticist, pediatric neurologist, pediatric
neurosurgeon, pediatric urologist, pediatric orthopedic sur-
geon, and if available, the physician coordinating the MMC
clinic.

Long-term prognosis is related to the location of the
MMC. In general, the lower the defect is on the fetus, the
better the prognosis. If the diagnosis is made at <24 weeks

of gestation, the parents should be offered the opportunity
to terminate the pregnancy. Data from the statewide Califor-
nia AFP Screening Program suggest that families will act on
information regarding neural tube defects. At <24 weeks of
gestation, 80% of pregnant women will terminate the preg-
nancy when the defect is nonfatal, and 93% will terminate
the pregnancy when the defect is fatal, such as anencephaly
(Budorick et al., 1995).

If the diagnosis is made at >24 weeks of gestation, or
if the parents elect to continue the pregnancy, the risks and
benefits of elective cesarean section delivery prior to labor
should be discussed. In 1991, Luthy et al. (1991) described
their results of performing elective cesarean section without
labor on fetuses with neural tube defects. They documented
a lower risk of severe paralysis and on average, a motor func-
tion that was 3.3 spinal segments better than that expected on
the basis of the anatomic level of the lesion when the affected
childrenwere 2 years of age. These authors suggested that un-
splinted neural tissue and its blood supply were potentially
traumatizedby intrauterinepressures generatedduring labor.
The study was subsequently criticized because it was not ran-
domized. With additional observations, the most recent rec-
ommendations for delivery are the following (Shurtleff and
Lemire, 1995): elective cesarean section is indicated when the
fetus demonstrates movement of the knees and ankles and a
MMC sac is observed protruding dorsally beyond the plane
of the infant’s back; cesarean section is contraindicated for
fetuses with a known chromosomal abnormality, other con-
genital anomalies that significantly interfere with survival, or
the absence of fetal knee or anklemovement; cesarean section
has not been shown to be beneficial in primiparous women
with a fetus already engaged in the breech position, fetuses
with gibbous deformities, and fetuses with hypoplastic spinal
cords.

FETAL INTERVENTION

Theseverityof complicationsobserved inchildrenwithMMC
prompted interest in the potential of in utero MMC repair
to prevent these complications. The rationale for repair in
utero is that the open neural tube defect allows exposure of
the spinal cord to secondary injury from exposure to amni-
otic fluid, direct trauma or hydrostatic pressure (Adzick and
Walsh, 2003). As described under “Antenatal Natural His-
tory,” this has been referred to as the “two-hit hypothesis”
(Hutchins et al., 1996).

Meuli-Simmen et al. (1995) used the latissimus dorsi
muscle flap for fetal MMC repair in seven sheep fetuses
with an artificially created lumbar MMC. Three fetuses sur-
vived the pregnancy. At term, the sheep survivors had healed
cutaneous wounds and normal hind-limb function. These
authors concluded that the latissimus dorsi flap is suitable for
fetal surgery and provides efficient coverage of the lesion.

As a result of experimental work in animals, it is known
that the neurologic deficits associated with open spina bifida
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Figure 19-7 Intraoperative view of fetal surgical procedure per-
formed at the Center for Fetal Diagnosis and Treatment at the
Children’s Hospital of Philadelphia prior to the start of the MOMS
trial. The cystic component of the myelomeningocele is just be-
ing excised. The next steps in the procedure include closure
of the dura to ‘‘neurulate” the plaquode and then mobiliza-
tion of adjacent fascia to cover the repaired myelomeningocele.
Lastly, extensive skin flaps are raised circumferentially to allow a
skin closure of the top of the fascial closure.

are due partly to chronic mechanical injury and chemical
trauma induced by exposure to amniotic fluid. These expo-
sures progressively damage the unprotected fetal neural tis-
sue during gestation. In fetal sheep, in utero repair of neural
tube defects restored neurologic function by the time of birth
(Meuli et al., 1997).

Fetal surgery to repair MMC is performed by mater-
nal laparotomy and hysterotomy (Figure 19-7). The cystic
membrane of the lesion is excised, the dura is closed over the
placode and fascial layers are developed and closed over the
defect. Lastly, skin flaps are developed laterally to complete
closure of the defect (Adzick et al., 1998). Amniotic fluid is
replacedwithwarmed lactated Ringer’s solution. After repair,
tocolysis was maintained withmagnesium sulphate infusion,
indomethacin rectal suppositories, and subcutaneous terbu-
taline.

The first attempt to repair by providing skin coverage
for MMC was reported by Bruner et al. in 1997, using a ma-
ternal split thin skin graft endoscopically applied (Bruner
et al., 1997). One patient died shortly after the surgery and
the second patient showed no sign of improvement postna-
tally. Subsequently, the same group reported four patients
who underwent open fetal surgical repair between 28 and
32 weeks’ gestation with reversal of hindbrain herniation at
birth (Tulipan and Bruner, 1998).

Similarly, the group at Children’s Hospital of Philadel-
phia (CHOP) reported reversal of hindbrain herniation
(Adzick et al., 1998). This was subsequently confirmed in
a series of 10 patients undergoing MMC closure at 22 to
25 weeks’ gestation (Sutton et al., 1999), in which 9 of 10
survived with reversal of hindbrain herniation. Four of the
9 later required ventriculoperitoneal shunting (Adzick and

Walsh, 2003). Bruner et al. (1997) showed that 62% of 29
patients had reversal of hindbrain herniation when operated
on between 24 and 30 weeks’ gestation. Ventriculoperitoneal
shunting was required in 17 of 29 (59%), but still compared
favorably with historical controls in which 90% required ven-
triculoperitoneal shunting (Rintoul et al., 2002).

Prior to the start of the Management of Meningomye-
locele (MOMS) trial, experience with open fetal surgical re-
pair had been performed at CHOP, Vanderbilt, University
of North Carolina, and the University of California at San
Francisco, with a combined experience of approximately 160
patients. Findings suggested improved outcomes compared
to historical controls. Sutton et al. reported that hindbrain
herniation was uniformly reversed in the CHOP experience
and only 43% required ventriculoperitoneal compared to an
84% rate observed in 297 historical controls (Sutton et al.,
1999; Rintoul et al., 2002). Of note in this series of 50 pa-
tients were 3 deaths from preterm delivery at 25 weeks. The
average gestational age at delivery was 34 4/7 weeks (Rintoul
et al., 2002). While this study suggested a reduced need for
ventriculoperitoneal shunting, it should be pointed out that
the controls were historical and neurosurgical indications
for shunting had become more conservative during this pe-
riod. In addition, some infants undergoing fetal surgery for
MMC merely experienced delayed time for ventriculoperi-
toneal shunting.

Danzer et al. (2007) have reported that open fetal
surgery for MMC alters the fetal head growth. Repaired
MMC fetuses have disproportionately small head circumfer-
ence measurements while the lateral ventricles progressively
enlarge (Van den Hof et al., 1990; Babcock et al., 1994; Ban-
nister et al., 1998). In a series of 50 fetuses undergoing open
fetal surgery to repairMMC,Danzer et al. (2007) found a sig-
nificant increase in cortical index (head circumference/lateral
ventricular diameter). Early neurodevelopmental evaluations
at 2 years of age in the cohort of 51 MMC patients treated by
open fetal surgery atCHOPreveal that 67%hadcognitive lan-
guage andpersonal-social skills in the normal range, 20%had
mild delays, and 13% had significant delays (Johnson et al.,
2006).

The lower extremity neuromotor evaluation following
open fetal surgery forMMCsuggests that 58%of patients had
a better than predicted lower extremity function compared
to infants with postnatally repaired MMC (Danzer et al.,
2006; Carr, 2007). In this relatively early follow-up series (39
± 15months) of open fetal surgically repairedMMC, 21 chil-
dren (52.5%) walked independently, 8 (20%) walked with
braces, 7 (15.5%) ambulated with a walker, and 4 (10%) used
awheelchair.Thiswas incontrast to less favorableoutcomes in
postnatally repairedMMCs inwhichonly1 child (6%)walked
independently, 5 (29%) walked with braces, 10 (58.8%) am-
bulated with a walker, and 1 (6%) used a wheelchair (follow-
up at 41.9 ± 16.6 months). This early assessment of lower
extremity functionmay bemisleading, as many children who
had previously been able to ambulate with or without braces
or walkers revert to a wheelchair at puberty due to increased
weight and size that make ambulation very difficult.
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Carr (2007) reported his experience with urodynamic
evaluation of 22 patients who underwent fetal surgical repair
of MMC at CHOP. In 13 of 22 patients he evaluated void-
ing spontaneously with 3 of 22 (13.6%) achieving volitional
voiding. This compares favorablywith expected 2% to 3%vo-
litional voiding in postnatal MMC repair (Carr, 2006). The
remainder of the 22 patients had either vesicoureteral reflex
(10%), urinary tract infections (33%), or required vesicos-
tomy (5%), or clean intermittent catheterization.

Inorder to addressmanyof thequestions raisedby early
outcomes of open fetal surgery inMMC, the NIH funded the
MOMS trial. This prospective randomized trial will compare
outcomes with open fetal surgery performed at 18 to 25 6/7
weeks’ gestation with postnatal surgery. As of 2008, the re-
cruitment to the trial has been slow, with only one half of
the anticipated 200 patients enrolled. The primary outcome
variables for this trial are the need for a ventriculoperitoneal
shunt at 1 year of age and fetal or infant mortality. Additional
information regarding theMOMS trial can be obtained at the
website www.spinabifidamoms.com.

TREATMENT OF THE NEWBORN

Thenewborn infantwithMMCshouldbehandled inas sterile
a manner as possible. The spinal lesion should be immedi-
ately covered with a nonadherent dressing moistened with
warm physiologic Ringer’s lactate or normal saline. A firm,
protective ring of sterile dressings should be placed around
the sac, and the sac itself should be covered with a nonadhe-
sive dressing (Hahn, 1995; Shurtleff and Lemire, 1995). If the
infant needs to be intubated, this should be performed in the
prone or in the lateral recumbent position if possible. At all
times, normothermia must be maintained.

An initial physical examination should be performed
by the neonatologist and the pediatric neurologist or neu-
rosurgeon to assess the functional level and the extent of
the neurologic deficit (Figure 19-8). The sensory level can
be determined by stimulating dermatomes with pinpricks.

Figure 19-8 Appearance of a large thoracolumbar MMC at birth.

The spinal column should be examined for evidence of early
scoliosis or kyphosis. Consideration should be given to per-
forming a cranial computed tomographic (CT) and/or MRI
scan so that the neurosurgeon can plan the postnatal surgi-
cal approach. The parents should be informed that if hydro-
cephalus is not present antenatally, itmay develop after repair
of the neural tube defect. Generally, if a shunt is necessary, it
is placed before subsequent urologic or orthopedic repair.

The Arnold–Chiari type II malformation is present in
95% of patients with MMC. In 6% of affected patients, cen-
tral ventilatory dysfunction may be present, as demonstrated
by central apnea, stridor, respiratory distress, or aspiration.
Bulbar involvement may result in vocal cord paralysis or dys-
phagia. Unfortunately, approximately half of all newborns
with MMC have pneumographic abnormalities or abnormal
responses to increasing CO2 content in inspired air (Petersen
et al., 1995). Therefore, standard tests of respiratory function
are not useful to predict which infants will become symp-
tomatic because of an Arnold–Chiari malformation.

SURGICAL TREATMENT

The earliest recorded surgical treatment of a child with spina
bifida was performed in 1910 (Hahn, 1995). With the devel-
opment of antibiotics, there was increased interest in treating
this condition. It is currently recommended that surgical clo-
sure should occur within the first 24 to 72 hours of life to
decrease morbidity and mortality as long as the sac is intact.

Exposure of neural tissue to trauma during birth po-
tentially causes a shocklike state to the neural placode. The
goals of operative repair include preserving all viable neural
tissue, reconstituting a normal anatomic environment, and
minimizing the chance of infection or preventing ascending
infection of the neural axis (Hahn, 1995). During repair, the
neurosurgeon must

1. identify the neural placode, intermediate epithelial layer,
and the pia, arachnoid, and dura;

2. preserve neural tissues;
3. reconstitute anormalneural environmentwith reconstitu-

tion of the pia—arachnoidal, dural, fascial, and skin layers;
4. complete skin closure;
5. prevent leakage of CSF (Pang, 1995).

The operative mortality for MMC repair is near 0%.
Currently, there is expected to be a 95% or higher survival
rate for the first 2 years of life (Hahn, 1995).

Hydrocephalus develops in 80% of cases ofMMC. This
is often not apparent until the neural tube defect is repaired.
It is not uncommon to require a shunt placement within a
few days after neural tube defect repair.

Rintoul et al. (2002) performed a retrospective review
of 297patients bornwithMMCanddescribed thenatural his-
tory of ventricular shunting in MMC patients in relation to
radiologic and functional criteria. Most closures (92%) and
shunt placements (62%) were performed in the first week
of life. The timing of shunt placement and the number of

www.spinabifidamoms.com
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shunt revisions were independent of the level of lesion. The
incidence of shunting by functional level was 81%, which is
consistent within the generally accepted range of 80% to 85%
for an unselected spina bifida population (McLone, 1983;
Caldarelli et al., 1996). The rate of ventricular shunting is
significantly correlated to the anatomic level of the lesion
(Rintoul et al., 2002). One hundred percent of the patients
with thoracic-level lesions required postnatal shunting, com-
pared with 88% of those with lumbar-level lesions and 68%
of those with sacral-level lesions.

LONG-TERM OUTCOME

For those infants affected by MMC, the significant lifelong
disabilities accompanying this malformation include para-
plegia, hydrocephalus (Rintoul et al., 2002), pulmonary dys-
function (Sherman et al., 1997), sexual dysfunction, skeletal
deformations and spinal deformities (Iborra et al., 1999), in-
continence, and cognitive impairment (Tsai et al., 2002), with
approximately 15%of them requiring some formof custodial
care (McLone et al., 1985; McLone, 1998).

The long-term considerations for the infant and child
with MMC include neuromuscular and urologic function,
as well as prevention of orthopedic abnormalities. To stand
erect, motor function is needed to at least the third lumbar
level. To walk, the child must exhibit motor function from
the fourth to the fifth lumbar level. To function sexually as an
adult, a male must have motor function to at least the second
to fourth sacral level.

The degree of handicap and survival rate depends on
the level of spinal segments, the severity of the lesion, the
treatment program, and the associated anomalies (Budorick
et al., 1995). The lower the spinal level, the better the progno-
sis. Prediction of long-term IQ is impossible. Approximately
one-fourth of patients have an IQ below 50, one-fourth of
patients have an IQ above 100, and 50% of patients have a
learning disability (Budorick et al., 1995).

Infants with MMC almost always have evidence of
Chiari IImalformationonMRI(Rugeetal., 1992).Despiteag-
gressive postnatal intervention, nearly 14% of neonates with
spina bifida do not survive past 5 years of age, with the mor-
tality rising to 35% in thosewith symptoms of brainstemdys-
function secondary to the Chiari II malformation (Rauzzino
and Oakes, 1995; Worley et al., 1996). Clinical symptoms in-
clude swallowing difficulty, apnea, and stridor. Strabismus,
a nonlethal Chiari II complication, is found in as many as
61% of patients with MMC (Biglan, 1995). Furthermore, the
hindbrain deformity leads to ventriculomegaly in most cases
becauseof impaired circulationofCSF.Complicationsof ven-
triculomegaly probably lead to the impaired cognitive devel-
opment seen in children with MMC (McLone and Naidich,
1989).

In recent years, therehasbeenan increasedappreciation
of the long-term consequences of renal failure in adulthood
(Zawin and Lebowitz, 1992). Therefore, urologic manage-
ment is more aggressive and directed toward maintaining

normal renal function (Stone, 1995). After the neural tube
defect has been closed and a shunt has been placed, uro-
dynamic studies are recommended. If the patient has high
pressures due to bladder–sphincter dyssynergia, a voiding
cystourethrogram(VCUG) canbeperformed to rule out vesi-
coureteric reflux. Formany cases, anticholinergics or smooth
muscle relaxants are recommended to alter the overreactivity
of the abnormal detrusor. This treatment ismeant to increase
thecapacityof thebladder.Prophylactic antibiotics areused to
prevent urinary tract infection. Children are taught how
to perform clean, intermittent bladder catheterization. This
technique safely and effectively empties the bladder, prevent-
ing both upper tract deterioration and overflow incontinence
(Zawin and Lebowitz, 1992). If frequent urinary tract infec-
tion is a problem, a vesicostomy can be performed, creat-
ing a fistula between the bladder and the abdominal wall.
Eighty percent of children with neural tube defects achieve
continence by intermittent catheterization and the use of
anticholinergic medications.

Another potentially preventable complication of spina
bifida is disease-associated latex sensitization (Cremer et al.,
1998; Zsolt et al., 1999). Up to 43% of children with spina
bifida are affected (Zsolt et al., 1999). However, it remains
unclear whether this association is only a consequence of
repeated exposure to latex-containing products (e.g., gloves
or catheter material) (Chen et al., 1997) or is the result of a
potential genetic contribution and alteration of the human
leukocyte antigen phenotype (Rihs et al., 1998).

The presence of myelodysplasia can lead to muscu-
loskeletal deformities. The goals of the orthopedic surgeon
are to maintain mobile and pain-free joints, as well as to pre-
vent decubitus ulcers in insensate limbs (Karol, 1995). The
spine is at risk for the subsequent development of kypho-
sis and scoliosis. Significant spine deformities that require
surgerydevelop in10%of childrenwith lesions at the thoracic
level. Scoliosis is the most commonly encountered spinal de-
formity, which is treated by spinal fusion. Although patients
with MMC can dislocate their hips, they are rarely surgically
reduced. Contractures at the hip are surgically released to
allow children to fit orthoses. External tibia rotation is com-
monly seen at the ankles. Sixty percent of childrenwithMMC
have clubfeet (see Chapter 107). This is treated differently for
the child with MMC as compared with otherwise normal
children. Neurologic clubfeet are more rigid than idiopathic
clubfeet. The application of skin casts with stretching—the
usual treatment for idiopathic clubfoot—can lead to skin
breakdown for the child with MMC. Surgical treatment is
generally recommended, but this should be delayed until the
child is developmentally ready to stand.

Hunt (1990) and Hunt and Poulton (1995) described
the long-term follow-up of 117 babies (50 boys, 67 girls)
born between 1963 and 1971. All of these infants had surgical
repair within the first 48 hours after birth. Of this cohort,
25 infants died within the first year of life, 15 died between
ages 1 and 5 years, 8 died between ages 5 and 16 years, and
8 died between 16 and 25 years (Figure 19-9). The reports
cover 69 survivors in 1990 and 61 survivors in 1995. Remark-
ably, 16 of the 56 deaths were from renal failure. In general,
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Figure 19-9 Overall survival for a cohort of 117 babies born with
myelomeningocele between 1963 and 1971.

survival was lowest and disability greatest when the sensory
level affected was above T11 (Figure 19-10). The survival was
highest and disability the lowest when the sensory level was
below L3 (Figure 19-11). Most severely affected cases had a
poor renal prognosis due to neuropathic obstruction of blad-
der outflow. Of the survivors in 1990, 50% could walk for 50
yards or more and 50% were wheelchair-bound. Forty-seven
of the 69 survivors had an IQof>80, 12 had an IQof between
60 and 79, and 10 had an IQof<60. Approximately half of the
young adults remained continent or managed their own in-
continence.Theotherhalf neededhelp fromother adults, and
43% of survivors used some sort of adult diaper or padding.

With regard to disability, 12% of patients walked nor-
mally and had a normal IQ. Fifty percent of patients could
walk 50 yards and had normal intelligence. Twenty-five per-
cent of patients had severe disability and could not walk or

stand and had mental retardation. Twelve percent of patients
had severe disability, blindness, and mental retardation, and
needed help with transfers, dressing, and incontinence.

With regard to general health, one-third of patients had
precocious puberty, one-third were overweight, and visual
defects were common among these patients, including blind-
ness in two of them. The presence of a history of ventriculitis,
septicemia, or intracranial hemorrhage was associated with
mental retardation, epilepsy, and blindness.

Sixteen of the 69 adult survivors were employed. Their
occupations included light assembly work, clerical jobs,
garage mechanic, gardener, and hairdresser. These authors
concluded thatmost of the surviving young adults were badly
handicapped. Thirty percent had mental retardation, as de-
fined by an IQ of <80.

These authors stated that the sensory level topinprick at
birth was especially useful in the determination of long-term
disability. When the sensory level was above T11, there was
50% survival to adult life. If the patient survived, there was a
50% chance of a normal IQ.Most of these patients had severe
disability, with no prospect ofwalking or continence and only
a 10% chance of being able to live independently. When the
sensory levelwas betweenT11 andL3, therewas a 55%chance
of survival to adulthood. If the patient survived, there was a
70% chance of a normal IQ. Of this group of patients, 40%
could walk, 15% were continent, and 45% were able to live
independently. For the patients with a sensory level below L3,
there was a 70% chance of survival to adulthood, and for the
survivors there was an 80% chance of a normal IQ. Of these
patients, 90%couldwalk and45%were continent. Eighty-five
percent of this group were able to live independently (Hunt,
1990; Hunt and Poulton, 1995).

In addition to the emotional impact on the family, the
financial burden for family and community is enormous. In
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Figure 19-10 Illustration of sensory areas affected by the different anatomic locations of the neural tube defect. The
hatch marks and coloration used in this figure relate to the data in Figure 19-11.
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the United States, the cost of care for infants with spina bifida
in 1988 was almost 500 million dollars per year or $294,000
for each infant (Waitzman et al., 1996).

GENETICS AND RECURRENCE RISK

The vastmajority of neural tube defects are isolated andmul-
tifactorial in origin (Main and Mennuti, 1986). In a land-
mark study, Holmes et al. (1976) classified 106 stillborn and
liveborn infants with neural tube defects. They identified six
different causes for the anomalies. This study consisted of a
retrospective analysis of 79 autopsy cases and a prospective
analysis of 27 liveborn infants. Of the 27 liveborn infants,
23 had an isolated neural tube defect, and of these 15 had
anencephaly. Of the 79 retrospective cases, 67 were consistent
with multifactorial inheritance. Five of the cases were con-
sistent with a single-gene disorder, and all were thought to
be due to Meckel–Gruber syndrome, an autosomal recessive
condition. One case was clinically diagnosed as trisomy 13,
although thedefinitive chromosomeanalysiswasunavailable.
One of the 79 was an infant of a mother with diabetics. Three
cases were due to amniotic bands, and two cases were due
to cloacal exstrophy. These authors suggested that the cause
of neural tube defects was highly variable and that genetic
counseling could not support a uniform 5% recurrence risk
for all patients.

Main and Mennuti (1986) have suggested a recurrence
risk of 1.5% to 3%, although with two affected siblings the
recurrence risk increases to 5.7% in the United States and
12% in the United Kingdom (Main and Mennuti, 1986). For
sisters of the mother who gives birth to an affected child with
a neural tube defect, there is an increased risk. The presence
of spina bifida occulta of a single vertebra in a parent does
not increase the risk for a neural tube defect in the offspring.

Women who have already given birth to an affected
infant with a neural tube defect should take 4 mg of folic
acid daily at least 3 months prior to the next pregnancy
(Wald et al., 1991). Several studies to date have demonstrated
the preventive effect of folic acid supplementation prior to
conception. These studies have been summarized by Rieder
(1994). In one study, 11 cases of neural tube defects were ob-
served in 1188 pregnancies supplemented with folic acid, or
a prevalence of 0.9 per 100 livebirths. The patients not tak-
ing supplements had 54 cases of neural tube defects in 1286
livebirths, for a prevalence of 4 cases per 100. Themechanism
by which folic acid mediates neural tube closure is unknown,
although the preventive effect has been shown even in low-
risk women (Milunsky, 1996). It is currently recommended
that all women of childbearing age take at least 0.4mg of folic
acid every day (Wald et al., 1991; Baty et al., 1996).

Prenatal diagnosis of neural tube defects in a subse-
quent pregnancy can be performed by maternal serum AFP
screening, amniotic fluid AFP screening, and prenatal sono-
graphic examination.
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20
CHAPTER

Microcephaly

Key Points

■ Microcephaly is characterized by a smaller than
normal head circumference. A head circumference
measurement of 3 SD below the mean gives a
clinically meaningful definition because it has
been associated with mental retardation.

■ Microcephaly has been associated with a number
of genetic, infectious, and environmental
exposures.

■ Detailed ultrasound examination to exclude other
anomalies is necessary.

■ A careful history is needed when this diagnosis is
suspected. Likewise, the head circumferences of
the parents should be measured.

■ Little information is known about the antenatal
natural history of microcephaly, especially during
the first and second trimesters.

■ The diagnosis of microcephaly should not alter
obstetric management.

■ Newborns with microcephaly require an extensive
work-up to determine the etiology of the
condition.

■ The long-term prognosis and recurrence risk for
microcephaly is related to its underlying cause.

CONDITION

Microcephaly is characterized by a smaller-than-normal head
circumference (Figures 20-1 and 20-2). The clinical signifi-
cance of microcephaly is its association with a small brain—
microencephaly. A difference of opinion exists as to whether
the lower limit of a normal head circumference should be
defined as 2 or 3 SD below the mean (Avery et al., 1972).
When a head circumference of 2 SD below the mean is used
to define microcephaly, the association with mental retar-
dation is inconsistent. Using such a definition, 2.5% of the
general population would be considered microcephalic, and
therefore a large number of infants with normal intellectual
function would be included (Martin, 1970; Sells, 1977). A
head circumference measurement of 3 SD below the mean
gives amore clinicallymeaningful definition ofmicrocephaly,
as the correlation of this measurement with mental retarda-
tion is stronger (Davies and Kirman, 1962; Warkany et al.,
1981).

The most affected part of the brain in microcephaly is
the forebrain, and there is frequently associated macrogyria,

pachygyria, and basal ganglia atrophy (Davies and Kirman,
1962).

Microcephaly is caused by diverse genetic and environ-
mental factors that disturb brain growth in prenatal and early
postnatal life (Warkany et al., 1981). The proportion of cases
of microcephaly due to genetic causes has been estimated at
20% to 33% (Van den Bosch, 1959; Cowie, 1987). However,
much of the data on which such estimates are based relate to
patients born before recent advances in syndrome diagnosis
and genetics.

The classification of microcephaly has generally re-
flected a distinction between genetic and acquired causes
(Table 20-1). The term primary, or true, microcephaly has
beenusedwhen thecondition is isolatedand isdue toanarrest
of brain development. The term secondary microcephaly has
been applied to acquired insults to the brain. Microcephaly
may also be classified based on the presence or absence of
associated malformations.

Determination of the precise cause of microcephaly
is difficult. The diagnosis of isolated developmental micro-
cephaly is usually one of exclusion, with other causes of mi-
crocephaly having been ruled out (Hunter, 1993).
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Figure 20-1 Axial image of fetal head showing biparietal diameter and head circumference measuring at less than
the 2nd percentile for expected gestational age.

INCIDENCE

The overall incidence of microcephaly was 1.6 in 1000
livebirths in theU.S. Collaborative Perinatal Project, in which
infants were observed throughout the first year of life. The
incidence in whites was found to be 1.3 in 1000 livebirths
and in blacks, 1.9 in 1000 livebirths (Myrianthopoulos and

Figure 20-2 Newborn infant with severe microcephaly. The in-
fant’s length and weight were at 95%, but the head circumference
was below 5%. The etiology for this infant’s microcephaly, which
was detected prenatally, is unknown (Courtesy of John Foster.)

Chung, 1974). Estimates of the frequency of developmen-
tal microcephaly vary, depending on the population studied,
ranging from 1 in 25,000 to 1 in 250,000 (Book et al., 1953;
Van Den Bosch, 1959). The frequency of microcephaly from
all causes in the Netherlands was estimated to be 1 in 93,000
(Van den Bosch, 1959). The variation in quoted incidence
rates probably reflects different levels of ascertainment in dif-
ferent populations, as many studies do not include stillbirths
or spontaneous losses.

SONOGRAPHIC FINDINGS

Thediagnosis ofmicrocephaly shouldbe consideredwhen the
fetal head circumference is 3 SD below the mean for gesta-
tional age. A detailed fetal sonographic evaluation for associ-
ated anomalies should be performed in all cases of suspected
microcephaly.

The use of head circumference rather than biparietal
diameter (BPD) is more appropriate in the diagnosis of mi-
crocephaly. The BPD can be inaccurate if the fetus is breech
and in conditions that cause intrauterine molding, such as
oligohydramnios and multiple gestation. By contrast, the
fetal head circumference should not be affected by mold-
ing. One series found that a BPD smaller than 3 SD below
the mean was associated with a normal outcome in 44% of
cases (Chervenak et al., 1984). This high incidence of falsely
abnormal results was probably due to the inclusion of fe-
tuses with simple intrauterine molding. In a later series of 24
fetuses with BPD values of more than 3 SD below the mean,
only 4 proved to be microcephalic after birth, and 3 of these
4 fetuses had additional major malformations (Chervenak
et al., 1987).
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Table 20-1

Classification of Microcephaly by Etiology

Microcephaly Without Associated
Microcephaly with Associated Malformations Malformations

Genetic Genetic
Chromosomal abnormalities Primary microcephaly

Trisomy 21 Alpers syndrome
Trisomy 13 Paine syndrome
Trisomy 18 Inborn errors of metabolism
Trisomy 22 Disorders of folic acid metabolism
4p– Hyperlysinemia
5p– Methylmalonic acidemia
18p– Phenylketonuria
18q–

Single gene defects Mode of inheritance
Angelman syndrome Deletion 15q
Bloom syndrome Autosomal recessive
Borjeson–Forssman–Lehmann syndrome Sex-linked recessive
Cockayne syndrome Autosomal recessive
Coffin–Siris syndrome Autosomal recessive
DeLange syndrome Autosomal dominant
DeSanctis–Cacchione syndrome Autosomal recessive
Dubowitz syndrome Autosomal recessive
Fanconi pancytopenia Autosomal recessive
Focal dermal hypoplasia X-linked dominant
Incontinentia pigmenti X-linked dominant
Johanson–Blizzard syndrome Autosomal recessive
Langer–Giedion syndrome Deletion 8q
Lissencephaly syndrome Autosomal recessive
Meckel–Gruber syndrome Autosomal recessive
Menkes syndrome Sex-linked recessive
Roberts syndrome Autosomal recessive
Rubinstein–Taybi syndrome Autosomal dominant/new mutation
Seckel bird–headed dwarfism Autosomal recessive
Smith–Lemli–Opitz syndrome Autosomal recessive
Williams syndrome Elastin mutation

Environmental Environmental
Prenatal exposure to infections Prenatal exposure to radiation

Rubella syndrome Fetal malnutrition
Cytomegalovirus disease Perinatal trauma or hypoxia
Herpes virus Postnatal infections
Toxoplasmosis
Varicella zoster

Prenatal exposure to drugs or chemicals
Fetal alcohol syndrome
Fetal hydantoin syndrome
Vitamin A or vitamin A analog
Aminopterin syndrome
Cocaine exposure
Methylmercury exposure
Solvent exposure: toluene, gasoline
Carbon monoxide poisoning
Irradiation

Maternal phenylketonuria

Adapted from Ross JJ, Frias JL. Microcephaly. In: Vipken PJ, Bruyn AW, eds. Handbook of Clinical Neurology. Vol 30. Amsterdam: Elsevier; 1977:507-524.
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Microcephaly may also be diagnosed based on an ab-
normal ratioof head circumference to femur lengthorof head
circumference to abdominal circumference.Normograms for
these ratioshavebeenpublished (Romeroet al., 1988).Adiag-
nosis of microcephaly should bemade with caution when us-
ing such normograms, because some causes of microcephaly
may be associated with intrauterine growth restriction or ab-
normal long bone growth.

Whenmicrocephaly is present, themost affectedpart of
the fetal brain is the forebrain. This has prompted investiga-
tors to evaluate the role of frontal-lobe measurements in the
diagnosis of microcephaly. Ultrasonographic measurements
of the frontal lobe and thalamic-frontal-lobe distance were
below 2 SD in three cases of microcephaly diagnosed in utero
and confirmed after birth (Goldstein et al., 1988). In two
of the three cases, other conventional diagnostic measure-
ments (BPD, occipitofrontal diameter, and head circumfer-
ence)were also reduced. Inone case inwhich the conventional
parameters were equivocal, the authors found that additional
measurements of the frontal lobe were diagnostic of micro-
cephaly. Neonatal evaluation confirmed the diagnosis.

In a report on the prospective prenatal diagnosis of mi-
crocephaly in 21 pregnancies occurring in 15 families with a
previously affected child with microcephaly, serial measure-
ments of the fetal head, abdomen, and femur were made by
ultrasound examination at intervals of approximately 4weeks
(Tolmie et al., 1987). Four fetuseswithmicrocephalywere de-
tected in the third trimester. One affected fetus was missed
because no scans were performed after 24 weeks of gestation.
The main reason for late diagnosis of affected fetuses was
that the head growth did not slow appreciably until the third
trimester (Tolmie et al., 1987). A diagnosis of microcephaly
cannotbe excludedbyultrasonographyperformedduring the
second trimester of pregnancy and a repeat third trimester
ultrasound examination may result in better diagnosis and
patient counseling (Malinger et al., 2002).

In addition, in cases of microcephaly, Doppler ultra-
sonography has been used during the second trimester to
diagnose abnormal intracranial vascular anatomy (Pilu et al.,
1998). It has been postulated thatmicrocephaly in these cases
was due to a reduced blood supply to the cerebral hemi-
spheres.

DIFFERENTIAL DIAGNOSIS

If themicrocephaly is isolated, themost likely consideration in
the differential diagnosis is familial microcephaly. A detailed
family history is imperative whenever a diagnosis of micro-
cephaly is considered. The history should include a careful
search for consanguinity and measurement of the head size
of the parents and siblings. A maternal history of alcohol or
other substance abuse, irradiation, use of medications (in-
cluding phenytoin and isotretinoin), maternal disease, fever,
and rash should be obtained.

If the microcephaly is seen in association with other
anomalies, there is an extensive differential diagnosis that is
beyond the scope of this chapter. McKusick’s Online Catalog
of Mendelian Inheritance in Man (OMIM), lists almost 500
entries for microcephaly (Abuelo, 2007).

ANTENATAL NATURAL HISTORY

Little information is available on the intrauterine natural his-
tory of microcephaly. In one series evaluating the presence of
microcephalyprenatally,oneaffected fetuswasmissed follow-
ing an ultrasound examination that was normal at 24 weeks
(Tolmie et al., 1987).Microcephaly becomesmore obvious in
utero as gestation progresses. Because the prenatal diagnosis
of microcephaly is rarely made before the third trimester of
pregnancy, little is known about what occurs during the first
and second trimesters.

MANAGEMENT OF PREGNANCY

A detailed sonographic examination is indicated to identify
both intracranial and extracranial abnormalities associated
withmicrocephaly. Karyotyping should be offered. A detailed
background history should be obtained and should exclude
consanguinity, prenatal infections (such as a febrile illness or
a rash), prenatal exposure to drugs or chemicals (especially
alcohol), and maternal phenylketonuria (PKU). If there is a
history suggestive of maternal infection, maternal serology
and polymerase chain reaction (PCR) studies of the amniotic
fluid are indicated. Measurement of the head sizes of the par-
ents and siblings may be helpful in determining whether this
is a familial trait.

It is important to counsel parents about the difficul-
ties encountered in the antenatal diagnosis of microcephaly
(Schwarzler et al., 2003). It is often useful to counsel parents
that definitive diagnosis in the newborn period may also be
very difficult. Antenatal referral of the pregnant patient to a
medical geneticist is recommended.

If there are other associated abnormalities, delivery
should occur in a tertiary care center. Timing and mode of
delivery should not be influenced by the presence of isolated
microcephaly. If there are no other associated abnormalities
it is reasonable to deliver the patient at a community hospital
with appropriate postnatal subspecialty referral to medical
genetics and pediatric neurology specialists.

FETAL INTERVENTION

No fetal intervention has been described following the pre-
natal diagnosis of microcephaly.
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TREATMENT OF THE NEWBORN

Newborns with isolated microcephaly do not usually show
evidence of neurologic deficits or seizures (Penrose, 1972;
Volpe, 1987). This is in contrast tomicrocephaly due to other
causes, such as chromosomal abnormalities or infection.

Neuroradiologic investigations may be useful in rul-
ing out an underlying cause for microcephaly, such as hy-
poxic ischemic damage or neurologic injury due to the in
utero death of a twin (Hughes andMiskin, 1986; Sherer et al.,
1993). Postnatal imaging of the brain through the use of com-
puted tomographic ormagnetic resonance imaging is reason-
able in most cases (Persutte et al., 1990). Serologic studies,
such as TORCH (toxoplasmosis, other agents, rubella, cy-
tomegalovirus, herpes virus) titers, may be useful in ruling
out antenatal infection.

Newborns with microcephaly should have a careful
ophthalmologic examination, because the association of mi-
crocephaly and eye abnormalities is common. In one se-
ries, eye abnormalities were found in 23 of 40 cases with
“true” microcephaly (Alzial et al., 1980). In a further series
of 131 cases of microcephaly, eye abnormalities were present
in 36% (Brandon et al., 1959). Eye abnormalities have been
described in autosomal dominant microcephaly, autosomal
recessive microcephaly, sex-linked microcephaly, and micro-
cephaly secondary tomaternal infection (Webster and Smith,
1977; Tenconi et al., 1983; Siber, 1984).

The postnatal onset of microcephaly potentially sug-
gests an inborn error of metabolism, such as PKU, hyper-
lysinuria, or methylmalonic acidemia.

SURGICAL TREATMENT

Nosurgical interventionhasbeendescribed formicrocephaly.

LONG-TERM OUTCOME

The prognosis for microcephaly is related to its underlying
cause. Microcephaly, when associated with other malforma-
tions or congenital infections, has a very poor prognosis, with
minimal data available on long-term follow-up. Intellectual
impairment in children with a head circumference 3 SD be-
low the mean was more common in children with additional
disorders (Dolk, 1991). Fifteen of 16 children with micro-
cephaly and other disorders had mental retardation. Of 25
microcephalic children with no other disorders, only 25%
had mental retardation (Dolk, 1991).

The predictive value of head size at 1 year of age for
intelligence at 4 years of age was not strong in one series,
with an IQ below 80 occurring in less than 50% of those with
head circumference at least 2.5 SD below the mean (Nelson
and Deutschberger, 1970). In another series of children who

consistently had microcephaly (3 SD below the mean) on re-
peatedmeasurements in infancy, 21 of 41 (51%) term infants
had an IQ below 70 at 7 years of age (Dolk, 1991). Head cir-
cumference 2 SD below the mean was associated with an IQ
below 70 in 11% of cases (Dolk, 1991).

GENETICS AND RECURRENCE RISK

The recurrence risk for microcephaly depends on the under-
lying cause. Both autosomal dominant and autosomal reces-
sive patterns of inheritance for isolated microcephaly have
been described. If the microcephaly is due to an aneuploidy,
such as trisomy 18, the recurrence risk is approximately 1%
in addition to the maternal age–related risk. If the micro-
cephaly is due to a deletion or rearrangement in the chro-
mosomes, parental karyotyping should be performed to rule
out a balanced translocation, which would increase the re-
currence risk. If microcephaly is secondary to drug exposure
or infection, the recurrence risk is expected to be minimal in
a subsequent pregnancy.

Empiric recurrence risks have been calculated for id-
iopathic severe microcephaly. Estimates of the recurrence
risk for microcephaly with mental retardation in siblings are
shown in Table 20-2. In one case series that reviewed the
outcomes for 51 siblings of 21 patients identified with mi-
crocephaly and mental retardation, no cases of recurrence
were noted in siblings (Bundey and Carter, 1974). The rea-
son for this low recurrence risk is not known but may be
that patients with isolated microcephaly were excluded from
the study (Tolmie et al., 1987). In another series of 11 in-
dex cases with microcephaly and spasticity, three recurrences

Table 20-2

Recurrence Risks for Microcephaly with
Mental Retardation

Recurrence Risk
Reference in Siblings (%)

Brandon et al. (1959) 6

Bundey and Carter (1974) 0

Bundey and Griffiths (1977) 13

Opitz et al. (1978) 20

Bartley and Hall (1978) 11

Herbst and Baird (1982) 5.9

Tolmie et al. (1987) 19
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were found among 23 siblings (Bundey and Griffiths, 1977).
In a population-based study from British Columbia that at-
tempted total ascertainment, a 6% recurrence risk for micro-
cephalywithmental retardationwasnoted (Herbst andBaird,
1982). It was not clear from this study whether microcephaly
was defined as a head circumference of less than 2 or less than
3 SD below the mean. In a further series, a recurrence risk
of 19% was reported from 29 cases of microcephaly in a re-
ferral genetic service for the west of Scotland (Tolmie et al.,
1987).

A possible explanation for the higher risk of recurrence
found in selected population studies (Bundey and Carter,
1974; Bartley and Hall, 1978; Tolmie et al., 1987) in compar-
ison to other studies (Herbst and Baird, 1982) may be as-
certainment bias. Nevertheless, these studies provide a useful
source of information for prenatal diagnosis and counseling
of parents with a diagnosis of fetal microcephaly.

Relatively recently, it has become appreciated that there
is a new condition known as autosomal recessive primary
microcephaly (MCPH) (Woods et al., 2005; Abuelo, 2007).
This condition is characterized by congenital microcephaly,
nonprogressivemild-to-moderatemental retardation, andan
otherwise normal appearance. The brain is architecturally
normal, but there is a significant reduction in the size of the
cerebral cortex. At least four genes have been identified that
are mutated in this disorder (Woods et al., 2005).
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21
CHAPTER

Porencephaly

Key Points

■ There are two main forms of porencephaly: (1)
developmental porencephaly and (2) congenital
encephaloclastic porencephaly. The first type
represents primary failure of neuronal
development and migration. The second type is
more common and results from cortical
destruction due to an external insult in an
otherwise normal brain.

■ Porencephaly can be diagnosed prenatally using
sonography when fluid-filled spaces are noted in
the fetal brain. MRI is a useful adjunct.

■ A complete family history should be obtained to
look for stroke, thrombosis, thromboembolism,
and recurrent porencephaly.

■ Work-up should include ruling out maternal
cocaine and warfarin use, infection, hereditary
thrombophilias, and increased bleeding.

■ Long-term prognosis depends on the size and
location of the lesions, and whether there is a
hereditary thrombophilia or vasculopathy.

■ The neonate should be evaluated after birth by a
pediatric neurologist. Follow-up brain imaging is
recommended.

■ In most cases, an underlying cause for
porencephaly is not identified. Most familial cases
are due to underlying autosomal dominant
mutations.

CONDITION

Porencephaly is a term that describes a fluid-filled cavity
in open communication with the lateral ventricle (van der
Knaap et al., 2006). The term porencephaly is often used in-
terchangeably with porencephalic cyst, schizencephaly, cystic
brain degeneration, and congenital brain clefts. Porencephaly
was first described in 1859 as a cavity or cleft of the cerebral
cortex (Heschl, 1859). These lesions may or may not com-
municatewith theventricular andsubarachnoid systems.Two
major subgroups are described: developmental porencephaly,
which includes schizencephaly andcongenitalmidlineporen-
cephaly and congenital encephaloclastic porencephaly (Hall,
2006).

Developmental porencephaly represents a primary fail-
ure of neuronal development and migration. Synonyms
include true porencephaly, schizencephaly, and congenital
porencephaly. Congenital midline porencephaly is a more re-
cently described malformation, consisting of the triad of a
midline parietal scalp anomaly (such as alopecia or cephalo-
cele), hydrocephalus, and a midline intracranial cyst (Yokota
andMatsukado, 1979; Vintzileos et al., 1987).While thismal-

formation most likely represents a form of porencephaly,
some authors consider it a variant of holoprosencephaly
(Vintzileos et al., 1987).

In contrast, congenital encephaloclastic (disruptive)
porencephaly results from cortical destruction due to an ex-
ternal insult in an otherwise normally developed brain. Syn-
onyms include pseudoporencephaly, false porencephaly, and
cystic brain degeneration. This destruction results in an in-
tracerebral cystic cavity containing cerebrospinal fluid, and
such a cyst may be single or multiple (Figure 21-1) (Hall,
2006). Congenital encephaloclastic porencephaly may have
many different causes; of these, hemorrhagic infarction due
to fetal venous congestion or occlusion is considered to be
the most common (Dekaban, 1965; Cantu and LeMay, 1967;
Nixon et al., 1974).

The known risk factors for acquired porencephaly are
conditions that cause thrombophilia (such as FactorVLeiden
and protein C deficiency), increased bleeding (perinatal
alloimmune thrombocytopenia, von Willebrand disease),
vasculopathy following in utero exposure to cocaine
(Dominguez et al., 1991), infection with Coxsackie virus or
cytomegalovirus (Tominaga et al., 1996;Chalhubet al., 1977),
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Figure 21-1 Axial image demonstrating a large porencephalic
cyst with adjacent echogenic area suggestive of prior hemor-
rhage.

and trauma, resulting from ventricular puncture (Lorber and
Grainger, 1963), amniocentesis (Eller and Kuller, 1994), or
chorionic villus sampling (Sharma and Phadke, 1991) (Table
21-1). Familial porencephaly, consistentwith both autosomal
dominant and recessive patterns of inheritance, has also been
reported (Berg et al., 1983; Sensi et al., 1990;Haverkampet al.,
1995). Mutations in the COL4A1 gene are increasingly being
recognized as an important cause of blood vessel rupture in
the fetus (van der Knaap et al., 2006).

Table 21-1

Risk Factors for Encephaloclastic
(Acquired) Porencephaly

Hereditary thrombophilias
Factor V Leiden, protein C deficiency

Increased bleeding tendencies
Maternal warfarin use, perinatal alloimmune

thrombocytopenia, von Willebrand disease

Vasculopathy
Maternal cocaine use, congenital infection

Trauma
Amniocentesis, CVS

Familial
COL4A1 mutation

INCIDENCE

Porencephaly is anextremely rare conditionwithanunknown
incidence.

SONOGRAPHIC FINDINGS

Porencephaly has been successfully diagnosed prenatally
using both sonography and magnetic resonance imaging
(Lithuania et al., 1989; Komarniski et al., 1990; Meizner and
Elchalal, 1996; Levine et al., 1997; Pilu et al., 1997). The sono-
graphic appearance is that of a fluid-filled space in the normal
brain parenchyma. The cyst ismore commonly unilateral but
may be bilateral (Figures 21-1 and 21-2).When cysts aremul-
tiple they are frequently symmetric in appearance (Klingen-
smith and Cioffi-Ragan, 1986). Loss of cerebral tissue is often
easily visible on coronal scans. Color Doppler sonography
may be helpful in delineating a particular vascular abnor-
mality associated with the cystic lesion (Suchet, 1994). Com-
munication with the lateral ventricles or subarachnoid space
is often visible. The ipsilateral ventricle is usually enlarged
to compensate for the smaller brain mass. The diagnosis of
porencephaly should be considered whenever marked asym-
metric ventriculomegaly is found (Chervenak et al., 1983;
Toma et al., 1990).

Figure 21-2 Postnatal CT scan taken in an infant noted an-
tenatally to have an intracranial hemorrhage. The scan shows
the evolution of the hemorrhage into a massive porencephalic
cyst.
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis includes other cystic brain lesions
such as arachnoid cyst (see Chapter 8) and, more rarely, cys-
tic tumors (Sauerbrei and Cooperberg, 1983). In one case
of asymmetric hydrocephalus, the diagnosis of porencephaly
was suspected but could not be confirmed with an ultra-
sound examination. Magnetic resonance imaging correctly
identified the porencephalic cavity communicating with the
lateral ventricle (Toma et al., 1990). If severe hydrocephalus is
also present it must be distinguished from hydranencephaly.
Hydranencephaly is considered to be an extreme form of
encephaloclastic porencephaly.

ANTENATAL NATURAL HISTORY

In keeping with the vascular cause of many cases of poren-
cephaly, in utero deterioration of porencephalic cysticmasses
has been documented (Klingensmith and Cioffi-Ragan,
1986). In this case, significant deterioration of cystic areaswas
noted between ultrasound examinations performed at 31 and
at 36 weeks of gestation. In addition, the cystic deterioration
corresponded to the distribution of themiddle cerebral arter-
ies (Klingensmith and Cioffi-Ragan, 1986). Other than this
case report, little information is available to guide counseling
of the patient with fetal porencephaly.

MANAGEMENT OF PREGNANCY

The pregnant woman should be asked if she has used either
cocaine or warfarin. Serologic testing for cytomegalovirus,
coxsackie virus, and toxoplasma should be considered.
A complete family history should be obtained, with particu-
lar attentionpaid to occurrence of stroke, thromboembolism,
and venous thromboses. If an autosomal dominant pattern
of any of these conditions is established, the pregnant woman
should be referred to a medical geneticist who can facilitate
molecular testing for the hereditary thrombophilias and the
hereditary vasculopathies. Because there are no reported as-
sociations with chromosomal disorders, amniocentesis for
karyotyping is not indicated.

The prospective parents should be counseled that the
prognosisdependson the locationandsizeof the lesion.How-
ever, in almost all cases of true porencephaly, the neonatal
outcome will be poor, with severe intellectual and neuro-
logic sequelae (Romero et al., 1988). Neurologic sequelae can
include spastic tetraplegia, blindness, and severe speech im-
pediment. Fetal magnetic resonance imaging may be helpful
in differentiating fetal intracranial cystic lesions (Levine et al.,
1997).Consultationwith apediatric neurologist and aneona-
talogist is recommended to discuss neonatal management. If
diagnosed before 24 weeks of gestation, termination of preg-

nancy should be offered. Delivery at a tertiary care center
is recommended. In cases of developmental porencephaly,
vaginal delivery should be allowed in almost all cases because
of the invariably poor neonatal outcome. In encephaloclastic
porencephaly, particularly due to a known COL4A1 muta-
tion, cesarean section delivery should be offered to minimize
birth trauma (Gould et al., 2005).

FETAL INTERVENTION

No fetal intervention has been described for this condition,
and none is likely, as porencephaly appears as a result of the
absence of cerebral tissue. Furthermore, if there is a vascu-
lopathy present, intervention would in all likelihood cause
additional damage.

TREATMENT OF THE NEWBORN

The infant should be evaluated promptly after birth by a
pediatric neurologist. Imaging of the neonatal brain, using
sonography and magnetic resonance imaging should be per-
formed to aid in defining the extent of neurologic deficit. The
initial signs and symptoms of porencephaly depend on the
location of the defect and include seizures, varying degrees
of developmental delay, visual and sensory deficits, and hy-
drocephalus. Porencephaly should be considered in any child
with unexplained hemiparesis. The degree of impairment is
variable, with some patients initially showing only mild to
borderline impairment, while other infants are profoundly
impaired (Nixon et al., 1974; Tardieu et al., 1981). No specific
treatment is indicated, although appropriatemedical therapy
to control seizures is often needed.

SURGICAL TREATMENT

In somecases of porencephalywith associatedhydrocephalus,
there may be a role for surgical intervention to prevent fur-
ther hydrocephalus-associated injury. This may be especially
helpful in cases of a unilateral intracerebral cyst, resulting in
a midline shift toward the contralateral side. Progression of
impairment may therefore occur, unless a shunt is placed to
collapse the cyst (Hall, 2006). In one series of nine children
with progressive porencephaly, improvement was demon-
strated following surgical placement of a ventriculoperitoneal
shunt (Tardieu et al., 1981). The authors suggested shunts
for any patient with progressive clinical signs of neurologic
deterioration. They recommended shunts in patients less
than 2 years of age in whom a large cyst is demonstrated,
with hydrocephalus, macrocephaly, and developmental delay
(Tardieu et al., 1981).
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LONG-TERM OUTCOME

The long-term outcome for infants with porencephaly de-
pends on the extent of the cystic destruction of cerebral tis-
sue. Minimal data are available for accurate counseling. In
most cases there is severe cerebral destruction, and the long-
term outcome for such infants is extremely poor. A severe
variety of postnatal encephaloclastic porencephaly has been
described in 15 neonates with a birth weight of 600 to 1270
g and a gestational age at delivery of 24 to 32 weeks (Cross
et al., 1992). Cerebral ultrasound examinations were charac-
terized by irregular cystic lesions involving the periphery of
the brain. Fourteen of the 15 infants died in the first 6 weeks
of life, and 8 had clinical evidence of neurologic abnormality
resulting in seizures. The only survivor had severe neurologic
deficit at 12 months of age (Cross et al., 1992).

GENETICS AND RECURRENCE RISK

In many cases the underlying cause for porencephaly will not
be identified. Prevention of porencephaly may be possible in
cases of monochorionic twins with impending death of one
fetus. In such cases, considerationof elective pretermdelivery,
or fetoscopic cord ligation of the abnormal twin,may prevent
porencephaly,whichmaybe causedbyprofoundhypotension
at the time of death of the twin (see Chapter 118).

Recently, therehasbeen increasing appreciationof fam-
ilies that have an autosomal dominant form of porencephaly
(van der Knaap et al., 2005; Breedveld et al., 2006). In the
past, the dominant nature of the condition has been obscured
because of individuals who appeared to lack expression of
the phenotype. More recent studies, usingMRI, demonstrate
subtle CNS anomalies but no porencephaly, in individuals
who are obligate carriers of dominant mutations. In parallel,
in 2005, Gould et al. studied a mutant mouse that develops
porencephaly. They showed that the perinatal cerebral hem-
orrhagewasdue to vascular defects resulting fromadominant
mutation in the procollagen type IVa 1 gene (CO14a1). They
subsequently went on to show in two human families with
autosomal dominant porencephaly that thereweremutations
in the COL4A1 gene. These findings have been validated in
other studies (Breedveld et al., 2006; van der Knaap et al.,
2006) and suggest that consideration of molecular testing is
important if there is a positive family history.

Additional evidence to suggest the importance of au-
tosomal dominant gene mutations that predispose to poren-
cephaly comes from a German case–control study in which
76 porencephalic and 76 healthy infants were investigated for
Factor V Leiden G1691A mutation, factor II G20210A vari-
ant, methylenetetrahydrofolate reductase (MTHFR) C677T
variant, lipoprotein (a), proteins S and C, and antithrom-
bin (Debus et al., 2004). Only the Factor V Leiden mutation,
or a combination of two or three different risk factors was
statistically significantly associated with porencephaly.

Families in which a COL4A1 or Factor V Leiden
(G1691A) mutation has been documented should be coun-
seled that theypotentially have a 50% incidenceof recurrence.
COL4A1mutationsareassociatedwithan increased incidence
of strokes in the early adult years.
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CHAPTER

Vein of Galen Aneurysm

Key Points

■ The vein of Galen is a single, midline structure
formed by the convergence of the two internal
cerebral veins and the basal veins of Rosenthal
posterior to the splenium of the corpus callosum;
the vein courses posteriorly to empty into the
straight sinus.

■ Vein of Galen malformation, an extremely rare
anomaly, is a complex arteriovenous malformation
affecting the vein of Galen and the cerebral
arteries.

■ The size of the aneurysm determines its clinical
presentation. A large aneurysm can result in as
much as 50% to 60% of the cardiac output
shunting through the lesion that may cause
high-output congestive heart failure. This can
present in utero as hydrops or as cardiac failure in
early neonatal life.

■ Cerebral parenchymal injury including cerebral
infarction, periventricular leukomalacia, and
hemorrhagic infarction can also be associated with
this anomaly.

■ Vein of Galen aneurysm may be suspected on
antenatal ultrasound examination when a cystic or
tubular mass is noted in the midline of the brain
just above and behind the thalamus. Turbulent

venous or arterial flow may be demonstrated using
color Doppler within the draining vessel.

■ Generalized cardiomegaly or right ventricular
enlargement is commonly noted but should not
be attributed to high-output cardiac failure until
targeted fetal echocardiography has been
performed.

■ The differential diagnosis includes other midline
cystic structures within the brain such as an
arachnoid cyst or an interhemispheric cyst
associated with agenesis of the corpus callosum.

■ Because of the differences in the fetal and neonatal
circulations, cardiac failure does not often occur
until after birth.

■ Serial antenatal ultrasound examinations should
be performed to determine a change in size of the
aneurysm and to monitor for hydrocephalus or
congestive heart failure.

■ Joint management with a pediatric cardiologist
and pediatric neurosurgeon is suggested.

■ The approach to therapy for a patient with a vein
of Galen aneurysm will depend on the age of the
patient, the clinical symptoms, and the
angiographic architecture of the malformation.
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LONG-TERM OUTCOME OF PRENATALLY
DIAGNOSED VEIN OF GALEN ANEURYSM
IS STILL NOT A WELL-KNOWN CONDITION

Vein of Galen aneurysm is also referred to as a varix of the
vein of Galen or vein of Galen malformation. This anomaly
is a complex arteriovenous malformation affecting the vein
of Galen and the cerebral arteries. The vein of Galen is a
single, midline structure formed by the convergence of the
two internal cerebral veins and the basal veins of Rosenthal
posterior to the splenium of the corpus callosum; the vein
courses posteriorly to empty into the straight sinus. During
embryologic development, cerebral arteries and veins cross in
close proximity to each other; fistulous connectionsmay exist
because only a few cell layers separate these vessels (Padget,
1956). These fistulas persist because of an arteriovenous pres-
sure gradient. The size and number of arteriovenous fistulous
connections determine the eventual size of a vein of Galen
aneurysm.

Aneurysm of the vein of Galen was first described in
1937 by Jaeger et al. (1937). The first precise anatomical def-
initions of these vascular malformations were described in
1960 (Litvak et al., 1960). Malformations of the vein of Galen
most probably arise early in embryogenesis in the 20- to 40-
mm fetus, when arteries and veins are still simple endothelial
tubes (Padget, 1956). Following an anatomic analysis of 23
cases of vein of Galen aneurysm, it was concluded that the
venous sac most probably represents persistence of the em-
bryonic median prosencephalic vein of Markowski, not the
vein of Galen per se (Raybaud et al., 1989). Even though
there is plausible evidence that the aneurysmal sac is the per-
sistent embryonic median prosencephalic vein of Markowski
rather than the true vein of Galen, this author concluded that
it was reasonable to retain the generally accepted nomen-
clature of vein of Galen aneurysm, but to restrict its use to
cases in which the arteriovenous fistulas are within the wall
of the venous sac. Vein of Galen aneurysms may be defined
as direct arteriovenous fistulas situated between choroidal
and/orquadrigeminal arteries andanoverlying singlemedian
venous sac.

Thesizeof theaneurysmof theveinofGalendetermines
its clinical presentation.When the aneurysm is large, asmuch
as 50% to 60% of the cardiac outputmay be shunted through
the lesion (Cumming, 1980). This arteriovenous shunt may
result in high-output congestive heart failure, and these pa-
tients tend to present with hydrops in utero, or with cardiac
failure in early neonatal life.

Other cases of vein of Galen aneurysm are not associ-
ated with cardiac failure and may not present until the first
year of life. Hydrocephalusmay also occur in associationwith
a large vein of Galen aneurysm, although the cause is un-
certain. Possible mechanisms for the development of hydro-
cephalus include compression of the sylvian aqueduct by the
aneurysmalmass and defective cerebrospinal fluid resorption
resulting from intracranial venous hypertension (Gold et al.,
1964; Diebler et al., 1981).

Cerebral damage including cerebral infarction, peri-
ventricular leukomalacia, and hemorrhagic infarction may
also occur in association with aneurysm of the vein of Galen
(Norman andBecker, 1974). Suggestedmechanismsbywhich
such cerebral parenchymal injury may occur include

1. a steal-induced ischemic phenomenon from overlying ab-
normal vessels;

2. cerebral ischemia due to compromised perfusion from
congestive heart failure;

3. hemorrhagic infarction from thrombosis of the dilated
vein of Galen;

4. atrophy resulting from compression of adjacent structures
by the aneurysm;

5. alteration of flow occurring as a result of surgical therapy
(Gold et al., 1964; Norman and Becker, 1974).

Vein of Galen aneurysms have been classified into four
subtypes according to the severity of the lesion and the age of
the patient at the onset of symptoms (Amacher and Shillito,
1973). Four groups have been described:

1. Neonates with severe heart failure and cranial bruit.
2. Children with mild heart failure and cranial bruit.
3. Children younger than 1 year of age with cranial bruit and

hydrocephalus.
4. Patients with headaches and syncope.

Thrombosed vein of Galen aneurysm may also rep-
resent a fifth subtype (Beltramello et al., 1991). Congestive
heart failure does not seem to be a feature of thrombosed
vein of Galen aneurysm, as it is possible that occlusion of the
aneurysm by the thrombosis may protect patients from this
complication. Inall casesof veinofGalenaneurysmthrombo-
sis described to date, the initial presenting symptomswere at-
tributed to hydrocephalus (Beltramello et al., 1991). Twenty-
one cases of vein of Galen aneurysm thrombosis have been
reported in the literature (Beltramello et al., 1991). Of these,
12 cases were diagnosed in patients younger than 1 year of
age, 4 in patients between 1 and 14 years of age, and 5 in
adults. Neuroradiology findings in vein of Galen aneurysm
thrombosis include intracranial calcifications in the region
of the vein of Galen in 50% of cases and a midline spherical
mass, shown by computed tomographic (CT) scanning, that
does not fill angiographically (Beltramello et al., 1991).

INCIDENCE

The true incidence of vein of Galen aneurysm is unknown,
but it is an extremely rare abnormality. One of the largest re-
ported series has described 43 cases that had been referred for
endovascular treatment, together with a review of 335 addi-
tional cases previously reported in the literature (Zerah et al.,
1992). More recently, there have been more than 30 cases of
prenatal aneurysm of the vein of Galen diagnosed through
the use of ultrasound and pulsed Doppler examination
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(Suma et al., 1991; Rodesch et al., 1994; Pilu et al., 1997; Has
et al., 2003; Paternoster et al., 2003). The largest single prena-
tal experience described 18 cases of vein of Galen aneurysm
diagnosed in the third trimester (Rodesch et al., 1994).

SONOGRAPHIC FINDINGS

The typical prenatal sonographic finding is that of a cystic
or tubular mass in the midline of the brain just above and
behind the thalamus (Figure 22-1). A draining vessel may
be seen extending posteriorly in the direction of the straight
sinus. Around this central cystic mass, heterogeneous cys-
tic areas may be present that represent dilated blood vessels
(Figure 22-2) (Comstock and Kirk, 1991). Turbulent venous
or arterial flow may be demonstrated using color Doppler
examination within the draining vessel (Figure 22-1) (Jeanty
et al., 1990; Sepulveda et al., 1995). Occasionally, turbulent
flow may be seen within the cystic mass even without the aid
of Doppler sonography (Comstock and Kirk, 1991).

Magnetic resonance imaging (MRI) appears to be an
important adjunctive tool in patients suspected to have vein
of Galen aneurysm prenatally. MRI can be used to confirm
the diagnosis and to demonstrate the anatomical structure of
the anomaly (Kurihara et al., 2001) (Figure 22-3). Both MRI
and 3D ultrasound may be useful because they allow a better
understanding of the spatial orientation and the course of the
vessels and they may help guide the postnatal management
(Heling et al., 2000; Lee et al., 2000; Has et al., 2003)

Appearance of the cerebral ventricles is variable. Hy-
drocephalus may be seen prenatally and seems to be un-
related to the size of the aneurysmal dilatation (Comstock
and Kirk, 1991). The antenatal appearance of the heart is
also variable, but generalized cardiomegaly or right ventric-
ular enlargement is commonly noted (Comstock and Kirk,

Figure 22-1 Prenatal sonographic image demonstrating midline
cystic lesion suggestive of vein of Galen aneurysm in a 36-week
fetus. Color Doppler demonstrates turbulent vascular flow.

Figure 22-2 Doppler color flow studies demonstrating the pres-
ence of prominent convoluted vessels in a 33-week fetus with a
large vein of Galen aneurysm.

1991). Enlargement of the heart should not be ascribed sim-
ply to presumed high-output cardiac failure until targeted fe-
tal echocardiography is performed. Coarctation of the aorta
and transpositionof the great vessels occurwith increased fre-
quency in infants with vein of Galen aneurysm (Figure 22-3)
andmayalsoberesponsible forcardiomegaly (Warkany,1971;
Watson et al., 1976). Massive hydrops has been reported as
early as 31 weeks of gestation (Hirsch et al., 1983; Reiter et al.,

Figure 22-3 Magnetic resonance imaging of the same 36-week
fetus demonstrates vein of Galen aneurysm in a sagittal plane.
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1986). In addition, there have been autopsy reports of prena-
tal brain ischemia, periventricular leukomalacia, and cortical
brain atrophyassociatedwith veinofGalenaneurysm(Hirsch
et al., 1983; Reiter et al., 1986; Baenziger et al., 1993).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of vein of Galen aneurysm includes
othermidline cysticmasseswithin thebrain, such as anarach-
noid cyst or an interhemispheric cyst associatedwith agenesis
of the corpus callosum. Themajor helpful diagnostic features
of aneurysm of vein of Galen include the typical location of
the cyst superior and posterior to the thalami and high-
velocity blood flow within the cyst on Doppler examination
(Figures 22-1 and 22-2). Neither an arachnoid cyst nor an
interhemispheric cyst should demonstrate blood flow. A nor-
mal intracranial cystic structure, the quadrageminal cistern,
may also mimic vein of Galen aneurysm in initial appear-
ance, although in the case of a cistern, blood flow will not be
demonstrable. The visualization of cardiomegaly or signs of
congestive cardiac failure in utero add confirmatory evidence
of an aneurysm of the vein of Galen. Prenatal MRI has been
reported as a useful additional imaging tool in at least two
cases in which vein of Galen aneurysm was suspected at pre-
natal ultrasonography (Yamashita et al., 1992;Martı́nez-Lage
et al., 1993).

ANTENATAL NATURAL HISTORY

Because relatively few cases of prenatally diagnosed vein of
Galen aneurysm have been reported in the literature, little is
known about its antenatal natural history. The earliest pre-
natal diagnosis was made at 25 weeks of gestation, which was
followed by an intrauterine fetal death at 28 weeks of gesta-
tion (Ballester et al., 1994).Most cases are not diagnosed until
the third trimester, which limits the available knowledge on
antenatal natural history (Suma et al., 1991; Rodesch et al.,
1994).

The arteriovenous shunt develops in utero, but because
of differences in the hemodynamics of the fetal and neonatal
circulations, severe cardiac failure does not appear in most
cases until after birth (Ciricillo et al., 1990). Fetal systemic
vascular resistance is lower in the fetus because of the low
placental resistance, and at birth, this resistance increases
markedly as the placental circulation is removed. Follow-
ing birth, low resistance remains within the cerebral arte-
riovenous fistula, which results in an abrupt increase in flow
through the aneurysm and increased venous return to the
right side of the heart. Pulmonary hypertension develops be-
cause of the resulting increase in pulmonary blood flow. Sub-
sequently, right-to-left shunting at the atrial and ductal levels
causes arterial hypoxemia. The increased diastolic flow to the
aneurysm reduces coronary blood flow, which mainly occurs
during diastole. Increased ventricular pressures also reduce

subendocardial perfusion, which causes further myocardial
ischemia and exacerbates cardiac failure. In the largest series
of prenatally diagnosed vein of Galen aneurysms, there were
no intrauterine fetal deaths, and the first clinical symptoms
occurred in the newborn period in 94% of cases (Rodesch
et al., 1994).

Although blood flow through a vascular malformation
should be small in the fetus because of generally low sys-
temic vascular resistance, therehave alsobeen reports of high-
output cardiac failure occurring in utero with vein of Galen
aneurysms (Hirsch et al., 1983; Reiter et al., 1986). These
fetuses were hydropic as early as 31 weeks of gestation. At au-
topsy their brains exhibited periventricular leukomalacia and
areas of diffuse microinfarction in both the gray and white
matter. These autopsy findings were similar to the patho-
logic changes described in seven neonates with vein of Galen
aneurysm (Norman and Becker, 1974). These observations
demonstrate that in some cases irreversible brain ischemia
may occur even before birth (Hirsch et al., 1983; Reiter et al.,
1986).

MANAGEMENT OF PREGNANCY

Prenatal evaluationshould include targetedsonography toex-
clude additionalmalformations, such as cerebral parenchyma
destruction, as well as fetal echocardiography. Serial obstet-
ric ultrasonography should be performed every 2 weeks to
determine change in size of the aneurysm and to monitor
for development of hydrocephalus or congestive cardiac fail-
ure. Karyotyping is not indicated. If there is any doubt about
the diagnosis, prenatal MRI may help in making a definitive
diagnosis of vein of Galen aneurysm (Martinez-Lage et al.,
1993). In the unlikely event that the diagnosis is made before
24 weeks of gestation, termination should be offered because
of the high perinatal mortality rate. However, most cases will
present during the third trimester, thereby limiting options
for parents (Suma et al., 1991; Rodesch et al., 1994). Subspe-
cialty consultation with a pediatric cardiologist and a pedi-
atric neurosurgeon is suggested because both the timing of
neonatal surgicalmanagement and the prognosis will depend
on the degree of cardiovascular involvement and the presence
of parenchymal brain damage (Amacher and Shillito, 1973;
Mickle et al., 1994).

Delivery should take place at a center where immediate
neonatal consultation is available from subspecialists in pedi-
atric neuroradiology, neurosurgery, and cardiology. No data
are available regarding the optimal mode of delivery for fe-
tuses with aneurysm of the vein of Galen (Doren et al., 1995).
Elective delivery near term following confirmation of fetal
lung maturity is reasonable. In one series, elective cesarean
delivery was performed in many of the prenatally diagnosed
cases (Sumaet al., 1991). Inanother seriesof 18casesofprena-
tally diagnosed vein of Galen aneurysm, there were 12 vaginal
deliveries, five cesarean deliveries, and one induced abortion
(Rodesch et al., 1994). If hydrocephalus and macrocephaly
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are present, cesarean delivery is preferable. In the absence of
associated hydrocephalus and macrocephaly, vaginal deliv-
ery with continuous intrapartum fetal heart rate monitoring
is reasonable. Decreased intrapartum short- and long-term
fetal heart rate variability in association with normal umbili-
cal cord blood gas values was reported in one case inwhich an
aneurysm of the vein of Galen was diagnosed in the neonatal
period (Koh and Grundy, 1988).

FETAL INTERVENTION

Therearenocase reportsof fetal intervention forveinofGalen
aneurysm. Theoretically, if serial sonography demonstrates
deteriorating cardiovascular status, early delivery might be
an option to allow appropriate postnatal cardiovascular sta-
bilization and neurosurgical treatment of the aneurysm.

TREATMENT OF THE NEWBORN

The clinical presentation of vein of Galen aneurysm de-
pends on the age at which symptoms appear and on the
amount of cardiovascular compromise that has been sus-
tained (Amacher and Shillito, 1973; Diebler et al., 1981). The
most severe presentation is in early neonatal life and con-
sists of congestive heart failure and seizures. The possibility
of an intracerebral arteriovenous fistula should be considered
in any infant presenting with unexplained cardiac failure. In
suchcases, auscultationof theneonatalhead foracranialbruit
may suggest the diagnosis, which can then be confirmed by
cerebral ultrasound examination (O’Donnabhain and Duff,
1989). Death in the infant with vein of Galen aneurysm is
usually caused by intractable cardiac failure associated with
myocardial ischemia (McLeod et al., 1982), acute circulatory
overload following ligation of a feeding vessel (Yasargil et al.,
1976), or thrombosis of the aneurysm (Six et al., 1980).

The approach to therapy for the patient with a vein
of Galen aneurysm depends on the age of the patient, the
clinical symptoms, and the angiographic architecture of the
malformation. Most patients diagnosed in utero will present
with cardiacmanifestations in early neonatal life (Suma et al.,
1991; Rodesch et al., 1994). When vein of Galen aneurysm
is suspected, confirmatory cerebral ultrasonography should
be performed. Transcranial color Doppler ultrasound exam-
ination allows a rapid bedside diagnosis (Stockberger et al.,
1993). Subsequent MRI with cerebral angiography will allow
precise documentation of the abnormal vascular anatomy.

Pediatric cardiology consultation together with echo-
cardiographic evaluation is important for assessing and treat-
ing associated congestive cardiac failure. In one series of pre-
natallydiagnosedveinofGalenaneurysms, 12of 16newborns
withcardiac symptomswere initiallymanagedeffectivelywith
digitalizationanddiuretic therapy(Rodeschet al., 1994).Four
of these infants died shortly after birth from acute heart fail-
ure or multiorgan failure with extensive brain damage. How-

ever, the majority of patients who are symptomatic at birth
will require more aggressive intervention with either surgery
or interventional radiology. Infants who are asymptomatic
at birth should be treated expectantly, with follow-up radio-
logic imaging at 6months of age. If themalformationpersists,
treatment is usually administered between 6 and 9months of
age.

SURGICAL TREATMENT

The first attempt at a direct neurosurgical approach for treat-
ment of an infant with vein of Galen aneurysm was reported
in 1947 (Osherwitz and Davidoff, 1947). Subsequently, an-
other patient was successfully treated by clipping the poste-
rior cerebral arteries feeding the malformation (Boldry and
Miller, 1949). Open surgical intervention via craniotomywas
the primarymethod of treatment of vein of Galen aneurysms
until the early 1980s, although results were disappointing
(Hoffman et al., 1982; Johnston et al., 1987). Subsequently,
interventional neuroradiologic techniques have become the
method of choice for treatment of these lesions. Initial imag-
ing studies with CT scanning or MRI are suggested for
patient selection before neurosurgical or radiologic inter-
vention (Mickle and Quisling, 1994). Patients with severe
multicystic encephalomalacia or other significant neurologic
injury should not be considered candidates for aggressive
therapy.

Most authors now agree that the main goal of ther-
apy in the neonate with vein of Galen aneurysm and conges-
tive heart failure is not complete occlusion of the aneurysm
but improvement in cardiac function (Matjasko et al., 1988;
Ciricillo et al., 1990; Horowitz et al., 1994).

Transvenous and transarterial embolization techniques
have been increasingly described in the literature (Mickle and
Quisling, 1986; Ciricillo et al., 1990; Lasjaunias et al., 1991).
In the infant with congestive heart failure the initial proce-
dure of choice appears to be endovascular, with a venous ap-
proach, either transfemoral or transtorcular (Horowitz et al.,
1994; Mickle et al., 1994). The immediate goal is to increase
resistance in the aneurysm to right ventricular output. The
advantages of a transvenous approach over a transarterial ap-
proach include shorter anesthesia time andminimal contrast
administration (Horowitz et al., 1994). The transvenous ap-
proach can be repeated as many times as needed and may be
supplemented by transarterial embolizations. Endovascular
coils are commonly used for venous embolizations (Horowitz
et al., 1994). Another advantage of repeated embolizations
with the transvenous approach is a graded thrombosis of the
aneurysm, which may serve to minimize the risk of hemor-
rhage and neurologic injury (Horowitz et al., 1994).

Color andpulsedDopplerultrasoundexaminations are
useful in the evaluation of the success of interventional ra-
diologic techniques. Pulsed Doppler analysis in the proximal
descending aorta demonstrating diastolic retrograde veloc-
ity exceeding 20% to 25% of the systolic antegrade velocity
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suggests that the aneurysm is still very large and that further
interventional treatment is required (Ciricillo et al., 1990).

Survival statistics following interventional neuroradio-
logic techniques for the treatment of vein of Galen aneurysm
appear to be substantially better than with open surgical
procedures. In a review of experience with vein of Galen
aneurysm at theUniversity of California at San Francisco, five
infants underwent craniotomy and clipping of feeding vessels
between 1978 and 1983, and all died in the perioperative pe-
riod (Ciricillo et al., 1990). Since 1983, at least eight neonates
have been treated with interventional neuroradiologic em-
bolization techniques; six survived (Ciricillo et al., 1990). In
a more recent series of 11 cases, there was no infant mortal-
ity following therapy with embolization techniques (Fried-
man et al., 1993). Approximately 50% of neonates suffering
from severe progressive cardiac failure can be expected to
survive following such embolization techniques (Mickle and
Quisling, 1994).

LONG-TERM OUTCOME

Little information is available on the long-term follow-up
of prenatally diagnosed cases of vein of Galen aneurysm. In
one series of 18 patients diagnosed prenatally, 13 infants sur-
vived the immediate neonatal period and 12 underwent em-
bolizationof the aneurysm(Rodesch et al., 1994). Total occlu-
sion of the aneurysmwas obtained in eight cases. Sixty-seven
percent of the surviving newborns were neurologically nor-
mal when assessed with Denver Development Tests (Rodesch
et al., 1994).

In another series of 22 patients with vein of Galen
aneurysm treated with embolization techniques, there was
a 50% mortality rate and a 37% incidence of severe mental
retardation in survivors of procedures performed soon after
the introduction of the technique (Friedman et al., 1993). For
procedures performed aftermodification of the original tech-
nique, there was no mortality, and 6 of the 11 patients were
functionally normal at 30 months of follow-up. Two patients
had severe neurologic deficiency, and some developmental
delay was observed in one other patient. The improvement in
outcome results was attributed to earlier diagnosis, improve-
ment in the microcatheters used for embolization, avoidance
of overly aggressive neurosurgical procedures, and general
improvements in neonatal care (Friedman et al., 1993). In
addition, when vein of Galen aneurysm first presents in the
older child, results of therapy are more favorable, with mor-
tality rates as low as 20% (Hoffman et al., 1982).

Infants who require shunting for hydrocephalus with
vein of Galen aneurysm appear to have a less favorable neu-
rologic outcome (Zerah et al., 1992). For these infants, a sig-
nificant difference in the clinical outcome was noted between
the groups with shunting and those with no shunting (Zerah
et al., 1992). Of the patients without shunts, 67% were free
of any neurologic deficit or mental retardation, and fewer
than 5% had significant mental retardation. In contrast, only

33% of the patients with a shunt had a favorable outcome,
and significant mental retardation developed in more than
15% (Zerah et al., 1992). The authors’ conclusion was that
treatment of hydrocephalus in vein of Galen aneurysm can be
achieved through obliteration of the malformation and that
shunting should not be the preferred treatment for hydro-
cephalus in this condition.

The prognosis for patients with thrombosed vein of
Galen aneurysm seems to be more favorable. The impact
of treatment on outcome for thrombosed vein of Galen
aneurysms is controversial. Some authors believe a clotted
vein of Galen aneurysm may constitute a risk to the mo-
tor and mental development of the patient, whereas others
feel that the thrombosed vein may shrink or fibrose without
intervention and therefore may not be clinically significant
(Six et al., 1980). In one case report of thrombosed vein of
Galen aneurysm, spontaneous resolution of hydrocephalus
occurred, and shunting was unnecessary (Six et al., 1980). In
two other cases radiologic evidence of progressive shrinking
of the clotted aneurysm to a residual inert calcification was
demonstrated, without the need for therapeutic intervention
(Beltramello et al., 1991).

GENETICS AND RECURRENCE RISK

There have been no reported cases of recurrent vein of Galen
aneurysm. The inheritance pattern appears to be sporadic.
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SECTION B

Craniofacial

23
CHAPTER

Cleft Lip and Cleft Palate

Key Points

■ Overall incidence is 1 in 700 births. Marked ethnic
and racial variation occurs in cleft lip with or
without cleft palate.

■ Seventy percent of cases are nonsyndromic, 30%
are syndromic based on the presence of other
anomalies and/or developmental delay.

■ 2D sonographic detection rate of orofacial clefts is
on the order of 65% to 73% of cases. 3D
sonography allows better visualization of defects
in the palate and MRI allows assessment of
secondary palate.

■ If a suspected orofacial cleft is diagnosed, referral
should be made to a level II facility. Prenatal
karyotype should be considered. There is a high
rate of associated anomalies, particularly of the
heart and central nervous system.

■ Fetal treatment has been performed on animals.

■ Long-term issues include midface hypoplasia,
facial appearance, dental abnormalities, speech
disorders, and hearing problems.

■ More than 400 single-gene disorders are
associated with cleft lip and palate. A family history
should be obtained, and parents should be
examined for subtle findings such as bifid uvula
and missing teeth.

■ At birth a thorough physical examination should
be performed and a medical geneticist should be
consulted. Many infants are treated by a
multidisciplinary team that includes emphasis on
feeding and adequate nutrition.

CONDITION

Cleft lip and palate are relatively common facial malforma-
tions that occur early in gestation. Although they are distinct
anomalies, they frequently occur together (Seeds and Cefalo,
1983). In all cases of orofacial clefting, 60% to 75% involve
cleft lip, with or without cleft palate, and 25% to 40% are
isolated cleft palate (Figure 23-1). Most cases (80%) are uni-
lateral, occurring twice as commonly on the left side as on the
right (Gorlin et al., 1971; Seeds and Cefalo, 1983; Bronshtein

et al., 1991). Isolated cleft palate ismore frequently associated
with other anomalies (Jones, 1988a).

Orofacial clefts derive fromabnormalities in themigra-
tion and proliferation of facial mesenchyme, a neural crest
cell derivative. Coalescence of facial mesenchyme results in
the formation of the primary palate, which creates the initial
separation between oral and nasal cavities, eventually cre-
ating part of the upper lip and anterior maxilla (Ross and
Johnston, 1972). Cleft lip with or without cleft palate results
from failure of the nasal andmaxillary facial processes to fuse.
Fusion of these processes may be affected by the amount of
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Normal Isolated cleft lip

Isolated cleft palate

Unilateral cleft lip, maxilla
   and anterior palate

Bilateral cleft lip, maxilla
  and anterior palate

Bilateral cleft lip and palate

Figure 23-1 Schematic representation of the different types of malformations found in cases of orofacial clefting. The
perspective is from the inside of the mouth looking upward toward the nose.

mesenchyme present, its rate of migration, and the distance
over which this migration occurs (Lynch and Kimberling,
1981).

Fifty percent of cleft lip patients also have cleft palate,
which is a secondary effect resulting from a defect in facial
prominence fusion that precedes palate formation. Isolated
cleft palate has a different pathophysiology than either cleft
lip or cleft lip associated with cleft palate. It results from in-
terference in any of the following processes that occur during
normal closure of the palate:

1. The palatal shelves move from bilateral vertical positions
lateral to each side of the tongue to horizontal positions
overlying the tongue.

2. The tongue exerts resistance to themovementof thepalatal
shelves.

3. The tongue moves downward to below the palatal shelves.
4. Thehorizontal palatal shelves becomeflattenedandextend

their leading edges toward the midline.
5. The shelves meet in the midline and fuse. Their respective

epithelia then dissolve at the point of contact (Lynch and
Kimberling, 1981).

From the description above, it is apparent that the tongue
plays a role in the etiology of cleft palate. Any factor that in-
terferes with downward displacement of the tongue, tongue
movement, or tongue pressure may interfere with palatal
fusion.

INCIDENCE

The worldwide incidence of cleft lip with or without cleft
palate is 1 in 700 births (Murray, 2002).Marked variation oc-
curs in different racial and ethnic groups. Black infants have
a lower incidence (1 in 2273 births), whereas the incidence
among Japanese andNative Americans is higher (1 in 584 and
1 in 276, respectively) (Tretsven, 1963; Lynch andKimberling,
1981). Isolated cleft palate occurs more rarely and does not
vary in different ethnic backgrounds. Cleft lip and palate oc-
cur twice as often in males as in females (Bronshtein et al.,
1991). In some studies, orofacial clefting has been shown to
occur more commonly in fetuses whose mothers are of ad-
vanced age (Womersley and Stone, 1987; Shaw et al., 1991);



185

Chapter 23 Cleft Lip and Cleft Palate

in a large population-based registry, however, no association
between maternal age and cleft disorders was seen (Baird et
al., 1994). Maternal smoking and alcohol use during preg-
nancy are thought to increase the incidence of clefts through
gene-environment interactions (Eppley et al., 2005). Pericon-
ceptualmultivitaminuse, specifically folate supplementation,
decreases the incidence of cleft palate (Werler et al., 1999,
Eppley et al., 2005).

SONOGRAPHIC FINDINGS

Although fusion of the midline structures of the fetal face
is complete by 7 weeks of gestation, the mandible and max-
illa are not clearly visualized sonographically until week 10
(Cockell and Lees, 2000). Cleft lip and palate cannot be reli-
ablydiagnoseduntil 13 to14weeksby transabdominal sonog-
raphy. The fetal palate is best observed in the axial plane and
the fetal lips in the coronal views. Seeds and Cefalo (1983)
were the first investigators to advocate a combination of
frontal and coronal scanning of the midface (Figure 23-2).
In 1984, Benacerraf et al. recommended routinely examining
the face as part of a complete antenatal sonographic exam-
ination. They described a coronal view through fetal facial
structures that encompassed both orbits, the maxilla, and
the anterior portion of the mandible in one vertical plane.
Sherer et al. (1991) described an oblique coronal facial view
that was achieved by aiming the transducer beneath the fetal
chin using the nares as a landmark. They sought echogenic
evidence of an intact fissure created by the closed lips. The
two advantages of this approach are that rarely was this view
unobtainable due to position of the fetus and that the appear-
ance of the philtrumwas clearly defined.Using a combination
of transverse, coronal, and profile views, Turner and Twining
(1993) were able to define fetal facial structures in 95% to
97% of fetuses at 16 to 20 weeks of gestation.

Figure 23-2 Coronal facial view of fetus at 23 weeks with a mid-
line cleft lip. Arrow indicates the site of the cleft.

Bronshtein et al. (1994) described the use of transvagi-
nal sonography to detect facial clefts in the early second
trimester. In 14,988 examinations performed, 11 cases of oro-
facial clefts were detected. Of these, 10 were cases of cleft lip
and palate and 1 was isolated cleft lip. All diagnoses were
confirmed after termination of the pregnancy or at birth.

Despite these studies, sonographic diagnosis of facial
clefts remains challenging. The overall detection rate is cur-
rently on the order of 65% (Cash et al., 2001) to 73%
(Robinson et al., 2001). In general, cleft lip is easier to demon-
strate than cleft palate. Bronshtein et al. (1991) advocated the
use of the sagittal paramedian view to detect pseudoprog-
nathism, a protrusion of the mandible relative to the maxilla.
In bilateral cleft lip and palate, a paranasal echogenic mass
may be present due to premaxillary protrusion of the pro-
labial structure that exists in this condition (Nyberg et al.,
1992, 1993). Sherer et al. (1993) have advocated for the use
of color Doppler imaging to demonstrate abnormal amniotic
fluid flow across the fetal pharyngeal bone defect, although
this technique has not gained widespread acceptance and is
of uncertain value.

Because of the challenges associated with the 2D sono-
graphic diagnosis of orofacial clefts, several authors advocate
for a 3D approach (Figures 23-3A and 23-3B). One study ex-
amined the use of 3D sonographic visualization of fetal tooth
buds as a means of improving antenatal characterization of
fetal facial clefts (Ulm et al., 1999). In all 17 fetuses studied,
it was possible to classify the clefts as either cleft lip alone
or unilateral or bilateral cleft lip and palate. Lee et al. (2000)
described a standardized 3Dprotocol that includedmultipla-
nar imaging of the upper lips and sequential axial views to
evaluate the alveolar ridge contour and anterior tooth socket
alignment.

More recently, 3D ultrasound has been used to evalu-
ate the anatomy of the fetal palate from within the fetal head.
Using this technique, a 3D volume of the fetal head is ob-
tained and then a cut volume of tissue is removed from the
back of the head. By rotating the remaining volume contain-
ing the anterior part of the face and head, the fetal palate
can then be inspected from behind the face, revealing the
interior of the mouth (Platt et al., 2006). Alveolar ridge dis-
ruption, or premaxillary protrusion (bymultiplanar imaging
or surface rendering) suggests thepresence of bilateral cleft lip
and palate. Additional advantages of 3D sonography include
the fact that it allows assessment of the secondary (poste-
rior) palate, it saves time, and that it is easier for prospec-
tive parents to visualize the defect (Rotten and Levaillant,
2004).

Fetal MRI is being increasingly used to evaluate struc-
tures that are difficult to identify by sonography alone. With
MRI, the fetal nose and lips are best seenwith coronal images.
The secondary palate is best seen when amniotic fluid fills the
mouth andoutlines the tongue andpalate (Smith et al., 2004).
Amajor advantage ofMRI appears to be that it allows amore
accurate assessment of the secondary palate, which cannot be
seen by 2D sonography (Ghi et al., 2003; Kazan-Tannus et al.,
2005).
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A

B

Figure 23-3 A. Three-dimensional ultrasound image of normal fetal face and lips. B. Three-dimensional ultrasound
image of a fetus with a right unilateral cleft lip.

DIFFERENTIAL DIAGNOSIS

Themost important consideration in the differential diagno-
sis of cleft lip is to distinguish between the normal vertical
midline appearance of the philtrum and a pathologic me-
dian cleft lip. Although most cleft lips are left-sided and uni-
lateral, a median cleft lip can be associated with syndromes
such as orofacialdigital, type I, or frontonasal dysplasia. Con-
sideration should also be given to detection of premaxillary
agenesis, which is almost always associated with alobar holo-
prosencephaly (see Chapter 14).

When a paranasal echogenicmass is detected in cases of
bilateral cleft lip andpalate, the differential diagnosis includes
hemangioma, anterior meningocele, teratoma, and enlarged
tongue and proboscis (Nyberg et al., 1992). Of these condi-
tions, only premaxillary protrusion associated with cleft lip
andpalate containsbonewithin themass, resulting fromante-
rior migration of maxillary and alveolar bones (Nyberg et al.,
1992).

Once a cleft is identified, a diligent search should be
made to detect associated anomalies. The finding of addi-
tional anomalies will significantly affect the differential diag-
nosis. More than 400 syndromes are associated with facial
clefts (Shprintzen et al., 1985; Lidral and Murray, 2004).
Commonsyndromes includeGoldenhar (facioauriculoverte-
bral dysplasia), Treacher–Collins (mandibulofacial dysosto-
sis), Pierre–Robin, Stickler, DiGeorge, and Shprintzen (velo-
cardiofacial) (Table 23-1). Additional anomalies seen in cases

of Pierre–Robin sequence include micrognathia and poly-
hydramnios (Hsieh et al., 1999). Neurologic and myopathic
conditions such as Stickler syndrome, can be associated with
cleft palate. Syndromes that involve relatively broad faces,
such as Crouzon and Waardenburg, are associated with an
increased incidence of facial clefts.

ANTENATAL NATURAL HISTORY

Cleft lip and palate are seen more frequently in first trimester
abortuses than in newborns. In one study of 3216 pregnancy
losses, Kraus et al. (1963) demonstrated that 11.5% of fetuses
spontaneously aborted at 8 weeks of gestation, 1.8% of abor-
tuses at 6 to 19 weeks of gestation, and 0.16% of liveborn
infants had orofacial clefts. Thus, fetuses with cleft lip and
palate are at increased risk for intrauterine demise. The risk
for fetal loss is related to the presence of associated anoma-
lies, which were found in 61.7% of cases studied (Kraus et al.,
1963).

In general, the antenatal detection of a facial cleft is
more likely to be associated with other malformations than
is the detection of a cleft at birth. In one study, Saltzman
et al. (1986) described 12 cases of orofacial clefts diagnosed
prenatally. Other malformations were detected in 10 (83%)
of these fetuses. The chromosomes of 7 of these fetuses were
studied prenatally or postnatally; 4 were abnormal due to tri-
somy 13 or 18. In a slightly larger study, Turner and Twining
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Table 23-1

Common Syndromes Associated with Facial Clefts

Syndrome Associated Findings

Goldenhar (facioauriculovertebral
dysplasia)

Asymmetric facial hypoplasia, microtia, preauricular skin tags,
hemivertebrae, cardiac defects

Pierre–Robin sequence Micrognathia, U-shaped cleft of soft palate

Shprintzen (velocardiofacial syndrome) Cardiac defects, hypotonia, growth restriction, chromosome 22q
microdeletion; autosomal dominant

Stickler (hereditary
arthro-ophthalmopathy)

Flat facies, micrognathia, hypotonia, myopia, scoliosis; autosomal dominant

Treacher–Collins (mandibulofacial
dysostosis)

Malar and mandibular hypoplasia, downslanting palpebral fissures, ear
malformations, absent lower eyelashes; autosomal dominant

Trisomy 13 Polydactyly, congenital heart disease, central nervous system abnormalities

Trisomy 18 Intrauterine growth restriction, congenital heart disease

Van der Woude (lip pit–cleft lip syndrome) Lower lip pits, missing teeth; autosomal dominant

(1993) demonstrated additional anomalies in 88% of fetuses
with facial clefts. Notable in this study were the large num-
ber of fetuses (9) with clefts and skeletal dysplasia. Benacerraf
and Mulliken (1993) described a group of 32 fetuses at 16 to
40 weeks of gestation and over a 3.5-year period ascer-
tained that 17 (53%) had associated anomalies. Five cases of
trisomy 13 and 1 case of trisomy 18 were reported, giving
a 35% rate of chromosomal aneuploidy in the setting of
cleft with multiple anomalies. The associated malformations
involved the central nervous system (11 cases), heart (9),
kidneys (9), skeleton (10), and abdomen (2). Among the
15 fetuses without associated anomalies, 4 were terminated
electively, 1 spontaneously aborted, 1 died from pulmonic
stenosis and vertebral anomalies, and 9 survived and under-
went successful postnatal surgical correction.

In postnatal studies, approximately 25%of infants with
clefts have associatedmalformations (Kraus et al., 1963). Iso-
lated cleft lip has the lowest frequency (range 7–45%of cases).
The highest incidence ofmultiple and complex anomalies oc-
curswith isolated cleft palate (range 13–72%of cases) (Gorlin
et al., 1971; Shprintzen et al., 1985; Jones, 1988a; Ademiluyi
et al., 1989). Shprintzen et al. (1985) described an extensive
study of 1000 patients attending a craniofacial clinic, all of
whom were seen by a clinical geneticist for a thorough dys-
morphology examination. Associated anomalies were doc-
umented in 63.4% of patients. Craniofacial anomalies were
most frequently represented, but short stature, microcephaly,

and mental retardation (in 28% of cases) were also common
findings.

MANAGEMENT OF PREGNANCY

The suspected diagnosis of orofacial cleft necessitates a thor-
ough search for associated anomalies, ideally at a sonographic
facility with experience in prenatal diagnosis of anatomic de-
fects. Prenatal karyotyping should be considered in all cases
following the diagnosis of orofacial clefing, but in particular
if a facial cleft and additional anomalies are demonstrated.
Orofacial clefting is seen in 75% of cases of trisomy 13 (par-
ticularlymidline clefting), 15%of cases of trisomy18, 1.5%of
cases of trisomy 21, and as stated earlier, approximately 0.1%
to 0.15% of chromosomally normal fetuses (Warkany, 1971).
In a study of 263 fetuses and neonates with cleft lip +/−
cleft palate performed by the Utah Birth Defect Network,
15 (5.7%) had aneuploidy (Walker et al., 2001). Aneuploidy
was more likely to be present if there was bilateral cleft lip
and palate. If a karyotype is performed, additional consid-
eration should be given to fluorescence in situ hybridization
(FISH) studies to rule out amicrodeletion of chromosome 22
that is associated with DiGeorge and Shprintzen syndromes
or molecular cytogenetic studies using array-CGH. Because
the infant will require multiple operations postnatally, the
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Figure 23-4 Top: Postnatal photograph of
an infant who was diagnosed at 20 weeks of
gestation with a bilateral cleft lip and palate.
Bottom: Follow-up photograph of the same
patient at 1 year of age following complete
surgical repair. (Courtesy of Dr. Michael Lewis.)

presence of an abnormal karyotype may influence the par-
ents’ decisions regarding continuation of the pregnancy.

For the fetus with an apparently isolated cleft lip lo-
cated lateral to the midline, the recommendations are less
clear. There is no evidence in the medical literature of a case
of unilateral isolated cleft lip diagnosed antenatally associ-
ated with an abnormal karyotype. On the other hand, even
cleft lip has a significant rate of associated major anomalies
in postnatal studies [7% in the Walker et al. (2001) study].
Thus, while the yield of cytogenetic abnormal results is
likely to be extremely low, we recommend discussing with
prospective parents the risk of the amniocentesis procedure
versus the perceived benefits of knowing that the fetal chro-
mosomes are normal.

Other than sonographic examination and karyotype,
management of the pregnancy should continue in a rou-

tine manner. Fetuses with isolated cleft lip and palate can be
delivered in a community hospital. Fetuses with multiple
anomalies shouldbedelivered inasettingwherequalifiedsub-
specialists are available for newborn resuscitation, syndromic
diagnosis, and therapy. We recommend that the prospective
parents meet with a pediatric craniofacial surgeon soon after
the antenatal diagnosis of facial cleft to discuss the steps
involved in surgical treatment. Parents can then have the op-
portunity to observe the physical appearance of childrenwith
repaired facial clefts (Figure 23-4).

FETAL INTERVENTION

Because the fetal skin has unique scarless wound-healing
properties, in utero repair of fetal facial clefts has been
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proposed (Dado et al., 1990; Strauss and Davis, 1990;
Longaker et al., 1991). It is well recognized that the character-
istic facies following repair of cleft lip and palate, with mid-
face retrusion and maxillary deficiency, are often the result
of surgical scar formation that inhibits facial and maxillary
growth.Because studies ofmice and sheephavedemonstrated
that scarless cleft lip repair is possible antenatally, some have
postulated that in the presence of normal functional matu-
rity in the growing fetus, human facial appearance would
be enhanced by the absence of scar and unimpaired facial
growth.

To date, most research has focused on the use of animal
models, such as the goat and sheep. The successful in utero
repair of a teratogen-induced congenital cleft palate has been
described in the goat (Weinzweig et al., 1999). In a sheep
model, Papadopulos et al. (2005) have described the use of
bone regenerating implants such as collagen lypophilisate, to
fill in the maxillary alveolar defect created by cleft palate.

TREATMENT OF THE NEWBORN

Studies have shown that infants with clefting disorders have
lower mean birth and placental weights than normal infants
(Lilius and Nordstrom, 1992). The immediate concerns in
treatment of the newborn infant with a cleft involve clear-
ing of the airway and the ability to feed. Many hospitals have
specialized feeding teams or individuals available with ex-
pertise in feeding infants with orofacial clefts. It is wise to
involve these specialists early to help select a nipple and ad-
vise parents on feeding techniques. Breast feeding is possible
but considerably more difficult than for the infant without
a cleft palate. Infants with isolated cleft lip feed most easily
and grow the most quickly. The mean weekly weight gain for
all infants with clefts is 145 g, which is lower than the rate in
normal infants (Jones, 1988b). This may be due to the nip-
ple rubbing against the delicate nasal mucosa, which causes
ulceration.

The infant with a cleft requires a thorough physi-
cal examination to look for associated anomalies that may
have been missed on sonographic examination. If additional
anomalies are detected, the infant should be referred to a
medical geneticist. One author recommends consideration
of an ophthalmologic evaluation during the first year of life
in all infantswith cleft palate because of the relatively high fre-
quency of Stickler syndrome (Jones, 1988a). Severe myopia,
glaucoma, and retinal detachment can develop in individu-
als affected with Stickler syndrome, but the disorder may be
extremely difficult to diagnose during infancy. Chromosome
analysis, including a FISH test to rule out microdeletion of
chromosome 22, should be considered in all infants with cleft
palate.

Subsequent treatment of the infant should occur in the
setting of a cleft palatemultidisciplinary teamapproach (NIH
Consensus Panel, 1993). Hearing should be assessed as soon
as possible. A plan should be made in conjunction with the

primary pediatrician to ensure weekly assessment of nutri-
tional intake and weight gain during the first month of life.

SURGICAL TREATMENT

The exact time of the first surgical repair depends on the
anatomy of themalformation. For a unilateral complete cleft,
a preliminary lip–nasal adhesion is often performed within
the first month of life, followed by the more definitive repair
at 4 to 6 months of age. For a unilateral or bilateral incom-
plete cleft, nose and lip correction can be performed any time
within the first 6 months of life. For a bilateral complete cleft
lip and palate, presurgical maxillary orthodontics may be in-
dicated prior to surgical closure of the lip within the first few
weeks (see Figure 23-3A). Bilateral cleft lip and nose correc-
tion and closure of the alveolar cleft are performed at 4 to
6 months (see Figure 23-3B) (NIH Consensus Panel, 1993).
For lip repairs, the infant stays in the hospital for 1 day; for
palate repairs, 2 days. In otherwise healthy infants, there is vir-
tually no mortality associated with these procedures (Dado
et al., 1990).

Surgical closure of the hard and soft palate is usually
complete by 1 year of age. The goal of palate surgery is to re-
store normal function. Generally, speech results are excellent
in 75% to 85% of children, with no need for further surgi-
cal procedures. In the small percentage of children in whom
velopharyngeal insufficiency persists, secondary surgical pro-
cedures can be performed at 3 to 7 years of age, bringing the
percentage of children with normal speech to 90% to 95%.

LONG-TERM OUTCOME

The salient long-term issues for a childwith cleft lip andpalate
includemidface hypoplasia, appearance (and related psycho-
logic problems), dental abnormalities, speech disorders, and
hearing problems (Felix-Schollaart et al., 1992). Cleft palate
has also been shown to be associated with olfactory deficits,
more often in boys than in girls (Richman et al., 1988). Chil-
dren with cleft lip and palate are prone to multiple progres-
sive problems as they grow. As many as 25% to 35% have
speech abnormalities requiring secondary palate surgery and
speech therapy. All children with cleft palate require speech
evaluation, and some will need therapy. Speech and language
evaluations are recommended at least annually until 4 years
of age (NIH Consensus Panel, 1993). In addition, there are
secondary defects that result from the surgical corrective pro-
cedures. In patients with unilateral cleft lip and palate, a sec-
ondary nasal deformity from a depressed alar base and tip
and deviation of the septum can exist. Bilateral cleft lip–cleft
palate deformity predisposes to bilateral widening of the alar
base and a short columella. Scarring from surgical repair re-
sults in midface growth deficiency, with maxillary retrusion
and relative mandibular prognathism (Hallock, 1985).
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Infants with cleft lip and palate have hearing abnor-
malities that begin surprisingly early in postnatal life. They
require frequent and ongoing audiologic surveillance (NIH
Consensus Panel, 1993). In one study of 23 infants younger
than 1 year of age, only 2 had normal hearing at age 6months
(Hélias et al., 1988). Of the 19 infants affected by hearing
abnormalities, evidence of conduction deafness was docu-
mented by abnormal brainstem auditory-evoked responses.
Fifteen infants had chronic otitis media with effusion, pre-
sumably due to the fact that the eustachian tube is smaller in
patients with cleft palate. Obstruction of the eustachian tube
is related to the inability of the tensor veli palatine muscle to
dilate the eustachian tube actively during swallowing (Hélias
et al., 1988). Early myringotomy with placement of bilateral
tympanotomy tubes improved hearing acuity and consonant
articulation in patients with cleft palate (Hubbard et al., 1985;
Grant et al., 1988).

Common dental anomalies include missing, extra, or
malpositioned teeth. In infantswith cleft lip andpalate, decid-
ual tooth formation and eruption is normal, but permanent
dentition may be delayed (Poyry and Ranta, 1986; Poyry et
al., 1989). Almost all children with cleft palate defects will
require fixed orthodontic appliances (braces) on their per-
manent teeth. During the period of mixed dentition, remov-
able or fixed appliances may be necessary for expansion and
alignment of the incisors (Asher-McDade and Shaw, 1990).

Regular psychologic screening, preferably by an expert
in craniofacial disorders, is also recommended to assess the

child’s cognitive development, behavior, and self-image (NIH
Consensus Panel, 1993).

GENETICS AND RECURRENCE RISK

Cleft lip and palate are classified as isolated (nonsydromic)
(70% of cases) or syndromic (30% of cases), based on the
presence of other anomalies and/or developmental delay.
The Online Mendelian Inheritance in Man (OMIM) cata-
log lists more that 400 single-gene causes of cleft lip and/or
palate (Lidral and Murray, 2004) (see Table 23-2). It is there-
fore important to rule out a syndromic diagnosis before
discussing the risk of recurrence. A complete family his-
tory should indicate other cases occurring within the same
pedigree.

When counseling families regarding recurrence risk, it
is important to examine parents for the so-calledmicroforms
of cleft palate, including a bifid uvula, submucous cleft of the
soft palate, hypodontia, and linear-lip indentations. This lat-
ter finding is characteristic of Van der Woude syndrome, a
dominantly inherited disorder in which there is a high pen-
etrance of cleft lip and palate but no extrafacial associated
anomalies. The incidence of Van derWoude syndrome is 1 in
33,600 livebirths (Sander et al., 1995). The finding of lip
pits in a parent and an affected infant with a cleft disorder
strongly suggests Van derWoude syndrome and a 50% risk of

Table 23-2

Major Genes Involved in Syndromic Cleft Lip and Palate

Chromosomal
Gene Syndrome Inheritance Pattern Location

PTCH1 Basal cell nevus (Gorlin Goltz) Autosomal dominant 9q22

MID1 Opitz X-linked Xp22

MSX1 Cleft lip/palate and oligodontia Autosomal dominant 4p16

PVRL1 Margarita Island cleft lip/palate and ectodermal dysplasia
(CLPED1)

Autosomal recessive 11q23

P 63 Ectrodactyly-ectodermal dysplasia, cleft (EEC) Autosomal dominant 3q28

IRF6 Van der Woude Autosomal dominant 1q32

TBX22 Cleft palate and ankyloglossia X-linked Xq21

FGFR1 Hypogonadotropic hypogonadism, anosmia, and cleft
(Kallmann)

Autosomal recessive 8p11

COL2A1 Stickler Autosomal dominant 12q13
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Table 23-3

Empirical Recurrence Risk Figures for Orofacial Clefts

Cleft Lip Cleft Palate
and Palate (%) Alone (%)

Normal parents Number of affected children Number of normal children
1 0 4.0 3.5
1 1 4.0 3.0
2 0 14.0 13.0

One parent affected Number of affected children Number of normal children
0 0 4.0 3.5
1 0 12.0 10.0
1 1 10.0 9.0
2 0 25.0 24.0

Both parents affected Number of affected children Number of normal children
0 0 35.0 25.0
1 0 45.0 40.0
1 1 40.0 35.0
2 0 50.0 45.0

Modified, with permission, from Cohen MM Jr. Craniofacial disorders. In: Emery AE, Rimoin DL, eds. Principles and Practice of Medical Genetics. New York:
Churchill Livingstone; 1983:593-595.

recurrence. Mutations in the interferon responsive factor 6
(IRF6) gene are the underlying basis for Van der Woude syn-
drome (Kondo et al., 2002).Knowledge of the disease-causing
mutation makes DNA-based prenatal diagnosis for the con-
dition available. Embryoscopy has also been used to diagnose
cleft lip as early as 11 weeks of gestation in a fetus at risk for
Van der Woude syndrome (Dommergues et al., 1995).

If the parents have a negative physical examination and
family history, the empiric risk for a second affected child is
4% (Lynch and Kimberling, 1981; Tenconi et al., 1988). Table
23-3 summarizes empiric recurrence risks for several clinical
scenarios.

Nonsyndromic cleft lip with or without cleft palate is a
complex trait that is determined bymultiple loci that interact
and are affected by environmental exposures. Point muta-
tions in FOXE1, GLI2, JAG2, LHX8, MSX1, MSX2, SATB2,
SKI, SPRY2, and TBX10 are additional rare causes of iso-
lated clefts (Stainer andMoore, 2004; Vieira et al., 2005). The
results of direct sequencing of MSX1 suggest that point mu-
tations in this gene may be responsible for as many as 2% of
nonsyndromic clefts.
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24
CHAPTER

Hemifacial Microsomia

Key Points

■ Second most common facial anomaly after cleft lip
and palate.

■ Characteristic findings include hypoplasia of malar,
maxillary, and/or mandibular regions of the face
with associated anomalies of the ears and
vertebrae.

■ Incidence is as high as 1 in 3,000-5,000 livebirths if
mild cases are included.

■ Associated with eye, ear, vertebral, cardiac, renal,
and urinary anomalies.

■ Karyotype is indicated.

■ Deliver infant in tertiary care center if
polyhydramnios is present.

■ Perform complete audiologic evaluation on all
infants postnatally.

■ Rule out syndromic causes.

CONDITION

Hemifacial microsomia is the second most common facial
anomaly after cleft lip and palate. It is a predominantly uni-
lateral malformation of craniofacial structures that originally
develop from the first and second branchial arches. The char-
acteristic findings of hemifacialmicrosomia include hypopla-
sia of the malar, maxillary, and/or mandibular regions of the
face with associated abnormalities of the ears and vertebrae
(Burck, 1983). The term hemifacial microsomia was first used
by Gorlin and Pindborg (1964), who described a condition
consisting of unilateral microtia, macrostomia, and failure of
formation of the mandibular ramus and condyle. Since then,
hemifacial microsomia has been considered one phenotypic
manifestation of a group of disorders that affect the face, ears,
eyes, vertebrae,heart, andkidneys.This spectrumofdisorders
has been called “oculoauriculovertebral dysplasia,” although
this is technically incorrect because the term dysplasia refers
to abnormalities of cellular differentiation.An associationbe-
tween hemifacial microsomia, auricular malformations, and
specific malformations of the eye known as epibulbar der-
moids was first recognized by Goldenhar in 1952 (Heffez
and Doku, 1984). Although the name Goldenhar syndrome
is widely used, the use of the word syndrome is also incorrect
because there is no known unique cause for this phenotype.

At present, hemifacial microsomia is considered to be part of
a complex developmental field defect known as the oculoau-
riculovertebral (OAV) anomaly. There is no agreement on the
minimal diagnostic criteria and the phenotypic spectrum for
this condition (Rollnick, 1988). It is not knownwhether OAV
anomaly represents one entity with variability in the pheno-
typeorwhether there are several different entitieswith similar
phenotypes.Causal heterogeneity for this groupof conditions
has been described (Rollnick, 1988).However, any fetus iden-
tified with asymmetry of the facial structures or hemifacial
microsomia should be considered to be at risk for associated
eye, ear, vertebral, cardiac, and renal malformations.

INCIDENCE

The incidence of hemifacial microsomia varies considerably
according to the minimal diagnostic criteria used to define
the condition. When the most mildly affected individuals
are included, the incidence is on the order of 1 in 3000 to
1 in 5000 livebirths (Benacerraf and Frigoletto, 1988). When
only the most severely affected patients are included, the in-
cidence was on the order of 1 in 45,000 livebirths in one
study performed in Northern Ireland (Morrison et al., 1992).
Approximately two-thirds of cases of hemifacial microsomia
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are unilateral (Singer et al., 1994). When unilateral, the right
side is more commonly involved (Poon et al., 2003). When
the condition is bilateral, one side is more severely affected
than the other (Heffez and Doku, 1984). In one report of
294 patients affected with the oculoauriculovertebral anom-
aly, a male to female ratio of 2:1 was observed (Rollnick et al.,
1987). In the same study, 78% of affected individuals were
white. In this study, 154 patients (52%) had no other con-
genital anomaly in addition to the anomalies required for
diagnosis, which consisted of microtia, mandibular hypopla-
sia, anomalies of the cervical spine, and/or anomalies of the
eye, including epibulbardermoidsor lipodermoids.Of the re-
maining patients, 51 (18%) had one additional anomaly and
89 (30%) had two or more additional anomalies (Rollnick
et al., 1987).

SONOGRAPHIC FINDINGS

Relatively few reports of prenatal sonographic diagnosis of
hemifacial microsomia have been described. In 1986, Tamas
et al. described a fetus with polyhydramnios, unilateral
anophthalmia, and a malformed, low-set ipsilateral ear. This
was followed by a report in 1988 from Benacerraf and
Frigoletto, who described a fetus at 29weeks of gestationwith
moderate polyhydramnios, an abnormal fetal facial profile
with micrognathia, a right kidney hydronephrosis and hy-
droureter, an enlarged echogenic left lung, a ventriculoseptal
cardiac defect, and a two-vessel umbilical cord. Prenatally, a
cystic adenomatoid malformation of the lung was suspected,
but this was refuted postnatally when it was found that the
right lung was absent and the left lung was hyperexpanded.
The infant died during the newborn period. Physical exami-
nation at birth revealed a right-sidedmandibular hypoplasia,
an abnormal right ear, and vertebral anomalies that were not
appreciated antenatally. Goldenhar syndrome was diagnosed
postnatally (Benacerraf and Frigoletto, 1988).

Potential sonographic findings in cases of hemifacial
microsomia or OAV anomalymight include polyhydramnios
due to impaired fetal swallowing. This is likely to be the result
of either unilateral mandibular hypoplasia or micrognathia
due to hypoplasia of the condyle and ramus, which has been
documented in 60% of infants affected with these conditions
(Heffez and Doku, 1984). Some infants with OAV anomaly
have intrauterine growth restriction (Kobrynski et al., 1993).
Inone fetuswithGoldenhar syndrome, a lipomaof the corpus
callosum, which presented as a hyperechoic midline struc-
ture, was described (Jeanty et al., 1991). In another case, the
prenatal sonographic diagnosis of OAV anomaly at 15 weeks’
gestation was suggested by the presence of a maxillary cleft in
association with unilateral microophthamia (DeCatte et al.,
1996). More recently, Goldenhar syndrome was diagnosed in
a fetus at 24 weeks due tomarked hemifacial microsomia and
ipsilateral cerebellar hemisphere hypoplasia (Martinelli et al.,
2004).

Figure 24-1 Postnatal photograph of a newborn who was noted
antenatally to have hemifacial microsomia and a bilateral cleft lip
and palate. Note the lack of ear development but the presence of
two small ear tags.

In any fetus in whom facial asymmetry is suspected,
an attempt should be made to sonographically examine the
fetal ears, because microtia or other ear abnormalities are
frequently seen in association with the mandibular hypopla-
sia (Figure 24-1). The spine should be observed closely, as
skeletal anomalies are the most common associated malfor-
mations (due to hemivertebrae and scoliosis) (Poon et al.,
2003). The prevalence of associated congenital heart disease
in infants withOAV anomaly is increased (Kumar et al., 1993;
Poon et al., 2003). Two-thirds of these cases are either tetral-
ogy of Fallot or a ventriculoseptal defect. In one study, 19%
(6 of 32) of patients with OAV anomaly had congenital heart
disease. The cardiac lesions in this study were varied and
more complex than previously reported, including double
outlet ventricle, pulmonary atresia with ventriculoseptal de-
fect, and total anomalous pulmonary venous return. Five of
the six cases were conotruncal malformations. Pulmonary
and renal anomalies were noted to be more common in the
patients with congenital heart disease. Morrison et al. (1992)
also reported that 8of their 25patientswithOAVanomalyhad
congenital heart disease. In fetuses with hemifacial microso-
mia, the presence of congenital heart disease is an important
prognostic factor because of the very high neonatal mortality
rate when congenital heart disease exists. In Morrison et al.’s
study (1992), six of eight infants died before 2 years of age,
and in Kumar et al.’s study (1993), four of six infants died
during the newborn period.

A high incidence of urinary tract abnormalities has
also been demonstrated in infants with OAV anomaly. Of
20 infants with OAV anomaly, 14 were demonstrated to
have a variety of renal and urinary anomalies, including ec-
topic or fused kidneys, renal agenesis, vesicoureteral reflux,
ureteropelvicobstruction,ureteralduplication, andmulticys-
tic kidneys (Ritchey et al., 1994). Therefore, any fetus iden-
tified with hemifacial microsomia should undergo a detailed
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sonographic study with particular attention paid to the ears,
heart, vertebrae, and kidneys.

Hemifacial microsomia, initially detected by prenatal
sonography, has also been demonstrated by magnetic reso-
nance imaging at 20 weeks of gestation (Hattori et al., 2005).

DIFFERENTIAL DIAGNOSIS

Thedifferential diagnosis includes conditions that are consid-
ered to be part of the phenotypic spectrum of hemifacial mi-
crosomia and OAV anomaly, as well as other syndromes that
includehemifacialmicrosomia asone component.Thediffer-
ential diagnosis of hemifacial microsomia variants includes
microtia, hemifacialmicrosomia, Goldenhar syndrome,OAV
dysplasia, and otomandibular dysostosis. The minimal crite-
ria for these conditions are given in Table 24-1. Other condi-
tions associated with the hemifacial microsomia phenotype
include branchio-oto-renal syndrome, a dominantly inher-
ited disorder that consists of hemifacial microsomia, preau-
ricular and branchial sinuses and kidney anomalies; Townes–
Brocks syndrome, another dominantly inherited disorder
that consists of hemifacial microsomia and anal and digi-
tal anomalies; andhemifacialmicrosomia/radial limbdefects,
which include the additional findingof triphalangeal thumbs.
There have been other case reports of hemifacial microsomia

Table 24-1

Minimal Criteria for Diagnosis of
Hemifacial Microsomia Variants

Diagnosis Minimal Criteria

Microtia Isolated microtia

Hemifacial Unilateral microtia
microsomia Small and/or malformed mandible

Anomalies of cervical spine

Goldenhar Unilateral microtia
syndrome Small and/or malformed mandible

Epibulbar dermoids and/or
lipodermoids

Oculoauriculo- Unilateral microtia
vertebral Small and/or malformed mandible
dysplasia Epibulbar dermoids and/or

lipodermoids
Anomalies of the cervical spine

From Rollnick BR, Kaye CI. Hemifacial microsomia and variants: pedigree
data. Am J Med Genet. 1983;15:233-253.

in association with other, more severe anomalies (Dodinval,
1979; Rollnick, 1988).

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history for fetuses
with hemifacial microsomia. More information is available
regarding its pathogenesis. Experiments performed in ani-
mals have suggested that abnormalities of blood flow to the
first and second branchial arches may produce malforma-
tions similar to those found in hemifacial microsomia and
its variants (Poswillo, 1974). Poswillo showed that the pres-
ence of an expanding hematoma in the region of the ear and
jawproduced a branchial arch abnormality that destroyed the
differentiating tissues in that region. Additional studies using
triazene in the pregnant rat or thalidomide in the pregnant
monkeyproducedhemorrhage and formationof ahematoma
in the anatomic distribution of the stapedial artery. A clinical
correlation in humans has been documented by Robinson et
al. (1987), who described three unrelated children with uni-
lateral craniofacial defects. Abnormal carotid artery blood
flow studies were documented in two of the three patients
described. This group hypothesized that the craniofacial de-
fects were the result of an in utero vascular accident, most
likely due to interruption of blood flow to structures supplied
by the stapedial artery. Interestingly, these patients also had
unilateral cerebral atrophy. In one patient, a decreased right
carotid pulse was documented. This patient also had colonic
stenosis, which has also been postulated to be the result of an
in utero vascular compromise.

A large-scale epidemiologic study of 230 children with
hemifacial microsomia and 678 controls was performed to
identify whether vasoactive exposures or vascular events dur-
ing early pregnancy affected the incidence of this malforma-
tion (Werler et al., 2004). An increased risk of hemifacial
microsomia was associated with vasoactive medication use
(such as pseudoephedrine and phenylpropanolamine), mul-
tiple gestation, diabetes, and second trimester vaginal bleed-
ing. These findings appeared to collectively support the hy-
pothesis that vasculardisruption isoneetiology forhemifacial
microsomia.

While the vascular theory for the pathogenesis of hemi-
facial microsomia and OAV anomaly explains the abnormal-
ities of the facial features, it does not explain some of the
associated findings, including epibulbar dermoids and other
eye malformations and congenital heart disease. These asso-
ciated abnormalities could be explained by an abnormality in
the interaction of neural crest cell derivatives with branchial
arch mesenchyme. This could be the result of exposure to a
teratogen such as retinoic acid (Lammer et al., 1985). Ab-
normalities of cranial neural crest cell derivatives also affect
conotruncal development of the heart and the anterior cham-
berof theeye.Teratogens that areknowntocauseanomaliesof
the first and second branchial arches in humans and animals
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are primidone, thalidomide, andmaternal diabetes (Rollnick,
1988). Another theory regarding the cause of hemifacial mi-
crosomia is that this condition is the result of a local deficit of
oxygen or a brief, total hypoxic insult to the embryo, resulting
in decreased oxygen for tissue formation.

MANAGEMENT OF PREGNANCY

When a fetus is identified with hemifacial microsomia, a
detailed sonographic survey should be performed to exam-
ine the fetus for the aforementioned associated anomalies,
including microtia, micrognathia, vertebral malformations
(most commonly hemivertebrae), congenital heart disease
(especially conotruncal defects), and renal abnormalities. An
attempt should be made to examine the parents for subtle
manifestations of OAV anomaly, such as preauricular tags or
fistulae, small or abnormally shaped ears, narrow external
auditory canals, or micrognathia. Isolatedmicrotia is consid-
ered tobeaminimal expressionofOAVanomaly (Llano-Rivas
et al., 1999). Theparents should be asked if there is anyhistory
of hearing deficit in the family. If hemifacial microsomia is
demonstrated in the fetus, consideration should be given to
obtaining a fetal karyotype. Many chromosomal abnormali-
ties have been described in association with facial asymmetry
and the OAV anomaly (Table 24-2) (Rollnick, 1988). In ad-

Table 24-2

Chromosome Abnormalities Associated
with OAV Anomaly

Chromosome 5p deletion

Monosomy 6q

Mosaic trisomy 7

Duplication of 7q and 8q

Mosaic trisomy 9

Chromosome 18q deletion

Trisomy 18

Recombinant chromosome 18

Ring chromosome 21

Deletion chromosome 22q 13.31

47,XXY

49,XXXXY

From Rollnick BR. Oculoauriculovertebral anomaly: variability and causal
heterogeneity. Am J Med Genet Suppl. 1988;4:41-53.

dition, complete or mosaic trisomy 22 should be considered.
This can be diagnosed using fluorescence in situ hybridiza-
tion studies (Kobrynski et al., 1993). Knowledge of the fetal
karyotype will certainly help in establishing a prognosis for
the infant and in guiding further treatment. There is no indi-
cation for cesarean delivery other than for standard obstetric
reasons. We recommend that these infants be delivered in
a tertiary care center if polyhydramnios is present, suggest-
ing micrognathia, which indicates the potential for airway
compromise at birth. Most infants with OAV anomaly can be
delivered in a community hospital, but should receive multi-
specialty evaluation, including a clinical genetics examination
shortly after birth.

FETAL INTERVENTION

There are no fetal interventions indicated for hemifacial
microsomia.

TREATMENT OF THE NEWBORN

The overall goal in the treatment of the newborn with hemi-
facial microsomia is to determine whether the anatomic de-
fects are localized to the head or whether there are associated
anomalies that will influence long-term health. Themost im-
portant aspect of newborn treatment is a detailed physical
examination, with specific attention to the ears, document-
ing the presence of auricular or preauricular appendages,
blind-ending preauricular fistula, abnormalities in ear size or
shape, presence of epibulbar dermoids or lipomas, colobo-
mas (notching) of the upper eyelid, hemivertebrae, congen-
ital heart disease, and renal anomalies (Thomas, 1980). If
the vertebrae were not adequately visualized antenatally, we
recommend obtaining a postnatal radiograph of the verte-
brae to look for malformations of the spine. In addition, we
recommend obtaining a postnatal echocardiogram, because
of the relatively high incidence of congenital heart lesions.
It is especially important to document cardiac anatomy, be-
cause of the relatively high postnatal mortality for infants
identified with hemifacial microsomia and congenital heart
disease (Morrison et al., 1992; Kumar et al., 1993). In addi-
tion, because of the high incidence of genitourinary malfor-
mations in infants with the OAV anomaly, we recommend
that a screening ultrasound examination be performed in
the neonatal period to identify significant urologic abnor-
malities before functional consequences ensue (Ritchey et al.,
1994).

In one study, conductive hearing loss was observed in
85% of patients (Rahbar et al., 2001). However, there was no
correlation between the severity of the dysmorphic features
and the degree or type of hearing loss. A complete audio-
logic evaluation should be performed on every infant with
hemifacial microsomia.
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SURGICAL TREATMENT

The goals of surgical treatment include improving facial sym-
metry, stimulating further facial growth, correcting maxil-
lary deficiency, providing a growth center in the temporo-
mandibular joint, improving chewing, allowing for early
soft tissue expansion, and minimizing psychologic trauma
associated with an asymmetric facial appearance (Heffez and
Doku, 1984). The surgical treatment depends on the sever-
ity of themandibular hypoplasia. Mandibular hypoplasia has
been classified according to its severity. Grade 1 is a small but
normal temporomandibular joint and ramus; Grade 2 is an
abnormal but functional temporomandibular joint and ra-
mus; and Grade 3 is an absent temporomandibular joint and
ramus. With increasing severity of the bony abnormalities,
there is more severe hypoplasia of the associated facial and
lingual muscles, which exaggerates the asymmetry of the fa-
cial appearance. In addition, there is generally a correlation
between severity of the microtia and the mandibular anoma-
lies. The mandibular deformity is surgically corrected in two
or more stages. The first operation generally is performed
when the child is between 5 and 12 years of age and can co-
operate with the required postoperative orthodontic therapy.
For severely affected patients who have an absentmandibular
ramus, an augmentation procedure is performed using cos-
tochondral bone grafts (Heffez and Doku, 1984). A second
operation is generally required during the teenage years, after
the majority of facial growth has occurred.

LONG-TERM OUTCOME

Forpatientswithhemifacialmicrosomiaor theOAVanomaly,
the long-term health outcome is good. More than 90% of
these patients have normal intelligence. Except for those who
have severe conotruncal cardiac defects, the general health
and life expectancy of these patients are excellent. Long-term
problems,however, arehearingabnormalities and facialnerve
weakness.

GENETICS AND RECURRENCE RISK

The cause of hemifacial microsomia and OAV anomaly is
heterogeneous. The majority of patients with hemifacial mi-
crosomia occur sporadically within a family. A scarcity of
reports of concordance of the defects inmonozygotic or dizy-
gotic twins supports this interpretation of the genetics (Setzer
et al., 1981; Burck, 1983; Boles et al., 1987). However, there
have been multiple reports of autosomal dominant inheri-
tancewith variable expression of the phenotype (Burck, 1983;
Singer et al., 1994). There also have beenmultiple case reports
of this finding with two affected siblings and unaffected par-
ents, suggesting autosomal recessive inheritance (Rollnick,
1988). As previously mentioned, many chromosomal abnor-

malities have been associated with hemifacial microsomia.
Therefore, if a chromosome study was not obtained pre-
natally, it should be obtained during the newborn period.
Rollnick and Kaye (1983) described 97 individuals affected
with hemifacial microsomia. Of these, 44 (45%) had rela-
tives with either ear anomalies, mandibular hypoplasia, or
early onset hearing loss. The most frequent malformations
included preauricular skin tags. In this study, 8% of first de-
gree relatives had at least a minormanifestation of hemifacial
microsomia.

When counseling the family for recurrence of hemifa-
cial microsomia, a syndrome must be ruled out. If a medical
geneticist suggests a diagnosis of Townes–Brocks syndrome,
DNA should be studied for the presence of a mutation in the
SALL1 gene (Keegan et al., 2001). In addition, the physician
must examine the parents and siblings and obtain a complete
familyhistory. If the familyhistory isnegative and theparental
physical examination isnegative for themilder formsofhemi-
facial microsomia, the recurrence risk is 2% to 3% (Burck,
1983; Rollnick and Kaye, 1983).
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CHAPTER

Hypertelorism

Key Points

■ Defined as an increased distance between inner
and outer canthi.

■ Prenatal sonographic measurements are obtained
from either the outer-to-outer or inner-to-inner
bony orbital margins.

■ Unknown incidence but rare.

■ Main concern is its association with median facial
and/or brain defects as well as syndromes.

■ Offer karyotype and FISH analysis for 22q11.2
deletion (associated with autosomal dominant
form of Opitz syndrome).

■ Prognosis depends on severity of associated
anomalies and/or if a syndrome is present.

■ DNA analysis is available for a number of the
single-gene disorders associated with
hypertelorism.

CONDITION

Hypertelorism is a condition in which a larger-than-average
distance exists between the orbits. The distances between the
medial canthi and pupils are also increased (Kirkham et al.,
1975). The term was first used by Greig in 1924, who de-
scribed hypertelorism as a “great breadth between the eyes.”
The orbits represent a bridge between the face and the cra-
nium. Seven different bones are required to form the orbit

(frontal, zygomatic, sphenoid, ethmoidal,maxillary, lacrimal,
and palatine) (Dollfus and Verloes, 2004).

Ocular hypertelorism is defined as an increased dis-
tance between the medial orbital walls. This can be demon-
strated either radiographically or clinically by an increased in-
terpupillary distance. If the interpupillary distance is greater
than 2 SD above themean for the patient’s age, hypertelorism
is said to exist (Brodsky et al., 1990).More recently, it has been
recommended that the diagnosis of hypertelorism be made
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radiographically by interorbitalmeasurements. The difficulty
with using intercanthal distance to define hypertelorism is
that soft tissue changes of the face can increase the inter-
canthal distance without affecting the interorbital distance
(Trout et al., 1994). Telecanthus is an increased distance be-
tween the inner canthi. This can either be primary, defined
as an increase in soft tissue with normal interpupillary and
interbony distance, or secondary, which is really orbital hy-
pertelorism, with an increased interbony or interpupillary
distance (Murphy and Laskin, 1990). The major concern re-
garding the fetal finding of hypertelorism is its association
with median facial and brain defects, such as encephalocele,
facial cleft, and craniosynostosis.

INCIDENCE

Hypertelorism is rare. Its exact incidence is unknown.Hyper-
telorism may occur as an isolated condition or in association
with other anomalies.

SONOGRAPHIC FINDINGS

Imaging of the fetal orbits and measurements of the interor-
bital distance are not routinely performed in most centers
that offer targeted fetal sonographic studies. Measurement
of the fetal interorbital distance is not included in either the
American Institute of Ultrasound in Medicine (AIUM) or
American College of Obstetrics and Gynecology (ACOG)
guidelines for obstetrical sonography (American College of
Obstetrics and Gynecology, 2008). Fetal orbital measure-
ments should be performed in any pregnant woman known
to have had a previously affected child with a condition as-
sociated with hypertelorism, such as Waardenburg, Opitz or
Noonan syndromes. Detection of fetal hypertelorism in any
structural survey should alert the sonographer to the possi-
bility of other anomalies.

In 1985, de Elejalde and de Elejalde studied 1108 preg-
nant women and measured the interorbital distances in
fetusesbetween7and38weeksof gestation.Theyderivednor-
mal growth percentiles for the intermalar and interethmoidal
distances for fetusesbetween10and40weeksofgestation.The
intermalar and interethmoidal distances were comparable to
the postnatal measurements of inner and outer canthal dis-
tances. In 1982, Mayden et al. described fetal inner and outer
orbital diameter measurements in 180 normal pregnancies.
The outer orbital diameter was demonstrated to be closely re-
lated to the biparietal diameter. Fetal orbits were identified in
three different head positions, including occipitotransverse,
occipitoposterior, andoccipitoanterior.Twelve years after this
report, the validity of this nomogramwas tested in a high-risk
antenatal population by another group of investigators, who
obtained inner and outer orbital measurements from 422 fe-
tusesbetween12and37weeksof gestation (Trout et al., 1994).
This group identified three cases of hypertelorism, with in-

ner orbital measurements above the 95th percentile for gesta-
tional age andouter orbital distanceswithin the normal limits
but near the 95th percentile for gestational age. In the three
cases of hypertelorism identified, all fetuses had serious as-
sociated abnormalities, including cleft palate, diaphragmatic
hernia, imperforate anus, porencephaly, encephalocele, and
truncus arteriosus. The three fetuses with hypertelorismwere
all diagnosed between 20 and 33 weeks of gestation. These
investigators recommended routine measurement of the in-
terorbital distance at the level of the thalamus at the same
time that the conventional biparietal diameter measurement
was taken. Theymeasured outer orbital diameter from outer-
to-outer bony margins of the orbit, whereas the inner orbital
diameter was measured from inner-to-inner bony margin of
the orbits. The bonyorbitswere seen reliably from12weeks of
gestation onward. These investigators stressed that it was the
inner orbital diameter measurement that was most clearly
associated with postnatal hypertelorism. The three affected
fetuses described in this study had inner orbital diameter
measurements that were more than 2 SD from the mean for
gestational age, whereas the outer orbital diameter measure-
ments were borderline high.

In another report of 1600 fetuses screened by transvagi-
nal sonography at 12 to 18 weeks of gestation, 8 ocular ab-
normalities were found, but no cases of hypertelorism were
described (Bronshtein et al., 1991). To date, there have been
no reports of fetal hypertelorism in the first trimester.

In one case report, a fetus at 20 weeks of gestation was
diagnosed with Opitz syndrome (Hogdall et al., 1989). This
syndrome consists primarily of hypertelorism and hypospa-
dias, with either X-linked or autosomal dominant patterns of
inheritance. In this report, the fetus was described as an “at-
risk” member of a large kindred affected with the autosomal
dominant form of Opitz syndrome. At 18 weeks of gestation,
a prenatal sonogram was within normal limits. At that time,
the outer orbital measurement was 30mm (the normalmean
for gestational age is 29 mm; range, 24–33 mm). The inner
orbital measurement was 15 mm (mean for gestational age,
11 mm; range, 8–15 mm). At 20 weeks, the study was re-
peated and a small phallus with hypospadias was noted. In
addition, the outer orbital measurement was 36 mm (mean
for gestational age, 33 mm; range, 28–37 mm) (Figure 25-1).
The inner orbital measurement was 17 mm (mean for ges-
tational age, 13 mm; range, 10–16 mm). Because of the pro-
visional diagnosis of an affected fetus with Opitz syndrome,
the pregnancy was terminated. Perinatal autopsy studies re-
vealedwidely separated eyes and an enlarged fourth ventricle,
as well as hypospadias, and imperforate anus. Thus, the fe-
tus was confirmed as affected. This study also reinforced the
findings of Trout et al. (1994), who determined that the in-
ner orbital measurement is the more sensitive indicator of
hypertelorism.

More recently, three-dimensional (3D) ultrasound
imaging has been used to improve visualization of the fetal
face. This has been especially helpful in the diagnosis of fron-
tonasal dysplasia (Sleurs et al., 2004) and Binder syndrome
(Cook et al., 2000).
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Figure 25-1 Prenatal sonographic image of a fetus at 20 weeks of
gestation with Opitz BBB syndrome. Lateral view of orbits demon-
strating increased distance between inner aspects of the globes.
(From Hogdall C, Siegel-Bartelt J, Toi A, Ritchie S. Prenatal diagnosis
of Opitz (BBB) syndrome in the second trimester by ultrasound detec-
tion of hypospadias and hypertelorism. Prenat Diagn. 1989;9:783-
793. Copyright 1989 John Wiley & Sons, Inc. Reprinted, by permission,
of John Wiley & Sons, Ltd.)

DIFFERENTIAL DIAGNOSIS

Hypertelorism occurs in more than 550 disorders (Dollfus
and Verloes, 2004). Hypertelorism is strongly associated with
other abnormalities, especially of the frontal part of the brain,
such as encephalocele and dacrocystocele. A number of con-
ditions are associated with hypertelorism, and these are sum-
marized in Table 25-1. Most significantly, these consist of
chromosomal abnormalities, single-gene disorders, develop-
mental abnormalities of the skull, such as craniosynostosis,
and midface abnormalities such as frontonasal dysplasia.

ANTENATAL NATURAL HISTORY

Ocular hypertelorism occurs by three pathogenic mecha-
nisms: (1) early ossification of lesser wings of the sphenoid
bone, fixing orbits in the fetal position; (2) failure of develop-
ment of the nasal capsule, which allows the primitive brain to
protrude into space normally occupied by the nasal capsule,

Table 25-1

Conditions Associated with Hypertelorism

Chromosomal abnormalities
45,X (Chrousos et al., 1984)
22q11.2 deletion (Fryburg et al., 1996)
Trisomy 9p (Centerwall and Beatty-DeSana, 1975)
Interstitial deletion of chromosome 1 (Sarda et al.,

1992)
Interstitial deletion of chromosome 13 (Dean et al.,

1991)
Interstitial deletion of chromosome 17 (Park et al.,

1992)

Single-gene disorders
Aarskog syndrome
Apert syndrome
Coffin–Lowry syndrome
Crouzon syndrome
LEOPARD syndrome (PTPN11)
Noonan syndrome (PTPN11)
Opitz syndrome, autosomal dominant
Opitz syndrome, X-linked (MID1)
Robinow syndrome
Waardenburg syndrome, type 1 (PAX3)
Waardenburg syndrome, type 2 (MITF)

Developmental abnormalities
Anterior cephalocele
Craniosynostosis
Dacrocystocele
Frontal, ethmoidal, sphenoidal meningoencephalocele
Frontonasal dysplasia
Median cleft face
Megaloencephaly

Rare syndromes
Sclerocornea, hypertelorism, syndactyly, ambiguous

genitalia (Martinez-Frias et al., 1994)
Diaphragmatic hernia, exomphalos, absent corpus

callosum, hypertelorism, myopia, deafness (Donnai
and Barrow, 1993)

Hypertelorism, hypospadias, Tetralogy of Fallot (Farag
and Teebi, 1990)

Hypertelorism, downslanting palpebral fissures, malar
hypoplasia, low-set ears, joint and scrotal
abnormalities (Seaver and Cassidy, 1991)

as in frontal encephalocele; (3) a disturbance in the develop-
ment of the skull base due to craniosynostosis or midfacial
malformations (Cohen et al., 1995).

The antenatal natural history depends on the underly-
ing condition responsible for the hypertelorism. For example,
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there is a higher-than-normal rate ofmiscarriage in fetuses af-
fected with Opitz syndrome (Patton et al., 1986). The natural
history for isolated fetal hypertelorism is unknown.

Hypertelorism has occurred as the result of first
trimester fetal trauma. In one report, two fetuses were de-
scribed who were exposed to dilation and curettage during
the first trimester of pregnancy (Holmes, 1995). The cause of
hypertelorism was hypothesized to be the result of exposure
tomarked andacutemechanical forces on the fetal circulatory
system. This resulted in shear stress with release of vasoactive
modulators and potentially resulted in the multiple congen-
ital abnormalities described in these two fetuses.

MANAGEMENT OF PREGNANCY

When fetal orbital hypertelorism is documented, a detailed
anatomic survey should be performed to look for associ-
ated malformations, especially in the central nervous sys-
tem. Strongly associated findings include anterior cephalo-
cele; clefts of the face, lip, palate, and nose; megaloencephaly;
and craniosynostosis. Becausemultiple chromosomal abnor-
malities have been documented in association with fetal hy-
pertelorism, a karyotype should be offered. An association
between the autosomal dominant form of Opitz syndrome
andmicrodeletion of chromosome 22q11.2 has been demon-
strated (Fryburg et al., 1996; Lacassie andArriaza, 1996).Both
parents should have their inner and outer canthal distances
measured and compared with normal standards for adults
(Figure 25-2). If the fetal hypertelorism is apparently isolated,
there is no indication for a change in the standard manage-
ment of pregnancy. If, however, the orbital hypertelorism is
found to be associated with a severe brain defect, the parents
should be counseled regarding the grim prognosis for this
condition. Termination of pregnancy can be discussed if the
abnormality is found before 24 weeks of gestation.

Families at risk for the single-gene disorders listed in
Table 25-1 should have fetal orbital measurements taken dur-
ing serial sonographic studies. In one study, hypertelorism
was considered as a marker of brain involvement in neurofi-
bromatosis. In this report, 11patientswithneurofibromatosis
were described who had hypertelorism. All the patients had
severe central nervous system abnormalities. In an additional
23 patients with neurofibromatosis but no hypertelorism, no
central nervous systemabnormalitieswere demonstrated, de-
spite extensive skin involvement (Westerhof et al., 1984). Al-
though this findinghasnot been validatedprenatally, itwould
be of interest to routinely measure orbital distances in fetuses
at risk for neurofibromatosis, and to correlate those distances
with neurologic abnormalities observed postnatally.

FETAL INTERVENTION

There are no fetal interventions recommended for hyper-
telorism.

Figure 25-2 The mother of the fetus in Figure 25-1 also had
hypertelorism. (From Hogdall C, Siegel-Bartelt J, Toi A, Ritchie S.
Prenatal diagnosis of Optiz (BBB) syndrome in the second trimester
by ultrasound detection of hypospadias and hypertelorism. Pre-
nat Diagn. 1989;9:783-793. Copyright 1989 John Wiley & Sons, Inc.
Reprinted, by permission, of John Wiley & Sons, Ltd.)

TREATMENT OF THE NEWBORN

The infant with isolated hypertelorism should have a detailed
physical examination, including postnatal measurements of
the inner and outer canthal distances. If a fetal chromosomal
analysis was not obtained antenatally, it should be obtained
in the immediate postnatal period. In addition, consultation
with a medical geneticist is recommended. Consideration
should be given to postnatal assessment of the affected in-
fant’s intracranial anatomy by computed tomographic (CT)
scan ormagnetic resonance imaging (MRI). In the absence of
documentation of cerebral abnormalities, or in the setting of
a family with isolated hypertelorism as a physical trait, the
infant affected with isolated hypertelorism should require
only routine newborn care.

Infants with hypertelorism and hypospadias should be
considered to be at risk for Opitz syndrome (Figure 25-3)
(Cappa et al., 1987). Infants with Opitz syndrome have a
30% chance of having laryngotracheal or esophageal clefts.
These infants are at high risk for stridor, wheezing, and chok-
ing upon feeding. Infants who are clinically diagnosed with
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Figure 25-3 A 14-month-old boy with hypertelorism and hy-
pospadias, who was given a clinical diagnosis of Opitz G/BBB syn-
drome. He had a chromosome deletion of 22q11.2. (From Fry-
burg JS, Lin KY, Golden WL. Chromosome 22q11.2 deletion in a boy
with Opitz (G/BBB) syndrome. Am J Med Genet. 1996;62:274-275.
Copyright c©1996 John Wiley & Sons, Inc. Reprinted, by permission,
of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.)

this condition should have a barium swallow examination
and endoscopy to rule out the presence of these clefts. Many
affected infants require tracheostomy, feeding gastrostomy,
or a Nissen fundoplication.

SURGICAL TREATMENT

Surgical treatment is not indicated during the newborn
period or during very early childhood. Surgical treatment
should be contemplated only after evaluation by a craniofa-
cial team. The surgical treatment for hypertelorism was first
describedbyTessier (1974).This treatment involvesmobiliza-
tion of the orbits and their contents to the midline to achieve
normal separation between the orbits (Ortiz-Monasterio
et al., 1990). In Tessier’s description of the surgical technique
for hypertelorism, it was demonstrated that:

1. extensive areas of the craniofacial skeleton could be
completely devascularized and repositioned and still
survive;

2. the orbits could be circumferentially mobilized and repo-
sitioned without affecting the patient’s vision;

3. intracranial and extracranial surgery could be combined
to treat serious deformities of physical appearance (Tessier,
1974; Whitaker and Vander Kolk, 1988).

Plastic surgery for hypertelorism is generally not per-
formed before 24 months of age because of the small size of
the facial structures and the position of the tooth buds in the
maxilla (Whitaker and Vander Kolk, 1988). In one report,
however,McCarthy et al. (1990) described surgical treatment
of hypertelorismas safe, desirable, and effective even in a child
less than 5 years of age.

LONG-TERM OUTCOME

The long-term outcome for a child with isolated hyper-
telorism is good. If the hypertelorism is associatedwith severe
cerebral abnormalities, the prognosis will depend on the ex-
tent of the severity of the associated anomalies. Many of the
single-gene disorders that have been described in association
with hypertelorism (Table 25-1) do involve mental retarda-
tion ormild developmental disabilities. The reader is referred
to Chapter 10 for further information on disorders such as
Apert and Crouzon syndromes, which include hypertelorism
and craniosynostosis as physical findings.

GENETICS AND RECURRENCE RISK

The genetics of hypertelorism will depend on the underlying
cause for this finding. If a chromosomal abnormality such as
an interstitial deletion or partial trisomy is detected, parental
chromosomes must be studied. Further genetic counseling
will depend on whether the parents are shown to be carriers
of a balanced translocation. Ten percent of cases of Turner
syndrome (45,X) have hypertelorism (Chrousos et al., 1984).
The recurrence risk for Turner syndrome is not considered
to be increased above background, and it is independent of
maternal age.

A number of single-gene disorders are associated with
hypertelorism. Opitz syndrome is a multiple congenital
anomaly disorder that primarily affects midline structures
and presents with hypertelorism, hypospadias, laryngo-
tracheoesophageal defects, the central nervous system (par-
ticularly vermis hypoplasia or agenesis), and the heart (De
Falco et al., 2003; Pinson et al., 2004). Interestingly, Opitz
syndrome is genetically heterogeneous, meaning that at least
two different genes are known to cause an essentially identi-
cal phenotype. In the autosomal dominant form there is an
unknown gene that maps to chromosome 22q11.2 and can
be detected using the DiGeorge syndrome FISH probes. An-
other form isX-linked, and is caused bymutations in the gene
MID1. MID1 encodes a protein containing a RING, B-box-
coiled-coil motif that belongs to the tripartite motif (TRIM)
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gene family (De Falco et al., 2003). Clinical testing for MID1
mutations is available.

Noonan syndrome is an autosomal dominant syn-
drome characterized by hypertelorism, short stature, and
heart defects. Mutations in the gene PTPN11, located on
chromosome 12q24, are thought to be the molecular etiol-
ogy for this condition. A related but much rarer dominant
disorder, LEOPARD syndrome (Lentigines, EKG abnormal-
ities, Ocular hypertelorism, Pulmonary stenosis, Abnormal
genitalia, Retardation of growth, Deafness) is also caused
by mutations in PTPN11 (Legius et al., 2002). Waardenburg
syndrome, another autosomal dominant disorder, is charac-
terized by dystopia canthorum, which is lateral displacement
of the inner canthi and lacrimal puncta (Dollfus and Verloes,
2004). Clinically, affected individuals present with variable
deafness, a white patch of hair, and eye color that differs be-
tween the two eyes (iridal heterochromia).

Waardenburg syndrome (WS) is also genetically het-
erogeneous. WS type 1 is caused by mutations in PAX3, the
paired-box 3 gene.WS type 2 is caused bymutations inMITF,
the microphthalmia-associated transcription factor gene.

In the infant with hypertelorism, every attempt should
be made to make a definitive diagnosis, either clinically or
by molecular analysis. This will permit accurate estimates of
recurrence risk and counseling, as many of the conditions
associated with hypertelorism described in Table 25-1 are in-
herited as autosomal dominant traits. If one of the parents
is diagnosed retrospectively as having a single-gene disor-
der, such as Noonan syndrome, the parents can be counseled
about the 50% recurrence risk in future children.

If a gene mutation has been identified as part of a syn-
drome associated with hypertelorism, prenatal diagnosis in
subsequent pregnancies can be performed by DNA analysis.
Otherwise, prenatal diagnosis in future pregnancies can be
made by sonographic measurement of the fetal orbits.
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CHAPTER

Hypotelorism

Key Points

■ Defined as a decreased distance between the
medial aspects of the orbital walls.

■ Incidence is approximately 1 in 1220 livebirths.

■ Main concern is its strong association with brain
anomalies (especially holoprosencephaly).

■ A fetal karyotype should be offered due to its
association with aneuploidy, most commonly
trisomy 13.

CONDITION

The term hypotelorism was used as early as 1960 to indicate
a decrease in interorbital distance (Judisch et al., 1984). Oc-
ular hypotelorism is defined as a decreased distance between
the eyes or pupils, whereas orbital hypotelorism is defined as
a shortened distance between the medial aspects of the or-
bital walls, with reduced inner and outer canthal distances
(Converse et al., 1975; Judisch et al., 1984). The major con-
cern regarding the finding of fetal hypotelorism is its asso-
ciation with midline craniofacial defects and major cerebral
anomalies.

Orbital hypotelorism results from developmental ab-
normalities of the telencephalon, which is a derivative of the
forebrain. It is strongly associated with holoprosencephaly
(see Chapter 14) (Converse et al., 1975; Achiron et al., 1995).
Frequently, hypotelorism is more obvious radiographically
or sonographically than clinically. In one study, the normal
range of interorbital distances was documented in antero-
posterior facial radiographs obtained in 250 normal children.
The mean values ranged from 15 mm in infancy to 23 mm
at 12 years of age. The interorbital distance was found to be
narrower for girls than for boys. The interorbital distance
normally remains small until 18 months of age, when dis-

tance gradually increases in both sexes. Interorbital growth
levels off in females at age 13 years, but in males this distance
continues to increase until 21 years of age (Converse et al.,
1975). Interorbital distances are closely related to ethnic back-
ground. Individuals who trace their ancestry to Eskimos
or Mongolians may have hypotelorism as a normal genetic
variation (Awan, 1977).

INCIDENCE

Hypotelorism is uncommon. Most references list the inci-
dence of hypotelorism as unknown, but one reference doc-
umented hypotelorism in 1 in 1220 deliveries in Taiwan (a
frequency of 0.08% livebirths) (Kuo et al., 1990).

SONOGRAPHIC FINDINGS

Imaging of the fetal orbits and measurements of the interor-
bital distance are not routine in most centers that provide
antenatal sonography. Measurement of the interorbital dis-
tance is not included in the American Institute of Ultrasound
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in Medicine (AIUM) or American College of Obstetrics and
Gynecology (ACOG) guidelines for obstetrical sonography
(American College of Obstetrics and Gynecology, 2008).
Fetal orbital measurements should be taken in any pregnant
woman with a previously affected child, or in the setting
of a facial cleft, or with a central nervous system malfor-
mation such as hydrocephalus or holoprosencephaly. When
orbital hypotelorism is discovered, the finding should be
taken seriously, because of its strong association with cere-
bral abnormalities (Trout et al., 1994). In 1982, Jeanty and
colleagues determined the ocular diameter, interocular dis-
tances, and binocular distances in a group of fetuses. They
proposed the use of inner and outer canthal distances as an
indication of fetal growth. In another study of 1108 preg-
nant women, the interorbital distances were analyzed in
fetuses between 7 and 38 weeks of gestation. A chart consist-
ing of normal growth percentiles for the intermalar and in-
terethmoidal distanceswas created for fetuses between 10 and
40 weeks of gestation (de Elejalde and de Elejalde, 1985).
These investigators thought that the intermalar and intereth-
moidal distances were comparable to postnatal measure-
ments of inner and outer canthal distances. In 1982, Mayden
and colleagues constructed a nomogram frommeasurements
of fetal inner and outer orbital diameters obtained in 180 nor-
mal pregnancies. These investigators demonstrated that the
outer orbital diameter was closely related to the biparietal
diameter. After constructing this nomogram, they studied
an additional 463 fetuses considered to be at high risk for
anomalies. They diagnosed three cases of hypotelorism with
fetal orbital measurements below the 95% confidence limits.
In two of these three fetuses, hypotelorism was confirmed
postnatally, and the other was lost to follow-up. This nomo-
gram was also used to examine six fetuses at risk for ocular
abnormalities due to prior affected children in the family. In
all six cases, normal antenatal measurements were predicted
and correlated with normal neonatal interocular distances
(Mayden et al., 1982). Twelve years after this report, the va-
lidity of this nomogram was tested in a high-risk antenatal
population.These later investigatorsobtained innerandouter
canthal measurements of 422 fetuses studied prospectively at
gestational ages of 12 to 37weeks (Trout et al., 1994). Six cases
of hypotelorism and two cases of cyclopia were identified. For
all of these affected fetuses, both the inner and outer canthal
measurements fell clearly more than 2 SD below the mean.
Most cases had measurements that were 3 or 4 SD below the
mean and were very clearly abnormal. In all the cases of hy-
potelorism, there were associated intracranial or extracranial
abnormalities, including holoprosencephaly, encephalocele,
cleft palate, cardiac anomalies, imperforate anus, congenital
diaphragmatic hernia, anddigital anomalies. These investiga-
tors recommended measurement of the interorbital distance
at the level of the thalamus at the same time that the bipari-
etal diameter was measured (Figure 26-1). They stated that
bony orbits were seen reliably in transabdominal scans from
12 weeks of gestation and later.

Other investigators recommend a coronal view of the
fetus to demonstrate both orbits, themaxilla, and the anterior

Figure 26-1 Antenatal sonogram demonstrating the presence
of hypotelorism. The Xs mark the inner orbital measurement (12.3
mm) and the +s mark the outer orbital measurement (42.9 mm).
Both of these measurements are abnormal for gestational age.
(Photograph courtesy of Dr. Marjorie C. Treadwell.)

portion of themandible in a vertical plane. They recommend
moving the transducer posteriorly to image both bony or-
bits (Meizner et al., 1987). In one case report, a fetus at 38
weeks of gestation was demonstrated to have hypotelorism
in association with microphthalmia, microcephaly, and alo-
bar holoprosencephaly (Kuo et al., 1990). These investigators
stressed the importance of usingmeasurements basedonnor-
mal standards for the patient’s specific ethnic group, which
in this case was Chinese.

Transvaginal sonography has also been used to de-
tect fetal ocular abnormalities. In one report of 1600 cases
screened at 12 to 18 weeks of gestation, 8 cases of ocular ab-
normalities were seen (Bronshtein et al., 1991). There were
associated defects of the central nervous system in 5 of the
8. These authors recommended that the optimal section in a
transvaginal scan consists of a transverse image of the fetal
skull at the orbital plane. They also recommended an oblique
tangential section from the nasal bridge, which can also
detect hypoechogenic circles lateral to the nose in the an-
terior part of the orbits representing the fetal lens. Using this
approach, Bronshtein et al. (1991)were able to detect the fetal
eyes within the orbits in 40% of cases at 11 weeks of gestation
and 100% of cases at 12 weeks of gestation. Amore recent re-
port summarizednormal binocular and intraocular distances
for fetuses scanned transvaginally between 11 and 16 weeks
of gestation (Rosati and Guariglia, 2003).

DIFFERENTIAL DIAGNOSIS

Fetal hypotelorism is strongly associated with abnormalities
of the brain, specifically telencephalon derivatives, including
the spectrum of malformations seen in holoprosencephaly
(see Chapter 14) (Wong et al., 1999). Other associated con-
ditions include arrhinencephaly, cebocephaly, ethmocephaly,
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otocephaly, and cyclopia (Lin et al., 1998). Many chromoso-
mal abnormalities are associated with orbital hypotelorism.
Themost common is trisomy 13 (Rosati andGuariglia, 2003)
but trisomy 20p, partial trisomy 15p, trisomy 21, chromo-
some 5p deletion, and trisomy 4 mosaicism (Gentile et al.,
2005) have also been reported. In one study, three of six fe-
tuseswith orbital hypotelorismhad chromosomal abnormal-
ities including trisomy 13, ring 21, and chromosome 7 short
arm deletion (Trout et al., 1994). Hypotelorism is also as-
sociated with abnormalities of head shape, including micro-
cephaly and trigonocephaly. Syndromes associated with hy-
potelorism include Meckel–Gruber, Williams, Coffin–Siris,
Langer–Giedion, oculodentodigital dysplasia, nasalmaxillary
dysostosis (Binder syndrome), and craniosynostosis-medial
aplasia (Jeanty et al., 1982; Judisch et al., 1984).Hypotelorism
occurs in more than 60 syndromes (Dollfus and Verloes,
2004). It can be the result of an underlying skull or central
nervous system malformation.

ANTENATAL NATURAL HISTORY

The antenatal natural history depends on the underlying con-
dition responsible for the hypotelorism. The natural history
for isolated fetal hypotelorism is unknown.

MANAGEMENT OF PREGNANCY

When orbital hypotelorism is documented, a detailed
anatomic survey should be performed to look for associated
malformations, particularly in the central nervous system.
Holoprosencephaly should be ruled out. In addition, because
of the multiple chromosomal abnormalities seen in associa-
tion with hypotelorism, a fetal karyotype should be offered.
Both parents should have their inner and outer canthal dis-
tances measured and compared with normal standards for
adults. If the hypotelorism is apparently isolated, there is no
indication for a change in the standard management of preg-
nancy. If the orbital hypotelorism is found to be associated
with holoprosencephaly, the parents should be counseled re-
garding the poor prognosis for this condition. Termination
of pregnancy should be discussed if the abnormality is found
before 24 weeks of gestation.

FETAL INTERVENTION

There are no fetal interventions for hypotelorism.

TREATMENT OF THE NEWBORN

The infant with isolated hypotelorism should have a detailed
physical examination, including postnatal measurements of
the inner and outer canthal distances. If a chromosomal anal-

ysiswasnotobtainedantenatally, it shouldbeobtainedduring
the postnatal period. In addition, consultation with a medi-
cal geneticist is recommended.Consideration shouldbe given
to postnatal assessment of the infant’s intracranial anatomy
by computed tomographic (CT) scan or magnetic resonance
imaging (MRI). In the absence of documentation of cerebral
abnormalities, the infant with isolated hypotelorism should
require only routine newborn care.

SURGICAL TREATMENT

Surgical treatment is not indicated during the newborn pe-
riod or during early childhood. For the patient who has iso-
lated severe orbital hypotelorism resulting from amass effect,
such as a frontoethmoidal encephalocele, plastic surgery is
possible later in life. Inone report, severeorbital hypotelorism
was successfully corrected surgically in a 15-year-old girl
(Cavina et al., 1999).

LONG-TERM OUTCOME

The long-termoutcome for a childwith isolatedhypotelorism
is expected to be good. If the hypotelorism is associated with
severe cerebral abnormalities, prognosis will depend on the
severity of the associated anomalies.

GENETICS AND RECURRENCE RISK

The genetics of hypotelorism will depend on the underlying
cause for this finding. If a chromosomal deletion or partial
trisomy is detected, parental chromosomes should be stud-
ied. Further genetic counseling will depend on whether the
parents are shown to be carriers of a balanced translocation.
If the underlying diagnosis is trisomy 13, the parents should
be counseled that there is a recurrence risk of 1% in addition
to the maternal age–related risk. Hypotelorism has been re-
portedas an isolated trait inherited as anautosomaldominant
in a three-generation pedigree (Judisch et al., 1984). In this
family, intelligence was completely normal. If parental mea-
surements are consistent with a familial trait of hypotelorism,
the parents can be counseled about the 50% recurrence risk.
At present, no specific gene has been identified for isolated
hypotelorism. However, multiple genes have been identified
that cause hypotelorism as a result of holoprosencephaly, in-
cluding sonichedgehog(SHH), sineoculishomeobox(SIX3),
TG interacting factor (TGIF), and zinc finger protein of cere-
bellum (Z1C2) (Dollfus and Verloes, 2004).

References
Achiron R, Gottlieb Z, Yaron Y, GabbayM, Lipitz S,Mashiach S. The de-

velopment of the fetal eye: in utero ultrasonographic measurements
of the vitreous and lens. Prenat Diagn. 1995;15:155-160.



207

Chapter 26 Hypotelorism

American College of Obstetrics and Gynecology. Ultrasonography in
Pregnancy. Washington, DC: American College of Obstetricians and
Gynecologists; October 2008. ACOG Practice Bulletin Number 98.

Awan KJ. Hypotelorism and optic disc anomalies: an ignored ocular
syndrome. Ann Ophthalmol. 1977;9:771-777.

Bronshtein M, Zimmer E, Gershoni-Baruch R, Yoffe N, Meyer H,
Blumenfeld Z. First and second trimester diagnosis of fetal ocu-
lar defects and associated anomalies: report of eight cases. Obstet
Gynecol. 1991;77:443-449.

Cavina C, Morselli PG, Pistorale A. Hypotelorism: an extracranial cor-
rection technique. Plast Reconstr Surg. 1999;104:1751-1756.

Converse JM, McCartny JG, Wood-Smith D. Orbital hypotelorism:
pathogenesis, associated facio-cerebral anomalies, surgical correc-
tion. Plast Reconstr Surg. 1975;56:389-394.

de Elejalde MM, de Elejalde BR. Ultrasonographic visualization of the
fetal eye. J Craniofac Genet Dev Biol. 1985;5:319-326.

Dollfus H, Verloes A. Dysmorphology and the orbital region: a practical
clinical approach. Surv Ophthalmol. 2004;49:547-561.

Gentile M, Volpe P, Cariola F, et al. Prenatal diagnosis of chromosome
4 mosaicism: prognostic role of cytogenetic, molecular, and ultra-
sound/MRI characterization. Am J Med Genet. 2005;136A:66-70.

JeantyP,Dramaix-WilmetM,VanGansbekeO,VanRegemorterV,Rode-
sch R. Fetal ocular biometry by ultrasound. Radiology. 1982;143:
513-516.

Judisch GF, Kraft SP, Bartley JA, Jacoby CG. Orbital hypotelorism: an
isolated autosomal dominant trait. Arch Ophthalmol. 1984;102:995-
997.

Kuo H-C, Chang F-M, Wu C-H, Yao B-L, Liu C-H. Antenatal ultra-
sonographic diagnosis of hypertelorism. J Formos Med Assoc. 1990;
89:803-805.

Lin HH, Liang RI, Chang FM, Chang CH, Yu CH, Yang HB. Prenatal di-
agnosis of otocephaly using two-dimensional and three-dimensional
ultrasonography. Ultrasound Obstet Gynecol. 1998;11:361-363.

Mayden KL, Tortora M, Berkowitz RL, BrackenM, Hobbins JC. Orbital
diameters: a new parameter for prenatal diagnosis and dating. Am J
Obstet Gynecol. 1982;144:289-297.

Meizner I, Katz M, Bar-Ziv J, Insler V. Prenatal sonographic detection
of fetal facial malformations. Isr J Med Sci. 1987;23:881-885.

Rosati P, Guariglia L. Early transvaginal fetal orbital measurements:
a screening tool for aneuploidy? J Ultrasound Med. 2003;22:1201-
1205.

Trout T, Budorick NE, Pretorius DH, McGahan JP. Significance of or-
bital measurements in the fetus. J Ultrasound Med. 1994;13:937-
943.

Wong HS, Lam YH, Tang MH, Cheung LW, Ng LK, Yan KW. First-
trimester ultrasound diagnosis of holoprosencephaly: three case re-
ports. Ultrasound Obstet Gynecol. 1999;13:356-359.

27
CHAPTER

Macroglossia

Key Points

■ Defined as “true’’ and “relative.’’ In “true’’
macroglossia histologic abnormalities are present.
In “relative’’ macroglossia, the tongue is normal
but appears large due to jaw underdevelopment
or oropharyngeal hypotonia.

■ Incidence is 1/11,000 to 1/25,000 livebirths.

■ Differential diagnosis includes overgrowth
syndromes, trisomy 21, congenital

hypothyroidism, inborn errors of metabolism,
lymphatic and vascular malformations, and
tumors.

■ A karyotype is indicated to rule out trisomy 21.

■ Prevent airway obstruction at birth.

■ Partial glossectomy in childhood is curative.

■ Recurrence risks depend on underlying etiology.

CONDITION

In children, macroglossia is defined as a resting tongue that
protrudes beyond the teeth or the alveolar ridge (Weiss and
White, 1990;Weissman et al., 1995). The antenatal diagnosis
of macroglossia is somewhat subjective. In the neonate, the
tongue grows faster than the other oral structures; it is not

limitedby thepresenceof teeth.At rest, somenormalneonates
may exhibit apparent enlargement of the tongue and protru-
sion through the lips. For the majority of these newborns,
however, the tongue recedes into place with normal anatomic
growth of the mouth (Myer et al., 1986). The first scientific
report of macroglossia occurred in 1854, when Virchow and
Uber described a lingual lymphatic malformation that arose
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from dilation of lymphatic spaces in the tongue (Vogel et al.,
1986).

Vogel et al. (1986) have defined two types ofmacroglos-
sia: “true” and “relative.” True macroglossia means that his-
tologic abnormalities of the tongue are present that correlate
with the clinical findings of tongue enlargement. Examples
of such findings include vascular malformations, muscular
hypoplasia, tumor infiltrate, or the presence of abnormal el-
ements within the tongue, including edema, inflammation,
or storage material. In Beckwith–Wiedemann syndrome, the
histology of the tongue is normal, and the macroglossia is
due to hyperplasia of the muscle fibers. In lymphangioma,
histologic analysis reveals numerous endothelial-lined cystic
spaces that contain lymphatic fluid, erythrocytes, and lym-
phocytes in a thin stroma of connective tissue. The striated
muscle in the tongue subsequently atrophies where com-
pression has occurred from dilated lymphatics (Rice and
Carson, 1985). Relative macroglossia means that there is
apparent tongue enlargement, but no histologic changes
within the tongue are demonstrated. An example of relative

macroglossia is in trisomy 21, in which the tongue is normal
but appears large due to mandibular or maxillary underde-
velopment or generalized oropharyngeal hypotonia.

INCIDENCE

Macroglossia is a rare fetal finding (Weissman et al., 1995). To
ourknowledge, there arenopublished reports of the true inci-
dence of macroglossia presenting in utero. An estimate of the
incidence of macroglossia may be calculated indirectly from
the incidences of three common conditions that are associ-
ated with macroglossia—Beckwith–Wiedemann syndrome,
congenital hypothyroidism, and trisomy 21. The incidence
of Beckwith–Wiedemann syndrome is 1 in 13,500 births
(Patterson et al., 1988). Approximately 82% to 99% of in-
fants with Beckwith–Wiedemann syndrome havemacroglos-
sia (McManamny and Barnett, 1985; Elliott and Maher,
1994). Taking themore conservative estimate ofmacroglossia

A

B

Figure 27-1 A. Prenatal sagittal scan per-
formed at 34 weeks of gestation, demon-
strating a large tongue that protrudes be-
yond the fetal lips. B. Postnatal photograph
of same individual at 2 months of age.
The macrosomia, macroglossia, and lax ab-
dominal musculature were consistent with
a diagnosis of Beckwith–Wiedemann syn-
drome. (From Viljoen DL, Jaquire Z, Woods
DL. Prenatal diagnosis in autosomal dominant
Beckwith–Wiedemann syndrome. Prenat Di-
agn. 1991;11:167-175. Copyright 1991 John
Wiley & Sons Ltd. Reprinted, by permission, of
John Wiley & Sons Ltd.)
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in Beckwith–Wiedemann syndrome (82%), this would give
an approximate incidence of 1 in 16,000 livebirths with
macroglossia due to Beckwith–Wiedemann syndrome. Over-
all, trisomy 21 occurs in 1 in 1000 livebirths. Approxi-
mately 8.9% of fetuses with trisomy 21 have macroglossia
(Weissman et al., 1995). This would give a livebirth incidence
of macroglossia due to trisomy 21 of 1 in 11,000. Congenital
hypothyroidism occurs in 1 in 5,000 livebirths (Kourides
et al., 1984). Approximately 20% of newborns with hypothy-
roidism have macroglossia (Grant et al., 1992). This would
equal a livebirth incidence of 1 in 25,000 livebirths with hy-
pothyroidism and macroglossia. Summation of these studies
gives a range of 1 in 11,000 to 1 in 25,000 livebirths presenting
with macroglossia as a symptom.

SONOGRAPHIC FINDINGS

The tongue can be successfully imaged by an inferior coro-
nal view of the fetal face. The tongue can also be visual-
ized by the sagittal profile face view, if the tongue is ex-
tending from the mouth (Figure 27-1A) (Weissman et al.,
1995). Fetuses with macroglossia have a large protruding
tongue (Figure 27-2A). In normal fetuses, the growth of
the tongue is linear between 13 and 18 weeks of gestation
(Bronshtein et al., 1998). Although nomograms have been
published for both first and second trimester fetal tongue
size (Achiron et al., 1997; Bronshtein et al., 1998), the diag-
nosis is usually subjective. Additional sonographic findings
include polyhydramnios due to impairment in fetal swal-
lowing. Considerations in the further assessment of fetuses
with macroglossia include a detailed search for associated
anomalies. Specifically, it is important to rule out fetal goiter
(Kourides et al., 1984). A large for gestational age fetus with
polyhydramniosmight also suggestmaternal diabetes, or one
of the overgrowth syndromes (see Chapter 124). A macro-
somic fetus with macroglossia and other findings, such as
omphalocele, increased abdominal circumference, adrenal
gland cyst, nephromegaly, and cardiovascular abnormali-
ties, is most likely to have Beckwith–Wiedemann syndrome
(Cohen, 2005). Table 27-1 summarizes the prenatal ultra-
sonographic findings in six cases of Beckwith–Wiedemann
syndrome. Macrosomia due to Beckwith–Wiedemann syn-
drome is a constant finding and can be diagnosed between 16
and 22weeks of gestation (Viljoen et al., 1991). Prenatal diag-
nosis of Beckwith–Wiedemann syndrome has been reported
at 19 weeks of gestation (Winter et al., 1986), 28 weeks of
gestation (Wieacker et al., 1989), and 30 weeks of gestation
(Cobellis et al., 1988). Prenatal sonographic diagnosis is not
always conclusive for this condition. Even in the setting of a
positive family history and multiple prenatal sonograms, the
diagnosis was missed in a fetus who presented with severe
hydronephrosis, cardiomegaly, and hepatomegaly in utero
(Nowotny et al., 1994). Furthermore, there is clinical overlap
between Beckwith–Wiedemann syndrome and an X-linked
overgrowth syndrome, Simpson Golabi Behmel syndrome
(DeBaun et al., 2001).

A

B

Figure 27-2 A. Axial scan through the floor of the fetal mouth,
performed at 22 weeks of gestation, demonstrating a large
tongue that extends outside of the mouth. This was the only
abnormal finding. B. Postnatal photograph of same infant dur-
ing the neonatal period, showing an enlarged tongue. The
karyotype revealed trisomy 21. (From Weissman A, Mashiach S,
Achiron R. Macroglossia: prenatal ultrasonographic diagnosis and
proposed management. Prenat Diagn. 1995;15:66-69. Copyright
1995 John Wiley & Sons Ltd. Reprinted, by permission, of John Wiley
& Sons Ltd.)
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Table 27-1

Ultrasonographic and Clinical Findings in Six Fetuses with Beckwith–Wiedemann Syndrome

Clinical Characteristics Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Total

Family history of BWS Sporadic Affected Affected Affected Affected Mother has 5/6
sibling sibling sibling sibling BWS

Ultrasound feature (wga∗)
Diagnosis suspected 20 20 18 16 18 22 —
Hydramnios +(20) — + + + Mild (22) 5/6
Macroglossia — — — — — (34) 1/6
Macrosomia +(20) + + + +(18) +(34) 6/6
Renal hyperplasia +(20) — — — — +(22) 2/6
Adrenal hyperplasia — — — — — — 1/6
Omphalocele + + + + +(18–19) — 5/6
Abdominal circumference — — — — +(19) +(22) 2/6
Hepatomegaly — — — — — +(29) 1/6
Termination of pregnancy — — +(19) — +(21) — 2/6
Birth weight (g) 4285 4600 — 5100 — 5300

∗wga = Gestational age in weeks. (From Viljoen et al., 1991.)

An additional important consideration in fetal sono-
graphic assessment of macroglossia is the possibility of lin-
gual lymphaticmalformations, often seen in association with
other lymphatic malformations, such as cystic hygroma. Pre-
natal sonographic assessment should also specifically exclude
abnormalities associated with trisomy 21, such as shortening
of the long bones, an increased nuchal fold, cardiovascular
defects, widening of the space between the first and second
toes, and renal pyelectasis.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of conditions associated with
macroglossia is given in Table 27-2. The most important
considerations in the differential diagnosis include the over-
growth syndromes, such as Beckwith–Wiedemann (Figure
27-1B) and Simpson-Golabi-Behmel, trisomy 21 (Figure
27-2B), congenital hypothyroidism, lingual lymphatic mal-
formations, tumor/epignathus (Figures 27-3A and 27-3B),
and hemangiomas/vascular malformations. Prior to the
recognition of Beckwith–Wiedemann syndrome in 1963,
lymphangioma was the most common cause of macroglos-
sia presenting during the newborn period. Sixty percent
of lymphangiomas that involve the tongue present at birth
(Rice and Carson, 1985). Lingual lymphatic malformations
are the most common vascular abnormalities of the tongue
and are frequently localized to the anterior two-thirds of
the tongue. Inborn errors of metabolism that can be associ-
ated with macroglossia include Hunter, Hurler, Maroteaux–
Lamy, and Sanfilippo syndromes, as well as Pompe (glyco-
gen storage disease, type II) I-cell disease, and GM1

Table 27-2

Differential Diagnosis of Conditions
Associated with Micrognathia

Chromosome abnormalities
Trisomy 21
Pallister–Killian syndrome (mosaic trisomy 12p)

Inborn error of metabolism
Congenital hypothyroidism
Hurler syndrome
I-cell disease
GM1 gangliosidosis
Pompe disease
Farber’s lipogranulomatosis

Overgrowth syndromes
Beckwith–Wiedemann syndrome
Simpson-Golabi-Behmel syndrome
Maternal diabetes

Anatomic abnormalities
Lymphangioma
Hemangioma
Epignathus
Teratoma
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A B

Figure 27-3 A. Sagittal view of a fetus at 19 weeks showing a teratoma protruding from the tip of the tongue into
the amniotic cavity. B. Transverse view of the same fetus showing vascular supply through the tongue mass.

gangliosidosis. Of these, the disorders that can present dur-
ing the newborn period are Hurler, I-cell, GM1 gangliosido-
sis, and possibly Pompe. Patients with I-cell disease are typi-
cally growth-restricted and have abnormal neurologic signs.
Farber’s lipogranulomatosis, in its most severe form, can also
presentduring theneonatalperiod.These infantswill have the
classic triad of subcutaneous nodules, hoarseness, and joint
involvement.

ANTENATAL NATURAL HISTORY

The antenatal natural history of macroglossia is unremark-
able. As an isolated finding, there is no evidence for in
utero lethality due to the presence of macroglossia. How-
ever, macroglossia due to trisomy 21 does have an increased
risk for pregnancy loss. As stated earlier, there can be poly-
hydramnios associated withmacroglossia due to impairment
of swallowing.

MANAGEMENT OF PREGNANCY

When macroglossia is documented in utero, a detailed fetal
sonographic anatomical evaluation is indicated to look for
associated anomalies. It is important to rule out the anoma-
lies associatedwithBeckwith–Wiedemann syndrome, such as
omphalocele, macrosomia, and nephromegaly. It is also im-
portant to rule out trisomy 21. Nicolaides et al. (1992, 1993)
described a series of 13 fetuses with macroglossia. In 10, a
chromosomal abnormality was found, and 9 of the 10 had
trisomy 21. None of these patients had isolated macroglos-
sia; additional anomalies were always documented. How-

ever, Weissman et al. (1995) have described a case of isolated
macroglossia due to trisomy 21 (see Figure 27-2). Given the
fact that macroglossia is a relatively rare finding, we recom-
mend obtaining a chromosomal analysis on the fetus with
macroglossia. This is important for two reasons: one is to
rule out trisomy 21 or mosaic trisomy 12p as the cause of the
macroglossia. The other consideration is that in some cases
of Beckwith–Wiedemann syndrome, there are abnormalities
seen in chromosome 11p15.

If hypothyroidism is suspected in the fetus, particu-
larly in the presence of a goiter, it has been recommended to
obtain amniotic fluid thyroid-stimulating hormone (TSH)
levels to confirm the diagnosis. According to Kourides et al.
(1984), the normal TSH levels in amniotic fluid at 26 and
38 weeks of gestation are 0.44 ± 0.21 μU per milliliter and
0.27 ± 0.15 μU per milliliter, respectively. The fetus reported
by Kourides et al. had markedly elevated TSH values of 2.4
and 2.9 μU per milliliter at 26 and 38 weeks. These authors
advocate the early diagnosis of hypothyroidism to permit
treatment of the infant on day 1 of life. Although newborn
screening for hypothyroidism is routine in most states, the
diagnosis is not usually communicated to the pediatrician
until 2 to 3 weeks after birth. Thus, the infant does not gen-
erally receive treatment until approximately 3 to 4 weeks of
age. If hypothyroidism is prenatally diagnosed, treatment can
begin immediately after birth and reduce symptoms. If the
macroglossia is due to Beckwith–Wiedemann syndrome, the
fetus may be large for gestational age, and cesarean delivery
may be necessary because of dystocia.

FETAL INTERVENTION

There are no fetal interventions indicated for macroglossia.
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TREATMENT OF THE NEWBORN

The immediate considerations in treatment of the new-
born with macroglossia include preventing airway obstruc-
tion, monitoring for difficulties in feeding and swallowing,
and monitoring for hypoglycemia if a clinical diagnosis of
Beckwith–Wiedemann syndrome is suspected. Physical ex-
amination should confirm the macroglossia. During the
newborn period this will be notable for the tongue pro-
truding through the lips. Palpation of the tongue is generally
unremarkable and unrevealing. The diagnosis of Beckwith–
Wiedemann syndrome is important to make because of the
increased rate of infant mortality associated with this con-
dition. Babies with Beckwith–Wiedemann syndrome are at
risk for severe neonatal hypoglycemia, seizures, and conges-
tive heart failure (Viljoen et al., 1991).

The most common neonatal findings in infants with
Simpson-Golabi-Behmel syndrome are a birth weight and
length >95% for age, macroglossia, coarse facial features, ex-
tramammary nipple, and genitourinary anomalies (DeBaun
et al., 2001).

As mentioned earlier, in infants with trisomy 21, the
tongue is not actually enlarged. In a radiographic study of the
tongue of several patients with Down syndrome, Ardran et
al. (1972) demonstrated that the problem inDown syndrome
was due to large lingual tonsils, which narrowed the airway.
They hypothesized that the gaping mouth of the patient with
Down syndrome related to the need to provide an airway. The
major problems in Down syndrome relate to oropharyngeal
hypotonia and midface underdevelopment. The tongue pro-
trusion present during the first year of life in infants with
trisomy 21 tends to disappear with improved muscular tone
as the patients grow older. Limbrock et al. (1991) advocate
the use of a palatal plate to stimulate oral muscular tone to
improve spontaneous tongue positioning, drooling, and the
open-mouthed posture seen in infants and children with tri-
somy 21.

If no prenatal studies have been obtained, the phys-
ical examination is the most important component of the
assessment of the newborn with macroglossia. If physical
findings suggest Down syndrome, a chromosomal analysis
should be performed. If physical findings suggest Beckwith–
Wiedemann syndrome, a chromosomal study should also be
performed to look for abnormalities of 11p15 (Slavotinek
et al., 1997). Special efforts should be made to verify the
results of newborn screening thyroid function tests. In the
absence of any other diagnosis, consideration should be given
to thediagnosisof inbornerrorsofmetabolism.Urine formu-
copolysaccharides, oligosaccharides, and sialyloligosaccha-
rides will identify most metabolic diseases. Pompe (glycogen
storage disease, type II) would not be identified by the urine
tests, but the clinical findings of cardiomyopathy and signif-
icant hypotonia should suggest the diagnosis. Similarly, the
clinical findings present in Farber lipogranulomatosis should
help in diagnosis, although the assay for acid ceramidase in
leukocytes, fibroblasts, and amniocytes will be definitive.

SURGICAL TREATMENT

Many infants with macroglossia will have spontaneous reso-
lution of the problem due to normal growth of the orophar-
ynx, mandible, and maxilla. The major treatment for this
condition is a partial glossectomy early in life to restore ade-
quate breathing and swallowing, and to leave a tongue capable
of normal speech, taste sensation, and further orofacial de-
velopment (Rice and Carson, 1985). Most surgeons recom-
mend operative intervention by 6 months of age to prevent
dental abnormalities such as prognathism andmalocclusion.
McManamny and Barnett (1985), who are strong advocates
for partial glossectomy, state that macroglossia is unsightly,
predisposes todrooling, andgives a false impressionofmental
retardation. Macroglossia affects dentition and prevents or-
thodontic treatmentuntil the tongue is reduced.Macroglossia
also affects the pronunciation of consonants, thereby impair-
ing clarity of speech.

The goals of surgery include preservation of normal
taste sensation, restoration of normal size and shape of the
tongue for proper articulation after incision, and correction
of a dental arch deformity and malocclusion of the teeth by
later orthodontics (Gupta, 1971). Surgical methods include
an anteriorV-shapedwedge resection, a bilateralmarginal re-
section, aU-shaped resectionwith the open end facing poste-
riorly, and a combined transoral–transcervical approach for
an extremely large lesion (Myer et al., 1986;Wang et al., 2003).
Partial glossectomy is curative, andpostoperatively there is no
recurrence. In occasional cases inwhich the initial resection is
inadequate, a second procedure is performed to removemore
of the tongue. For most patients, however, the treatment is
completely curative and these lesions heal well. Even in cases
of Beckwith–Wiedemann syndrome, there is no evidence that
themuscular hyperplasia causes the tongue to increase in size
after surgery.

LONG-TERM OUTCOME

Patients with macroglossia need to be followed for evidence
of chronic alveolar hypoventilation, which has been docu-
mented in patients with Beckwith–Wiedemann syndrome
and has been noted to cause a secondary reversible pul-
monary hypertension syndrome (Smith et al., 1982). If there
is a suggestion of airway obstruction, patients should be
monitored closely for evidence of hypoventilation with in-
termittent blood gas evaluation. In rare cases, tracheostomy
has been recommended. Symptomatic macroglossia can lead
to noisy breathing, difficulty with chewing and swallow-
ing, drooling, slurred speech, an open bite deformity, a dry
cracked tongue, andulceration and secondary infectionof the
tongue (Vogel et al., 1986). Inpatientswhoarediagnosedwith
either Beckwith–Wiedemann or Simpson-Golabi-Behmel
syndrome, close follow-up for development of embryonal tu-
mors is warranted (Schneid et al., 1997; DeBaun et al., 2001).
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These include frequent postnatal sonographic studies to as-
sess for Wilms tumor, hepatoblastoma, and nephroblastoma
(McManamny and Barnett, 1985).

In a long-term follow-upof 13 childrenwithBeckwith–
Wiedemann syndrome ascertained by congenital macroglos-
sia, Hunter and Allanson (1994) described normalization of
the craniofacial appearance by adolescence, leaving little clue
as to the original diagnosis. None of the patients described in
this series had mental retardation.

GENETICS AND RECURRENCE RISK

Isolated macroglossia has been described as a familial trait
inherited as an autosomal dominant manner in two unre-
lated families (Reynoso et al., 1986). Recurrence risks for
trisomy21aredescribedmore fully inChapter131.Beckwith–
Wiedemann syndrome is a complex and genetically hetero-
geneous condition. Most cases are chromosomally normal.
The gene has been localized to chromosome 11p15 by link-
age analysis in the 15% of families that appear to have a fa-
milial transmission of this condition (Slavotinek et al., 1997).
Chromosomal analysis is recommended incasesofBeckwith–
Wiedemann syndrome to rule out duplications or abnor-
malities of chromosome 11p15, although this is only found
in 1% to 2% of cases (Rump et al., 2005). Although most
cases of Beckwith–Wiedemann syndrome are sporadic, re-
cessive andmultifactorial inheritance has also been suggested
(Viljoen et al., 1991). Overexpression of insulinlike growth
factor 2 (IGF2), the gene involved in Beckwith–Wiedemann
syndrome, is maternally imprinted and functions as a growth
factor and tumor suppressor (Weksberg et al., 1993). In 28%
of parents who carry informative DNA polymorphisms, uni-
parental disomy has been demonstrated (Slatter et al., 1994).
In all the cases studied by Slatter et al., there was paternal uni-
parental disomy present as amosaic cell line. Therefore, there
is good evidence in sporadic cases that uniparental disomy of
chromosome 11 occurs as a postzygotic event. In families in
which this is demonstrated, there should theoretically be no
recurrence risk. In parents who have an affected infant with
Beckwith–Wiedemann syndrome, a family history should be
obtained to rule out dominant patterns of inheritance.

Germlinemutations in the cyclin-dependent kinase in-
hibitor geneCDKN1C (p57KIP2) are found in approximately
40% of familial cases of Beckwith–Wiedemann syndrome
(Rump et al., 2005). A higher frequency of omphalocele has
been shown in the cases associated with CDKN1C mutations
(Lam et al., 1999).

Simpson Golabi Behmel syndrome is an X-linked con-
dition that arises as a result of deletions or point mutations
in the glypican-3 gene at Xq26 (DeBaun et al., 2001).

Macroglossia due to inborn errors of metabolism is
inherited in a pattern consistent with a single-gene defect.
Recurrence risk is related to the underlying disorder, whether
it is an autosomal recessive or X-linked condition.
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28
CHAPTER

Micrognathia and
Agnathia

Key Points

■ Facial malformation characterized by mandibular
hypoplasia and a small receding chin that fails to
maintain the tongue in a forward position.

■ Incidence is 1 in 1600 fetuses.

■ Very high incidence of associated anomalies.

■ Differential diagnosis includes Pierre Robin,
Stickler, Treacher Collins, and Nager syndromes.

■ Fetal karyotype, including FISH studies for
DiGeorge syndrome, is indicated.

■ DNA studies may be indicated if a syndrome is
suspected.

■ Delivery should occur in a tertiary center due to
the potential for neonatal airway problems.

CONDITION

Micrognathia is a facial malformation characterized by
mandibular hypoplasia and a small, receding chin that fails
to maintain the tongue in a forward position (Figure 28-1).

Early in embryonic development, the mandible grows
slowly. Between 4 and 8 weeks of gestation, the develop-
ing tongue remains in the nasal cavity, between the palatine
shelves, and a physiologic micrognathia is present. Around
the 8th week of gestation, the mandible grows rapidly, and
the tongue is normally pulled downward and forward. This
allows the palatine shelves to come together to form the sec-
ondarypalate.At this point in gestation, themandible extends

beyond themaxilla, but continued growth of themaxilla once
again produces a relative micrognathia in the fourth and fifth
months of gestation. The mandible continues to grow dur-
ing the third trimester. If the compensatory growth of the
mandible is incomplete at birth, a relative micrognathia can
exist (Hawkins and Simpson, 1974).

Micrognathia may result from environmental or ge-
netic factors. For example, sharp flexion of the fetal neck
in utero results in continuous pressure of the chin against
the sternum, which impedes mandibular growth (Hawkins
and Simpson, 1974). Micrognathia is also one component of
many chromosomal and genetic syndromes (see “Differential
Diagnosis”).
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Figure 28-1 Three-dimensional image demonstrating microg-
nathia.

Micrognathia is commonly thought of as one compo-
nent of the Pierre Robin syndrome. This clinical triad consists
of micrognathia, upper airway obstruction, and a U-shaped
cleft palate. The name derives from a 1923 report by Pierre
Robin, a French stomatologist, who described the associa-
tion between newborn micrognathia and upper airway ob-
struction caused by glossoptosis (posterior displacement of
the tongue). The symptoms associated with this “syndrome”
are primarily due to an underlying mandibular abnormality
(Figure 28-1). During fetal life, when the mandible is hy-
poplastic, the tongue cannot descend normally into the oral
cavity at 7 to 11 weeks of gestation. If the tongue does not de-
scend, it will remain pressed against the base of the cranium.
This will then interfere with fusion of the medially growing
palatal shelf andultimately result in a cleft palate (Shprintzen,
1988).

Normal mandibular growth may depend on the pres-
ence of mandibular movement during intrauterine develop-
ment. In one study, Sherer et al. (1995) examined the corre-
lation between lack of mandibular movement, manifested by
the absence of fetal swallowing and the development of sub-
sequent micrognathia. For more than a 4-year period, these
investigators studied28 fetuseswithpolyhydramnios, defined
as an amniotic fluid volume of >20 cm3. The study group
consisted of 14 fetuses studied sonographically with absent
mandibular movement and a nonvisualized stomach. These
findings were interpreted as being consistent with absent fetal
swallowing. The control group consisted of 14 fetuses with
polyhydramnios but who had sonographic evidence of swal-
lowing. In the study group, 2 fetuses were stillborn. Of the
12 liveborn infants, 11 died in the neonatal period between
1 hour and 7 days of life. All the fetuses in the study group had

micrognathia confirmed at birth, whereas none of the fetuses
in the control group had micrognathia. These authors con-
cluded that lack of fetal swallowing movements were likely
to be important in the development of micrognathia. In this
study, four major groups of underlying anomalies were iden-
tified in cases of absent fetal swallowing:

1. Complete absence of any fetal movements (fetal hypoki-
nesia/akinesia sequence).

2. Major central nervous system abnormalities with neuro-
logic impairment of the swallowing mechanism.

3. Abnormal karyotype.
4. Isolated absent swallowingdue toMoebius sequence (sixth

and seventh cranial nerve palsy) (Sherer et al., 1995).

The most severe form of micrognathia is agnathia—
total or virtual absence of the mandible. This extremely rare
and lethal anomaly also known as otocephaly, is the result
of a developmental field defect thought to be secondary to
an insult to developing neural crest cell derivatives (Persutte
et al., 1990). Prenatal sonographic diagnosis has been re-
ported for this condition (Persutte et al., 1990) (Figures 28-2A
and 28-2B).

INCIDENCE

The incidence of mild-to-moderate micrognathia in the gen-
eral population is unknown. In a high-risk referral center, 56
cases of micrognathia were identified in 2086 fetuses (2.6%)
studied in a tertiary sonographic unit for more than 8 years
(Nicolaides et al., 1993). More recently, the incidence of mi-
crognathia in a single center was estimated to be 1 in 1600
fetuses (Vettraino et al., 2003).

SONOGRAPHIC FINDINGS

The first prenatal diagnosis of micrognathia was made in a
patient deemed to be at risk for Pierre Robin syndrome be-
cause the parents already had an affected child. At 23 weeks
of gestation, the facial structures were studied and consid-
ered to be within normal limits. The same patient returned at
35 weeks of gestation, when polyhydramnios and a striking
micrognathia were demonstrated. This report indicated that
significant fetal mandibular growth occurs during the third
trimester (Pilu et al., 1986). In a later study of 2086 high-risk
fetuses, severemicrognathiawas diagnosed by the presence of
a prominent upper lip and a small chin in 56 cases (Nicolaides
et al., 1993). Significantly, all cases with micrognathia in this
study had additionalmalformations or evidence of intrauter-
ine growth restriction. A review of 20 prenatally diagnosed
cases of Pierre Robin sequence noted a high incidence of asso-
ciatedpolyhydramnios (60%of cases) andcleft palate (45%of
cases) (Hsich et al., 1999). Micrognathia has been diagnosed
in the first trimester (Teoh and Meagher, 2003).



216

Part II Management of Fetal Conditions Diagnosed by Sonography

A B

Figure 28-2 Fetus with agnathia. A. Two-dimensional oblique transverse view of fetal face demonstrating severe hy-
poplasia of maxillary structures. B. Three-dimensional image of same fetus showing the absence of lower facial struc-
tures. Due to the craniofacial abnormality the ears cannot migrate upward from the fetal neck. (Photograph courtesy
of Prenatal Diagnosis Center, Women and Infant’s Hospital.)

All reports of sonographic studies performed on fe-
tuses with micrognathia stress the extremely high incidence
of associated anomalies and the grim prognosis for this find-
ing. Bromley and Benacerraf (1994) described their experi-
ence with 20 fetuses diagnosed with micrognathia between
15 weeks of gestation and full term. Thirteen of these fetuses
had polyhydramnios (a 70% incidence). These authors hy-
pothesized that the polyhydramnios was due to difficulty in
fetal swallowing. These authors recommended a full sono-
graphic evaluation of the fetal face, which optimally includes
amidsagittalprofile, coronal sectionsof the lower face, andax-
ial evaluation of the orbital area. In this report, micrognathia
was subjectively defined as an unusually small mandible with
a receding chin demonstrated on the midsagittal view of the
fetal face (Figure 28-3). The fetalmandiblewas notmeasured.

Several reports have attempted to establish sonographic
nomograms of fetal mandibular length in relationship to
gestational age (Otto and Platt, 1991; Paladini et al., 1999).
To provide objective evidence of micrognathia, Chitty et al.
(1993) created a growth chart for mandibular length in 184
normal fetusesbetween12and27weeksof gestation.The fetal
mandible was measured from the proximal end of the ramus
at its insertion site into the temporomandibular joint to its
distal end where it meets the cartilaginous symphysis mentis.
The measurement was made in a plane that visualized one
ramus of the jaw. The ultrasound beam was placed at a right
angle to the plane of the mandible. A single measurement
was recorded. Normal values obtained in this study are given
in Table 28-1. At more than 28 weeks of gestation, it became
difficult to identify and define fetal facial landmarks. This was
due to change in fetal positioning and adjacent bony structure
shadowing. These authors, as well as others, stated that accu-
rate and reliablemeasurements of themandiblewere not pos-

sible in the third trimester. In another study, fetalmandibular
measurements were obtained in a scan plane parallel to the
mandible that included the fetal hypopharynx. In this report
of 204 women with uncomplicated pregnancies and reliable
gestational dating, the anterior, posterior, and transverse fe-
tal jawmeasurementswere shown to increasewith gestational
age (Watson and Katz, 1993).

Paladini et al. (1999) also showed that mandibu-
lar growth correlated linearly with gestational age and bi-
parietal diameter. This group developed the jaw index

Figure 28-3 Severe fetal micrognathia demonstrated in sagittal
view obtained at 29 weeks of gestation.
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Table 28-1

Mean Fetal Mandibular Measurement

25th 50th 97.5th
Gestation Percentile Percentile Percentile
(wk) (mm) (mm) (mm)

12 6.3 8.0 9.7

13 8.2 10.2 12.3

14 10.0 12.4 14.7

15 11.7 14.4 17.2

16 13.4 16.4 19.5

17 15.0 18.4 21.8

18 16.5 20.2 24.0

19 18.0 22.1 26.2

20 19.4 23.9 28.3

21 20.8 25.6 30.4

22 22.2 27.3 32.4

23 23.5 28.9 34.4

24 24.8 30.6 36.4

25 26.0 32.2 38.3

26 27.3 33.7 40.2

27 28.4 35.2 42.1

28 29.6 36.7 43.9

Reprinted from Chitty LS, Campbell S, Altman DG. Measurement of the
fetal mandible—feasibility and construction of a centile chart. Prenat
Diagn. 1993;13:749-756. Copyright 1993 John Wiley & Sons. Reprinted by
permission of John Wiley & Sons, Ltd.

(anteroposteriormandibular diameter/BPD× 100) to objec-
tively diagnose micrognathia. In a population of 198 fetuses
with malformations, they compared the jaw index to subjec-
tive assessment of micrognathia. The jaw index had a 100%
sensitivity anda98.1%specificity indiagnosingmicrognathia
at a cutoff level of less than 23, which was better than the 73%
sensitivity when using a subjective approach. More recently
3D ultrasound imaging has been recommended, as it pro-
vides a true midline sagittal view of the fetal face (Lee et al.,
2002).

Fetal micrognathia is highly associated with the pres-
ence of additional structural abnormalities, including in-
trauterine growth restriction, skeletal dysplasias, congenital
heart disease, and polyhydramnios. A diagnosis of isolated
micrognathia is unlikely. Vettraino et al. (2003) performed a
retrospective reviewof outcome for 15 fetuses diagnosedwith
“isolated” micrognathia; 14 of 15 had additional anomalies,
including 11 cases of cleft palate, and 3 cases of syndromes or
associations.

DIFFERENTIAL DIAGNOSIS

Micrognathia is diagnosed either subjectively or objectively,
by comparing individual fetal jaw measurements with the
nomograms for fetal mandible measurements as a function
of gestational age. The differential diagnosis must include
conditions that are known to be associated with microg-
nathia. These are summarized in Table 28-2, and include
chromosomal abnormalities, neuromuscular abnormalities,

Table 28-2

Conditions Associated with Micrognathia

Chromosomal abnormalities
Trisomy 18
Triploidy
Trisomy 13
Trisomy 9
Trisomy 8

Neuromuscular abnormalities
Pena–Shokeir syndrome
Fetal akinesia/hypokinesia syndrome
Arthrogryposis multiplex congenita

Single-gene disorders
Familial trait (autosomal dominant)
Stickler syndrome (autosomal dominant)
Treacher Collins syndrome (autosomal dominant)
Diastrophic dysplasia (autosomal recessive)
Campomelic dysplasia (autosomal recessive)
Saethre Chotzen syndrome (autosomal recessive)
Nager acrofacial dysostosis (autosomal dominant)
Multiple pterygium syndrome (autosomal recessive)
Thrombocytopenia–absent radius syndrome

(autosomal recessive)

Other syndromes
Congenital ichthyosis
Beckwith–Wiedemann

Teratogen
Isotretinoin exposure
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single gene (Mendelian) disorders, other syndromes, and ter-
atogen exposure. Stickler syndrome, an autosomal dominant
disorder consisting of micrognathia, myopia, epiphyseal dys-
plasia, juvenile arthropathy, cleft palate, mild sensorineural
hearing loss, and airway obstruction, is frequently missed
during the newborn period. In a retrospective review of pa-
tients with micrognathia and symptoms consistent with the
Robin malformation, Shprintzen (1988) found a very high
incidence of Stickler syndrome. Most of these cases were di-
agnosed later in childhood. Treacher Collins syndrome, a
dominantly inherited disorder consisting of micrognathia,
small ears, downslanting palpebral fissures, malar hypopla-
sia, lower eyelid coloboma, and abnormal hair growth, has
been diagnosed prenatally by noting the presence of a hy-
poplastic mandible, absent ears, and severe polyhydramnios
(Crane and Beaver, 1986; Meizner et al., 1991; Cohen et al.,
1995). Similarly, Nager syndrome (acrofacial dysostosis), a
dominantly inherited disorder that consists of mandibulofa-
cial abnormalities and shortened upper extremities, has also
been diagnosed by prenatal sonography via the demonstra-
tion of markedly hypoplastic mandible, malformed external
ear, poorly ossified long bones of the arm, and polyhydram-
nios (Benson et al., 1988; Paladini et al., 2003).

ANTENATAL NATURAL HISTORY

Fetal micrognathia is frequently associated with severe un-
derlying abnormalities (Figure 28-4). At least three separate
studies suggest that increased lethality is associated with this
malformation. In a study by Turner and Twining (1993) of
3200 fetuses scanned at a single institution, 9 were identi-
fied with micrognathia. The underlying diagnosis for these
9 fetuses included 3 cases of trisomy 18, 4 cases of skele-
tal dysplasias (including short rib-polydactyly, 2 cases of
campomelic dysplasia, and 1 case of diastrophic dysplasia),
1 case of Roberts syndrome, and 1 case of multiple anoma-
lies. Nicolaides et al. (1993) described their experience with
56 cases of fetal micrognathia. Thirty-seven (66%) of these
had abnormal chromosomes. Surprisingly, the prognosis was
equally poor for the 19 fetuses with normal chromosomes.
Of the 19, 10 were terminated electively, 4 had died dur-
ing the neonatal period, and 5 died in utero. Only 1 infant
was born alive. Most of the fetuses affected with microg-
nathia had associated abnormalities, including ventricu-
lomegaly (8 cases), hydronephrosis (9 cases), and diaphrag-
matichernia (2 cases). In the studyperformedbyBromleyand
Benacerraf (1994), 80% of fetuses with micrognathia (16 of
20) did not survive postnatally. Of these, 6 were terminated
electively and10died inuteroorduring the immediateneona-
tal period.After reviewing the autopsy diagnoses on the prod-
ucts of conception these authors concluded that at least four
of the six cases in the electively terminated fetuses would
definitely have been lethal had the pregnancy continued to
term.

Figure 28-4 Milder micrognathia demonstrated in a fetus ter-
minated at 19 weeks of gestation due to multiple anomalies
detected sonographically. (Photograph courtesy of Dr. Joseph
Semple.)

MANAGEMENT OF PREGNANCY

An attempt should bemade to examine both parents, because
a significant number of mild-to-moderate cases of microg-
nathia are inherited as familial traits. A family history should
be obtained to seek specific evidence of other cases of mi-
crognathia (especially family members affected with Stickler
syndrome), or exposure to drugs such as isotretinoin. Fol-
lowing a diagnosis of micrognathia, a targeted fetal anatomy
scan should be performed, with particular attention paid to
the diagnosis of cardiac or skeletal defects. Fetalmagnetic res-
onance imaging may provide additional information regard-
ing the fetal face (Robson and Barnewolt, 2004). It is recom-
mended that the fetal ears be examined to rule out Treacher
Collins syndrome or oculoauriculovertebral dysplasia (Gold-
enhar syndrome) (see Chapter 24) (Bromley and Benacerraf,
1994).

When micrognathia is diagnosed, fetal karyotyping is
indicated, and consideration should be given to ruling out the
22q11 microdeletion associated with DiGeorge syndrome by
fluorescent in situ hybridization analysis (see Chapter 139).
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In an 8-year survey of 2086 high-risk fetuses, 56 were shown
to have micrognathia (Nicolaides et al., 1993). Of these 56
affected fetuses, 37 (66%) had chromosomal abnormalities.
These karyotypes included 21 cases of trisomy 18, 9 cases of
triploidy, and 3 cases of trisomy 13, but no cases of trisomy
21. Similar results were reported by Bromley and Benacerraf
(1994), who demonstrated that 5 of 20 (25%) with microg-
nathia had an abnormal karyotype. Of the 5, 3 had trisomy
18, 1 had trisomy 13, and 1 had trisomy 9. Conversely, in
sonographic studies of 83 fetuses with a known diagnosis of
trisomy18and42 fetuseswith triploidy,micrognathiawasde-
tected in only 21 (25%) and 9 (21%), respectively. Therefore,
only themost severe jaw defects are demonstrable by prenatal
sonography in aneuploid fetuses (Nicolaides et al., 1993).

In the setting of a known family history of Stickler syn-
drome, DNA diagnosis for mutations in COL2A1, COL11A1,
or COL 11A2 may be indicated. Furthermore, if the fetal face
suggests Treacher Collins syndrome,mutations in the TCOF1
gene may be diagnostic.

If a fetus is diagnosed with micrognathia and an addi-
tional anomaly, theparents shouldbe counseled regarding the
expected poor prognosis for the fetus. Agnathia is uniformly
fatal at birth. Termination of pregnancy can be offered if the
fetus is at less than 24 weeks of gestation.

Infants with micrognathia need to delivered in a
tertiary care center because the micrognathia can cause se-
vere respiratory distress and the anatomy of the jaw makes
orotracheal intubationdifficult.Neonatologists andpediatric
anesthesiologists should be available to resuscitate an infant
expected to have micrognathia (Figure 28-5). The ex utero
intrapartum treatment (EXIT) procedure has been described
to allow airway management of a newborn with dysgnathia
complex (Baker et al., 2004). Cesarean delivery is not neces-
sary other than for standard obstetric indications.

FETAL INTERVENTION

There are no fetal interventions for micrognathia.

TREATMENT OF THE NEWBORN

Infants with micrognathia are at serious risk for airway ob-
struction because the anterior attachment of the tongue is
displaced posteriorly, so the tongue tends to fall back into the
pharynx. The tongue can therefore act as a ball–valve mech-
anism in the pharynx. These infants are at serious risk for
regurgitation and aspiration due to difficulties in breathing
and feeding simultaneously. Most patients can maintain an
adequate airway as long as they are awake and activelymoving
their tongue.When they fall asleep, however, the tonguemus-
culature relaxes and the airway can become obstructed. Relief
of obstruction can be achieved by pulling the tongue forward
or by placing the patient in the prone position (Hawkins and
Simpson, 1974). Any infant with micrognathia should be ad-
mitted to a special care nursery and observed by pulse oxime-
try. The propensity for respiratory obstruction can then be
monitored while the infant is under supervision in the prone
position.

Affected infants also have difficulty with oral feedings
(Vettraino et al., 2003). Feedings should be offered with a soft
nipple in an almost upright position. In some centers, these
infants are offered a nasopharyngeal positive-pressure tube
with nasogastric feedings to promote weight gain and main-
tain patency of the airway. If the infant appears to be stable
and pulse oximetry is normal, conservative (nonoperative)
treatment is best.

Figure 28-5 Infant depicted in Figure 28-3,
who was delivered after a full-term gestation.
He required immediate placement of a tra-
cheostomy tube in the delivery room due to
the inability to orally intubate him.
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Infants with micrognathia should be closely examined
for the presence of associated anomalies. If present, consul-
tation with a medical geneticist is indicated. If a syndrome
is under consideration, blood or skin fibroblasts should be
obtained as a source of DNA for mutation analysis.

SURGICAL TREATMENT

There are multiple options for surgical treatment, including
glossopexy (anchoring of the tongue to the mandible and
lower lip) and tracheostomy. Most infants are given an initial
trial of conservativemanagement,but ifmultiplepneumonias
develop, consideration should be given to performing tra-
cheostomy to maintain the airway. Monroe and Ogo (1972)
described their experiencewith 65 infantswithmicrognathia.
Of these, nine had a tracheostomy tube placed for an average
of 19.2 months. Two of these nine infants died. There was
a very high incidence of associated abnormalities. They de-
scribed the case histories of an additional seven patients who
did not have a tracheostomy tube placed. These authors con-
cluded that five of the deaths could have been prevented by
performing tracheostomy. If the infant is failing to thrive be-
cause of difficulties with swallowing, gastrostomy tube place-
ment may be considered to allow improved nutrition.

LONG-TERM OUTCOME

Monroe andOgo (1972) reviewed records of 65 patients with
micrognathia treated at the Children’s Memorial Hospital in
Chicago between the years 1950 and 1969. Eight deaths oc-
curred in thisgroupofpatients.Allweredue toaspirationwith
or without pneumonia. Of the 65 patients, 51 (78%) failed
to thrive. In addition, there was a high incidence of associ-
ated anomalies (56% of patients). These included congenital
heartdisease (14patients), ear abnormalities (7), clubfoot (4),
congenital hip dislocation (3), and syndactyly (3). Of the
long-term survivors in the Bromley and Benacerraf (1994)
study, one had Treacher Collins syndrome, one had Pierre
Robin malformation, one had intrauterine growth restric-
tion but is now normal, and one had multiple congenital
anomalies but survived postsurgical repair.

The long-term outcome for many infants with micro-
gnathia will depend on the extent and severity of the asso-
ciated malformations. For the infant with isolated micro-
gnathia, the potential for mandibular growth means that
symptomswill potentially disappear over the first few years of
life. If any long term concerns exist due to the child’s physical
appearance, orthodontic therapy and jaw advancement can
be offered during adolescence (Kennett and Curran, 1973).

GENETICS AND RECURRENCE RISK

The recurrence risk for the syndromes listed in Table 28-2
with a known pattern of inheritance will be 25% or 50%,

dependingonwhether the syndrome is autosomal recessiveor
dominant, respectively. Both parents should be examined, as
it is possible that one of them has an undiagnosed syndrome.
The recurrence risk for a fetal chromosomal abnormality will
be 1%, or the age-related maternal risk, whichever is higher.

A few reports suggest that a single gene exists that pre-
disposes to micrognathia or related orofacial defects. In one
report, 10 of 65 patients with micrognathia had at least one
family member with cleft palate (Monroe and Ogo, 1972).
In another case report of a consanguineous Middle East-
ern family (in which the parents were first cousins), three
children with polyhydramnios andmicrognathia were noted.
This family apparently had an autosomal recessive gene that
predisposed them to lethal micrognathia. All three fetuses
affected by this condition died during the newborn period
because of hyalinemembrane disease and asphyxia. Amniog-
raphyperformedduringpregnancy inaffected infants showed
that no contrast material was swallowed into the fetal intesti-
nal tract (Berant et al., 1978).
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29
CHAPTER

Microphthalmia/
Anophthalmia

Key Points

■ Microphthalmia, anophthalmia, and coloboma
represent a spectrum of developmental anomalies
of the eye known as MAC.

■ Prevalence is 1 in 10,000 births. Approximately
10% of affected children have a chromosome
abnormality. There may be an increased incidence
of MAC in mothers older than age 40 and in
multiple gestation.

■ Nomograms exist for normal fetal eye
measurements at 12 to 37 weeks’ gestation. Refer
for targeted fetal anatomical evaluation because of
high likelihood of associated anomalies.

■ Strongly associated with chromosome
abnormalities and single-gene disorders.

■ Karyotype is indicated. If bilateral anophthalmia is
present, consider DNA testing for SOX2 mutations.

■ Refer for consultation with medical geneticist and
pediatric ophthalmologist.

■ Progress depends on severity of eye defects and
presence of associated anomalies. Recurrence risk
depends on syndromic diagnosis.

■ Many developmental gene mutations are being
identified as underlying basis of MAC.

CONDITION

Microphthalmia is one stage in a spectrum of developmen-
tal abnormalities that affect the eye, with coloboma at the
milder end and anophthalmia at the severe end. Collectively
the eye defect is known as MAC (microphthalmia, anoph-
thalmia, coloboma). Although microphthalmia and anoph-
thalmia can present as isolated findings, they are more com-
monly appreciated as part of syndromes involving multiple
malformations (Bronshtein et al., 1991). Both are associated
with abnormalities of the central nervous system.

Warburg (1993)proposedaphenotypic classificationof
microphthalmia that consists of three groups: genetic (mono-
genic and chromosomal), prenatally acquired (teratologic
agents and intrauterine deformations), and associations. Ge-
netic disorders commonly result inmalformations of the eye,
whereas prenatally acquired insults result in disruption or
deformation of an initially normal eye.

The eye derives from three embryologic germ layers.
Neuroectoderm gives rise to the optic vesicle; neural crest
cells are responsible for migration to the anterior chamber of
the developing eye. Ectoderm is responsible for the forma-
tion of the lens placode. Neuroectodermal and mesodermal
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Table 29-1

Spectrum of Conditions Included in
Microphthalmia

Total microphthalmia
Congenital cystic eye
Apparent anophthalmia
Simple microphthalmia
Microphthalmia with intraocular malformations

(complex microphthalmia)
Congenital cataract
Anterior chamber malformation
Colobomata

Uveal
Optic nerve
Cystic

Multiple ocular malformations

Partial microphthalmia
Anterior segment
Posterior segment

cells participate in the closure of the optic fissure. The variety
of cells and tissue types involved explains variability of phe-
notypic abnormalities of the eye (see Table 29-1) (Warburg,
1993). The embryonic optic fissure is formed from invagi-
nation along the inferior aspect of the optic cup and optic
stalk at the 5- to-8-mm stage of gestation. This fissure al-
lows the ingress of the hyaloid artery and egress of retinal
axons through the optic nerve. In the normal eye, the em-
bryonic optic fissure closes at 33 to 44 days after conception.
If the fissure fails to fuse, a defect in the neuroectodermal

and uveal tissues will be produced, forming a coloboma. The
coloboma is a layer of sclera lined by maldeveloped neuroec-
toderm (Leatherbarrow et al., 1990). Colobomas of the uvea
are frequently associated with microphthalmia and micro-
cornea. Congenital cystic eye is a malformation that results
from failure of invagination of the optic vesicle. Cysts fre-
quently develop from proliferation of neuroectodermal tis-
sue at the edge of the persistently open embryonic fissure. The
optic cup originates from localized evagination of forebrain.
The optic cup is the supporting framework for further optic
development. Thus, conditions that result in abnormalities
of the forebrain also potentially affect the optic cup (Weiss
et al., 1989).

Microphthalmia is a deformity that results from arrest
of ocular growth and development. The eye is consideredmi-
crophthalmic at birth if its greatest diameter is smaller than
15 mm. The normal newborn eye has a diameter of 16 to 19
mm (Price et al., 1986). Anophthalmia results from a fail-
ure in development or early involution of the primary optic
vesicle during the 2nd or 3rd week of gestation. In degener-
ative anophthalmia, the optic tract and vesicles develop nor-
mally initially, but subsequently undergo degeneration and
result in severemicrophthalmia. Because the lens depends on
the optic vesicle for its differentiation, it is usually absent. In
anophthalmia, the non-neuroectodermal structures are usu-
ally normally formed. Thus, the orbits, eyelids, cilia, lacrimal
apparatus, conjunctiva, and extraocular muscles are usually
normal (Figure 29-1).

INCIDENCE

A national birth registry in the United Kingdom noted a
prevalence of either anophthalmia or microphthalmia of 1.0
per 10,000 births (Busby et al., 1998). Thirty-four percent

Figure 29-1 Absence of the globe with
a normal appearance to the eyelids and
eyelashes in anophthalmos. (From Matsui
H, Hayasaka S, Setogawa T. Congenital
cataract in the right eye and primary clinical
anophthalmos of the left eye in a patient
with cerebellar hypoplasia. Ann Ophthalmol
1993;25:315-318.)
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of affected infants had mild microphthalmia. Of the severely
affected infants, 51% of cases were bilateral, other non-eye
malformations were present in 65% of cases, and 72% had
other eye malformations.

A Swedish health registry covering births during the
years 1965 to 2001 observed a rate of 1.5/10,000 births for
microphthalmia and 0.2/10,000 births for anophthalmia.
Approximately 10% of the 432 children identified in this
study had a chromosome abnormality (Källén andTornquist,
2005). A recent epidemiologic study performed in California
showeda twofold relative riskof bilateral anophthalmia ifma-
ternal age was 40 or more or if there was a multiple gestation
(Shaw et al., 2005). After adjusting for other study factors,
the relative risk was substantially lower if themother has>12
years of education.

SONOGRAPHIC FINDINGS

The ability to measure the human fetal eye and orbits ante-
natally was first documented in 1982, when in two separate
reports, sonographicmeasurements of fetal ocular diameters,
interocular distance, and binocular distance were published
(Jeanty et al., 1982; Mayden et al., 1982). Using transvagi-
nal sonography, Bronshtein et al. (1991) detected fetal eyes
within their orbits in 40% of screened fetuses at 11 weeks of
gestation and 100% of fetuses at 12 weeks of gestation. They
also noted the presence of a hypoechogenic ring that repre-
sented the fetal lens in 75%of fetuses at 12weeks and 100%of
fetuses at 14 weeks of gestation. Fetal eyelid motion was de-
tectable by the beginning of the second trimester. This group
recommended that the optimal section for the examination
of the fetal eye is a transverse plane taken at the level of the
skull at the orbits. An oblique tangential section taken from

the fetal nasal bridgemay detect hypoechogenic circles lateral
to the nose consistent with the developing lens (Bronshtein
et al., 1991).

Nomograms have been established for measurements
of the fetal eye taken from 12 to 37 weeks of gestation us-
ing a combination of transvaginal and transabdominal high-
resolution ultrasound techniques (Achiron et al., 1995). In
this study, the fetal eye was evaluated by a coronal–facial view
with the ultrasound probe positioned lateral to the fetal orbit.
This groupmeasured the transverse and superoinferior diam-
eters of the vitreous, and the outer-edge to outer-edge mea-
surement of the lens as a function of gestational age. Only one
observer made the measurements, but three separate mea-
surements were obtained on each fetal eye. An intraobserver
variation of 3.1± 1.5% existed. This group studied 12 fetuses
at risk for eye abnormalities and found 3 with vitreous and
lensmeasurements above or below the 95% confidence inter-
vals for gestational age (Achiron et al., 1995). An additional
study documented the normal growth percentiles for inter-
malar and interethmoidal distances from 10 to 40 weeks of
gestation (de Elejalde and de Elejalde, 1985).

Although routine study of the fetal face with prenatal
sonography is recommended by most professional organiza-
tions, current guidelines do not recommend routine views
of the fetal orbits or eyes (American College of Obstetricians
and Gynecologists, 2008). Microphthalmia, even in the set-
ting of a fetal face examination, may be difficult to detect an-
tenatally. Bronshtein et al. (1991) reported two false-negative
results for fetuses at prior genetic risk for microphthalmia.
The sonographic diagnosis of anophthalmia can be equally
challenging. Abnormalities in the fetal orbits are more easily
recognized than abnormalities in the fetal globe. A specific
finding appears to be flattened or concave eyelids when the
fetal globes are missing (Figure 29-2).

Figure 29-2 Antenatal sonogram, per-
formed at 27 weeks of gestation, demon-
strating anophthalmia and severe midface
hypoplasia in a fetus with trisomy 13.



224

Part II Management of Fetal Conditions Diagnosed by Sonography

Table 29-2

Etiologic Classification of Microphthalmia

Genetic Prenatally Acquired Unknown

Malformations and syndromes Disruptions Deformations Associations

Single-gene disorder Chromosomal abnormality Drugs/radiation Maternal disease Encephalocele VATER

Autosomal dominant Trisomy 13 Ionizing radiation Diabetes Tumors
Autosomal recessive Trisomy 18 (4–11 wk) Cytomegalovirus
CHARGE 18p− Ethanol Rubella
X-linked 13q− Thalidomide Toxoplasmosis

4p− Isotretinoic acid Parvovirus B19
Triploidy Influenza
Other deletions/duplications

Modified, with permission, from Warburg M. Classification of microphthalmos and coloboma. J Med Genet. 1993;30:664-669.

DIFFERENTIAL DIAGNOSIS

The major consideration in the differential diagnosis is to
determine whether the eye defects are isolated or part of a
syndrome or association. Table 29-2 lists the etiologic classi-
fication ofMAC. If the condition is isolated, it is important to
determine whether other family members are also affected.
Many chromosomal abnormalities include eye defects as part
of a multiple congenital anomaly syndrome; trisomy 13 is
one of the more common ones (Allen et al., 1977). MAC
can be the consequence of exposure to certain drugs, ion-
izing radiation, or infectious agents. MAC can also be due
to single-gene multiple congenital abnormality syndromes
(Table29-3), includingWalker–Warburg syndrome(Croweet
al., 1986;Dobynset al., 1990),Fraser syndrome(Schauer et al.,
1990; Berg et al., 2001),Meckel–Gruber syndrome (Bateman,
1983), cerebro-oculo-facio-skeletal syndrome (Paladini et al.,
2000), Lenz syndrome (Traboulsi et al., 1988), focal dermal
hypoplasia (Goltz syndrome) (Gottlieb et al., 1973), Norrie
disease, Hallermann–Streiff syndrome, oculodentodigital
syndrome, frontonasal dysplasia, Fryns syndrome (Pierson
et al., 2004), and microphthalmia with linear skin defects
(Morleo et al., 2005). Any fetus diagnosed with MAC should
have consideration of specific studies performed to rule out
holoprosencephaly (see Chapter 14; Artman and Boyden,
1990). MAC can result from masses, such as encephalocele
and tumors, pressing on the developing eye. Finally, MAC
is seen in associations of congenital anomalies, such as
CHARGE and VATER.

ANTENATAL NATURAL HISTORY

The overall fetal prognosis will depend to a large extent on
theunderlyingcauseof themicrophthalmiaor anophthalmia.

Fetuses that have isolated eye malformations do well during
gestation. Fetuses that have an underlying chromosomal ab-
normality will have a much worse prognosis. In a Japanese
study, Amemiya and Nishimura (1977) studied 60 intact hu-
man fetal specimens that were selected on the basis of the
presence of nonocular abnormalities. This study showed a
very high association of eye abnormalities with other mal-
formations. Overall, 18 (30%) of the fetuses had eye mal-
formations and 12 (16.7%) had an asymmetric insertion of
the recti muscles that would predispose the infant to severe
strabismus later in life. The incidence of ocular malforma-
tion in fetuses with heart abnormalities was 40%, and cen-
tral nervous system abnormalities was 37.5%. Abnormali-
ties in the endocrine organs had a 31.6% chance of having
associated ocular malformations. This study suggested that
when severe malformations of other organs were detected
early in fetal life, a specific study of the fetal eye was also
indicated.

Microphthalmia is one of the most common con-
sequences of ionizing radiation delivered to the pregnant
woman. In a review of 26 cases of pregnant women who re-
ceived large doses of radiation during pregnancy, Dekaban
(1968) demonstrated that the fetus was especially vulnerable
to development of severe microphthalmia between 4 and 11
weeksof gestation.Radiationafter 12weeks resulted inmicro-
cephaly, severe brain abnormalities, and growth restriction,
but after 12weeks the eyes were relatively protected.Maternal
TORCH infections (herpes, varicella, and cytomegalovirus)
are associatedwithMAC.More recently,maternal parvovirus
B19 and influenza infection have also been shown to be posi-
tively associated with anophthalmia/microphthalmia (Busby
et al., 2005). Any condition that affects development of the
forebrain, such as maternal diabetes or maternal ingestion
of ethanol, will also put the fetus at risk for abnormal eye
development.
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Table 29-3

Syndromes Associated with Microphthalmia

Syndrome Associated Findings Inheritance

Walker–Warburg Pachygyria, cerebellar hypoplasia encephalocele,
Dandy–Walker cyst, hydrocephalus, cataract

Autosomal recessive

Fraser Mental retardation, syndactyly, genital abnormalities Autosomal recessive

Meckel–Gruber Microcephaly, encephalocele, polydactyly, cystic renal
dysplasia, cleft lip and palate

Autosomal recessive

Cerebro-oculo-facio-skeletal Microcephaly, cataracts, micrognathia, flexion
contractures

Autosomal recessive

Fryns Coarse face, cleft lip and palate, diaphragmatic hernia,
genital malformations

Autosomal recessive

Lenz Microcephaly, mental retardation, digital, skeletal,
dental abnormalities

X-linked

Focal dermal hypoplasia
(Goltz)

Microcephaly, syndactyly, skin lesions, dental
anomalies

X-linked (lethal in
males)

Microphthalmia with linear
skin defects

Linear skin defects X-linked

Norrie Cataracts, deafness, mental retardation X-linked

Hallermann–Streiff Brachycephalus, micrognathia, cataracts, thin small
nose, skin atrophy, hypotrichosis

Autosomal recessive

Oculodentodigital Small nares, enamel hypoplasia, syndactyly, sparse
hair

Autosomal dominant

Frontonasal dysplasia
(median cleft face)

Hypertelorism, defect in midline frontal bone, cleft
lip, notched nose

Unknown

MANAGEMENT OF PREGNANCY

Microphthalmia and anophthalmia aremore commonly seen
as part of a multiple malformation syndrome than as an iso-
lated finding. In one study, six of eight cases of ocular mal-
formations were associated with intracranial defects or other
organ malformations (Bronshtein et al., 1991). It is therefore
important to refer a patient in whom fetal microphthalmia is
suspected to a center experienced in the detection of congeni-
tal malformations. In addition, a referral center is more likely
to be familiar with the normal measurements of the fetal eye
(Achiron et al., 1995). It is important to obtain a history from
the mother regarding medication exposures, ethanol inges-
tion, and the results of glucose-tolerance testing to rule out

maternal diabetes as a cause formicrophthalmia. Isotretinoic
acid, a commonly prescribed acne medication, can cause mi-
crophthalmia, so consideration should be given to the possi-
bility of exposure to this medication in teenage patients or in
older patients with severe cystic acne.

In the setting of isolated eye defects, it is important to
examine both parents and to ask specifically about the his-
tory of visual difficulties and/or consanguinity. Because of the
rarity of MAC and its association with severe abnormalities,
we recommend obtaining a fetal karyotype to rule out the
large number of chromosomal abnormalities that can result
in microphthalmia. We also recommend obtaining TORCH
(toxoplasmosis, other agents, rubella, cytomegalovirus, her-
pes virus) titers.
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Figure 29-3 Postnatal CT scan showing, on
the patient’s left side, a small nodular mass
with well-developed extraocular muscles in a
case of primary anophthalmia. A normal eye is
present on the right. (From Matsui H, Hayasaka
S, Setogawa T. Congenital cataract in the right
eye and primary clinical anophthalmos of the
left eye in a patient with cerebellar hypoplasia.
Ann Ophthalmol 1993;25:315-318.)

FETAL INTERVENTION

There areno fetal interventions indicated formicrophthalmia
or anophthalmia.

TREATMENT OF THE NEWBORN

The newborn with unilateral or bilateral anophthalmia
should have a complete physical examination to rule out
associated congenital anomalies. A computed tomographic
(CT) or magnetic resonance imaging (MRI) scan should be
performed (Figure 29-3). If a fetal karyotype was not per-
formed antenatally, it should be done postnatally. TORCH
titers (if not obtained antenatally) should be performed on
mother and infant.Newbornurine should be collected for cy-
tomegalovirus culture. DNA should be analyzed for the pres-
ence of SOX2 mutations, which are found in approximately
11% of individuals with bilateral anophthalmia (Fantes et al.,
2003). A medical genetics consultation should be obtained.
Consultation with a pediatric ophthalmologist should also
be obtained to discuss plans for prosthetic fitting and plastic
surgery.

Microphthalmia can be a subtle finding that can be
missed during the newborn period. Asymmetry of the globes
or an abnormal red reflex should prompt a pediatric ophthal-
mologic consultation. A newborn that has microphthalmia
and a corneal diameter of 5 mm or less has a very poor prog-
nosis for useful vision (Elder, 1994). The globe serves as a
scaffold for further development of eyelids. Infants who have
had severe microphthalmia in utero will have foreshortening
of the palpebral fissure and flattening of the eyelids. The ab-
normal appearance becomes more apparent as facial growth
occurs over the first year of life. Price et al. (1986) recommend
fitting infants who have unilateral microphthalmia with cos-
metic scleral shells. This permits the development of a sym-

metric ocular appearance without any need for surgery. They
recommend initial fitting of the prosthesis at 2months of age,
with refittings twice or more yearly during the first 2 years of
life. The adult eye size is normally reached at age 13 years, so
fittings are required only throughout the childhood years.

SURGICAL TREATMENT

Thenormal development of the orbital region depends onor-
bital growth. Anophthalmia or severe microphthalmia leads
to severely underdeveloped bony orbital growth and overall
facial development (Chen and Heber, 2004). The resulting
facial asymmetry is usually apparent at birth. The normal
infant eye is approximately 70% of its adult size and grows
most rapidly during the first 12 months of life. Therefore the
long-term goal is to create a suitable pocket for a cosmetically
acceptable prosthesis. Treatment usually consists of tissue ex-
panders, orbital implants, and orbital reconstruction (Chen
and Heber, 2004).

When microphthalmia is present with a cyst, the cyst
may be aspirated repeatedly or surgically excised. Enucle-
ation should be performed only if the cyst aspiration is un-
successful. Once the eye is enucleated, laser orbital and eyelid
reconstruction will become necessary. A lensectomy can be
performed for congenital cataract if present. Corneal trans-
plantation has successfully restored vision in some infants
with microphthalmia (Feldman et al., 1987).

LONG-TERM OUTCOME

In a review of 15 patients with anophthalmia, those who had
prosthetic therapy initiated during the first year of life had ac-
ceptable cosmetic results (Figure 29-4) (O’Keefe et al., 1987).



227

Chapter 29 Microphthalmia/Anophthalmia

Figure 29-4 Patient with unilateral anoph-
thalmos treated with early prosthetic ther-
apy but no surgical eyelid revisions, demon-
strating an acceptable cosmetic result. (From
O’Keefe M, Webb M, Pashby RC, et al. Clini-
cal anophthalmos. Br J Ophthalmol. 1987;71:
635-638.)

Elder (1994) described 27 patients with bilateral microph-
thalmia, who had visual acuity of less than 6/60. All patients
had nystagmus. Of the 27, 12 had congenital cataracts as their
primary cause of blindness. An additional 6 had chorioreti-
nal colobomas; 2 haddegenerativemyopia. Therewasno light
perception in 8 of the 27. This study was performed in a very
poor Middle Eastern area, where patients had no access to
surgical treatment. Most patients with microphthalmia have
high hyperopia and require lens correction. During adult-
hood, microphthalmic eyes are at high risk for glaucoma,
retinal detachment, and spontaneous uveal effusion (Weiss
et al., 1989). A retrospective follow-up study of 30 children
with microphthalmia revealed that 7 had mental retarda-
tion, but a surprisingly high number of the others were de-
scribedasextremelygoodstudents (WhitemanandCrawford,
1980). Long-term follow-upby a pediatric ophthalmologist is
recommended.

GENETICS AND RECURRENCE RISK

Isolated microphthalmia usually occurs sporadically, al-
though there have been reports of autosomal dominant in-
heritance (Vingolo et al., 1994) and autosomal recessive
inheritance in a large inbred Arab kindred (Kohn et al.,
1988), a Swiss Anabaptist kindred (Cross and Yoder, 1976),
and an Iranian Jewish inbred community (Zlotogora et al.,
1994).Additionally,X-linked formshavebeen reported (War-
burg, 1981). Shulman et al. (1993) described a family initially
thought to have microphthalmia presenting as an autosomal
recessive condition, but later found to be autosomal domi-
nant with incomplete penetrance.

Multiple chromosomal abnormalities havebeen associ-
ated withmicrophthalmia. These include triploidy; trisomies

13and18;deletionof the shortarmofchromosomeX(Xp22.2
to ter) (Ogata et al., 1998; Temple et al., 1990); deletion of
4p−, 4q−, 13q− (Gul et al., 2005), ring 13, ring 18q−, and
18 ring; and duplications of 4q+, 7p+, 9+, 10q+, 13q+,
22q+, and partial trisomy 22. In addition, microphthalmia
has been found in at least 10 patients with trisomy 4p (Lurie
and Samochvalov, 1994). Common chromosomal abnormal-
ities to be suspected in the setting of microphthalmia with
coloboma are trisomy 13, 13q−, triploidy, and trisomy 4p.

Many single gene (Mendelian disorders) are associated
with microphthalmia and anophthalmia. Any patient with
MAC should be referred to a medical genetics unit for com-
plete pedigree interpretation and counseling regarding recur-
rence risk. Specific genetic counseling will depend on the un-
derlying cause of the eye defect. If unbalanced chromosomal
abnormalities are detected, parental blood samples should
be obtained to study the parental karyotypes. Infants with
MAC should be examined by a clinical geneticist to seek ad-
ditional dysmorphic features to permit diagnosis of a genetic
syndrome.

Recently, mutations in a number of developmental
genes have been shown to be the cause of anophthalmia
or microphthalmia. These include SOX2, CHX10, RAX, and
SIX3. PAX6 is considered to be a master control gene in
eye development; mutations in PAX6 and PAX2 are more
likely to result in colobomas than anophthalmia or microph-
thalmia (Morrison et al., 2002). SOX2 is a transcription fac-
tor expressed in the early developing eye and nervous sys-
tem. De novo heterozygousmutations in SOX2 are present in
11% of individuals with bilateral anophthalmia (Fantes et al.,
2003). Furthermore, it is now recognized that there are con-
sistent nonocular abnormalities associated with SOX2 mu-
tations, including brain malformations, mild facial dysmor-
phism, seizures, learning disability, postnatal growth failure,
and male genital abnormalities (Ragge et al., 2005). SOX2
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mutation analysis is recommended for fetuses with bilateral
anophthalmia.CHX10 mutationsareassociatedwithanauto-
somal recessive syndrome of microphthalmia/anophthalmia
that presents with iris colobomas and cataracts (Percin et al.,
2000; Bar-Yosef et al., 2004).

The mouse microphthalmia (mi) gene encodes a pro-
tein whose mutations result in early onset deafness, reduced
eye size, and loss of pigmentation in the eye, inner ear, and
skin. A human homolog of this gene exists, microphthalmia-
associated transcription factor gene, MITF, which maps to
human chromosome 3p12–14 (Tachibana et al., 1994). MITF
is responsible for Waardenburg syndrome, type 2, a domi-
nantly inherited disorder with sensorineural hearing loss and
heterochromic irides but no microphthalmia (Hughes et al.,
1994). The gene for microphthalmia with linear skin defects
(MLS) has been cloned and mapped to chromosome Xp22
(Ogata et al., 1998;Wapenaar et al., 1993;Morleo et al., 2005).
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Congenital High Airway
Obstruction Syndrome

Key Points

■ Congenital high airway obstruction syndrome
(CHAOS) is characterized by bilaterally enlarged
lungs, flat or inverted diaphragms, dilated
tracheobronchial tree, and massive ascites due to
complete airway obstruction.

■ CHAOS is often mistaken for bilateral congenital
pulmonary airway malformations.

■ MRI is helpful in diagnosing CHAOS and excluding
potential associated findings.

■ CHAOS can be associated with syndromes such as
Fraser syndrome.

■ The natural history of CHAOS may be divided in
thirds: 1/3 die in utero; in 1/3 the hydrops remains
stable; and in 1/3 the hydrops resolves following
spontaneous perforation.

■ Fetoscopic treatment of the tracheal or laryngeal
obstruction is possible in select cases.

■ EXIT procedure is indicated to deliver all cases of
CHAOS due to critical airway obstruction.

CONDITION

Congenital high airway obstruction syndrome (CHAOS) is
a prenatally diagnosed clinical syndrome manifested by the
presence of extremely large echogenic lungs, flattened or in-
verted diaphragms, a dilated tracheobronchial tree, ascites,
andothermanifestationsofnonimmunehydropsdue tocom-
plete obstruction of the fetal airway (Hedrick et al., 1994). No
fetus diagnosed prenatally with CHAOS associated with hy-
drops and complete airway obstruction has survived without
intervention. The exception to this occurswhen there is spon-
taneous perforation of the laryngeal or tracheal atresia, which
may occur in up to one-third of cases and results in resolution
of the hydrops.

The airwayobstruction inCHAOSmaybedue tooneof
several causes, including laryngeal atresia, tracheal atresia, or
laryngeal cyst, but the fetal clinical presentation is the same.

Three typesof laryngeal atresiaare recognized: type I, inwhich
the supraglottic and infraglottic parts of the larynx are atretic;
type II, in which the atresia is infraglottic; and type III, which
is glottic. Awide range of anomalies can be seen in association
with laryngeal atresia (Table 30-1). Some fetuses, however,
have atresia as an isolated anomaly (Fox and Crocker, 1964).

INCIDENCE

Congenitalobstructionof the fetal airwayresulting inCHAOS
was initially thought to be extremely rare (Hedrick et al.,
1994). Only 55 cases of this syndrome have been reported
since 1989 (Wigglesworth et al., 1987; Delechotte et al., 1988;
Silver et al., 1988; Tournier et al., 1988; Arizawa et al., 1989;
Fang et al., 1989; Scurry et al., 1989; Didier et al., 1990;
Schauer et al., 1990;Watson et al., 1990; Richards et al., 1992;
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Table 30-1

Anomalies Associated with CHAOS

Hydrocephalus malformation of the aqueduct of Sylvius

Vertebral anomalies

Absent radius

Bronchotracheal fistula

Esophageal atresia

Tracheoesophageal fistula

Syndactyly

Genitourinary anomalies

Uterine anomalies

Imperforate anus

Cardiac anomalies

Anophthalmia

Weston et al., 1992; Hedrick et al., 1994). However, this syn-
drome may be more common than generally appreciated be-
cause many of the affected fetuses die in utero or are stillborn
(Fox and Crocker, 1964; Smith and Bain, 1965; Cohen, 1971;
Wigglesworth et al., 1987; Fang et al., 1989; Scurry et al., 1989;
Schauer et al., 1990;Watson et al., 1990; Richards et al., 1992).
The true incidence of this syndrome is unknown.

SONOGRAPHIC FINDINGS

The sonographic findings of CHAOS are due to complete
obstruction of the upper airway. The lungs normally pro-
duce fluid that leaves the trachea at a rate estimated at 4
mL per kilogram of body weight per day as a result of fe-
tal breathingmovements. Complete obstruction of the upper
tracheaor larynx results in elevated intratracheal pressure and
distention of the tracheobronchial tree due to accumulation
of fetal lung fluid. The lungs become distended and appear
sonographically to be extremely echogenic and diffusely en-
larged (Tournier et al., 1988; Watson et al., 1990; Richards
et al., 1992; Weston et al., 1992; Hedrick et al., 1994). The
diaphragm becomes inverted and the mediastinal structures
compressed (Figure 30-1). The heart may appear elongated,
with a shift in its axis, and the chambers small and compressed
by the large lungs (Figure 30-2). The dilation of the tracheo-
bronchial tree can be traced up to the larynx or level of the
tracheal obstruction. In a rare form of CHAOS, there may

Figure 30-1 Sagittal sonographic image of a fetus with CHAOS
at 20 weeks of gestation demonstrating extremely large homoge-
nously echogenic lungs with inversion of the diaphragm.

be complete absence of the trachea (Vaikunth et al., 2009).
In advanced cases, signs of nonimmune hydrops, including
ascites, placentomegaly, and anasarca may be seen as a result
of compromised venous return to the heart. Polyhydramnios
may also be observed secondary to esophageal compression.
The fetus with CHAOS may also exhibit qualitatively abnor-
mally vigorous breathing movements. Baarsma et al. (1993)
observed that a fetus with complete laryngeal atresia exhib-
itedhigh-amplitudevigorous jerkybreathingmovements as it
tried in vain to move tracheal fluid through an atretic larynx.

The cause of CHAOS may vary from laryngeal or tra-
cheal obstruction or stenosis to an intraluminal web or cyst
(Figure 30-3). However, it may be difficult, if not impossible,
to distinguish these conditions sonographically. Recently, the
use of half-Fourier acquisition single shot turbo spin echo se-
quence (HASTE) and echoplanar magnetic resonance imag-
ing (MRI) has aided in the diagnosis of CHAOS. In the report
by Crombleholme et al. (2000), fetal MRI was helpful in ex-
cluding bilateral cystic adenomatoid malformation as well as
determining the level of obstruction (Figure 30-4).

Figure 30-2 Cross-sectional view of same fetus in Figure 30-1,
demonstrating extremely large echogenic lungs with narrowed
compressed mediastinum and elongated heart.
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Figure 30-3 Autopsy of a 23-week-old fetus with CHAOS due to
laryngeal cyst occluding the airway. The posterior view of the tra-
chea and larynx is shown, with the back wall completely opened
to reveal the laryngeal cyst.

DIFFERENTIAL DIAGNOSIS

The main diagnosis mistaken for CHAOS is bilateral cystic
adenomatoid malformation (see Chapter 35). This is an even
rarer finding thanCHAOS, as cystic adenomatoidmalforma-
tion is usually lobar, not involving the entire lung, and less
than 2%of cases are bilateral. Cases ofCHAOS are commonly
misdiagnosed as bilateralCCAMSand this should raise suspi-
cion that the diagnosismay, in fact, beCHAOS.An important
distinguishing feature is the compressed rim of normal lung
that can usually be seen in cystic adenomatoid malformation
but not in CHAOS. The uniformly echogenic lungs, which
are massively enlarged and associated with flattened or in-
verted diaphragms, a compressed mediastinum, and dilated
trachea and mainstem bronchi allow CHAOS to be distin-
guished from cystic adenomatoid malformation.

CHAOS may be one fetal presentation of Fraser syn-
drome (cryptophthalmos–syndactyly syndrome) (see Chap-
ter 29). This inherited disorder is characterized by variable
expression of cryptophthalmos, renal agenesis, syndactyly,
abnormalities of ears and external genitalia, and laryngeal
stenosis or atresia (Fraser, 1962; Schauer et al., 1990). This
syndrome has only been correctly diagnosed twice during
the second trimester (Schauer et al., 1990; Feldman et al.,
1995). Often a previously affected pregnancy will prompt
sonographic surveillance for Fraser syndrome. The sono-
graphic features of cryptophthalmos, renal agenesis, and syn-
dactyly in a fetus with CHAOS suggest the diagnosis of Fraser
syndrome.

ANTENATAL NATURAL HISTORY

Ourunderstandingof thenatural historyofCHAOS is limited
by the rarity of this entity. Only 48 cases of complete laryngeal

Figure 30-4 Fetal MRI demonstrating mas-
sively enlarged lungs, dilated tracheo-
bronchial tree, inverted diaphragms, and
massive ascites.



234

Part II Management of Fetal Conditions Diagnosed by Sonography

atresia and CHAOS have been reported to date. In 10 of these
cases, the fetus was stillborn, suggesting that the fetus may
be compromised in utero, not just at birth (Fox and Crocker,
1964; SmithandBain, 1965;Cohen, 1971;Wigglesworth et al.,
1987; Fang et al., 1989; Scurry et al., 1989; Schauer et al., 1990;
Richards et al., 1992). Postnatal survivors with laryngeal atre-
sia have been rare. Among the 16most recently reported cases
of prenatally diagnosed CHAOS, only 1 patient survived the
immediate postdelivery period. In contrast to the nonsur-
vivors, this patient had incomplete subglottic stenosis, which
may have lessened the effects of airway occlusion and con-
tributed to the patient’s survival.

A fetus identified with sonographic features of CHAOS
should be presumed to be at significant risk of intrauterine
fetal death and faces a high mortality should the pregnancy
progress to delivery. Diagnosis in the middle of the second
trimester appears to correlatewith poor outcome.At least one
casehas been reported inwhich a23-week-old fetuspresented
with CHAOS and polyhydramnios and fetal ascites, but no
other manifestations of nonimmune hydrops. However, at
30 weeks of gestation, the amniotic fluid volume normalized
and the ascites resolved. At birth, the infant was found to have
a severe subglottic stenosis with only a 1-mm hole allowing
passage of lung fluid (Richards et al., 1992).

Malformations of the esophagus and trachea, including
tracheoesophageal fistula, which are commonly associated
with laryngeal atresia, allow decompression of the obstructed
tracheobronchial tree. With CHAOS, these fetuses are more
commonly present at birth, as opposed to in utero.

The fetus with the characteristic features of diffusely
enlarged lungs, polyhydramnios, and nonimmune hydrops
is at high risk for perinatal death if no intervention takes
place. Only one case has been reported in which CHAOS
accompanied by ascites at 23 weeks of gestation progressed
to delivery. Crombleholme et al. (2000) reported a case of
CHAOS associated with massive ascites and other features of
nonimmune hydrops at 20 weeks. The infant delivered by the
ex utero intrapartum treatment (EXIT) procedure 11 weeks
later. A fetus in the middle of the second trimester with
isolated CHAOS presents a dilemma, as there is insuf-
ficient information about this condition to predict with
certainty that fetuses will progress to hydrops and intrauter-
ine fetal death versus premature delivery because of polyhy-
dramnios, or will spontaneously perforate with resolution of
hydrops.

Clinical experience suggests that fetuses diagnosedwith
CHAOS fall into one of three categories. Approximately one-
third will develop progressive nonimmune hydrops and die
in utero. Another third will spontaneously perforate through
the tracheal or laryngeal atresia or less commonly decompress
via a tracheoesophageal fistula. The remaining third toler-
ate hydrops reasonably well and remain hydropic until 30 to
32 weeks’ gestation, at which point preterm labor or fetal
distress prompt the need for an EXIT procedure.

A fetus presenting in the third trimester with CHAOS
but without associated anomalies or hydrops likely has in-
complete obstruction and will do well until delivery by
EXIT procedure. These fetuses need to be managed by the

EXIT procedure to secure the airway while being main-
tained on placental support, as laryngoscopy, bronchoscopy,
and tracheostomy will be required immediately prior to
delivery.

MANAGEMENT OF PREGNANCY

The fetus presenting with CHAOS should have a detailed
sonographic examination to determine if there are associated
anomalies present (see Table 30-1). Of particular interest are
the features of Fraser syndrome, including cryptophthalmos,
syndactyly, andgenitourinary anomalies (seeChapter 29).An
echocardiogramshouldbe obtainedbecause of the possibility
of structural heart disease. A karyotype analysis should also
be obtained to rule out aneuploidy or other serious chromo-
somal abnormalities that might preclude fetal intervention.
The fetus should be followed closely for early signs of hy-
drops. Consultation with a medical geneticist and a pediatric
surgeon is indicated.

Delivery in a tertiary care center experienced with the
EXIT procedure is indicated. Under deep general anesthesia,
which allows uterine relaxation and preserves uteroplacen-
tal circulation, a bloodless hysterotomy is performed using
a uterine stapling device and the fetal head and chest are
delivered in order to secure an airway (Figure 30-5). Sta-
ble uteroplacental gas exchange can be maintained for up to
60 minutes while an airway is secured (Liechty et al., 1997;
Crombleholme et al., 2000). Previous reports in which vagi-
nal delivery was performed without clamping the cord, to
allow an airway to be secured, did not preserve uteroplacen-
tal circulation. Similarly, standard cesarean delivery results
in uterine contraction and loss of uteroplacental circulation.
Once the fetus is delivered, there is uterine contraction that
shuts down uteroplacental gas exchange. During the EXIT
procedure, laryngoscopy is performed initially to evaluate
the larynx. In most instances, the level of obstruction will
be distal to the vocal cords, and attempts to pass an endotra-
cheal tube will be unsuccessful. Bronchoscopy should then
be performed. The obstructionmay be due to a simple laryn-
geal cyst or web, which may be amenable to bronchoscopic
disruption, allowing passage into the trachea (Sylvester et al.,
1998). If these efforts are unsuccessful, a formal tracheostomy
should be performed. Once an airway is secured, the cord
is clamped and the infant is handed over to the neonatolo-
gists. It is crucial that the timing of the delivery of the baby,
after obtaining an airway, is carefully orchestrated with the
anesthesiologist, because uterine relaxation is essential for an
EXITprocedure. After delivery of the baby andplacenta,mas-
sive uterine bleeding may occur unless uterine tone is rapidly
reestablished. This is best accomplished by turning off the
halogenated anesthetic agent to allow uterine tone to return
to normal, as well as beginning an oxytocin infusion. After
the infant and placenta are delivered, vigorous massage of
the uterus stimulates contraction and minimizes blood loss
(Langer et al., 1992; Skarsgard et al., 1996; Mychatisha et al.,
1997; Sylvester et al., 1998).



235

Chapter 30 Congenital High Airway Obstruction Syndrome

A B

Figure 30-5 EXIT procedure for a fetus with CHAOS at 31 weeks of gestation. A. The fetus is monitored by pulse
oximetry while undergoing laryngotracheoscopy. B. The tracheoscopic view of the obstructing tracheal atresia.

Crombleholme et al. (2000) reported the first success-
ful salvage and long-term survival of a fetus with CHAOS
due to complete tracheal atresia. The fetus was originally di-
agnosed with bilateral cystic adenomatoid malformation of
the lung and nonimmune hydrops at 19 weeks of gestation.
Although intrauterine fetal death was anticipated, 12 weeks
after diagnosis the fetus was doing well, albeit with massive
ascites and severe polyhydramnios. The EXITprocedure, per-
formed at 31 weeks of gestation, demonstrated complete tra-
cheal occlusion due to subglottic atresia (see Figure 30-5).
A tracheostomy was performed and the newborn did well,
requiring ventilatory support due to diaphragmatic dysfunc-
tion, but was weaned to room air in 24 hours. The child is
developing normally now at 10 years of age.

FETAL INTERVENTION

The pathophysiology of CHAOS has been reproduced in a
fetal lamb model (Crombleholme and Albanese, 2000). Tra-
cheal ligation at 80 days of gestation produces extremely
large hyperplastic fetal lungs, with secondary nonimmune
hydrops and polyhydramnios. The fetal lambs die in utero
if left untreated. Release of the tracheal ligation in utero re-
verses these changes and allows the lambs to be delivered
at term. Fetal surgery to correct the airway obstruction has
been performed by Kohl, et al. (2006). In this 25-week ges-
tation fetus with characteristic signs of CHAOS, a fetoscopic
laryngoscopy was performed. A balloon catheter was passed
through the obstruction and pulled back. The catheter passed
easily, which suggests that in this case, spontaneous perfora-
tion had already occurred and resolution of hydrops was due
to the spontaneous perforation and not the fetoscopic proce-
dure.Despite the likely spontaneous relief of obstruction, this
case demonstrates the feasibility of treating CHAOS in utero.
S. Hirose (personal communication, September 12, 2008)
reported a similar case in which fetoscopic laryngoscopy al-
lowed passage of a guide wire across the tracheal atresia. The
importance of conversion of complete airway obstruction to
partial airway obstruction should not be underestimated. In

both instances an EXIT procedure will be necessary, but reso-
lution of hydrops results in amuchmore easily managed pre-
mature infant. The baby with CHAOS has a profound capil-
lary leak syndrome thatmay takeweeks to resolve, with severe
respiratory distress syndrome, hepatic and gastrointestinal
dysfunction, all of which may contribute to significant mor-
bidity andmortality. In marked contrast, the fetus with com-
plete tracheal or laryngeal atresia and resulting CHAOS that
spontaneously perforates or is fetoscopically decompressed
will have resolution of hydrops and will be remarkably stable
at birth. These infants do not have capillary leak syndrome,
or respiratory distress, and are quite stable. Often their most
significant clinical problem is diaphragmatic dysfunctiondue
to stretch injury from massive lung enlargement and diffuse
tracheobroncheomalacia due to softening of cartilage from
distention of the trachea. Because of the possibility of a sim-
ple laryngeal web or cyst, in utero bronchoscopy should be
performed first. If a more significant airway obstruction ex-
ists, laser perforation of the larynx or trachea can then be per-
formed. CHAOS due to thick cartilaginous plaque is unlikely
to respond to simple perforation, and fetal tracheostomymay
be necessary to allow resolution of hydrops. Although there
are many unanswered questions about the long-term effects
of in utero tracheostomy on lung development, it is clear that
CHAOS, when associated with hydrops carries a high risk of
intrauterine fetal death. In addition, in a fetal lamb model of
this condition, tracheostomy reversed the pathophysiology.
However, the case reported by Crombleholme et al. (2000)
suggests that in some cases hydrops can be tolerated for pro-
longed periods. If close monitoring is available, intervention
may be deferred until after 30 weeks of gestation, when an
EXIT procedure can be considered with acceptable risks of
prematurity.

TREATMENT OF THE NEWBORN

In cases ofCHAOS inwhich anEXITprocedure is performed,
the infant should have an airway in place before being handed
over to the neonatologist. It is important that a medical
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geneticist examines the infant for possible associated anoma-
lies. Blood for karyotype analysis should be sent if a kary-
otype was not obtained during the pregnancy. Depending
on physical findings, plain radiography to exclude vertebral
anomalies, sonography to exclude genitourinary anomalies,
and echocardiography should all be considered. The possibil-
ity of a communication between trachea and esophagusmust
be excluded in all patients with CHAOS. The pathophysi-
ology of CHAOS results in a capillary leak syndrome after
delivery by EXIT procedure. Affected neonates require care-
ful fluid management because of their capillary leak, and the
massive ascites thatmay initially be refractory todiuretic ther-
apy. Because of chronic tracheal obstruction, diffuse tracheo-
bronchial malacia should be anticipated, which may require
7 to 12 cm H2O positive end-expiratory pressure (PEEP) to
maintain patency of the airway. In addition, diaphragmatic
dysfunction, secondary to in utero stretch injury as a result
of lung overdistention, may be severe at birth. Phrenic nerve
stimulation can confirm that the neuromuscular unit is in-
tact. Progressive improvement can be anticipated during the
first 5 months of life. The infant can be weaned from me-
chanical as soon as diaphragmatic function is restored and
tracheal reconstruction can be considered at 6 to 12 months
of age. Because of the unusual nature of CHAOS, these pa-
tients are best managed at centers not only experienced in
EXIT procedures, but also with the neonatal care of infants
with CHAOS and the complex airway reconstructive surgery
that will be required.

SURGICAL TREATMENT

The most important aspect of the care of the newborn diag-
nosed with CHAOS is securing and maintaining the airway.
Once potential associated anomalies have been excluded, and
the infant’s cardiorespiratory status is stable, an elective ap-
proach to evaluating the newborn’s airway can be taken. In
the absenceof tracheoesophageal fistula, the surgicalmanage-
ment of CHAOS is elective. The initial evaluation should be
directed toward diagnosing the level of obstruction to allow
planning of definitive surgical repair. It is important that
prospective parents understand that, depending on the na-
ture of the malformation, perfect laryngeal reconstruction
and adequate speech may not be possible. The ideal timing
of reconstruction in these extremely rare cases has not been
established. However, bronchoscopy performed during the
newborn period will exclude simple causes of laryngeal ob-
struction, such as laryngeal cyst or web. Themajority of webs
are located at the level of the glottis or immediately subglottic
and are readily diagnosed by laryngoscopy or bronchoscopy.
These webs can occasionally be lysed endoscopically with a
knife or laser. Although lasers can be used, the small airway of
the newborn may make it difficult to avoid thermal damage
to surrounding tissues. An infant urethral resectoscope with
a narrow cutting loop can be used with brief bursts of cutting
current. There are only anecdotal reports of successful recon-
struction and long-term outcome in this condition (Smith

and Bain, 1965; Richards et al., 1992; Crombleholme et al.,
2000; Rutter, 2006; Vaikunth et al., 2009).

LONG-TERM OUTCOME

Because of the nature of the malformation in CHAOS, very
little information exists regarding the long-term outcome for
affected children. In cases of simple laryngeal cyst or web,
normal laryngeal function can be anticipated. The outcome
in cases of more significant laryngeal malformation is less
certain.Most infantswith thisproblemhavenot survived.The
few long-termsurvivorsof isolatedCHAOShavehadexcellent
glottic and airway functionwithnormal neurodevelopmental
outcome.

GENETICS AND RECURRENCE RISK

Most cases of CHAOS occur as sporadic, isolated malforma-
tions without a known risk of recurrence. In cases of CHAOS
associated with Fraser syndrome, there is a 25% chance of
recurrence, as this syndrome is inherited as an autosomal re-
cessive disorder (Fraser, 1962). Two different genes have been
shown to be associated with Fraser syndrome, FRAS1 and
FREM2 (McGregor et al., 2003; Jadeja et al., 2005)
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31
CHAPTER

Cystic Hygroma in
Early Pregnancy

Key Points

■ Septated cystic hygroma in the first trimester is
defined by extensive nuchal thickening extending
along the entire length of the fetal back and in
which septations are clearly visible.

■ This finding is seen frequently in the first trimester,
affecting more than one in 300 pregnancies.

■ Given the 50% risk of fetal aneuploidy, definitive
diagnostic testing with CVS should be offered
immediately.

■ Amongst the 50% of cases without aneuploidy,
there is a one in two risk of major structural
malformation, typically cardiac or skeletal
abnormalities.

■ If complete prenatal evaluation reveals no
evidence of additional abnormality, a residual risk
for abnormal pediatric outcome of 5% should be
quoted.

CONDITION

Cystichygromarefers to thefindingofmarkedskin thickening
extending along the entire length of the fetus at early ultra-
sound examination (Benacerraf and Frigoletto, 1987; Langer

et al., 1990;Thomas, 1992;Gallagher et al., 1999).Thisfinding
is to be differentiated from simple increased nuchal translu-
cency inwhich skin thickening is noted at the posterior aspect
of the fetal neck only. Additionally, cystic hygroma in the first
trimester has clearly visible septations running transversely
between the fetal skin and underlying subcutaneous tissue. It
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appears that the diagnosis of this finding early in pregnancy
represents a completely different entity than the diagnosis of
cystic hygroma in later pregnancy (Chapter 32). The latter
condition is typically an isolated structural abnormality of
lymphatic drainage and appears to have little or no associa-
tion with chromosomal abnormality or other malformation.

The importance of this sonographic finding is its con-
tribution to general population screening for fetal abnormal-
ities and fetal aneuploidy in the first trimester of pregnancy.
Given the pivotal role that nuchal translucency sonography
at 11 to 13 weeks’ gestation currently plays in general popula-
tion screening for fetal abnormalities (Chapter 2), the finding
of cystic hygroma will likely become more common. Once
identified it is clear that such pregnancies are at significantly
increased risk for a range of adverse outcomes. This includes
up to a 50% chance of fetal aneuploidy (Malone et al., 2005a).
Amongst euploid pregnancies there is almost a 50%chance of
cardiacmalformation or other major structural abnormality.
Additionally, about one in four pregnancies with cystic hy-
groma in which a fetal abnormality has been excluded will
result in spontaneous intrauterine fetal demise. Ultimately,
only 15% to 20% of all cases of cystic hygroma identified in
the first trimester will result in the birth of a healthy neonate
at term (Malone et al., 2005a).

INCIDENCE

Until recently it was difficult to assess the population preva-
lence of first trimester cystic hygroma as most studies have
included only selected patients identified from high-risk re-
ferral centers (Bernstein et al., 1991). However, a recent gen-
eral population screening study evaluated more than 38,000
unselected pregnancies from throughout the United States
with first trimester ultrasonography. The prevalence of cys-
tic hygroma in this group was 1 in 285 first trimester preg-
nancies (Malone et al., 2005a). It is therefore likely that in a
busy clinical practice performing routine first trimester ul-
trasonography, septated cystic hygroma will be encountered
frequently.

SONOGRAPHIC FINDINGS

The key sonographic criteria for diagnosing cystic hygroma
in the first trimester of pregnancy include the presence of
a markedly enlarged nuchal translucency measurement that
extends along the entire length of the fetal back, and in which
septations are clearly visible in transverse section through the
fetal neck. Figure 31-1 demonstrates a sagittal view through
a fetus at 12 weeks’ gestation in which skin thickening is seen
to extend from the fetal head to the base of the fetal spine.
Figure 31-2 illustrates the septations that are clearly visible in
a transverse view through the fetal neck. Such septations tend
to be more easily noted using the higher frequency imaging

Figure 31-1 Septated cystic hygroma at 12 weeks’ gestation,
demonstrating midsagittal view through the fetus with increased
nuchal translucency extending along the entire length of the fetal
back.

provided by a transvaginal transducer. Figure 31-3 demon-
strates a 3D ultrasound image of a septated cystic hygroma.

Given the strong association between first trimester
cystic hygroma and various structural malformations, it is
recommended that a careful sonographic evaluation is per-
formed of the fetus following the diagnosis of cystic hygroma.
Transvaginal sonography can be utilized to evaluate fetal long
bones, skull, cardiac situs, cardiac axis, cardiac structure, and
abdominal wall integrity in the first trimester.

DIFFERENTIAL DIAGNOSIS

The main differential diagnosis for first trimester enlarged
nuchal thickening is to consider whether it meets criteria to

Figure 31-2 Septated cystic hygroma at 12 weeks’ gestation,
demonstrating transverse view through the fetal neck with sep-
tations being clearly visible between the fetal skin and underlying
nuchal tissue.
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Figure 31-3 Three-dimensional surface-rendered view of fetus
with septated cystic hygroma at 12 weeks’ gestation.

be termed cystic hygroma or whether it should be considered
a simple enlarged nuchal translucency. While some would
consider these two entities to be part of the same spectrum of
sonographic abnormalities, it is now clear that the outcomes
following these two findings are clearly different. Septated
cystic hygroma, using the definition as described above, can
be easily identified in the first trimester and does not need
the same degree of quality assurance required with general
nuchal translucency screening programs. If the nuchal thick-
ening does not extend along the entire length of the fetal

back, and if transverse septations are not clearly visible, then
the term nuchal translucency should be used. When an en-
larged nuchal translucency is identified, it is generally advised
that maternal serum markers, including free beta hCG and
PAPP-A,beobtainedbeforeusing risk-interpretative software
to provide a patient-specific risk of fetal aneuploidy (Malone
et al., 2005b). However, if a simple nuchal translucency mea-
surement of 3 mm or greater is noted, there is little value
in obtaining serum markers, and it is reasonable to immedi-
ately offer the patient definitive diagnostic testing with CVS
(Comstock et al., 2006).

In a direct comparison of outcomes of cases of septated
cystic hygroma and simple increased nuchal translucency, it
is clear that the natural history of these two conditions is dif-
ferent (Table 31-1). Cystic hygroma has a fivefold higher risk
of fetal aneuploidy compared with simple increased nuchal
translucency, has a 12-fold increased risk of cardiac malfor-
mation, and a sixfold increased risk of spontaneous fetal or
neonatal death (Malone et al., 2005a).

ANTENATAL NATURAL HISTORY

The natural history of septated cystic hygroma identified in
the first trimester reveals a generally poor outcome (Table 31-
1). In one series of 132 cases of cystic hygroma, 50%of fetuses
were found to be aneuploidy (Malone et al., 2005a). Amongst
aneuploidies, 40% were trisomy 21, 30% Turner syndrome,
20% trisomy 18, and 10% trisomy 13 or triploidy. Amongst
the 50% of cases that are found to be euploid, approximately
one-third will have a major structural malformation, most
commonlycardiacmalformationor skeletal abnormality.The
most common cardiac malformations include hydrops, hy-
poplastic left heart syndrome, tetralogy of Fallot, and ventric-
ular septal defect. The most common skeletal abnormalities
include Roberts syndrome and Cornelia de Lange syndrome
(Malone et al., 2005a). Additionally, amongst euploid fetuses

Table 31-1

Comparative Outcome of Septated Cystic Hygroma and Simple Increased Nuchal Translucency

Septated Cystic Simple Nuchal
Hygroma Translucency ≥ 3.0 MoM P OR (95% CI)

Number 132 140

Aneuploidy 67/132 (51%) 23/140 (16%) <0.001 5.2 (2.9–9.6)

Cardiac malformation 16/65 (25%) 3/117 (3%) <0.001 12.4 (3.2–56.3)

Fetal or neonatal death 5/20 (25%) 6/114 (5%) 0.003 6.0 (1.4–26.2)

MoM = multiples of median; OR = odds ratio.
From Malone FD, Ball RH, Nyberg DA, et al. First trimester septated cystic hygroma. Prevalence, natural history, and pediatric outcome. Obstet Gynecol.
2005a;106:288-294.



240

Part II Management of Fetal Conditions Diagnosed by Sonography

without structural malformation, there is a 25% risk of spon-
taneous fetal demise. Ultimately, only 15% to 20% of all cases
of septated cystic hygroma diagnosed in the first trimester
will result in a normal liveborn neonate at term.

Also of note, in almost 80% of cases of first trimester
cystic hygroma followed expectantly, the cystic hygroma can
be expected to resolve spontaneously at a mean gestational
age of 18 weeks (Malone et al., 2005a).

MANAGEMENT OF PREGNANCY

Following the diagnosis of septated cystic hygroma in the first
trimester, counseling regarding pregnancy management can
be provided in three steps. Once the initial diagnosis is made,
patients should be counseled of a one in two risk of fetal
aneuploidy and therefore should be offered the opportunity
for immediate definitive diagnostic testing by means of CVS.
There is no benefit in delaying diagnosis further by awaiting
first trimester serum markers or performing computerized
risk assessment. If CVS confirms no evidence of aneuploidy,
patients should then be counseled of a one in two residual
risk of major structural malformation. Since these malfor-
mations are most likely to be cardiac or skeletal, a targeted
ultrasoundevaluationof fetal anatomyand fetal echocardiog-
raphy should be provided at 16 to 20weeks’ gestation. Finally,
if such targeted fetal evaluation confirms a structurally nor-
mal fetus, patients should be counseled of a 95% likelihood of
normal short-term pediatric outcome. A residual risk of 5%
for abnormal pediatric outcome, despite complete prenatal
evaluation, should be described.

FETAL INTERVENTION

Other than prenatal diagnostic testing by means of CVS in
the first trimester and appropriate detailed fetal anatomical
evaluation at 16 to 20 weeks’ gestation, there is no indication
for specific fetal intervention following the diagnosis of cystic
hygroma.

TREATMENT OF THE NEWBORN

Once prenatal evaluation has confirmed normal fetal kary-
otype and no evidence of structural cardiac or skeletal mal-
formation, there is generally no need for specific treatment or
intervention in the neonatal period. It is recommended that
all such neonates should be examined carefully by a pediatric
geneticist ordysmorphologist as rarer genetic conditions such
as Noonan syndrome have been described following cystic
hygroma (Achiron et al., 2000). This is especially important
given the acknowledgeddifficulties inmaking thediagnosis of
Noonan syndrome in the neonatal period. Additionally, de-
spite a normal fetal echocardiogram it would be reasonable

to repeat an echocardiographic examination for the neonate,
given the difficulties in excluding certain cardiac abnormali-
ties prenatally, such as ventricular septal defect and aortic or
pulmonary stenosis.

SURGICAL TREATMENT

In contrast to the third trimester diagnosis of cystic hy-
groma (Chapter 32), no specific surgical intervention is rec-
ommended following the early pregnancy diagnosis of cystic
hygroma.

LONG-TERM OUTCOME

Minimal data are currently available to counsel patients re-
garding the long-term outcome of first trimester cystic hy-
groma, once fetal aneuploidy and major structural malfor-
mation are excluded. In a study of 132 cases of first trimester
cystic hygroma, median longer term outcome extended to
25 months of age, with a range of 12 to 50 months (Malone
et al., 2005a). In only 1 of 23 cases followed for this length of
time was an additional pediatric abnormality diagnosed (one
case of spastic diplegia with developmental delay). It seems
reasonable therefore to counsel patients with cystic hygroma
andnormal prenatal evaluation of a 5% residual risk of longer
term abnormal pediatric outcome. However, caution should
be exercised in implying normal outcome beyond 2 years of
age.

GENETICS AND RECURRENCE RISK

It is clear that 50% of cases of first trimester cystic hygroma
are associated with fetal aneuploidy. Recurrence risk for such
cases should be provided based on the individual chromo-
somal abnormality. For example, for cases of fetal trisomy,
recurrence risk is generally quoted as 1%, or the maternal
age–related risk, whichever is higher. In contrast, for cases
of fetal Turner syndrome, patients should generally be coun-
seled that there is no significant increased risk of recurrence
beyond the general population risk (Chapter 134). Similarly,
if a cardiac malformation is diagnosed, specific recurrence
risks should be quoted based on the individual cardiac ab-
normality.

There have been a number of case reports of recurrence
of first trimester cystic hygroma, both in the setting of normal
fetal karyotype and as a sonographic marker of other recur-
rent fetal abnormalities. One report described three consecu-
tive pregnancies complicated by cystic hygroma with nonim-
mune hydrops with normal karyotype (Teague et al., 2000).
Another described recurrent cases of Fryns syndrome (di-
aphragmatic hernia and digital hypoplasia) presenting in the
first trimester as cystic hygroma (Hosli et al., 1997). It has
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been suggested that there may be rare cases of recurrent
cystic hygroma inherited in an autosomal recessive pattern
(Dallapiccola et al., 1984).
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32
CHAPTER

Cystic Hygroma in
Late Pregnancy

Key Points

■ Cystic hygroma and lymphangioma are older
commonly used terms for a specific type of
vascular malformation.

■ Most often seen in the soft tissue of the neck, axilla,
thorax, and lower extremities.

■ Different prenatal natural history if diagnosed in
the first trimester versus the third.

■ Lymphangiomas presenting in the third trimester
usually seen in the anterior or anterolateral neck
are not usually associated with other anomalies or
hydrops.

■ Lymphatic vascular malformations consisting of
cysts separated by fine septa.

■ While the mortality of lymphatic vascular
malformations prior to 30 weeks’ gestation is high,
due to hydrops and karyotype abnormalities,
those presenting later have an excellent prognosis.

■ Cervical lymphangiomas are at risk for airway
compromise, and an EXIT procedure should be
considered if there is evidence of airway
compression or displacement.

CONDITION

Traditionally referred to as lymphangioma or if in the neck
cystic hygroma, these are currently considered a form of vas-
cular malformation of the lymphatic system characterized
by localized or diffuse malformations of lymphatic channels

that can be characterized asmicrocystic, macrocystic, or both
(Christison and Fishman, 2006).

Lymphangioma is a benign type of vascular malfor-
mation composed predominantly of dilated cystic lymphat-
ics (Isaacs, 1997). These malformations are often present
at birth and are second only to hemangioma as a cause of
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soft tissue mass in the newborn (Potter and Craig, 1975;
Isaacs, 1983, 1991, 1997). Lymphangiomas can occur in
almost any location but are most commonly seen in the
soft tissue of the neck, axilla, thorax, and lower extremities
(Isaacs, 1997). Isaacs reported a series of 97 consecutive
lymphangiomas seen at Children’s Hospital of Los Angeles
in which 45 occurred in the neck, 22 in the chest wall, 12
in the extremities, and 4 in the abdominal wall. Other less
common sites included the omentum, mesentery, larynx,
tongue, bowel, retroperitoneum, mediastinum, conjunctiva,
andmouth (Isaacs, 1991). These lesions can vary in size from
tiny subepidermal skinblebs to largedilated cysticfluidfilled–
masses that, when presenting in the neck, are commonly re-
ferred to as cystic hygromas.

There is a disparity between lymphangiomas that are
diagnosed at birth as isolatedfindings inotherwise healthy in-
fants and those detected prenatally during the first or second
trimester (see chapter 31). Prenatal sonographic examination
in the first and second trimester identifies a group of fetuses
with cystic hygroma inwhich 60%have associated chromoso-
mal abnormalities and are often associated with other struc-
tural anomalies that have an extremely high mortality rate
(Romero et al., 1988; Cohen et al., 1989;Welborn and Timm,
1994). In this group of fetuses, cystic hygromas are distin-
guished by posterior triangle location of the lymphangioma,
chromosomal abnormalities, structural anomalies, hydrops
fetalis, a high incidence of intrauterine death, and rare post-
natal survival. In contrast, isolated cystic hygroma present-
ing during the third trimester, often with previously normal
sonographic studies earlier in gestation, is usually located
anteriorly or anterolaterally in the anterior cervical triangle.
These two groups of fetuses appear to have lymphangiomas of
differing origin, pathophysiology, natural history, and most
importantly, prognosis (Lyngbye et al., 1986; Benacerraf and
Frigoletto, 1987; Langer et al., 1990).

The lymphatic system develops at the end of the 5th
week of gestation with sprouting from the six primary lymph
sacs situated in the neck, iliac region, and retroperitoneum.
Goetsch (1938) suggested that lymphangiomas are develop-
mental defects secondary to sequestration of lymphatic tissue
in early embryonic life. Cystic hygromas are thought to arise
because of the failure of the jugular lymph sacs to join the
lymphatic system. The hygroma develops fibrillike sprouts
from the existing cystic spaces. These endothelial-lined cys-
tic spaces secrete lymphlike fluid, which causes local disten-
tion and gradual enlargement of cysts. The walls may become
thicker with time, with connective tissue septae separating
large cysts (Chervenak et al., 1983; Isaacs, 1997).

Lymphangiomas diagnosed in utero are commonly
seen in association with Turner syndrome, hydrops, oligohy-
dramnios, single-vessel umbilical cord, Noonan syndrome,
fetal alcohol syndrome, Fryns syndrome, and trisomies 18
and 21 (Stephens and Shepard, 1980; Chervenak et al., 1983;
Pijpers et al., 1988; Golden et al., 1989; Welborn and Timm,
1994). Chromosomal abnormalities are found in more than
60% of fetuses with cystic hygroma. Themajority have a 45,X
karyotype (Romero et al., 1988; Cohen et al., 1989; Welborn
and Timm, 1994), although Trisomies 13, 18, and 21 and

Klinefelter syndromehave all been reported (Chervenak et al.,
1983; Greenberg et al., 1983; Marchese et al., 1985; Stephens
and Shepard, 1980). Conversely, fetuses with a normal kary-
otype appear to have amuch higher incidence of consanguin-
ity or a previous family history of abnormal fetuses (Langer
et al., 1990). Cystic hygromas in these patients aremore likely
to be associated with familial conditions such as Noonan
syndrome, multiple pterygium syndrome, polysplenia syn-
drome, Roberts syndrome, or an isolated autosomal recessive
trait (Chen et al., 1982; Cowchock et al., 1982; Graham et al.,
1983; Zarabi et al., 1983; Zelante et al., 1984).

Isolated cystic hygromaspresenting late in gestation ap-
pear to be a completely different entity (Lyngbye et al., 1986;
Benacerraf and Frigoletto, 1987; Langer et al., 1990; Fujita et
al., 2001; Tanriverdi et al., 2005;Gedikbasi, 2007). These cases
had cystic hygromas located in the anterior and lateral loca-
tion and were not generally associated with other anomalies
or hydrops. Langer et al. suggested that in these cases lym-
phangioma developed much later in gestation. In one of his
cases, the fetus had a normal sonographic examination at
17 weeks of gestation (Langer et al., 1990). If this is true, it
is unlikely that the mechanism would be similar in the late
presenting group of cystic hygromas and the early gestation
group. Cystic hygromasmay also regress in utero, presumably
due to development of collateral lymphatic and venous con-
nections.Webbing of the neck and puffiness of the hands and
feet are characteristic features of Turner syndrome, which is
thought to be due to fetal cystic hygromas that spontaneously
resolve.

INCIDENCE

Precise estimates of the incidence of cystic hygroma and lym-
phangioma are difficult to come by and depend on whether
prenatal or postnatal data are evaluated. Fonkalsrud esti-
mated the incidenceof cystic hygroma tobe 1 in 12,000births,
with 50% to 65%of cases presenting at birth, and 80% to 90%
presenting by the second year of life (Bill and Sumner, 1965;
Fonkalsrud, 1980). A total of 52 confirmeddiagnoses of cystic
hygroma were reported to the South East Thames Regional
Congenital Malformation Registry in a region with an an-
nual birth rate of 52,000, yielding an incidence of 1 in 1000
births. This series included terminations, intrauterine fetal
death, stillbirths, and postnatal deaths to give a more accu-
rate account of the incidence of cystic hygroma (Fisher et al.,
1996). The incidence of cystic hygroma was as high as 1 in
300 among spontaneous abortuses reported by Byrne et al.
(1984).

SONOGRAPHIC FINDINGS

The sonographic features of cystic hygroma include fluid-
filled cystic spaces divided by fine septae commonly observed
in thenuchal regionandanteriorandposterior trianglesof the
neck (Figure 32-1). They often have a densemidline posterior
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Figure 32-1 Cystic mass along lateral aspect of fetal head at
31 weeks consistent with cystic hygroma.

septum extending from the fetal neck across the full width of
thehygroma.This septumis the sonographic equivalentof the
nuchal ligament (Chervenak et al., 1985). In order to differ-
entiate cystic hygroma from other diagnoses, it is important
to exclude a bony defect in the skull or vertebral column as
would be seen with encephalocele. Solid components should
be excluded to distinguish cystic hygroma from a cystic ter-
atoma. Cysts separated by septae are helpful in distinguishing
nuchal edema from cystic hygroma.

Lymphatic malformations may be diagnosed in the
chest, abdomen, retroperitoneum or inguinal region. Rasi-
daki et al. (2005) have reported a chest wall lymphatic mal-
formation inwhichMRI inaddition toultrasoundwasused to
make the diagnosis. Similarly, there have been several reports
of prenatal diagnoses of axillary lymphatic malformations
(Song et al., 2002; Zanotti et al., 2001).

Once cystic hygroma has been detected, a search for
other potential associated signs of nonimmune hydrops such
as fetal skinedema, ascites, andpleuralorpericardial effusions
should be sought. In addition, structured anomalies seen in
association with cystic hygroma should be sought, including
cardiac, facial, vertebral, and genitourinary anomalies and
diaphragmatic hernia (Bulas et al., 1992) (Table 32-1).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of cystic neck masses includes
nuchal edema, encephalocele or other neural tube defects,
cystic teratoma, and twin sac of a blighted ovum. The ap-
proach to each of these conditions differs, highlighting the
importance of accurate prenatal diagnosis. The presence of
skull or vertebral columndefects suggests the diagnosis of en-
cephalocele, especially if associated with hydrocephalus. The
distinction between cystic hygroma and cervical teratoma
can be extremely difficult. Teratomas usually have a more
complex sonographic appearance, with solid as well as cys-

Table 32-1

Associated Structured Anomalies in 19
Fetuses with Cervical Cystic Hygroma

Cardiac defects 6

Hydronephrosis 3

Neural tube defect 3

Cleft lip and palate 2

Multiple pterygium syndrome 2

Skeletal anomalies 1

Imperforate anus 1

Ambiguous genitalia 1

Source: Langer JC, Fitzgerald PG, Desa D, et al. Cervical cystic hygroma in
the fetus: clinical spectrum and outcome. J Pediatr Surg. 1990;25:58-62.

tic components. Calcifications within the mass are thought
to be diagnostic of teratoma (see Chapter 110). Fetal mag-
netic resonance imaging (MRI) may be very helpful in dis-
tinguishing cystic hygroma from cervical teratoma (Liechty
et al., 1997; Hubbard et al., 1998) (Figures 32-2A and 32-2B).
Nuchal edema is usually without septae except the midline
nuchal ligament and is a few millimeters in thickness (see
Chapter 31).

ANTENATAL NATURAL HISTORY

The natural history of prenatally diagnosed cystic hygroma
appears to depend on gestational age at diagnosis, location
of the cystic hygroma, and most particularly, whether or not
there are associated chromosomal or structural abnormalities
(Langer et al., 1990).

The mortality rate for cystic hygromas diagnosed prior
to 30 weeks of gestation, with posterior location, is extremely
high because of the high incidence of nonimmune hydrops
and associated chromosomal defects (see Chapter 128). In
the report by Langer et al. of 27 cases diagnosed prior to
30 weeks of gestation, all but 2 fetuses died. Of the 25 that did
not survive, nonimmune hydrops developed in 21, 4 sponta-
neously aborted, and21were electively terminated.Theonly2
survivors had spontaneous regression and were subsequently
diagnosed with Noonan syndrome at birth (Langer et al.,
1990). Cystic hygroma associated with nonimmune hydrops
is almost uniformly fatal. There are chromosomal abnormal-
ities in approximately 80% of these cases. Fetuses with nor-
mal chromosomes have a higher incidence of consanguinity
(Langer et al., 1990). These cases of cystic hygroma are also



244

Part II Management of Fetal Conditions Diagnosed by Sonography

A B

Figure 32-2 A. Sagittal view of fetus with large right-sided lymphangioma resulting in hyperextension of the neck
and compression and distortion of the airway. B. Coronal view of the same fetus with a large lymphangioma.

more likely to be associated with familial conditions, such as
Noonan syndrome (Zarabi et al., 1983), multiple pterygium
syndrome (Chen et al., 1982), polysplenia syndrome, Roberts
syndrome (Graham et al., 1983), or an isolated recessive trait
(Cowchock et al., 1982). In a reviewof 100 fetuseswith nuchal
thickening or cystic hygroma detected sonographically at
10 to 15 weeks of gestation, Nadel et al. (1993) found that
a good prognosis could be expected if the karyotype was nor-
mal, there were no separations in themass, and there were no
associated hydrops.

In marked contrast to cystic hygromas with associated
karyotypic abnormalities, there is a small group of fetuses
with an isolated cystic hygroma without chromosomal ab-
normality, structural anomaly, or familial condition and in
which hydrops does not develop. These cystic hygromas usu-
ally develop in the third trimester and have an excellent prog-
nosis. The major concern in fetuses with large cystic cervical
masses later in gestation is airway compromise at birth. The
fetuses often require delivery by EXIT procedure (see below).

MANAGEMENT OF PREGNANCY

The management of a pregnancy complicated by a fetus with
cystic hygroma depends on the presence or absence of non-
immune hydrops, chromosomal abnormalities, or other as-
sociated anomalies. Once a cystic hygroma has been detected,
a detailed sonographic examination should be performed to
search for fetal skin edema, ascites, and pleural or pericar-
dial effusions. In addition, other structural anomalies should
be excluded, especially genitourinary and cardiac defects.
Genetic amniocentesis is recommended in all cases of cystic

hygroma because of the high incidence of associated chromo-
somal abnormalities. In the presence of nonimmune hydrops
theprognosis is grim,andappropriate counseling is indicated.
In the presence of severe associated anomalies or a chro-
mosomal abnormality prior to 24 weeks of gestation, elec-
tive termination may be offered. Echocardiography should
be obtained in cases in which no chromosomal abnormali-
ties are detected to exclude cardiac defects. An isolated cystic
hygroma diagnosed in the third trimester has a much more
favorable prognosis, and attention should be focused on site
andmode of delivery. Because of risks of airway compromise,
delivery in a tertiary care center with neonatologists and pe-
diatric surgeons standing by is recommended. Because of the
risks of airway compromise, consideration should be given
to the EXIT procedure (Liechty et al., 1997; Marwan and
Crombleholme, 2006). While a cervical mass of any size can
cause airway compromise, masses sufficiently large enough
to cause polyhydramnios can obstruct the pharynx or larynx,
making intubation exceedingly difficult. Pregnancies with a
cystic hygroma should be followed closely for the develop-
ment of polyhydramnios and secondary uterine irritability.
Polyhydramnios in fetuses with large cystic hygromas may
be so severe as to require amnioreduction to treat maternal
respiratory difficulties and preterm labor.

FETAL INTERVENTION

A few cases of lymphangioma have undergone in utero
drainage by ultrasound-guided cyst aspiration. Chen et al.
(1996) reported two fetuses that underwent multiple cyst as-
pirations. In each case karyotype analysis was normal and
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there were no associated structural anomalies. The rationale
for this approach is to prevent polyhydramnios, irreversible
facial deformity, and progression to hydrops fetalis. It is un-
clear, however, that these multiple cyst aspirations had any
effect on outcome. While cyst aspiration as an adjunct to
securing an airway at birth may be indicated, there are few
data to support in utero decompression to prevent progres-
sion to nonimmune hydrops or facial deformity. The lack
of benefit and risk of repeated aspirations make this fetal
intervention difficult to justify. Kaufman et al. (1996) did re-
port successful percutaneous decompression of a large axil-
lary lymphangioma that would have caused skeletal dystocia.
Ultrasound-guided aspiration was followed by normal spon-
taneous vaginal delivery. Figure 32-3 demonstrates an axil-
lary lymphangioma detected antenatally and aspirated prior
to birth to allow vaginal delivery.

Several groups in Japan have attempted intrauterine
sclerotherapy using OK-432 between 27 and 28 weeks’ of
gestation (Wattori et al., 1996; Ogita et al., 2001). OK-432 is a
lyophilized mixture of a low-virulence strain of Streptococcus
pyogenes of human origin incubated with penicillin G. The
fetuses had involution of the cystic hygroma, and at birth
only a slight skinfold was noted. Cases of lymphatic vascular
malformations with normal chromosomes and no associated
anomalies with hydrops were considered candidates for in
utero sclerotherapy with OK-432 (Ogita et al., 2001). Those
lesions with very large lymphangiomas even in the absence
of hydrops may also be candidates for OK-432 in Japan. To
date there have been no reports of in utero sclerotherapy with
OK-432 being used in this country. There are few data on
the use of this agent postnatally and none are available on its
potential effects in the developing fetus. Currently, the only

Figure 32-3 Fetal MRI demonstrating unilateral cystic mass at
lateral aspect of fetal neck consistent with cystic hygroma.

fetal procedure indicated for large cystic hygromas is EXIT
(ex utero intrapartum treatment), which involves placement
of an endotracheal tube before the fetus is separated from
placental support (Liechty et al., 1997).

Treatment of the fetus with a large cystic hygroma in-
cludes an EXIT procedure to secure the airway (Liechty et al.,
1997). The EXIT procedure allows up to 1 hourwith excellent
uteroplacental gas exchange for laryngoscopy, bronchoscopy
and, if necessary, tracheostomy with or without partial re-
section of the mass (Liechty et al., 1997). As fetuses with
prenatally diagnosed fetal airway obstruction reach viabil-
ity, they should be monitored closely for the development
or progression of hydrops or cardiac decompensation. If the
development or progression of hydrops is noted sonograph-
ically, open fetal surgery may be necessary to salvage patients
younger than 30 weeks’ gestation. If hydrops is noted later
than 30 weeks’ gestation, the fetus should be delivered by
using the EXIT strategy.

A number of important considerations must be taken
into accountwhen applying the EXITprocedure in the setting
of giant fetal neck masses. The most pressing issue is the suc-
cessful securingof the fetal airway.Although fetal neckmasses
can cause polyhydramnios and preterm labor, the most sig-
nificant aspect of their management is treating a compro-
mised airway at the time of delivery. The timing of the EXIT
is often dictated by severity of polyhydramnios and preterm
labor. The mean gestational age of fetuses with neck masses
undergoing EXIT procedure is 34weeks. Airway compromise
is a function of the location of the mass and distortion of the
airway, not necessarily the absolute size of the neck mass. As
mentioned previously, the surgeon must be prepared for ev-
ery possible airway contingency. All the available modalities
to secure the fetal airway are detailed under the description of
the EXIT procedure and are outlined in the algorithm in Fig-
ure 32-4. Other important issues to consider when perform-
ing an EXIT procedure for giant neck masses include: (1) the
possibility of wedging of the lungs in the apex of the chest as a
result of the neck hyperextension (despite the fact that a suc-
cessful EXIT strategy can be applied in these cases, significant
morbidity andmortality should be anticipated because of the
associated lung hypoplasia); (2) the chance of the trachea be-
ing pulled up into the neck may lead to the underestimation
of the site of tracheostomy, leading to an inappropriately low
tracheostomy site; (3) the occurrence of polyhydramnios as a
result of esophageal compression (this may lead to underes-
timation of the proximity of the placental edge to the site of
hysterotomy with increased risk of bleeding); and (4) some
fetal neck masses are caused by a cystic mass lesion. In such
cases, decompression of the mass before the hysterotomy un-
der US guidance will help in fashioning the hysterotomy and
indelivering the fetal head andneck. Basedonour cumulative
experience in the application of the EXIT procedure in dif-
ferent clinical situations, we have summarized pitfalls and
lessons learned to provide guidance when applying the EXIT
approach (See Chapter 5, Table 5-6). If the fetus is prema-
ture and at increased risk for respiratory distress syndrome,
surfactant replacement therapy can be administered while on
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Airway Algorhythm for Neck Masses at Cincinnati Childrens’ Hospital

Direct Laryngoscopy

IntubationYes

EXIT complete

No

No

No

No

Distorted larynx Compressed trachea

Rigid bronchoscopy

Yes

Airway

NoYes

Yes

Intubation with
armoured ETT

Elevate mass off the airway

Open neck, release strap muscles

Airway secured
Position confirmed by
flexible bronchoscopy

over ETT exchanger
EXIT complete

Tracheostomy with retrograde intubation

Formal
Tracheostomy

Successful tracheoscopy

Figure 32-4 Algorithm for EXIT-to-Airway intraoperative decision-
making.

placental support. In addition, in a three-vessel cord, andum-
bilical artery catheter, and even an umbilical venous catheter
canbeplacedwhile onplacental support to facilitate newborn
resuscitation.

Once an airway has been established, the care of the
newborn should focus on anyunderlying lung disease and ex-
clusion of any associated anomalies and chromosomal abnor-
malities, if this has not already been done. Once the newborn
is able to be transported to a tertiary care facility, a computed
tomographic (CT) scan and MRI scan with magnetic reso-
nance angiography should be obtained of the infant’s head
and neck to confirm the diagnosis of lymphangioma and to
determine the extent of the hygroma (Figures 32-5A and 32-
5B). Of particular concern is to define whether there is ex-
tension into the mediastinum or the floor of the mouth and
tongue.

TREATMENT OF THE NEWBORN

The infant with a large cystic hygroma has an intrinsically
unstable airway, and resection should proceed as soon as
the diagnostic evaluation is completed. Cystic hygromas of
a modest size can be dealt with on a more elective basis if

they do not pose a risk for airway compromise. The nature of
the lymphangioma often precludes a complete resection. The
surgical approach is focused on resection of as much of the
mass as possible without sacrificing vital structures. Some
surgeons have recommended a conservative approach in
asymptomatic lymphangiomas because of occasional spon-
taneous regression. More commonly, these lesions grow pro-
portionately with the growth of the infant. There may also be
acute increases in the size of the cyst due to hemorrhage or
infection. Because of difficulty in achieving a complete re-
section, alternative treatments have been tried with variable
results.

SURGICAL TREATMENT

Cystic aspiration is of little benefit except in the rare instance
of a large dominant cyst as a means of emergency decom-
pression. However, the cysts rapidly reaccumulate. Sclerosing
agentshavebeenusedasanalternative to resection,usingboil-
ing water or sodium morrhuate, with disappointing results.
Bleomycin has been used asmicrospheres in oil bleomycin fat
emulsions (BLM), and seemsmore effective thanotherprepa-
rations (Tanigawa et al., 1987; Tanaka et al., 1990). After cyst
aspiration, injection into the lymphangioma via fine needle
of 0.3 to 0.6mgof BMLper kilogramof bodyweight is recom-
mended.This treatment requires admission to thehospital for
observation and is contraindicated in infants younger than 6
months or in the presence of airway compromise ormediasti-
nal involvement due to significant tissue edema that results.
Side effects of bleomycin include fever, diarrhea, vomiting, in-
fection, and bleeding. In addition, the incidence of long-term
complications such as pulmonary fibrosis is unknown.

The sclerosing agent OK-432 is the product of incu-
bating S. pyogenes of human origin with penicillin G (Ogita
et al., 1996). Intracystic injection of 0.1 mg of OK-432 in
10 mL of saline solution following cyst aspiration is rec-
ommended. If necessary, the treatment can be repeated 3 to
4 weeks later. No prospective trials confirming the efficiency
of this treatment have been reported. Laser treatment of lym-
phangioma has also been reported, but again with mixed
results (Ogita et al., 1996).

LONG-TERM OUTCOME

The mortality of cystic hygroma diagnosed prior to 30 weeks
of gestation and associated with nonimmune hydrops is vir-
tually 100%. There is also a high incidence of associated chro-
mosomal abnormalities that may, as in trisomy 18 and 13, be
lethal. The outcome for isolated cystic hygroma presenting
in the third trimester, however, is quite different. The over-
all mortality in this group is very low. However, complete
resection is possible in only 75% of cases (Hancock et al.,
1982). Despite complete resection, recurrence can occur in as
many as 10% to 27% of cases. In cases in which only a partial
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A B

Figure 32-5 A and B. Postnatal MRI images demonstrating large submental cystic mass resting on the anterior surface
of the fetal chest.

resection can be achieved, recurrence is observed in 50% to
100% of patients. Significant complications can occur in up
to 30% of patients. Significant neurologic problems can re-
sult from injury to cranial nerves, especially the facial nerve
(VII). However, injuries to the 9th, 10th, 11th, and 12th cra-
nial nerves have also been reported. In addition, Horner syn-
drome due to injury to the sympathetic chain and diaphrag-
maticparalysis fromphrenicnerve injuryhasoccurredduring
resection of the cystic hygroma. Extensive involvement of the
larynx, trachea, or extensive involvement of the floor of the
mouth may necessitate tracheostomy tube placement. Often
multiple operations are required to bring lymphangiomas
under control. The long-term outcome depends on the abil-
ity to achieve a complete resection. This becomes unlikely in
the face of extensive involvement of the floor of the mouth,
tongue, larynx, or trachea.

GENETICS AND RECURRENCE RISK

Prenatally diagnosed cystic hygroma has a 50% to 60% inci-
dence of abnormal karyotype. The most common associated
chromosomalabnormalities are listed inTables32-1and32-2.
Because some fetuses with cystic hygromamay have chromo-
somal mosaicism, it may be necessary to study several tis-
sues to make a diagnosis. There are two reports of familial
cystic hygroma occurring in eight patients in three families
(Tricoire et al., 1993; Teague et al., 2000). In the first fam-
ily, two fetuses with normal karyotypes and cystic hygromas
had camptomelic dysplasia (see Chapter 91). Only one other
fetus had anomalies—meningomyelocele and cleft palate. In
all cases parental consanguinity was found, suggesting an au-
tosomal recessive mode of inheritance. In another report, a

19-year-old gravida 3 para 0 was diagnosed with a large cys-
tic hygroma at 11 weeks’ gestation. The fetal subsequently
developed increasing sign of a septated nuchal mass and as-
cites. A 46XX fetal karyotype had been noted on two prior
pregnancies, both of which had also been complicated by cys-
tic hygroma and hydrops. Cystic hygroma associated with a
normal karyotype can be inherited as an autosomal recessive
(Teague et al., 2000).

Table 32-2

Chromosomal and Nonchromosomal
Abnormalities Associated with Cystic
Hygroma

Chromosomal
45,X
Trisomy 18
Trisomy 13
Trisomy 21
13q deletion
18p deletion
Partial 11q:22q trisomy
Trisomy 22 mosaicism

Nonchromosomal
Noonan syndrome
Fetal alcohol syndrome
Distichiasis-lymphedema syndrome
Congenital diaphragmatic hernia
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CHAPTER

Goiter

Key Points

■ Goiter in the fetus, a rare condition, can occur as
part of a hypothyroid, hyperthyroid, or euthyroid
state.

■ Hypothyroid fetal goiter may be secondary to
transplacental passage of antithyroid medication,
iodine deficiency, iodine intoxication,
transplacental passage of antithyroid antibodies,
congenital metabolic disorders of thyroid
hormone synthesis, or hypothalamic-pituitary
hypothyroidism.

■ Congenital hypothyroidism is a serious condition,
which if not treated in the first 3 months of life is
likely to result in irreversible mental retardation.

■ Hyperthyroid fetal goiter is most often caused by
transplacental passage of a thyroid-stimulating
IgG antibody from the mother. Such antibodies are
present in approximately 95% of women with
Graves disease.

■ Thyroid-stimulating antibody levels in Graves
disease may not reflect maternal thyroid status
because they are detectable in women who are
clinically hyperthyroid, euthyroid, or hypothyroid.

■ The typical sonographic appearance of a fetal
goiter is a symmetric, homogenous mass in the
anterior neck, with an echogenic consistency, and
with some lobulation.

■ The diagnosis of fetal goiter is rarely made prior to
24 weeks’ gestation. The fetal neck may be
hyperextended and the trachea and esophagus

may become compressed or displaced resulting in
polyhydramnios.

■ It is extremely important to thoroughly evaluate
and treat a fetal goiter.

■ Because ultrasound methods of differentiating
between hypothyroidism and hyperthyroidism
may not be reliable, fetal cord blood sampling may
be required. Amniotic fluid thyroid hormone
values may not be reliable.

■ If fetal hypothyroidism is diagnosed, intra-amniotic
injection with levothyroxine will be required.

■ Little information is available to guide patient
counseling regarding the antenatal natural history
of fetal goiter. The clinical course will depend on
whether or not the fetus is hyperthyroid,
euthyroid, or hypothyroid.

■ Serial sonographic surveillance is suggested due to
the fact that fetal goiter may be associated with
polyhydramnios, intrauterine growth restriction,
hydrops, and intrauterine fetal demise.

■ A neonatologist should be present in the delivery
room because problems securing an airway may
be encountered. In the most severe cases of fetal
goiter, the ex utero intrapartum treatment (EXIT)
procedure may be needed to maximize the ability
to promptly secure an airway at delivery.

■ There is little data available to counsel patients on
the long-term prognosis of antenatal fetal goiter.

CONDITION

Fetal goiter, or thyromegaly, is a diffuse enlargement of the
fetal thyroid gland. Goiter in the fetus can occur as part of a
hypothyroid, hyperthyroid, or euthyroid state. Hypothyroid

fetal goiters are more common than those associated with
either the hyperthyroid or euthyroid states.

Goiter associated with fetal hypothyroidism can be
caused by transplacental passage of antithyroid medica-
tions being used by a mother with hyperthyroidism, io-
dine deficiency, iodine intoxication, transplacental passage
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of antithyroid antibodies, congenital metabolic disorders
of thyroid hormone synthesis, or hypothalamic-pituitary
hypothroidism (Weiner et al., 1980; Romero et al., 1988;
Noia et al., 1992; Soliman et al., 1994; Van Loon et al., 1995;
Bruner and Dellinger, 1997; Vicens-Calvet et al., 1998). Most
cases of hypothyroid goiter will not become apparent until
the neonatal period. When goiter associated with hypothy-
roidism is recognized in utero it ismost likely to be secondary
to transplacental passageof drugs or congenital dyshormono-
genesis becauseof an inherited enzymaticdeficiency (Romero
et al., 1988). Congenital hypothyroidism is a serious condi-
tion, which if not treated within the first 3 months of life is
likely to result in irreversible mental retardation. Although
newborn screening programs for congenital hypothyroidism
have been extremely successful in reducing the incidence of
mental retardation associated with this condition, it is possi-
ble that the presence of a hypothyroid state in uteromay result
in some degree of hearing, speech, and other intellectual im-
pairment, despite early neonatal therapy (Rovet et al., 1987).
This emphasizes the importance of thorough evaluation and
treatment of fetal goiter whenever it is suspected prenatally.

Goiter associated with fetal hyperthyroidism is al-
most always caused by transplacental passage of a thyroid-
stimulating IgG antibody from the mother (Wenstrom et al.,
1990; Belfar et al., 1991; Hatjis, 1993; Hadi and Strickland,
1995; Heckel et al., 1997). Such antibodies are present in at
least 95%ofwomenwithGravesdisease.Thyroid-stimulating
antibody levels inGravesdiseasemaynot reflectmaternal thy-
roid status, as they are detectable in womenwho are clinically
hyperthyroid, euthyroid, or hypothyroid. Therefore, when-
ever a patient with a history of Graves disease becomes preg-
nant, the fetus is at risk for hyperthyroid goiter, irrespective
of the mother’s clinical thyroid state. The fetal thyroid gland
becomes fully responsive to thyroid-stimulating substances,
such as maternal IgG, only in the second trimester, so the
detection of a fetal goiter before 20 to 24 weeks of gestation
is unlikely.

INCIDENCE

Fetal goiter is extremely rare, with no published series suf-
ficient to allow an estimation of its incidence. Hypothyroid
goiter is more common than hyperthyroid goiter. Congenital
hypothyroidismhas an incidence of 1 in 4000 livebirths. Only
a small fraction of these will be complicated by fetal goiter,
because in the vast majority of cases goiter becomes clinically
apparent only during neonatal life (Fisher et al., 1979). In-
born errors of thyroid hormone biosynthesis that result in
congenital dyshormonogenesis and cause hypothyroid fetal
goiter are rare, being present in 1 in 30,000 livebirths. Graves
disease is seen in approximately 1% of pregnant women, and
hyperthyroidism or hypothyroidism will develop in 2% to
12% of these fetuses or neonates (Hatjis, 1993). However,
only a small fraction of this number of at-risk fetuses will be
diagnosed prenatally with a fetal goiter.

Figure 33-1 Prenatal sonographic image of a fetal neck demon-
strating symmetric bilateral enlargement of the thyroid gland.

SONOGRAPHIC FINDINGS

The typical sonographic appearance of a fetal goiter is a
symmetric, homogeneous mass in the anterior neck, with
an echogenic consistency, and with some lobulation (Fig-
ure 33-1) (Heckel et al., 1997). The diagnosis is rarely made
prior to 24 weeks of gestation. The fetal neck is often main-
tained in a state of hyperextension (Figure 33-2), and the

Figure 33-2 Sonographic image of the same fetal goiter shown
in Figure 33-1 demonstrating increased vascularity in the neck
mass.
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trachea and esophagusmay be compressed or displaced. Later
in gestation, this compressionmay be associatedwith polyhy-
dramnios, as swallowing becomes more difficult (Abuhamad
et al., 1995). Color Doppler sonography can be used to aid
in the diagnosis of a fetal goiter. The presence of a high flow
pattern helps to confirm the diagnosis of goiter but does not
necessarily imply a hyperthyroid state, as hypothyroid fetal
goiters may also have increased vascularity (Soliman et al.,
1994). ColorDoppler sonographymay also be useful inmon-
itoring the response of a hyperthyroid fetus to antithyroid
therapy, with a decrease in vascularity accompanying the res-
olution of the hyperthyroid state (Luton et al., 1997).

Sonographic screening for fetal goiter may be difficult
because of problems in accurately identifying the fetal thy-
roid during early gestation. Nevertheless, normograms have
been published for thyroid volume across a range of gesta-
tional ages, including transverse width and circumference of
the gland, which may be helpful in diagnosing fetal goiter in
patients at high risk for fetal thyroid dysfunction (Bromley
et al., 1992).

After the sonographic diagnosis of a fetal goiter, a
careful sonographic survey should be performed for other
features suggestive of hyperthyroidism or hypothyroidism.
Sonographic signs suggestiveof fetalhyperthyroidisminclude
cardiac hypertrophy, fetal tachycardia, hydrops, intrauter-
ine growth restriction, advanced bone age with craniosyn-
ostoses, and hepatosplenomegaly. Sonographic signs of fetal
hypothyroidism include cardiomegaly and fetal heart block.
However, none of these additional sonographic features are
sufficiently specific to reliably predict the fetal thyroid sta-
tus. Magnetic resonance imaging (Figure 33-3) and 3D ultra-
sound imagingmay help confirm the diagnosis (Figure 33-4)
(Karabulut et al., 2002; Nath et al., 2005).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for a fetal goiter includes a determi-
nation of whether the fetus is hypothyroid, hyperthyroid, or
euthyroid. A presumptive diagnosis of fetal hyperthyroidism
may be considered in the setting of a fetal goiter in a mother
with autoimmune Graves disease. Sonographic findings sug-
gestive of fetal hyperthyroidism include cardiac hypertrophy,
hydrops, or fetal tachycardia. Sonographicfindings suggestive
of fetal hypothyroidism include cardiomegaly and fetal heart
block. Because other methods of differentiation between hy-
pothyroidism and hyperthyroidism may not be reliable, fetal
blood sampling may be required to evaluate the fetal thyroid
state. Amniotic fluid thyroid hormone valuesmay also not be
reliable (Abuhamad et al., 1995; Van Loon et al., 1995; Heckel
et al., 1997).

Other structural abnormalities that may mimic a fetal
goiter include a thyroid cyst, hemangioma, cervical neurob-
lastoma, teratoma, ectopic thymus, branchial cleft cyst, cervi-
cal meningocele, or cystic hygroma (Heckel et al., 1997). An-
terior neckmasses other than a fetal goiter, such as a teratoma

Figure 33-3 Magnetic resonance image of a prenatally diag-
nosed fetal goiter. (Courtesy of Nancy Budorick, MD).

Figure 33-4 Twenty-seven-week fetus with goiter: three-
dimensional multiplanar surface-rendered image of the fetal
neck and face. (From Nath CA, Oyelese Y, Yeo L, et al. Three-
dimensional sonography in the evalution and management of fetal
goiter. Ultrasound Obstet Gynecol. 2005;25:312-314.)
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or neuroblastoma, tend to be asymmetric and extend above
or below the thyroid region.

ANTENATAL NATURAL HISTORY

Little information is available to guide patient counseling re-
garding the antenatal natural history of fetal goiter. The lit-
erature to date consists almost entirely of single case reports.
The antenatal natural history of a goiter will depend in large
part on the thyroid status of the fetus. In the euthyroid fe-
tus, the main potential problem associated with the presence
of a goiter is obstruction of trachea and/or esophagus as the
goiter enlarges in later pregnancy. This may lead to polyhy-
dramnios, which may precipitate preterm contractions that
are due to uterine overdistention (Abuhamad et al., 1995). In
addition, fetal goiter may result in hyperextension of the fetal
neck, which can result in dystocia (Romero et al., 1988).

Fetal goiter associated with hyperthyroidism may re-
sult in significant fetal changes in utero as the pregnancy
progresses. Fetal effects may include tachycardia, cardiac hy-
pertrophy, hydrops, fetal death, intrauterine growth restric-
tion, craniosynostoses, advanced bone age, intellectual im-
pairment, and preterm birth (Wenstrom et al., 1990; Belfar
et al., 1991;McKenzie andZakarija, 1992;Hatjis, 1993;Heckel
et al., 1997). Fetal tachycardia is the most common presenta-
tion of fetal hyperthyroidism, and the most common cause
of intrauterine death is secondary to hydrops. Congenital hy-
perthyroidism is associatedwith a 15% to 25%mortality rate.

Fetal goiter secondary to hypothyroidism may result
in fetal bradycardia, heart block, or cardiomegaly. However,
in the majority of cases of fetal hypothyroidism there are no
additional sonographic findings other than the presence of a
goiter. Given the strong association between mental retarda-
tion and untreated neonatal hypothyroidism, there is logical
concern that prolonged untreated fetal hypothyroidism may
also lead to intellectual impairment during the prenatal pe-
riod (Abuhamad et al., 1995; Bruner and Dellinger, 1997).

MANAGEMENT OF PREGNANCY

After the prenatal diagnosis of a fetal goiter, a careful sono-
graphic survey of the entire fetal anatomy is indicated to
evaluate for sonographic signs consistent with fetal hypothy-
roidism or hyperthyroidism. A detailed maternal history
should be obtained to evaluate for an antecedent diagno-
sis of thyroid dysfunction and for any exposure to drugs that
may affect fetal thyroid function, such as propylthiouracil,
iodide preparations, or amiodarone. It should be noted that
themothermay be unaware of possible iodide exposure in the
form of expectorant medications or certain radiopaque dyes
(Romero et al., 1988). A physical examination of the mother
should be performed to evaluate for clinical signs of hypothy-
roidism or hyperthyroidism. Maternal serum should be as-

sayed for thyroxine (T4) levels, thyroid-stimulating hormone
(TSH) levels, and for the presence of thyroid-stimulating
antibodies.

Because of the difficulty in predicting fetal thyroid sta-
tus in the absence of clear sonographic signs of thyrotoxicosis,
serious consideration should be given to percutaneous fetal
blood sampling to evaluate fetal serum thyroid hormone lev-
els directly. A maternal history of Graves disease does not
imply that fetal goiter will be associated with fetal hyperthy-
roidism, as goiter may be secondary to either fetal hypothy-
roidism from transplacental passage of antithyroid medica-
tions or fetal hyperthyroidism from transplacental passage of
thyroid-stimulating antibodies. An alternative to fetal blood
sampling may be amniocentesis, which in the presence of
severe fetal hypothyroidism may demonstrate elevated TSH
levels.However, this approach is controversial, withmany au-
thors suggesting that there is no reliable correlation between
amniotic fluid thyroid hormone levels and fetal serum levels
(Abuhamad et al., 1995; Van Loon et al., 1995; Bruner and
Dellinger, 1997; Heckel et al., 1997).

When the fetal thyroid status is known, decisions canbe
made regarding options for fetal intervention. These options
are described in detail in the section on “Fetal Intervention.”
Prenatal consultation with a neonatologist is recommended
to discuss potential difficulties with neonatal airway man-
agement. Careful sonographic surveillance every 2 weeks is
recommended following the diagnosis of fetal goiter, because
of the association with polyhydramnios, growth restriction,
hydrops, and intrauterinedeath.Antenatal testingwith twice-
weekly nonstress tests or biophysical profiles is recommended
in the presence of fetal hyperthyroidism.

Because of the possibility of significant tracheal com-
pression, all fetuses with a goiter should be delivered in a
tertiary care center with the immediate availability of experi-
encedneonatology, pediatric anesthesiology, orpediatric oto-
laryngology personnel. Securing an adequate airway is crucial
and, in cases of severe tracheal compression from a goiter,
may require maintenance of the uteroplacental circulation
until intubation, bronchoscopy, or tracheotomy procedures
are performed (Stocks et al., 1997). The timing of delivery
should not be altered simply because a fetal goiter is present.
However, if the fetushas significanthypothyroidismorhyper-
thyroidism, consideration should be given to elective induc-
tion of labor at 39 weeks of gestation, because of the potential
adverse pregnancy outcome associatedwith these conditions.
The mode of delivery should be dictated by standard obstet-
ric indications, although there may be a high likelihood of
cesarean delivery in cases of severe fetal neck hyperextension
leading to dystocia.

FETAL INTERVENTION

After the diagnosis of a fetal goiter, consideration should be
given to percutaneous fetal blood sampling to accurately doc-
ument the thyroid status of the fetus, and to guide options
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for fetal intervention. Many case reports have described suc-
cessful prenatal therapy of fetal hyperthyroid goiter, with
resolution or improvement in the size of the thyroid gland
(Wenstrom et al., 1990; Hatjis, 1993; Hadi and Strickland,
1995; Heckel et al., 1997; Yanai and Shveiky, 2004; Lembert
et al., 2005). Propylthiouracil (PTU) is considered the drug
of choice for the treatment of hyperthyroidism in pregnancy,
because of an apparently slightly better safety profile as com-
pared with carbimazole or methimazole. However, carbima-
zole and methimazole have much more rapid and complete
transplacental transfer as compared with PTU (Marchant
et al., 1977). If carbimazole or methimazole is used for fe-
tal therapy, the lowest possible dose that produces a clinical
effect should be used. All three agents are considered class D
for use in pregnancy. Adequacy of dose can be documented
by return of fetal heart rate to a normal range. Repeat fetal
blood sampling may also be considered after therapy to con-
firm normalization of fetal serum thyroid hormone profiles.
If the mother is clinically euthyroid, maternal thyroxine re-
placementmay also be required, as an antithyroidmedication
used for fetal therapy may render the mother hypothyroid.

Many case reports have also described successful prena-
tal therapy of fetal hypothyroid goiter, with resolution or im-
provement of the goiter (Weiner et al., 1980; Noia et al., 1992;
Abuhamad et al., 1995; Van Loon et al., 1995; Bruner and
Dellinger, 1997; Vicens-Calvet et al., 1998). However, since
thyroxine does not cross the placenta, more invasive meth-
ods of therapy are required to treat fetal hypothyroidism. The
most commonlyused approach is theperiodic intra-amniotic
injection of levothyroxine, 90% of which is adsorbed in ani-
mal models within 24 hours of instillation (Abuhamad et al.,
1995). The dose used in the various reports described to date
has varied from 250 to 500 mg of levothyroxine. The intra-
amniotic injection of levothyroxine can be repeatedweekly as
often as needed until sonographic resolution of the fetal goi-
ter occurs, or until repeat fetal blood sampling has confirmed
normalization of the fetal thyroid hormone status. In one
case report, intra-amniotic injections of levothyroxine were
repeated for seven consecutive weeks, from 29 to 37 weeks
of gestation, with documented normalization of fetal thyroid
hormone status and reduction in sizeof the fetal thyroidgland
(Abuhamad et al., 1995).

TREATMENT OF THE NEWBORN

A neonatologist should be present in the delivery room
whenever a prenatal diagnosis of fetal goiter is suspected, as
problems securing an adequate airway may be encountered.
Although it is possible that emergency tracheotomy or bron-
choscopymaybe required in cases of severe tracheal compres-
sion from a large goiter, such occurrences are extremely rare.
Once an airway is secured the neonate should be transferred
to a neonatal intensive care unit for a thorough evaluation of
thyroid status. This should include careful physical examina-
tion and serum thyroid hormone profiles.

Neonatal thyrotoxicosis can be treated with PTU, car-
bimazole, or methimazole, as in the adult patient. Additional
therapy with a β-blocker such as propranolol may also be
required to control heart rate. Iodide should be adminis-
tered, in the formof Lugol solution. Inmost cases ofmaternal
Graves disease with subsequent neonatal thyrotoxicosis, the
hyperthyroid features are transient and ameliorate over time,
as there is no longer a source of thyroid-stimulating autoan-
tibodies. Therefore, medical supportive therapy is generally
needed only for a short period, usually for no longer than 12
weeks. Neonatal features of hyperthyroidismmay not appear
during the firstweek of life, presumably due to a residual ther-
apeutic effect of any maternal antithyroid medications that
may be present in the neonatal circulation during the first
days of life. Infants with hyperthyroid goiter should there-
fore be followed closely during the first 2 weeks of life to
evaluate for possible clinical deterioration. The infant should
be examined for any evidence of premature craniosynostoses,
which can accompany fetal hyperthyroidism andmay require
surgical correction.

The infant with hypothyroid goiter is usually asymp-
tomatic at birth, butmay also presentwith profound lethargy,
hypotonia, hyporeflexia, and bradycardia. Subsequent devel-
opmentmaybedelayed,withdelayedboneage andepiphyseal
dysgenesis. Replacement therapy with levothyroxine should
be started immediately and is usually successful at reducing
the incidence of intellectual impairment and developmental
delay associated with congenital hypothyroidism. Any delay
in therapy may lead to a significantly poorer neurologic out-
come for the child.

SURGICAL TREATMENT

Surgical treatment for fetal goiter is rarely required. Oc-
casionally, a massive fetal goiter may cause such extreme
compression of the trachea that an adequate airway cannot be
secured. In that case, surgical options include emergency tra-
cheotomy in the delivery room or bronchoscopy. In the most
severe cases of fetal goiter, the EXIT (ex utero intrapartum
treatment) procedure may be another option to maximize
the ability to promptly secure an airway at delivery. Using
this technique during cesarean delivery, the fetal face and
neck are exposed at the uterine incision prior to delivery of
the fetus, thus preserving uteroplacental perfusion for up to
1 hour and allowing time for surgical attainment of an ade-
quate airway (Liechty et al., 1997). Additional surgical resec-
tion of an enlarged thyroid gland in infancy may be required
rarely, if interference with swallowing and breathing contin-
ues despite medical therapy.

LONG-TERM OUTCOME

Minimal data are available to counsel parents on the long-
term prognosis in childhood following the prenatal diagnosis
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of a fetal goiter. In almost all cases however, it can be ex-
pected that shrinkage of the goiter will occur during the
neonatal period as appropriate medical therapy is initiated.
In addition, most cases of hyperthyroid goiter will improve
spontaneously during the first 1 to 3 months of life as
thyroid-stimulating antibodies from a mother with Graves
disease are no longer present. Failure to replace levothyrox-
ine adequately in a timely fashion in infants with congeni-
tal hypothyroidism will greatly increase the risk of profound
and irreversible intellectual impairment and developmental
delay.

GENETICS AND RECURRENCE RISK

Recurrence of fetal goiter in subsequent pregnancies is a sig-
nificant possibility when a mother has thyroid dysfunction.
It is estimated that there will be some hypothyroid effects
on the fetus in 1% of all mothers with hyperthyroidism
who are taking PTU (Romero et al., 1988). Between 2%
and 12% of all infants of mothers with Graves disease will
have hypothyroidism or hyperthyroidism (Hatjis, 1993). In-
born errors of thyroid hormone biosynthesis that result in
congenital dyshormonogenesis and cause hypothyroid fetal
goiter are rare, but are inherited as an autosomal recessive
trait. Therefore, the recurrence risk for such conditions is
25%.
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CHAPTER

Bronchopulmonary
Sequestration

Key Points

■ Bronchopulmonary sequestration (BPS) is a mass
of nonfunctioning lung tissue that does not
communicate with the bronchial tree.

■ Prenatal diagnosis is possible by noting an
echodense triangular area of tissue, often with an
obvious systemic feeding vessel, such as from the
descending aorta.

■ BPS can be intralobar (same pleural cover as
normal lung) or extralobar (separate pleural cover),
and can be intrathoracic or extrathoracic.

■ Main differential diagnosis for intrathoracic BPS
includes type III CCAM, teratoma, and
diaphragmatic hernia, while the differential for
intra-abdominal BPS includes mesoblastic
nephroma and neuroblastoma.

■ At least 75% of prenatally diagnosed cases of BPS
resolve spontaneously, while those associated
with hydrops, pleural effusions, or mediastinal shift
have a much worse prognosis.

■ Fetal intervention by means of thoracoamniotic
shunting may be an option for cases with
coexisting pleural effusions prior to 30 weeks’
gestation.

■ For large lesions that persist prenatally, and for
those associated with hydrops, delivery should
occur in a tertiary care center.

■ Elective surgical excision is recommended for most
cases of asymptomatic BPS that persist postnatally.

CONDITION

Bronchopulmonary sequestration (BPS) is a mass of non-
functioning pulmonary tissue that lacks an obvious commu-
nication with the tracheobronchial tree and receives all or
most of its blood supply from anomalous systemic vessels
(Carter, 1959). There appears to be a spectrum of seques-
tration with, at one extreme, an abnormal vessel supplying
a nonsequestered lung and, at the other extreme, abnor-
mal pulmonary tissue but without anomalous vascular sup-
ply. Terminology has become increasingly complicated with
terms such as congenital bronchopulmonary foregut mal-

formation (CBPFM) and malinosculation used (Gerle et al.,
1968; Heithoff et al., 1976; Clements and Warner, 1987).
CBPFM refers to intralobar or extralobar BPS associatedwith
a communication with the gastrointestinal tract. The spec-
trum of CBPFM includes intralobar sequestration, extralo-
bar sequestration, congenital cystic adenomatoid malforma-
tion (CCAM), bronchogenic cyst, Scimitar syndrome, and
duplication cyst. Malinosculation describes the spectrum of
congenital lung anomalies, in which there is abnormal con-
nection of one or more of the four major components of the
lung tissue (Clements and Warner, 1987). While much em-
phasis has been placed in the past in differentiating between
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BPS and CCAM, it is now clear that both can coexist in the
same lesion, where it is referred to as a hybrid lesion. Ex-
tralobar sequestration and CCAM type II coexisting together
has been reported in 25% to 50% of extralobar sequestration
cases (Conran and Stocker, 1999) (see Chapter 35).

There are two forms of BPS: intralobar and extralo-
bar. Intralobar is the more common malformation seen in
infants and children, accounting for 75% of cases of BPS,
and it shares the same pleural investment with the normal
lung (Savic et al., 1979; Collin et al., 1987). Extralobar BPS
accounts for 25% of cases in infants and children, has a sepa-
rate pleura from the lung, and may be either intrathoracic or
subdiaphragmatic in location (Savic et al., 1979; Collin et al.,
1987).

The most widely accepted theory about the embryoge-
nesis of BPS is that a supernumerary lung bud arises caudal to
the normal lung bud and migrates caudally with the esoph-
agus. If this lung bud arises prior to the development of the
pleura, the bud is investedwith adjacent lung and becomes an
intralobar BPS. If supernumerary development occurs subse-
quent to pleura formation, the bud will grow separately and
become invested with its own pleura, forming an extralobar
BPS (Carter, 1959).

INCIDENCE

BPS is seen in 0.8% to 1.4% of all pulmonary resections
(Carter, 1959). There is no familial predisposition. There is
a slight male predominance, which is more obvious in ex-
tralobar BPS (male to female ratio of 3:1) compared with
intralobar BPS (male to female ratio of 1.5:1) (Warner et al.,
1958; Carter, 1959; Williams and Enumah, 1968). Extralobar
BPS is muchmore common in the fetus and neonate than in-
tralobarBPS (Buntain et al., 1977;Moulik et al., 1987; Panicek
et al., 1987; Felker and Tonkin, 1990; Sauerbrei, 1992).

Intralobar BPS is located within the lower lobe in 98%
of cases. Extralobar BPS is usually located in the posterior
lower chest and 90% of extralobar BPS is located on the left
side. Up to 15% of extralobar BPS can be found either within
or below the diaphragm (Berrocal et al., 2004).

SONOGRAPHIC FINDINGS

BPS is a solid, highly echogenic mass (Figure 34-1) with a
clearly defined systemic feeding vessel (Figure 34-2). There
have now been many reports of the prenatal sonographic di-
agnosis of BPS (Newman, 1970; Jaffe et al., 1982; Romero
et al., 1982; Jouppila et al., 1983; Kritstoffersen and Ipsen,
1984; Mariona et al., 1986; Thomas et al., 1987; Adzick et al.,
1998; Baumann et al., 1988; Davies et al., 1989a; Morin et al.,
1989; Siffling et al., 1989; Weinbaum et al., 1989; Slot-
nick et al., 1990; Stern et al., 1990; Boiskin et al., 1991;
Heranz-Schulmanet al., 1991;Dolkhart et al., 1992;Eisenberg

Figure 34-1 Ultrasound of the fetal chest at 23 weeks’ gestation,
demonstrating a homogeneous echodense triangular wedge-
shaped thoracic mass, consistent with either type III cystic ade-
nomatoid malformation or bronchopulmonary sequestration.

et al., 1992; Sauerbrei, 1992; Luetic et al., 1995). The sono-
graphic hyperechogenicity of BPS is thought to result from
the interfaces created by numerous dilated bronchioles (Jaffe
et al., 1982). The demonstration of the systemic blood supply
to themass by colorDoppler sonographyusually confirms the
diagnosis (Figures 34-2 to 34-4). Occasionally, these vessels
cannot be demonstrated sonographically, making it difficult
to distinguish BPS from type III congenital cystic adenoma-
toid malformation (CCAM) of the lung (see Chapter 35).
Even if an anomalous systemic blood supply to a thoracic
mass can be demonstrated, which confirms the diagnosis of
BPS, intralobar and extralobar BPS usually cannot be distin-
guished by prenatal ultrasound. Several cases of extralobar
BPS have been reported prenatally because of the finding
of echogenic suprarenal abdominal masses (Mariona et al.,
1986; Baumann et al., 1988; Davies et al., 1989b; Dolkhart
et al., 1992).

Additional sonographic findings seen in association
with BPS include pleural effusion, mediastinal shift, hydrops,
and polyhydramnios (Morin et al., 1989, 1994a, 1994b; Gross
et al., 1992). Extralobar BPSmayundergo torsionof its vascu-
lar pedicle, causing venous and lymphatic obstruction, lead-
ing to pleural effusion and hydrops due to systemic venous
obstruction (Vode and Kramer, 1989; Morin et al., 1994a).
Fetal hydrops may result from a compressive effect of the
sequestration on the inferior vena cava with venous obstruc-
tion and compromised cardiac output. Polyhydramnios may
be seen in associationwithBPSdue to esophageal obstruction
or decreased swallowing. BPS associated with hydrops uni-
formly results in fetal or neonatal death if untreated. There
have been anecdotal reports of cases treated successfully in
utero by thoracoamniotic shunting of the associated pleural
effusion. To date, open fetal surgery has not been reported
for a BPS in contrast to hybrid CCAM (see Chapter 35).
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Figure 34-2 Color flow Doppler examination of the same fetus as in Figure 34-1, demonstrating systemic blood sup-
ply to the mass arising from the descending aorta, confirming the diagnosis of bronchopulmonary sequestration.
(Reprinted, with permission, from Morin L, Crombleholme TM, Louis F, et al. Bronchopulmonary sequestration: prenatal
diagnosis with chinisopathologic correlation. Curr Opin Obstet Gynecol. 1994b;6:479-481.)

In postnatal series of BPS, there is a high incidence of
associated anomalies, especially in extralobar BPS (60% of
cases) (Warner et al., 1958; Carter, 1959; Gerle et al., 1968;
Sade et al., 1974; Buntain et al., 1977; Savic et al., 1979; Collin
et al., 1987). The most commonly associated anomalies in-
clude congenital diaphragmatic hernia (CDH), pectus ex-

cavatum, tracheoesophageal fistula, esophageal duplication,
andcongenitalheartdisease (Warner et al., 1958;Carter, 1959;
Gerle et al., 1968; Buntain et al., 1977). The intralobar type
has a lower incidence of associated anomalies (10% of cases)
(Carter, 1959; Gerle et al., 1968; Sade et al., 1974; Buntain
et al., 1977).

Figure 34-3 Autopsy confirmation of the
systemic blood supply to an intralobar bron-
chopulmonary sequestration. The vessel is
demonstrated by the probe.
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Figure 34-4 Photograph taken at autopsy, demonstrating sys-
temic blood supply arising from the descending thoracic aorta to
supply an extralobar BPS.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of intrathoracic BPS includes type
III CCAM, mediastinal or thoracic teratoma, and CDH
(Moulik et al., 1987; Morin et al., 1994a) (Table 34-2). Type
I or II CCAMs have a characteristic cystic appearance that
clearly distinguishes them sonographically from BPS, while
type III CCAMs have a dense hyperechoic appearance that
may be indistinguishable from BPS. Mediastinal teratomas
usually have a higher density, causing acoustic shadowing be-
hind themass (Golladay andMollitt, 1984). Prenatal diagno-
sis of BPSmaybe quite difficult. In a reviewof cases diagnosed
antenatally, only 29% were diagnosed correctly (Dolkhart
et al., 1992). The other cases of BPS were documented var-
iously as tumor, diaphragmatic hernia, CCAM, neuroblas-
toma, collapsed lung, and abdominal mass (Siffling et al.,
1989; Dolkhart et al., 1992). The distinction between CCAM
and BPS when a systemic feeding vessel is not demonstrated
usually comes down to the echotexture of themass. The pres-
ence of cysts suggests CCAM,whereas solid triangular lesions
aremore consistent with BPS, especially in the lower thoracic

region. In lesions that arewithout cysts, itmay not be possible
to distinguish type III hybrid CCAM from BPS.

Themain considerations in the differential diagnosis of
intra-abdominal extralobar BPS are mesoblastic nephroma
and neuroblastoma (see Chapters 112 and 113) (Mariona
et al., 1986; Baumann et al., 1988; Davies et al., 1989b;
Ohnichi et al., 1989;Weinbaum et al., 1989; Sauerbrei, 1992).
Intra-abdominal extralobar BPS can occur on as a discrete
suprarenal echogenic mass with a systemic blood supply.
This mass can be mistaken for neuroblastoma or mesoblas-
tic nephroma (Ohnichi et al., 1989; Oh et al., 1993). How-
ever, mesoblastic nephroma can usually be seen arising from
the kidney (Ohnichi et al., 1989). Neuroblastomas arising
from the adrenal glands are most commonly cystic lesions,
which distinguish them from BPS (Oh et al., 1993). There
has been one case of gastric duplication in association with
BPS that gave a cystic appearance to the intra-abdominal BPS
(Thilenius et al., 1983).

ANTENATAL NATURAL HISTORY

ThenaturalhistoryofBPSdependsonwhether it is an intralo-
bar or an extralobar BPS,whether it has a thoracic or abdomi-
nal location, and thepresenceor absenceof hydrops andother
associated anomalies (Adzick et al., 1993). Older reports sug-
gested survival among cases of prenatally diagnosed intratho-
racic BPS of only 36% (van Nayenberg, 1914; Williams and
Enumah, 1968; Newman, 1970; Buntain et al., 1977; Rodgers
et al., 1986;Panicek et al., 1987; Felker andTonkin, 1990; Stern
et al., 1990). However, a more recent report from the Chil-
dren’s Hospital of Philadelphia reported a survival of 95%
(Adzick et al., 1998). This difference likely reflects the fact that
today’s more advanced ultrasound techniques are picking up
milder cases that would never have been apparent prenatally
in the past, as well as the fact that older case reports described
successful prenatal diagnosis in only the most severe cases.
BPS associated with hydrops is uniformly fatal if untreated
(Weiner et al., 1986). The survival rate forBPS associatedwith
pleural effusions was 22%, but the only survivors were those
in whom the pleural effusions were decompressed in utero
by thoracoamniotic shunts (Kritstoffersen and Ipsen, 1984;
Boiskin et al., 1991; Dolkhart et al., 1992). The survival rate
for BPS associated with polyhydramnios was only 30%.

Our understanding of the natural history of this le-
sion when diagnosed prenatally is still evolving. It was once
thought that in fetuses with BPS, hydrops invariably devel-
oped and the fetus died in utero or during the neonatal period
(Warner et al., 1958;Williams and Enumah, 1968). However,
MacGillivray et al. (1993) subsequently reported six cases of
BPS associated with contralateral mediastinal shift that dra-
matically decreased in size over the course of the pregnancy
and spontaneously resolved, leading to a good neonatal out-
come. Postnatally, the lesions could be detected only by com-
puted tomographic (CT) scanormagnetic resonance imaging
(MRI). There were no signs of hydrops in any of these cases.
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Adzick et al. (1994, 1998) subsequently reported that 75%
of cases of BPS diagnosed prenatally resolve spontaneously.
The mechanism by which these lesions shrink is unknown.
Adzick (1993) speculated that the lesions may decompress
themselves into the normal tracheobronchial tree or that the
lesions outgrow their vascular supply and partially involute
(Rodgers et al., 1986). Another possibility is that the “dis-
appearing” malformations are actually extralobar BPSs that
undergo complete torsion about their vascular pedicle and
infarct (Morin et al., 1994a).

Intra-abdominal extralobar BPS has an outcome that
is somewhat better than that for intrathoracic lesions and
is rarely associated with hydrops. However, polyhydramnios
may still develop secondary to esophageal or gastric compres-
sion.

The BPS associated with hydrothorax is usually of the
extralobar type. It is thought that torsion of the extralo-
bar BPS about its vascular pedicle may result in venous and
lymphatic obstruction, causing fluid accumulation in the ip-
silateral hemithorax (Golladay and Mollitt, 1984). Tension
hydrothorax in the fetus with BPS is fatal unless there is in-
tervention. An alternative explanation for nonimmune hy-
drops, especially in intralobar BPS, is the “left-to-left” shunt-
ing that may occur due to anomalous systemic artery and
venous drainage via the pulmonary veins (Thilenius et al.,
1983). This “left-to-left” shunt, which occurs in no other
clinical entity, results in high-output failure and nonimmune
hydrops (White et al., 1974).

MANAGEMENT OF PREGNANCY

The fetus with an echodense chest mass should be evaluated
to exclude CDH (see Chapter 37), mediastinal teratoma, and
CCAM (see Chapter 35). In most cases of BPS, the vascular
supply from the aorta canbedefinedwith colorDoppler stud-
ies (see Figure 34-2). The adrenal glands and kidneys should
be delineated to distinguish an abdominal extralobar BPS
from mesoblastic nephroma (see Chapter 112) and neurob-
lastoma (see Chapter 113). It is noteworthy thatmost cases of
BPS diagnosed prenatally are isolated sequestrations without
associated anomalies (Felker and Tonkin, 1990). Despite this
observation, it is recommended that a detailed sonographic
survey for possible associated anomalies be performed in
every case.

Ultrafast fetal MRI may be very useful in sorting out
the differential diagnosis, demonstrating the feeding vessels
and excluding other potential associated anomalies. Normal
fetal lungs are homogenous and, on MRI, have a relatively
high T2 signal intensity because they are filled with amniotic
fluid. A sequestration cyst typically appears as a well-defined
mass in the chest with a T2 signal intensity that is higher than
that of the normal lung (Hubbard et al., 1999). The efficacy
ofMRI for detecting systemic feeding vessels is no better than
that of Doppler ultrasonography. However, MRI has some
advantages over ultrasound in differentiating complex cases
associated with other anomalies (Table 34-1).

Table 34-1

Anomalies Associated with
Bronchopulmonary Sequestration

Scimitar syndrome

Goldenhar syndrome

Gastrointestinal duplications

Hirschsprung’s disease

Esophageal atresia with tracheoesophageal fistula

Neuroenteric cysts

Vertebral anomalies

Pulmonary hypoplasia

Congenital diaphragmatic hernia

Diaphragmatic eventration

Cardiac anomalies

Aberrant pancreatic tissue

Pectus excavatum

Bronchogenetic cyst

Pericardial malformation

Cardiac anomalies

Congenital lobar emphysema

A fetal karyotype should be obtained to exclude asso-
ciated chromosomal anomalies if they might influence the
decision to continue the pregnancy or for cases in which fetal
treatment is contemplated (see Table 34-2). Because of the re-
ported association of BPS with congenital heart disease, fetal
echocardiography should be performed (White et al., 1974).
The family may choose not to continue the pregnancy if the
diagnosis of BPS ismade prior to 24weeks and there are other
life-threatening anomalies.

Arrangements should be made for delivery at a center
with appropriate neonatal and pediatric surgical expertise.
The fetus with isolated BPS, of either the intrathoracic or
intra-abdominal type, has a good chance of survival in the
absence of hydrops, polyhydramnios, or pleural effusion and
when there is a planneddelivery at an appropriately staffed fa-
cilitywith immediate resuscitation and surgery available. BPS
may regress in size in 75% of cases, even when it is associated
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Table 34-2

Differential Diagnosis for Fetuses with
Chest Masses

Anterior mediastinum Thymoma, teratoma, cystic
hygroma

Posterior mediastinum Gastric duplication,
teratoma, neuroblastoma,
Wilms’ tumor

Left hemithorax CCAM, accessory lobe

Right hemithorax Bronchogenic cyst,
hamartoma, CDH, CCAM,
teratoma, accessory lobe

Diaphragm CDH, duplication cyst

Left upper quadrant Gastric duplication, adrenal
cyst and tumors, accessory
spleen, neuroblastoma,
Wilms’ tumor

Right upper quadrant Adrenal cyst and tumors, liver
tumor, neuroblastoma,
Wilms’ tumor

withmediastinal shift (MacGillivray et al., 1993; Adzick et al.,
1995).

FETAL INTERVENTION

The management of intrathoracic BPS in the fetus with hy-
drops depends on the gestational age (Figure 34-5). Fetuses
at 30 weeks’ gestation or more should be considered for early
delivery and resection ex utero. The fetus with hydrops and
intrathoracic BPS diagnosed prior to 30 weeks’ gestationmay
however be a candidate for fetal intervention. Hydrops may
be seen in cases of BPSwith tensionhydrothorax, causingme-
diastinal shift, compromised venous return to the heart, and
cardiac output. Thoracoamniotic shunting in these casesmay
correct the pleural effusion, mediastinal shift, polyhydram-
nios, and hydrops. Shunting is not an option for the fetus
with intrathoracic BPS associated with mediastinal shift and
hydrops from a large thoracic mass without pleural effusion.
Because BPS associated with hydrops is uniformly fatal, fetal
surgery should be considered in these cases. Adzick et al. have
reported excellent resultswith fetal surgery for pulmonary re-
section in cases of CCAM. It is anticipated that similar results
may be observedwith BPS (Adzick, 1993; Adzick et al., 1998).

The prognosis for isolated intra-abdominal BPS is
better than that for intrathoracic BPS because the intra-
abdominal location does not result in pulmonary hypoplasia.

Polyhydramnios may be observed due to compression of the
esophagus or stomach, which may cause preterm labor and
delivery. The role of reduction amniocentesis remains unde-
fined but may be considered in such cases.

TREATMENT OF THE NEWBORN

Ideally, a fetus diagnosed with a large BPS should be deliv-
ered in a settingwhere vigorous resuscitation and appropriate
therapy for a newbornwith pulmonary hypoplasia can be ini-
tiated immediately. In contrast, small lesions do not require a
change in delivery plans, and delivery in a community setting
may be appropriate. The infant should be examined carefully
to confirm the presence or absence of associated anomalies.
There is a wide range of severity with BPS; the degree of pul-
monary hypoplasia is the primary determinant of outcome.
The newbornwith intra-abdominal BPS usually has no respi-
ratory compromise and can undergo elective resection. The
treatment of the newborn with an intrathoracic BPS is deter-
mined by the severity of pulmonary hypoplasia. Therapeu-
tic needs may vary from minimal (not requiring ventilatory
support) to severe [requiringventilatoryandvasopressor sup-
port, high-frequency oscillatory ventilation, and/or extracor-
poreal membrane oxygenation (ECMO)]. Large pleural effu-
sions should be treated immediately by tube thoracostomy.
In the infant with pulmonary hypoplasia secondary to BPS,
thoracotomy should be deferred until it is clear the infant
has stabilized, as in the management of CDH (see Chapter
37) (Hazebrock et al., 1989; Langer et al., 1989). The infant’s
condition often deteriorates after surgery because of changes
in chest wall compliance, pulmonary vascular resistance, and
pulmonary hypertension superimposed on pulmonary hy-
poplasia.

SURGICAL TREATMENT

The surgical approach to BPS is straightforward, with the ex-
ceptionof themanagementof anomalousbloodsupply.These
vessels are often huge, thin-walled, and elastic, rather than
muscular, arteries. In 20% of cases, these vessels are subdi-
aphragmatic inorigin; in 15%,more thanone vessel is present
(Carter, 1959). Subdiaphragmatic origin of anomalous ves-
sels is more common with right-sided lesions (Gottrup and
Lund, 1978). These vessels can retract into the mediastinum
or diaphragm and continue to bleed. Intraoperative death
due to hemorrhage fromunrecognized anomalous vessels has
been reported (Harris and Lewis, 1940). Of note, one series
reported that 60% of right-sided intralobar sequestrations
had anomalous venous return compatible with the Scimitar
syndrome (Collin et al., 1987). The importance of preopera-
tive assessment of venous drainage, as well as arterial supply,
is underscored by the reports of postoperative fatalities due to
ligation of anomalous veins that constituted the sole ormajor
venous drainage of the entire ipsilateral lung (O’Mara et al.,
1978; Thilenius et al., 1983).
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Diagnostic evaluation
 Sonogram
 Color flow Doppler
 Amniocentesis
 Echocardiogram

Associated anomalies Isolated CCAM, BPS

RegressionProgression
 Hydrops
 Mediastinal shift
 Placentomegaly
 Pleural effusion

Stable> 32 wk

Offer
termination

< 24 wk

Follow
> 24 wk

Deliver at term
resect ex utero

Deliver by
C-section 
near term

Early delivery
resect ex utero

Delivery at term
resect ex utero

Delivery at term
CXR, CT, or

MRI resection

Thoracoamniotic
shunt for effusion

Resect in utero
for solid mass

Follow

< 32 wk< 24 wkCounsel

Fetal chest masses

Figure 34-5 Algorithm for the management of fetal chest masses.

In the rare case of the prenatally diagnosed BPS that
appears to regress, postnatal imaging studies should be ob-
tained. If the lesion is evident on plain chest radiography,
surgical resection should be planned. If chest radiography
does not demonstrate the malformation, a CT or MRI scan
should be performed. Even though these lesions are asymp-
tomatic, postnatal resection should be considered because of
the risks of infection, hemorrhage, and malignant transfor-
mation (Elias and Aufses, 1960; Juettner et al., 1987). When
cardiac decompensation is the result of BPS, embolization of
the feeding vessels may be considered. This technique can be
used either as definitive treatment or in combination with re-
section. Complications reported after embolization include
pain and pyrexia, pleural effusion, transient ischemia of the
lower limb, recanalization of the artery, and persistent chest
radiography changes (Corbett et al., 2004).

LONG-TERM OUTCOME

The resection of the intra-abdominal extralobar BPS has no
affect on the pulmonary parenchyma, and the operative risks
and long-termcomplications are the same as those for laparo-
tomy in the newborn. The long-term outcome of intratho-
racic BPS is determined by the extent of pulmonary hypopla-
sia. In extralobar BPS, resection results in no loss of pul-

monary parenchyma. Resection of intralobar BPS requires at
least segmentectomyor lobectomy, and the loss of pulmonary
tissue may compound the underlying pulmonary hypoplasia
in the short term. In the long term, removal of the BPS will
provide roomfor compensatory lunggrowth in the remaining
pulmonary tissue. It has been suggested that infants treated
forBPSareat increasedrisk forgastroesophageal reflux,pneu-
monia, and pectus exconation (Corbett et al., 2004).

GENETICS AND RECURRENCE RISK

There is no known genetic predisposition to the development
of BPS. Although BPS is not known to have a familial pat-
tern of recurrence and occurs as a sporadic anomaly, there
has been a case reported of BPS recurring in male siblings
(Abuhamed et al., 1996).
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35
CHAPTER

Cystic Adenomatoid
Malformation

Key Points

■ CCAM is cystic malformation of pulmonary tissue
and, unlike BPS, typically has a pulmonary blood
supply.

■ CCAM has been subdivided into five types,
depending on the number and size of cystic
changes; additionally hybrid lesions in which
features of BPS coexist have been described.

■ Prenatal ultrasound can detect either cystic or
solid mass in the chest without a systemic vascular
supply.

■ Differential diagnosis includes BPS, diaphragmatic
hernia, and bronchogenic cyst.

■ Cases of CCAM with a dominant large cyst, or with
a CCAM volume ratio greater than 1.6, appear to

be at most risk of developing hydrops in utero,
which is associated with very poor prognosis; in
contrast, some cases of CCAM also regress
spontaneously in utero.

■ Fetal intervention is possible by means of
thoracoamniotic shunting for cases of hydrops
with a dominant cyst, or by means of open fetal
surgical resection for cases of hydrops with a
microcystic appearance; additionally a course of
antenatal corticosteroids may also be beneficial.

■ Delivery should occur electively, at term, in a
tertiary care center with adequate pediatric
surgical facilities available.

CONDITION

Congenital cystic adenomatoidmalformation (CCAM)of the
lung is a lesion characterized by a multicystic mass of pul-
monary tissue with a proliferation of bronchial structures
(Stocker et al., 1977; Miller et al., 1980). It may represent a
failure of maturation of bronchiolar structures, occurring at
approximately the 5th or 6th week of gestation during the
pseudoglandular stage of lung development (Stocker et al.,
1977; Miller et al., 1980; Shanji et al., 1988). Alternatively, it
may represent focal pulmonary dysplasia, since skeletal mus-

cle has been identified within the cyst walls (Leninger and
Haight, 1973). Others have suggested that it may be the result
of airway obstruction (Demos and Teresi, 1975; Cochia and
Sobonya, 1981; Moerman et al., 1992; Langston, 2003). The
gestational age and locationof the airwayobstructionmayde-
termine whether CCAM, bronchopulmonary sequestration,
or lobar emphysema results (Keswani et al., 2005; Kunisaki
et al., 2006).

CCAM is slightly more common in males and may af-
fect any lobe of the lung (Hernanz-Schulman, 1993). The le-
sion is unilobar in 80% to 95% of cases and bilateral in fewer
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Figure 35-1 Depiction of Stocker’s classification of type I, II, and III CCAM.

than 2% (Stocker et al., 1977). Unlike bronchopulmonary se-
questration (BPS), CCAMs have a communication with the
tracheobronchial tree, albeit via a minute tortuous passage.
In contrast to BPS, CCAMs derive their arterial blood supply
andvenousdrainage fromnormalpulmonarycirculation,but
anomalous arterial and venous drainage of CCAM have also
been reported (Rashad et al., 1988) as well as the so-called
“hybrid” CCAMs that have a systemic blood supply (Cass
et al., 1997).

Stocker et al. (1977) originally subdivided CCAM into
three types based on their pathologic characteristics (Figure
35-1). More recently, Stocker revised this classification to in-
clude five types. Stocker initially recommended that CCAM
be classified as type I, II, and III and later added type 0 and
IV (Stocker et al., 1977; Stocker, 2002). The five types were
intended to represent the spectrum of malformations of five
successive groups of airways. Type 0, a condition previously
described as acinar dysplasia (Davidson et al., 1998) is de-
scribed as bronchial; type I as bronchial/bronchiolar; type
II as bronchiolar; type III as bronchiolar/alveolar dust; and
type IV as peripheral. Because of the broad spectrum of mal-
formations covered by this expanded classification system,
Stocker (1994) suggested the term congenital pulmonary air-
way malformation (CPAM), and both CCAM and CPAM are
in common usage. Stocker’s classification is a histologic one,
although commonly applied to sonographic appearance.

Type I lesions account for 50% of postnatal cases of
CCAM, and consist of single or multiple cysts lined by cili-
atedpseudostratified epithelium.These cysts are usually quite
large (3–10 cm) and few in number (1–4). Type I lesions are
usually associated with a favorable outcome. Type II lesions
account for 40% of postnatal cases of CCAM and consist of
more numerous cysts of smaller diameter (usually less than
1 cm) lined by ciliated, cuboidal, or columnar epithelium.
Respiratory bronchioles and distended alveolimay be present
between these cysts. There is a high frequency of associ-
ated congenital anomalies with type II lesions. The prognosis
for type II lesions often depends on the severity of associ-
ated anomalies. The most commonly associated anomalies
include genitourinary, such as renal agenesis or dysgenesis;
cardiac, including truncus arteriosus and tetralogy of Fallot;

jejunal atresia; diaphragmatic hernia; hydrocephalus; and
skeletal anomalies (Stocker et al., 1977). The high incidence
of associated anomalies has led to speculation that this type
of CCAM may occur as a result of events occurring prior
to 31 days of gestation (Walker and Cudmore, 1990). The
type III lesions account for only 10% of cases and are usu-
ally large homogeneous microcystic masses that cause me-
diastinal shift. These lesions have bronchiole-like structures
lined by ciliated cuboidal epithelium, separated by masses of
alveolar-sized structures linedbynonciliated cuboidal epithe-
lium. The mixture of epithelial and mesenchymal structures
in type III lesions has led to speculation that its development
is related to events occurring prior to 28 days of gestation,
after the formation of the lung buds (Walker and Cudmore,
1990). The prognosis in type III CCAMs is variable but can
in severe cases present with nonimmune hydrops in utero
and cardiorespiratory compromise in the newborn (Adzick
et al., 1985b;Harrison et al., 1990a). Type IVCCAMs account
for approximately 15% of cases and are characterized by very
large cysts up to 10 cm lined by flattened epithelium resting
on loose mesenchyme. These lesions can have areas of focal
stromal hypercellularity with histologic overlap with grade I
pleuropulmonary blastoma (McSweeney et al., 2003;Hill and
Dehner, 2004).

Adzick et al. (1985b) have proposed a modification
of Stocker’s classification of CCAMs based on anatomy and
sonographic appearance to assist in predicting prenatal out-
come. In this classification, macrocystic CCAMs have single
ormultiple cysts>5mmindiameter.MicrocysticCCAMsare
more solid and bulky, with cysts that are <5mm in diameter.
This distinction can easily be made sonographically in the fe-
tus.Macrocystic lesions appear sonographically as fluid-filled
cysts, while microcystic lesions appear solid with an almost
homogeneous appearance (Adzick et al., 1985b). This is a use-
ful sonographic distinction, becausemicrocystic lesions are at
increased risk for the development of hydrops. The highmor-
tality rate of microcystic lesions is due to the large size these
lesions attain and secondary sequelae, including mediastinal
shift, pulmonary hypoplasia, polyhydramnios, and nonim-
mune hydrops (Adzick et al., 1985b, 1993, 1998; Harrison
et al., 1990a).
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INCIDENCE

CCAM has been considered a relatively rare lesion, although
in more recent years, with the widespread use of obstetrical
ultrasound, there has been a rapid increase in the number
of cases detected prenatally (Nicolaides et al., 1987; Adzick
et al., 1998). A commonly quoted incidence of CCAM lesions
is between 1:25,000 and 1:35,000 livebirths (Laberge et al.,
2001).

SONOGRAPHIC FINDINGS

CCAM is diagnosed by prenatal ultrasound demonstrating a
lung tumor that may be solid or cystic, and with an absence
of systemic vascular flow (Figure 35-2) (Dann et al., 1981;
Bezzuti and Isler, 1983; Diwan et al., 1983; Cone and Adam,
1984; Johnson et al., 1984; Morcos and Lobb, 1986; Mendoza
et al., 1986; Deacon et al., 1990). Types I and II CCAMappear
as cystic or echolucent pulmonary masses, and may appear
similar to diaphragmatic hernia, cystic hygroma, and other
cystic lesions, such as bronchogenic or enteric cysts, and peri-
cardial cysts (Boulot et al., 1991). In contrast, type III CCAM
typically appears as a large hyperechogenic mass, often asso-
ciated with mediastinal shift and, in advanced cases, hydrops
(Adzick et al., 1985b).

The sonographic appearanceofCCAMscan range from
solid echodense mass filling the chest to a lesion with a single
dominant cyst with a compressive effect on themediastinum.
The vast majority of CCAMs derive their blood supply from
thepulmonary circulationanddrain via thepulmonary veins.
However, colorDoppler should be used to search for the pres-
ence of a systemic feeding vessel. This may be observed in
most BPSs (the main differential diagnosis in CCAMs) and

in “hybrid” CCAM lesions (Cass et al., 1997). The systemic
feeding vessel in hybrid CCAM lesions usually comes directly
off the descending aorta; however, transdiaphragmatic sys-
temic feeding vessels have also been observed in CCAMs.

A change in the echogenicity of type III CCAMs may
occur between 30 and 34 weeks in which they become isoe-
chogenic with adjacent normal lung. Although sonographi-
cally invisible, such cases of CCAM are still readily apparent
on MRI. Occasionally, postnatal imaging with CT scanning
reveals no evidence of CCAM, which may be due to the pres-
ence of lobar emphysema instead.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of fetal thoracic masses includes
congenital diaphragmatic hernia (CDH) (see Chapter 37),
bronchogenic or enteric cysts, BPS (see Chapter 34), medi-
astinal cystic hygroma (see Chapter 32), bronchial atresia or
stenosis, neuroblastoma, and brain heterotopia (Adzick et al.,
1985a; Hobbins et al., 1979; Gonzalez-Cuezzi et al., 1980;
Romero et al., 1982; Chinn et al., 1983). The sonographic ap-
pearance of CCAM will influence the differential diagnosis.
Type I CCAMs are more likely to be confused with a CDH.
Observing peristalsis in the loops of herniated intestine or
emptying of the stomach herniated through the diaphragm
mayhelp to differentiate the two (May et al., 1993). Fetalmag-
netic resonance imaging (MRI) may be helpful in evaluating
fetal chest masses and distinguishing them from diaphrag-
matic hernia (Figure 35-3) (Hubbard and Crombleholme,
1998). It is also worth noting that CCAM can coexist with
CDH (Stocker et al., 1977). The microcystic type III CCAMs
are highly echogenic. This is helpful in distinguishing CCAM
fromsolid tumors suchasneuroblastoma.Bronchogenic cysts

Figure 35-2 Prenatal sonographic cross-
sectional image of the fetal chest, demon-
strating a large homogeneous type III CCAM
filling the right chest, displacing the medi-
astinum to the left. The four-chamber view
of the heart is seen displaced against the left
chest wall. (Courtesy of Dr. Marjorie Treadwell.)
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Figure 35-3 Fetal MRI in CCAM and BPS.
The left panel is a sagittal section of a fe-
tus with complex multicystic adenomatoid
malformation with associated hydrops and
ascites. The right panel is a sagittal section
of a fetus with a hyperechogenic, homoge-
neous, wedge-shaped mass due to bron-
chopulmonary sequestration.

are unilocular and are usually adjacent to major bronchi,
which may be confused with a type I CCAM. However, the
main differential diagnosis in type III CCAM is usually BPS.
Unlike most CCAMs, BPS derives its blood supply from the
systemic circulation (Carter, 1959). This systemic blood sup-
ply to BPS can often be demonstrated with the use of color
flowDoppler studies (Figure 35-4) (Hernanz-Schulmanet al.,
1991; Morin et al., 1994). There has been an anecdotal report
of CCAM associated with anomalous blood supply (Rashad
et al., 1988). With the exception of this case, the demonstra-
tion of systemic blood supply to a thoracic mass has been
thought to be pathognomonic of BPS. More recently, Cass et
al. (1997) described six cases of cystic adenomatoid malfor-
mation that had systemic blood supply. These lesions were
called “hybrid” lesions as they had features of both CCAMs

and BPSs and their natural history was also a mixture of the
two lesions. The prognosis in hybrid CCAM is much more
favorable than “pure” CCAM (Crombleholme et al., 2002).

ANTENATAL NATURAL HISTORY

The postnatal natural history of CCAM can be quite variable
(Adzick, 1993, 1998). The lesion can be completely asymp-
tomatic and come to medical attention only when chest ra-
diography is performed for other reasons, such as a history
of mild respiratory complaints with recurrent infections in
infancy or childhood. However, most postnatal patients will
present at birth with severe cardiorespiratory compromise

Figure 35-4 Color Doppler sonogram demon-
strating systemic feeding vessel arising from the
aorta supplying an echogenic lung mass, in this
case a bronchopulmonary sequestration.



267

Chapter 35 Cystic Adenomatoid Malformation

due to severe pulmonary hypoplasia (Atkinson et al., 1972;
Stocker et al., 1977; Nishibayashi et al., 1981; Pulpeiro et al.,
1987;Heij et al., 1990;Hernanz-Schulmanetal., 1991;Neilson
et al., 1991; Kuller et al., 1992; Cloutier et al., 1993). Even be-
fore the advent of obstetrical sonography, it was recognized
that up to 14% of cases of CCAM result in stillbirths (Stocker
et al., 1977). This observation hinted at the different prenatal
natural history of CCAM.

Our understanding of the natural history of CCAM is
still evolving. The worst outcome is observed in fetuses in
which hydrops develops (Adzick et al., 1985b, 1998; Harrison
et al., 1990a; Adzick, 1993). Hydrops is usually seen in very
large lesions, often type III lesions, which cause mediastinal
shift and vena caval obstruction (Figure 35-5). Hydrops may
also be exacerbated by the loss of protein from theCCAMinto

Figure 35-5 Schematic illustration of the pathophysiology of
large CCAMs. The rapid growth of the chest mass compresses
the lungs, depresses the diaphragm, and shifts the mediastinum,
compromising venous return to the heart. Ascites, placen-
tomegaly, and nonimmune hydrops develop.

the amniotic fluid, thus reducing the fetal colloid oncotic
pressure from hypoproteinemia (Hernanz-Schulman et al.,
1991). Anecdotal reports exist of fetuses with CCAM surviv-
ing after the onset of hydrops (Golladay and Mollitt, 1984;
Graham et al., 1982; Glaves and Baker, 1983; Heydanus et al.,
1993; Meagher et al., 1993; Etches et al., 1994; Dommergues
et al., 1997; Higby et al., 1998; Bunduki et al., 2000; Diamond
et al., 2003). Diamond et al. (2003) suggested that resolution
by 30 weeks’ gestationmay bemore common than is appreci-
ated. The reason for this unexpected resolution of hydrops in
CCAM was not apparent until the natural history of CCAM
was defined by Crombleholme (Crombleholme et al., 2002).
CCAMsplateau in their growth at an average of 26weeks’ ges-
tation afterwhich the fetus grows around theCCAMallowing
hydrops to resolve (Crombleholme et al., 2002).

The overall prognosis depends primarily on the size
of the lesion, as well as whether it is predominantly macro-
cystic or microcystic. Polyhydramnios is seen in up to 70%
of CCAMs diagnosed antenatally (Adzick et al., 1998). The
pathogenesis of polyhydramnios is not completely under-
stood but is thought to relate to esophageal obstruction from
mediastinal shift and interference with fetal swallowing of
amniotic fluid (Miller et al., 1980; Murayama et al., 1987).
This is supported by the absence of fluid in the fetal stomach
in such cases.

The diagnosis of CCAM may also have implications
for the health of the mother. The mother with a fetus with
CCAMmay develop the “mirror syndrome,” a hyperdynamic
pre-eclamptic state that may be life-threatening. The “mir-
ror syndrome” has also been seen in molar pregnancies,
sacrococcygeal teratoma, and in fetal conditions that result
in poor placental perfusion, which leads to endothelial cell
injury (Creasy, 1979; Roberts et al., 1989). The only treat-
ment for this syndrome is immediate delivery of the baby and
placenta.

The antenatal diagnosis of a large CCAMmight at first
appear to be an ominous finding; however, several reports
have described disappearing fetal lung masses (Fine et al.,
1988; Saltzman et al., 1988; Budorick et al., 1992; Adzick and
Harrison, 1993; Adzick et al., 1993;MacGillivray et al., 1993).
MacGillivray et al. (1993) have reported six cases of large
CCAM with associated mediastinal shift that progressively
decreased in size over the course of gestation. These lesions
were all of the microcystic, or type III, variety but none was
associated with hydrops. The percentage of cases that will un-
dergo spontaneous regression is not known, but may occur
in 6% to 11% of cases (MacGillivray et al., 1993; Adzick et al.,
1998). The reason for regression of fetal CCAM is not un-
derstood. Decompression of the fluid from the CCAM into
the tracheobronchial tree or outgrowing its blood supply has
been suggested as possible mechanisms (Adzick et al., 1993).
There has been no biochemical or sonographic marker that
allows differentiation between a CCAM that will regress and
one that will progress to hydrops.

Recently, Crombleholme et al. (2002) reported the use
of CCAM volume and the CCAM volume ratio as a pre-
dictor of the development of hydrops. The CCAM volume
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is calculated using the formula for the volume of an ellipse
(h×w× l×0.52 incm3)with themeasurementof thegreatest
length in the sagittal section and thewidth andheight taken at
90 degrees to the sagittal measurement. The CCAM volume
ratio (CVR) is obtained by dividing the CCAMvolume by the
head circumference (in cm) to correct for any differences in
gestational age. Based on 32 fetuses with CCAMs, the CCAM
volume and the CVR were found to be significantly higher
in fetuses destined to develop hydrops. Of those fetuses with
CVRs>1.6, 80%developed hydrops. TheCVRmay therefore
be a useful criterion to select fetuses at greatest risk for the de-
velopment of hydrops and those at low risk for development
of hydrops (Crombleholme et al., 2002).

One of the largest experiences with prenatally diag-
nosed CCAMs has been reported by Adzick et al. (1998) who
described 134 fetuses with CCAM. Of these, 14 pregnan-
cies were terminated, 101 cases were managed expectantly,
13 women underwent open fetal surgery, and 6 fetuses un-
derwent thoracoamniotic shuntplacement. In the fetuses that
did not develop nonimmune hydrops, the postnatal survival
was 100%. In contrast, of 25 large CCAMs that developed hy-
drops and were managed expectantly, there was 100% mor-
tality, with death in utero or immediately after birth. Among
the 76 fetuses with CCAMs that were not associated with
hydrops, the uniform survival was, in part, due to planned
near-termdelivery at a tertiary care center.Many of the babies
with large lesions required substantial ventilatory support,
and four needed treatment with extracorporeal membrane
oxygenation (ECMO).

Fifteen CCAM lesions appeared large at 20 to 26 weeks
of gestationwith an associated contralateralmediastinal shift,
but then clearly decreased in size during the third trimester
with return of the position of the heart toward midline. Al-
though four of these shrinking lesions were associated with
polyhydramnios, including one case with fetal ascites, these
phenomena resolved as the masses decreased in size.

MANAGEMENT OF PREGNANCY

The initial evaluation of the patient with a suspected fetal
CCAM should include a detailed ultrasound examination to
confirm the diagnosis, including color flow Doppler stud-
ies to demonstrate or exclude systemic blood supply as seen
in BPS (see Chapter 34). The size of the cysts within the
lesion should be noted, as well as the size and location of
the CCAM. Evidence of mediastinal shift and subtle signs
of hydrops should be sought. The incidence of chromo-
somal anomalies in CCAM is uncertain. In the report by
Adzicket al. (1998), among134prenatallydiagnosedCCAMs,
there was only one fetus with a chromosomal abnormality
(trisomy 21), for an incidence of only 0.7%. Amniocente-
sis for karyotype analysis may be reasonable if fetal treat-
ment is anticipated (D’Alton and DeCherney, 1993). Fetal
echocardiography should be performed in all cases of sus-
pected CCAM because of an increased incidence of associ-

ated cardiac anomalies, particularly truncus arteriosus and
tetralogy of Fallot (Stocker et al., 1977; Miller et al., 1980). In
addition, there is impaired cardiac function in large CCAMs
that shifts the mediastinum causing compression of the ven-
tricles, elevating central filling pressures, altering ventricular
inflow patterns, and causing reversal of IVC flow with atrial
contractions. This pattern of restrictive ventricular filling as-
sociatedwithflowreversals in the IVCwith atrial contractions
may be a harbinger of the development of hydrops (Mahle
et al., 2000). Prenatal consultation should be obtained from
a pediatric surgeon, a neonatologist, and a pediatric cardiol-
ogist.

If there are associated life-threatening congenital
anomalies, the family may choose not to continue the preg-
nancy. The development of the maternal “mirror syndrome”
warrants immediate delivery. A fetus with an isolated CCAM
but no hydrops should be followed closely by serial sonogra-
phy. Occasionally, these lesions will regress during gestation,
but this is not predictable, and CCAMs should be observed
for signs of hydrops. All fetuses with CCAMs should be re-
ferred for delivery at a tertiary care center, preferably with
ECMO capability, where a planned delivery with appropri-
ate resuscitation and surgery can be performed. There is no
need for cesarean delivery of a baby with CCAM except for
standard obstetrical indications.

FETAL INTERVENTION

ThemanagementofCCAMandhydropsdependson theCVR
value that is obtained at presentation. If the CVR is less than
1.6 and there is no evidence of a dominant cyst, the CCAM
has only a 2% risk for the development of hydrops (Cromble-
holme et al., 2002). The fetus should have weekly sonograms
to measure the CAM volume and CVR in order to identify
early signsof hydropsormore likely that theplateau in growth
has been reached. Once the growth plateau is reached, the
pregnancy is no longer at risk for the development of hy-
drops. The surveillance of the fetus can be reduced but one
should continue to assess the size of the CCAM, the risk of
pulmonary hypoplasia, or air trapping that would influence
delivery management.

If there is a dominant cyst, even if the CVR is less than
1.6, the fetus remains at significant risk for acute enlargement
of the cyst and development of hydrops. A thoracoamniotic
shuntmay be considered in these cases at the very earliest sign
of hydrops.

If the CVR is more than 1.6 at presentation, with or
without a dominant cyst, there is an 80% chance of hydrops
developing. Twice weekly sonographic surveillance should be
started to help detect the earliest signs of hydrops, in which
case fetal surgery may be considered. Maternal administra-
tion of antenatal corticosteroids should be considered in all
cases with a CVR of 1.6. There are now two small series of
apparent resolution of hydrops in patients with CCAMs that
were not candidates for open fetal surgery (Tsao et al., 2003;
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Perenteau et al., 2008). It is thought that steroids may arrest
the growth of the solid component of the CCAM inducing an
early growth plateau allowing the fetus to grow around the
CCAM and hydrops to resolve. However, it is not proven that
steroids truly affect the growth of CCAMs and the observa-
tions reported may simply reflect CCAMs naturally entering
a growth plateau regardless of steroid administration.

Fetuses with CCAM and a dominant cyst in which hy-
drops develops prior to 32 weeks can be considered for treat-
ment inutero.Therenowhavebeenat least 28CCAMs treated
by thoracoamniotic shunting (Clark et al., 1987; Nicolaides
et al., 1987; Bernaschek et al., 1994; Miller et al., 1996;
Dommergues et al., 1997; Bunduki et al., 2000; Laberge, 2001;
Wilson et al., 2004; Viggiano et al., 2006) with survival of 19
(70%) fetuses. However, these survivors often have marked
respiratory insufficiency and some have required ECMO or
high-frequency ventilation. The most challenging antenatal
presentation is large microcystic CCAM with hydrops that
does not lend itself to catheter decompression. Fetal surgical
resection of massively enlarged microcystic CCAM with as-
sociated hydrops has been performed in at least 25 patients at
21 to 29weeks’ gestation (Figure 35-6) (Harrison et al., 1990b;
Adzick et al., 1993, 1998). In this series, of the 16 fetuses that
survived, CCAM resection led to hydrops resolution in 1 to
2 weeks, return of the mediastinum to the midline within
3 weeks, and impressive in utero lung growth. There were
also nine fetal deaths in this series.

While open fetal surgery remains the best treatment
option for type III CCAMs associatedwith hydrops, some pa-
tients may not be suitable or may decline such intervention.
In these cases, a course of maternal steroids (betamethasone
or dexamethasone) may be effective in arresting the growth

Figure 35-6 Intraoperative view of a fetus at 23 weeks’ gesta-
tion undergoing resection of a large left lower lobe CCAM. The
uterus has been opened, and the left fetal chest has been opened
through a left thoracoabdominal incision; the left lower lobe
CCAM has been delivered from the chest and is held in the sur-
geon’s fingers. The forceps hold the tip of the hypoplastic left
upper lobe. The 7 Hz fetal echocardiography probe seen in the
background is used for continuous intraoperative fetal cardiac
monitoring.

of the CCAM (Tsao et al., 2003; Peranteau et al., 2008;Morris
et al., 2009).We have treated several patients in the Fetal Care
Center of Cincinnati with resolution of hydrops. The fetus
remains at high risk, however, for significant pulmonary hy-
poplasia. In some instances, the size of the CCAM remains
substantialwith significantmediastinal shift andcardiaccom-
pression. In these cases, deliverybyEXIT-to-Resectionmaybe
indicated. The rationale for this approach is that themediasti-
nal shift and compression by theCCAMwillmake ventilation
difficult and will similarly impair venous return if ECMO
was attempted. During EXIT-to-Resection, a thoracostomy
for resection of the CCAM is performed on placental support
during an EXIT procedure. In this approach when the infant
is born the trachea is decompressed facilitating ventilation,
and if ECMO is needed venous return will be unobstructed
(Hedrick et al., 2005).

TREATMENT OF THE NEWBORN

The fetus with CCAM should be referred for delivery at a
center with an intensive care nursery and appropriate staff
available to resuscitate a newbornwith potentially severe pul-
monary hypoplasia. The newborn should be evaluated in the
nursery to confirm the prenatal diagnosis and exclude other
associated anomalies. The infant with type I or II CCAMmay
be at significant risk for air trapping in theCCAM,whichmay
acutely worsen the respiratory status (Stocker et al., 1977;
Bailey et al., 1990). In cases of unilateral CCAM, selective in-
tubation of the contralateral bronchus may be a useful tem-
porizingmeasure until resection of the CCAMcan be accom-
plished. Pneumothorax is an additional concern in CCAM,
especially in the type I or II lesions, and may require tube
thoracostomy (Bentur et al., 1991).

SURGICAL TREATMENT

CCAM is usually confined to a single lobe. Rare cases have
been reported of multilobar involvement of one lung or bi-
lateral lesions (Rempen et al., 1987). Complete resection
of the CCAM, usually by lobectomy, is the treatment of
choice in CCAM. In cases of extensive involvement of nearly
the entire lung, resection of multiple lobes or pneumonec-
tomy may be necessary. There are several reports, however,
detailing potentially lethal problems associated with pneu-
monectomy in newborns resulting from mediastinal shift
with vascular compression of the trachea and remaining
bronchus (Szarnicki et al., 1978). Because of these risks, some
groups advocate anonanatomic resection topreserve asmuch
pulmonary parenchyma as possible to allow postoperative
compensatory growth and avoid postpneumonectomy com-
plications (Mentzer et al., 1992).

The newborn with a CCAM detected antenatally that
subsequently regresses, also needs careful postnatal evalua-
tion (MacGillivray et al., 1993; Adzick et al., 1998). Often
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subtle abnormalitieswill be evident on chest radiography, but
chest CT or MRI scanning may be necessary to detect resid-
ual CCAM tissue. Several authors have recommended that
as long as these lesions are asymptomatic, they be observed
closely and managed without resection (Adzick et al., 1993;
MacGillivray et al., 1993; Aziz et al., 2004; Hsieh et al., 2005).
The argument against this approach includes the reported
cases ofmyxosarcoma, embryonal rhabdomyosarcoma, pleu-
ropulmonary blastoma, andbronchoalveolar carcinoma aris-
ing in CCAMs (Stephanopoulos and Catsaros, 1963; Wecla
et al., 1977; Benjamin and Cahill, 1991; d’Agostino et al.,
1997). While primary lung tumors are rare during the first
two decades of life, 4% of those reported were associated
with congenital cystic lesions of the lung, including CCAM
(Benjamin and Cahill, 1991). While CCAM-associated ma-
lignancies often arise only after decades, the youngest pa-
tient reported with a malignancy was only 13 months of age
(Ozcan et al., 2001). Because there is an anomalous connec-
tion to the tracheobronchial tree, infection is an additional
potential complication (Stephanopoulos and Catsaros, 1963;
Ueda et al., 1977; Weinberg et al., 1980; Krous and Sexauer,
1981; Weinblatt et al., 1982; Prichard et al., 1984; Sheffield
et al., 1987; Hedlund et al., 1989; Domizio et al., 1990;
Benjamin and Cahill, 1991; Morresi et al., 1995; Ribet et al.,
1995; d’Agostino et al., 1997; Kaslovsky et al., 1997; Granata
et al., 1998; de Perrot et al., 2001; Federici et al., 2001; Ozcan
et al., 2001; Hasiotou et al., 2004; Doladzas et al., 2005; Pai
et al., 2005). Some have argued that asymptomatic CCAMs
should be followed expectantly, and that the risks of surgery
in infancy outweigh the potential benefits (Aziz et al., 2004).
However, the continued presence of CCAM represents a life-
long risk of both infection and malignant transformation. In
centers with significant experience in lung resection in in-
fants, CCAMs can be safely resected with no mortality and
virtually no morbidity (Tsai et al., 2007). Our approach is
to obtain a postnatal CT scan and perform a muscle-sparing
thoracotomy for lobectomy or nonanatomic resection when-
ever possible to retain normal lung tissue. An added benefit
to resection over observation is that the remaining lung un-
dergoes significant compensatory growth within months of
the surgery. This does not occur if the CCAM is left in situ.

LONG-TERM OUTCOME

The long-term outcome of infants with CCAM following re-
section is excellent. If residualCCAMis left behindor themass
is not resected, the child will be at risk for infectious and po-
tentially malignant complications. Also as noted above, in-
fants usually have remarkable compensatory growth of the
residual lung following resection, with continued alveoliza-
tion for several years.Wealso recommendprophylaxis against
respiratory syncytial virus (RSV) in infancy in children with
significant pulmonaryhyperplasia, pulmonaryhypertension,
or chronic lung disease. Children who survived open fetal

surgery for CCAMs associated with hydrops appear to be still
doing well from 1 to 7 years postoperatively.

GENETICS AND RECURRENCE RISK

CCAMhas no known genetic defect responsible for its devel-
opment and is thought to be an early developmental anomaly
of uncertain cause. CCAM is not known to be specifically
associated with chromosomal abnormalities, although one
case of the 134 CCAMs reported by Adzick et al. (1998) had
trisomy 21. No cases of recurrence of CCAM in a sibling or
offspring have been reported.
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of the Chest

Key Points

■ Differential diagnosis includes bronchogenic cyst,
pericardial cyst, thymic cyst, esophageal
duplication, and neurenteric cysts.

■ Sonographic features may be used to differentiate
between various cystic masses that may be found
in the fetal chest.

■ MRI scanning is often a useful adjunctive imaging
modality to ultrasound that may allow more

accurate diagnosis and recognize mass effect on
adjacent structures.

■ Fetal intervention may be indicated by
thoracoamniotic shunting for hydrops.

■ EXIT-to-ECMO or EXIT-to-Resection may be
indicated in cases in which the cystic lesion is very
large and the airway is compromised.

CONDITION

Cystic lesions of the fetal chest include a broad list of anoma-
lies that differ in origin, prenatal natural history, pathophys-
iology, and implications for management of the fetus. The
most common lesions of the fetal chest include congeni-
tal pulmonary airway malformation (CPAM) (see Chapter
35) and bronchopulmonary sequestration (BPS) (see Chap-
ter 34). This chapter focuses on other less common causes of
fetal thoracic cysts including bronchogenic cysts, congenital
lobar emphysema, pericardial cyst, thymic cyst, esophageal
duplication cysts, and neurenteric cysts.

Bronchogenic cysts result frompremature foregut rem-
nants that originate in embryonic bud tissue prior to the for-
mation of the bronchi. While bronchogenic cysts can share
common features with esophageal duplication cysts, they
are histologically characterized by the presence of cartilage,
smooth muscle, and glands in the cyst wall (McAdams et al.,
2000; Stocker, 2002; Langston, 2003). Most bronchogenic
cysts occur in the mediastinum adjacent to the distal tra-
chea or mainstem bronchi (McAdams et al., 2000; Stocker,
2002). Bronchogenic cysts can also be found within the lung
parenchyma (McAdams et al., 2000; Langston, 2003). How-
ever, this is a controversial point, as some have considered
these lesions a form of type I CPAM (Stocker, 2002). Bron-
chogenic cysts are unilocular and do not communicate with
the tracheobronchial tree and are usually filled with mucus.
Bronchogenic cysts can enlarge to produce airway compres-
sion and may ulcerate the cyst wall lining due to ectopic

gastric mucosa (Eber, 2007). Histologically, bronchogenic
cysts are lined with ciliated columnar epithelium and contain
bronchial mucous glands, elastic tissue, and hyaline cartilage
(Maier, 1948) (Figure 36-1).

Congenital lobar emphysema is characterized by over-
inflation, either by retained fluid produced in the lobe or
segment prenatally or by air trapped in the lobe or segment
postnatally (Clements, 1999). Congenital lobar emphysema
is thought to be a consequence of bronchial valvemechanism
from localized malformations or deficiencies of bronchial
cartilage, mucosal folds, or extrinsic bronchial compression
(Clements, 1999). This same appearance may be due to an
increase in the number of normally expanded alveoli, called a
polyalveolar lobe (Hislop and Reid, 1970; Mani et al., 2004).
Almosthalf of all cases involve the left upper lobe (Eber, 2007),
and the right middle lobe is the next most often affected.
These lesions rarely contain cysts and appear homogeneous
by ultrasound and MRI.

Someauthors have suggested that both congenital lobar
emphysema and polyalveolar lobe may be two outcomes of a
similar inciting lesion during lung development (Mani et al.,
2004). The timing of the lesion during lung developmentmay
account for different anatomical and functional bronchial ab-
normalities (Mani et al., 2004). Prenatally, lobar emphysema
appears as a homogeneously enlarged lobe or segment that
maybe impossible todistinguish froma type IIICPAM.Lobar
emphysema tends to follow a different prenatal history from
type IIICPAMand can continue to enlarge slowly throughout
gestation with resultingmediastinal shift and compression of



274

Part II Management of Fetal Conditions Diagnosed by Sonography

Figure 36-1 A T1-weighted fetal MRI attained at 28 weeks’ ges-
tation demonstrating lobar emphysema of the LUL that was due
to a bronchogenic cyst compressing the left mainstem bronchus
and the take off of the left upper lobe bronchus. The bron-
chogenic cyst could not be detected prenatally as the cyst fluid
was of the same signal intensity as that of adjacent mediastinal
tissues.

adjacent normal lungs. Congenital lobar emphysema may be
associated with other anomalies including cardiac anomalies
in 12% to 14% of patients (Stocker et al., 1977; Kuga et al.,
2001).

Pericardial cysts are rare lesions that are typically lo-
cated at the cardiophrenic angle. Approximately 50% to 70%
of pericardial cysts occurring in the costophrenic angle oc-
cur on the right side, whereas 28% to 38% occur on the left.
More rarely, pericardial cysts may occur in other mediasti-
nal locations not adjacent to the diaphragm (8–11%) (Stoller
et al., 1986; Patel et al., 2004). Pericardial cysts are mesothe-
lial lined with clear watery fluid. Pericardial cysts are usually
asymptomatic but may cause compression of adjacent struc-
tures. Bernasconi et al. (2007) reported a small case series of
prenatally diagnosed pericardial cysts that all spontaneously
resolved without intervention by 28 weeks’ gestation. How-
ever, there have been larger pericardial cysts that have been
associated with fetal hydrops or with cardiac or respiratory
compromise at birth due to impaired cardiac filling or airway
compression (Fernandes et al., 1991; Muraskas et al., 1993;
Rizalar et al., 1995; Daher et al., 1996; Macaulay et al., 1997;
Wilkinson et al., 1999; Jung et al., 2000). Aspiration of cyst
fluid has been associated with resolution of hydrops caused
by a pericardial cyst (Gulrajani et al., 1993; Muraskas et al.,
1993; Macaulay et al., 1997).

Thymic cysts are rare, accounting for less than 4%
of all anterior mediastinal masses postnatally (Kelley et al.,
1997; Tollefson et al., 2001). Thymic cysts arise from rem-
nants of the thymopharyngeal duct that can occur anywhere
from the hyoid bone to mediastinum (McEwing and Chaoui,

2005). Thymic cysts are usually asymptomatic and are usu-
ally an incidental finding but respiratory complications, vo-
cal cord paralysis, and dysphagia have been reported (Rudick
and Wood, 1980; Dunne and Weksberg, 1983; Graeber et al.,
1984; Wernicke and Diederich, 1994; Tollefson et al., 2001).
Prenatal diagnosis of asymptomatic thymic cysts has been re-
ported (deMiguelCampos et al., 1997;McEwing andChaoui,
2005).

Enteric duplication cysts of the mediastinum may or
may not communicate with the gastrointestinal lumen, ei-
ther in the chest or below the diaphragm (Jaggers andBalsara,
2004). There can be associated vertebral anomalies, but there
is no communication with the spinal cord or meninges. En-
teric duplication cysts may have ectopic gastric mucosa that
can cause pain or bleeding due to peptic ulceration. In con-
trast, a neurenteric cyst that contains both ectodermal and
endodermal orneurogenic elements is characterizedby a con-
nection to the meninges and spinal cord by a narrow stalk.
Neurenteric cysts are associated with spinal anomalies such
as congenital scoliosis, hemivertebrae, or spina bifida.

INCIDENCE

All of the cystic lesions described above are rare conditions
for which only anecdotal reports of prenatal diagnosis exist.
There are no reliable estimates of their incidence.

SONOGRAPHIC FINDINGS

Bronchogenic cysts are rarely diagnosed prenatally but may
be suspected from the sonographic appearance of a uniloc-
ular fluid-filled cyst in the middle or posterior mediastinum
(Avni et al., 1986). Alternatively, a bronchogenic cyst may be
suggested bymass effect on adjacent structures (Figure 36-1).
Patel et al. (2004) diagnosed a cystic mass at the time of fetal
echocardiogram compressing the left atrium. Bronchogenic
cysts can also present in atypical locations such as in the neck
or subdiaphragmatic but retain theunilocularfluid-filled cys-
tic appearance (Bagolan et al., 1999).

Esophageal duplication cysts are secondonly to those of
the ileumcomprising 15% to20%of all reportedduplications
(Benson et al., 1985; Berrocal et al., 1999). Esophageal dupli-
cations may be tubular or sausage-shaped but most often are
spherical cysts that have a thick wall of smooth muscle and
an inner lining of gastrointestinal mucosa that may include
gastric mucosa (Tam et al., 1987). These duplications are in-
timately associated with the esophagus but may appear as an
isolated posterior mediastinal unilocular cyst on ultrasound.
On T1-weighted fetal MRI images, esophageal duplications
may appear as a discrete, sharply defined low signal inten-
sity mass and high signal intensity on T2-weighted images
(Berrocal et al., 2003). Esophageal duplications may enlarge
sufficiently to obstruct the esophageal lumen and cause poly-
hydramnios (Gul et al., 2004).

Only a few thymic cysts have beendiagnosedprenatally,
usually recognized as an intrathoracic cyst and confirmed
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A B

Figure 36-2 A. A T1-weighted fetal MRI demonstrating a very large neurenteric cyst compressing adjacent structures.
B. A narrow stalk communicating with the spinal canal can be seen.

to be thymic postnatally (de Miguel Campos et al., 1997;
McEwing and Chaoui, 2005). The normal fetal thymus, ly-
ing immediately posterior to the sternum, can be either hy-
perechoic or hypoechoic with a tendency to become more
hypoechoic as the gestation progresses (Felker et al., 1989).
Thymic cysts arise from remnants of the thymopharangeal
duct and may appear from the level of the hyoid bone to the
carina (Han et al., 2001). These cysts tend to present in the
anterior mediastinum and are usually small. If completely
surrounded by thymic tissue, a diagnosis of thymic cyst can
bemade. However, in a large mediastinal cyst, it may be diffi-
cult to differentiate a thymic cyst fromother etiologies such as
lymphangioma, thyroid cyst, parathyroid cyst, bronchogenic
cyst, or pericardial cyst (Tollefson et al., 2001).

Pericardial cysts are rare lesions adjacent or originating
from the pericardium that are thin-walled anechoic masses
(Bernasconi et al., 2007). There have been a number of pre-
natally diagnosed cases (Newnham et al., 1984; Zalel et al.,
1992; Muraskas et al., 1993; Rahmani et al., 1995; Wu et al.,
1995; Lewis et al., 1996; Jung et al., 2000; Simsek et al., 2003;
Bernasconi et al., 2007) allowing some understanding of their
presentation and natural history. Pericardial cysts are usu-
ally diagnosed at midgestation during routine sonography.
In the report from Bernasconi et al. (2007), all had a benign
course without impingement on adjacent structures and half
resolved by 28 weeks’ gestation. In contrast, other case re-
ports have documented large cysts with secondary impaired
cardiac filling and hydrops or airway compression (Muraskas
et al., 1993; Jung et al., 2000). Pericardial cysts are characteris-
tically unilocular, fluidfilled arising frompericardial fat along
the left or right cardiophrenic angle either inside or outside
the pericardium or both (Feigin et al., 1977). The cyst wall
consists of a single layer of mesothelial cells surrounded by

fibroconnective tissue and may communicate with the peri-
cardial space. It has been speculated that spontaneous reso-
lution may occur as a result of rupture into the pericardial
space (Bernasconi et al., 2007).

Neurenteric cysts are presumed to arise from incom-
plete separation of the notochord from the foregut during
embryogenesis. The extraspinal neurenteric cysts are usually
located in the rightposterior chest andare associatedwithver-
tebral anomalies with a stalklike connection to the meninges
or spinal canal (Figure36-2).At least eight casesofneurenteric
cysts have been diagnosed prenatally (Fernandes et al., 1991;
Gulrajani et al., 1993; Rizalar et al., 1995; Daher et al., 1996;
Macaulay et al., 1997;Perera andMilne, 1997;Wilkinsonet al.,
1999; Bernasconi et al., 2007). Neurenteric cysts may become
quite largewith impingementonadjacent structures. Infiveof
the prenatally diagnosed cases, respiratory distress occurred
soon after delivery due to mass effect on the airway result-
ing from posterior mediastinal cysts up to 6 cm in diameter
(Fernandes et al., 1991; Rizalar et al., 1995; Daher et al., 1996;
Wilkinson et al., 1999). In addition, two of these prenatally
diagnosed neurenteric cysts developed hydrops from cardiac
compression (Macaulay et al., 1997; Wilkinson et al., 1999).

DIFFERENTIAL DIAGNOSIS

The location, size, and involvementofadjacent structuresmay
be used to help distinguish the underlying etiology of cystic
thoracic masses. Bronchogenic cysts are almost uniformly
found in close proximity to the trachea ormainstem bronchi.
In some cases, a bronchogenic cyst may be found completely
surrounded by lung parenchyma that maymake it difficult to
distinguish from a type I CPAM (Stocker, 2002).
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The typical location of pericardial cysts is in the cardio-
phrenic angle on the rightmore often than left and rarely seen
in sites not adjacent to the diaphragm (Stoller et al., 1986).
These cysts may have an intra- and extrapericardial sac com-
ponent and can seriously compromise fetal cardiac function.
These lesions may spontaneously resolve by 28 weeks’ ges-
tation. In contrast to other cystic lesions, thymic cysts are
usually confined to the anterior mediastinum and are often
completely surroundedby thymic tissueallowinga specificdi-
agnosis to bemade (deMiguel Campos et al., 1997;McEwing
et al., 2004).

Thoracic enteric duplication cysts can communicate
with the enteric lumen and extend below the diaphragm.
They are most commonly seen intimately involved with the
esophagus. Neurenteric cysts are usually seen in the posterior
mediastinum and are characterized by their associated verte-
bral anomalies. Although communication with themeninges
or spinal canal is typical of these lesions, this may be difficult
to demonstrate on prenatal imaging. Although ultrasound is
the primary imaging modality to help with the differential
diagnosis of cystic thoracic masses, MRI may be extremely
helpful in defining involvement of adjacent structures and
may provide clues to the true etiology of the cysts.

ANTENATAL NATURAL HISTORY

The rareoccurrenceof cystic lesionsof the chest limits ourun-
derstanding of the natural history of these congenital anoma-
lies. Most are likely to be asymptomatic, but some will pose
a risk for development of complications usually due to com-
pression of adjacent structures. For example, esophageal du-
plication cysts can cause polyhydramnios from esophageal
obstruction. Bronchogenic cysts may increase in size and
cause compression on the trachea or mainstem bronchi, but
this does not cause symptoms in utero. After birth, however,
these compression effects may result in airway compromise
and respiratory distress at the time of delivery. Pericardial
cysts and neurenteric cysts have both been reported to result
in hydrops due to compression of the fetal heart. The pericar-
dial cysts by their location do not need to be excessively large
to compromise fetal cardiac function. In the case of pericar-
dial cysts, up to half of these may spontaneously resolve by
28 weeks of gestation (Bernasconi et al., 2007). In contrast,
neurenteric cysts have resulted in hydrops because they can
be extremely large. Thoracic cysts of other etiologies such as
thymic cysts infrequently cause any symptoms and are usual
incidental findings. A precise diagnosis may not always be
possible but is helpful in defining complications if any, from
the cyst for which the fetus is at risk.

MANAGEMENT OF PREGNANCY

The pregnancy in which a cystic lesion of the chest is diag-
nosed should be evaluated by a combination of ultrasound,
echocardiography, and MRI. The latter may be useful in

narrowing the differential diagnosis andhelp define impinge-
ment on adjacent structures. If the cyst is in close proximity to
the heart and a pericardial cyst is suspected, fetal echocardio-
graphy is indicated.However, a large cyst in close proximity to
the heart should prompt fetal echocardiography to exclude
cardiac compromise no matter the suspected etiology. Pre-
natal consultation with a pediatric surgeon, cardiac surgeon,
or neurosurgeon may be indicated depending upon whether
the cyst is thought to be bronchogenic or a duplication cyst,
pericardial cyst or neurenteric cyst. Orthopedic consulta-
tion may be indicated if there are associated hemivertebrae
or kyphoscoliosis. The indications for genetic amniocentesis
should be based on maternal age and associated anomalies
detected as none of the cysts discussed have a particular as-
sociation with karyotype anomalies. Close sonographic and
echocardiographic surveillance should be recommended for
signs of progressive cyst growth, polyhydramnios, or the de-
velopment of hydrops until the cyst size stabilizes or resolves.
Ultrasound close to the time of delivery is indicated to be
certain that there is no impingement on the fetal airway that
may have implications for delivery management.

FETAL INTERVENTION

There are few reports of fetal interventions for thoracic cysts.
To date, there have only been three reports of cyst decom-
pression in utero with resolution of hydrops (Muraskas et al.,
1993; Macauley et al., 1997; Wilkinson et al., 1999). In one
case, the etiology was a mediastinal lymphatic vascular mal-
formation (Muraskas et al., 1993). In theother twocases, large
neurenteric cysts causing hydrops responded to cyst drainage
at 25 and 28 weeks’ gestation, respectively. Kunisaki et al. re-
ported the use of EXIT-to-ECMO to manage a fetus with a
bronchogenic cyst completely obstructing the carina result-
ing in bilateral lung distention. The use of the EXIT strategy
allowed the newborn to be evaluated by CT scan, undergo a
right thoracotomy resection of the bronchogenic cyst, and re-
pair of the trachea while on ECMO support (Kunisaki et al.,
2007). The anecdotal nature of fetal interventions for tho-
racic cysts precludes defining indications for interventions.
However, the presence of hydrops or significant airway com-
promise as in the cases noted above appears to be reasonable
indications for treatment in utero.

TREATMENT OF THE NEWBORN

The newborn with a thoracic cyst should be evaluated to ex-
clude airway compromise prior to delivery. Postnatal studies
to evaluate the cyst will depend on the nature of the cyst.
Cases of bronchogenic cysts, thymic cysts, duplication cysts
may be best evaluated by bronchoscopy and chest CT orMRI.
Echocardiographymay be better to evaluate a suspected peri-
cardial cyst and its effect on cardiac function.

In some instances, such as in known thymic cysts or
pericardial cysts, simple observation alone is indicated in the
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absence of significant compression on adjacent structures. In
some instances such as neurenteric cysts, plane radiographs
may also be indicated to evaluate possible associated vertebral
anomalies. Potential communication with the meninges or
spinal cord should also be evaluated by CT scan. In most
instances, surgery to resect the cyst is indicated to prevent
complications including infection or hemorrhage into the
cyst or simply cyst growth with impingement on adjacent
structures. If a complete resection can be performed, this
reduces the chances of cyst recurrence.

SURGICAL TREATMENT

In most instances, surgical resection of cystic thoracic lesions
will be indicated due to risk of infection, cyst enlargement,
airway compromise, impingement on the heart, esophageal
obstruction, or because the etiology of the cyst is unknown.
In some instances, observation alone is indicated when the
diagnosis is known and the risk of cyst enlargement is small
as in thymic cysts. The operative approach to resecting these
cysts depends on location and involvement of adjacent struc-
tures. Bronchogenic cysts can involve the trachea or main-
stem bronchi and resection may require cross-field venti-
lation or cardiopulmonary bypass. Thoracoscopic resection
may be possible in some cases butmost will require open tho-
racotomy. The assistance of a pediatric neurosurgeonmay be
required for resection of a neurenteric cyst because of com-
munication with meninges or spinal canal. In virtually all
instances, complete excision of neurenteric cysts is possible
that eliminates the risk of cyst recurrence. In the case of du-
plication cysts and neurenteric cysts, communication with
the lumen of the gastrointestinal tract should be sought and
addressed to avoid postoperative complications. Unless a de-
cision has been made to observe as in the case of pericardial
or thymic cysts, resection should be performed as early as
practical in order to prevent complications.

LONG-TERM OUTCOME

In almost all instances, these cystic lesions do not recur and
cause no other problems once resected. In some instances, as
in large bronchogenic cysts or large neurenteric cysts tracheo-
bronchialmalaciamay take 1 to 2 years to improve. In the case
of neurenteric cysts, the associated vertebral anomalies may
require spinal surgery to prevent progressive kyphoscoliosis.

In most instances, complete resection of the cyst pre-
vents long-termcomplications and these childrendoverywell
long-term follow-up. Those patients with spinal abnormali-
ties may have problems related to these vertebral anomalies
such as kyphosis or scoliosis but not related to the cyst itself.

GENETICS AND RECURRENCE RISK

None of the cystic lesions discussed in this chapter are
associated with karyotype abnormalities or recognized

syndromes. There has been only a single report of familial
thymic cysts (Joshua et al., 2004). In all other cases, these
lesions are thought to be sporadic and recurrence with sub-
sequent pregnancies has not been reported.
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37
CHAPTER

Congenital Diaphragmatic
Hernia

Key Points

■ Defect in formation of diaphragm that is
associated with pulmonary hypoplasia.

■ Incidence is around 1 in 2200 with 85% to 90%
being left sided, 10% to 15% right sided, and 2%
bilateral.

■ Approximately 60% of cases are isolated and 40%
are complex or syndromic.

■ Multiple sonographic and MRI techniques have
been described to predict lung volume, which is an

important predictor of survival. Liver position is
also very important with regard to outcome.

■ In the most severe cases of congenital
diaphragmatic hernia (CDH), the fetal tracheal
occlusion (FETO) with a balloon is removed prior to
delivery “or EXIT-to-ECMO offers the best hope for
survival.”

■ All fetuses with CDH should be delivered in a
tertiary center with specific neonatal and surgical
expertise in this condition and ECMO capability.
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Key Points (cont.)

■ Cesarean section delivery is indicated only for
standard obstetrical reasons.

■ Approximately a dozen single-gene disorders have
CDH as a major feature. With increased

cytogenetic resolution through array cGH, more
syndromic cases are being recognized as being
associated with a chromosome abnormality. Fetal
karyotype is indicated.

CONDITION

Congenital diaphragmatic hernia (CDH), a defect in the di-
aphragm, is thought to be due to failure of the pleuroperi-
toneal canal to closeby9 to10weeksof gestationand results in
varying degrees of pulmonary hypoplasia from compression
of the developing lungs by the herniated viscera (Harrison et
al., 1993b). The traditional view that the diaphragm forms
by fusion of the septum transversum, the esophageal mesen-
tery, the pleuroperitoneal folds, and ingrowth ofmusculature
from the lateral body wall, is now being questioned (Pober,
2008). In model organisms, recent work suggests that a non-
muscular diaphragmatic anlage first develops, and that the
diaphragmatic musculature derives from muscle precursors
that migrate through the pleuroperitoneal folds at approxi-
mately day 37 of gestation (Babiuk and Greer, 2002; Pober,
2008).

During the development of the diaphragm, the peri-
toneal cavity is quite small and themidgut is normally present
in the umbilical cord as physiologic herniation of the cord. If
closure andmuscularizationof the pleuroperitoneal canal has
not occurred by 9 or 10 weeks of gestation, when the midgut
returns to the abdomen to undergo its normal 270-degree
rotation, the viscera may herniate into the thorax through
the posterolateral diaphragmatic defect because of limited
intra-abdominal space (Areechon et al., 1963). If herniation
occurs before the closure of the pleuroperitoneal canal there
is no hernia sac. However, if pleuroperitoneal membrane has
formed but is not muscularized, a hernia sac will be present
and is observed in10%to15%of cases (Areechonet al., 1963).
Occasionally, a “transient” herniation may occur later in ges-
tation, with little effect on pulmonary development (Adzick
et al., 1985a; Stringer et al., 1995).

The clinical course of an infant with isolated CDH
depends entirely on the degree of pulmonary hypoplasia
and severity of pulmonary hypertension. The degree of pul-
monary hypoplasia depends on the timing of herniation dur-
ing development, the volume of viscera herniated, and dura-
tion of herniation, that is, whether or not the viscera slide in
and out of the thorax (Harrison et al., 1993a; Stringer et al.,
1995).

An appreciation of the pathophysiology of CDH re-
quires an understanding of the normal growth and devel-
opment of the tracheobronchial tree and pulmonary vascu-
lature. Reid (1977) has described four overlapping stages of
normal histologic development: embryonic (from concep-
tion to 5 weeks); pseudoglandular (5–16 weeks); canalicular

(16–24weeks); and terminal sac or alveolar (24weeks to post-
natal life). The bronchial tree is almost completely developed
by 16weeks of gestation, at which time the adult complement
of airways is established.However, alveoli continue todevelop
after birth, increasing in number until about 8 years of age
(Boyden, 1977).

The severity of pulmonary developmental abnormali-
ties depends on the time and the extent towhich the herniated
viscera compress the adjacent lung.A large intrathoracicmass
effect that develops during the formation of the conduct-
ing airways (pseudoglandular stage) will reduce the num-
ber of bronchial divisions, decreasing the thoracic volume
available for lung development (Geggel and Reid, 1984). The
herniation of viscera in CDH usually occurs during the pseu-
doglandular stage of lung development (5–16 weeks) (Reid
et al., 1977). In fetuses with CDH, the major bronchial buds
are already present, but the number of bronchial branches
is pruned and greatly reduced (Companale et al., 1955). The
number of alveoli per acinusmay be normal, but the absolute
number of alveoli is decreased because of the reducednumber
of bronchial divisions. These morphologic changes are more
pronounced in the lung ipsilateral to the diaphragmatic her-
nia,but thecontralateral lung is similarly affectedbycompres-
sion from the shifted mediastinum (Figure 37-1) (Harrison
et al., 1980a, 1980b, 1981, 1990, 1993a; O’Rourke et al., 1984;
Adzick et al., 1985b; Hasegawa et al., 1990). Persistent mass
lesions during later stages of lung development (canalicu-
lar or alveolar stages) will result in a reduction not only in
airway size, but in the number and size of saccules, alveoli,
andpreacinar and intra-acinar vessels (Areechon et al., 1963).
Concomitantwith these changes in the fetal tracheobronchial
tree is an increase in the thickness of the arterial media and
extension of muscle peripherally into the small preacinar ar-
teries (Levin et al., 1978). The pulmonary hypoplasia that
is associated with CDH is one of the major determinants of
morbidity and mortality (Figure 37-1). Some have suggested
a “two-hit” theory in which pulmonary underdevelopment
occurs first but is thenmadeworse by subsequentmechanical
compression (Keijzer et al., 2000). In addition, thepulmonary
vasculature is abnormalwith overmuscularized vessels. In ad-
dition to the increasedmuscularizationof the preacinar arter-
ies, Geggel et al. have demonstrated that there is a reduction
in size of the pulmonary vascular bed in CDH (Geggel et al.,
1985). These changes in the pulmonary vascular bed are the
histologic correlateof thepulmonaryhypertension seen inex-
perimental models of CDH and newborns with pulmonary
hypoplasia.
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Figure 37-1 Autopsy photograph demonstrating the shift of the heart to the right side of the chest and bilateral lung
hypoplasia due to diaphragmatic hernia.

There is evidence that mutations in specific genes that
are involved in diaphragmatic development and/or the vi-
tamin A pathway may play a role in the etiology of CDH
and pulmonary hypoplasia (Ackerman and Pober, 2007). Key
genes that are mutated in teratogenic mouse models of CDH
include the transcription factors Fog2, couptf2, wt1, slit3, and
GATA4, and molecules involved in cell migration and sig-
naling such as slit3 (Bielinska et al., 2007). It is not clear that
this teratogenicmodel fromwhich thesemutations have been
identified apply to human CDH. Interestingly, in the human,
these genes map to areas that have been consistently shown
to have chromosome abnormalities that are associated with
CDH. There has also been one case in a human mutation
in FOG2 in which there was pulmonary hypoplasia and a di-
aphragmatic abnormality consistent with eventration, but no
CDH (Ackerman et al., 2005).

INCIDENCE

Approximately 85% to 90% of diaphragmatic hernias occur
on the left side, 10% to 15% are on the right side, and a few
are bilateral. In 60% of cases, the diaphragmatic hernia is ei-
ther isolated or associated withmalformations that are due to
hemodynamic or mechanical consequences of the CDH. In
40% of cases the CDH is nonisolated or part of a syndrome.
All studies have shown that infants with syndromic (or “com-
plex”) CDH have higher mortality (Pober, 2007). The inci-
dence of CDH has been estimated at between 1 in 3000 and 1
in 5000 livebirths (Puri and Gorman, 1984). These estimates
ignore the significant numbers of intrauterine fetal death,
stillbirths, and neonatal deaths that occur before transfer to

a tertiary care facility. An accurate incidence of CDH is more
likely around 1 in 2200 births (Fitzgerald, 1979; Harrison et
al., 1979; Reynolds et al., 1984; Puri, 1989). In years past, the
postnatal survival rate of infants with CDH has traditionally
been quoted as 50% (Adzick et al., 1981), but this figure rep-
resents survival in a favorably selected group of patients who
survive not only to term, but also transfer to a referral cen-
ter for further treatment (Harrison et al., 1979, 1990, 1993a,
1994; O’Rourke et al., 1984; Adzick et al., 1985a). The most
severely affected neonates die before they are transferred to a
tertiary care center. Harrison has referred to this discrepancy
as the “hidden mortality” of CDH (Harrison et al., 1979). A
more recent meta-analysis found that the average mortality
for prenatally diagnosed cases was 75%, for cases ascertained
as part of a population-based study it was 48%, and for cases
transferred to a tertiary facility it was 45% (Skari et al., 2000).

The cause of CDH is unknown but it has been reported
in association with maternal ingestion of thalidomide, Ben-
dectin, quinine, and antiepileptic drugs (Hobolth, 1962; Kup,
1967; Hill, 1974; Greenwood et al., 1976; Tubinsky et al.,
1983). Associated anomalies are seen in 25% to 57% of all
cases of CDH, but this figure rises to 95% in stillborn infants
(Crane et al., 1979; Tubinsky et al., 1983; Puri, 1984). The
associated anomalies may include congenital heart defects,
hydronephrosis or renal agenesis, intestinal atresias, extralo-
bar sequestrations, and neurologic defects, including hydro-
cephalus, anencephaly, and spina bifida (Crane et al., 1979;
Tubinsky et al., 1983). CDH has been described as a find-
ing in Fryns, Beckwith–Wiedemann, and Pierre–Robin syn-
dromes as well as in congenital choanal atresia (Thorburn et
al., 1970; Evans et al., 1971;Harrison et al., 1991). Chromoso-
mal anomalies are diagnosed in 10% to 20% of cases of CDH
diagnosed prenatally. The most common diagnoses include
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Figure 37-2 A. Coronal image of a fetus
with a left congenital diaphragmatic her-
nia demonstrating the stomach in the left
chest and the heart deviated into the right
chest. B. An axial image demonstrating the
four-chamber view of the heart and adja-
cent herniated loops of bowel. (Reprinted,
with permission, from Morin L, Crombleholme
TM, Dalton ME. Prenatal diagnosis and man-
agement of fetal thoracic lesions. Semin Peri-
natol. 1994;18:228-253.)

trisomies 21, 18, and 13 (Lesk et al., 1959; Crane et al., 1979;
Tubinsky et al., 1983).

SONOGRAPHIC FINDINGS

Approximately 60% to 90% of cases of CDH are detected
prenatally by sonography or MRI depending on the center
reportingascertainment (Pober, 2008).ThediagnosisofCDH
should be suspected if the stomach bubble is not observed in
itsnormal intra-abdominal location.The fetal chest shouldbe
viewed in the true transverse plane, and landmarks such as the
inferior margin of the scapula should be used to identify the
abdominal viscera in the chest (Lesk et al., 1959). Abdominal
viscera that are seen cephalad to the inferior margin of the
scapula or at the same level of the four-chamber view of the
heart are herniated, confirming a diagnosis of CDH (Figures
37-2 to 37-4). The herniated abdominal viscera associated

with a left-sided CDHmay be the easiest to detect. The fluid-
filled stomach and small bowel contrast strikingly with the
more echogenic fetal lung.

Liver Herniation

The position of the fetal liver is one of the most significant
and reproducible independent prognostic factors, with liver
herniation predictive of poor outcome (Harrison et al., 1990;
Cannie et al., 2006; Hedrick et al., 2007; DePrest et al., 2009).
Kinking of the sinus venosus is a reliable sign of left-sided
CDH with herniated left lobe of the liver (Figure 37-5). In a
retrospective review of 16 fetuses with left CDH, Boostaylor
et al. (1995) found that bowing of the umbilical segment of
the portal vein (the portal sinuses) to the left of midline and
coursing of portal vessels to the lateral segment of the left
hepatic lobe toward or above the diaphragmatic ridge are the
best predictors for liver herniation into the left chest. Another
subtle finding is an echodense space between the left border
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Figure 37-3 A. Sagittal image of a fetus with a right congenital diaphragmatic hernia demonstrating the liver above
the diaphragm. B. An axial image demonstrating a right congenital diaphragmatic hernia with the liver filling the right
fetal thorax and the heart deviated against the left chest wall.

of the heart and the stomach, which is due to interposed
herniation of the left lobe of the liver. Sonographic or MRI
delineation of the diaphragm is not always possible. Even
identifying the diaphragm cannot exclude CDHbecause only
a portion of the diaphragm may be missing.

Figure 37-4 Fetal MRI demonstrating a right diaphragmatic her-
nia; note the liver, gallbladder, and small intestine filling the right
thorax and the stomach below the diaphragm.

The location of the gallbladder may also be helpful in
diagnosing CDH because it may be herniated in the right
chest in right-sided CDH or displaced to the midline or left
upper quadrant with left-sided CDH. A large-volume her-
niation will result in mediastinal shift with polyhydramnios.
Mediastinal shift is thought to interfere with swallowing, thus
resulting in polyhydramnios (Harrison et al., 1991). Since the
stomach is often rotated 180 degrees counterclockwise from
itsnormal anatomicpositionup into the chest, it ismore likely
that there is partial gastric outlet obstruction due to kinking
at the gastroduodenal junction. The stomach position is also
a good predictor if observed in a posterior or midthoracic lo-
cation if the liver is herniated (Boostaylor et al., 1995). CDH
has been also reported in associationwith concomitant bron-
chopulmonary sequestration cystic adenomatoid malforma-
tion, and teratomas. Thesemay be noted as echogenicmasses
seen in association with the CDH.

The extent of pulmonary hypoplasia is the most im-
portant determinant of survival in CDH. Hasegawa et al.
(1990) have proposed using a ratio of the cross-sectional area
of the lung to thorax (L:T ratio) in sonographic transverse
section of the fetal chest at the level of the four-chamber
view of the heart to assess the likelihood of pulmonary hy-
poplasia. They found, in a small series of eight fetuses with
CDH, that the L:T ratio was below 2 SD from the mean ratio
obtained in 156 normal controls. There was also an inverse
correlation between the L:T ratio in the fetus and in the post-
natal A-aDO2 (alveolar-to-alveolar oxygen difference) values
(Hasegawa et al., 1990).

Metkus et al. (1996) reported the use of the right-lung
to head circumference ratio (LHR) as a sonographic pre-
dictor of survival in fetal diaphragmatic hernia. The LHR is
the two-dimensional area of the right lung taken at the level
of the four-chamber view of the heart. This is divided by the
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Figure 37-5 A. Color flow Doppler images
demonstrating normal course of sinus veno-
sus on left. B. ‘ ‘Kinked” sinus venosus on
right in CDH.

head circumference. In a retrospective review of 55 fetuses
diagnosed with left-sided CDH, the LHR was found to be
predictive at its extremes. At lowvalues (i.e., small right lung),
fetuses with LHRs <0.6 did not survive with postnatal ther-
apy. But in fetuses with LHRs >1.35, survival was 100% with
conventional postnatal therapies, including ECMO (Cannie
et al., 2006; DePrest et al., 2006). The survival of fetuses with
LHRs between 0.6 and 1.35 was 61%. At an NIH sympo-
sium, Harrison et al. (2003) provided additional data in the
group of fetuses with values between 0.6 and 1.35. Survival
with an LHR <1.0 was only 11%. The accuracy of the LHR
described by Metkus et al. (1996) was validated in two sub-
sequent prospective studies (Flake et al., 2000). The LHR has
not been widely adopted due to the difficulty in accurately
and reproducibly obtaining the LHR.

There now have been three different techniques re-
ported for obtaining lung:head circumference ratio and a
fourth modification in which the observed LHR is normal-
ized to an expected LHR. The only two of these methods
have been validated in prospective studies. In the technique
first reported by the University of California San Francisco
(UCSF) group, the largest transverse width of the right lung
is obtained from the cross-sectional view of fetal chest at the
level of the four-chamber view of the heart. This transverse
measurement is taken parallel to the sternum from the right
side of the Ao to the edge of the lung at the right chest wall.
The anterior-posterior (AP) measurement is obtained per-
pendicular to this measurement. A second technique obtains
the longest transverse measurement at the level of the four-
chamber view of the heart independent of the orientation
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of the sternum. The third technique captures the image of
the cross-sectional view of the chest at the level of the four-
chamber view and traces the outline of the right lung to ob-
tain the area and divides by the head circumference. Each of
these techniques yields slightly different results that may alter
the perceived prognosis. These techniques are not only highly
user-dependent, but the prognosis based on these resultsmay
not translate from one center that sees a high volume of fe-
tuses with CDH to one that sees only a few cases each year.
Case in point, Crombleholme et al. (2009) have reported the
Cincinnati Children’s experience with LHR, finding a sur-
vival of 100% when LHR was >1.0 and 50% with LHR <1.0.
These findings are in contrast to older reports of prognosis
based on LHR that indicates the institutional-specific nature
of the utility of LHR in predicting survival. The accuracy of
the LHR in predicting outcome has been challenged by the
Columbia group (Arkovitz et al., 2007), who reported that
the LHR in their series was not predictive of outcome. Me-
thodical problems with LHR acquisitionmay be an issue, but
this does point to concern regarding how easily translatable
use of LHR is from one center to another.

Between 12 and 32 weeks’ gestation, normal lung area
increases four times more than head circumference (DePrest
et al., 2009). For this reason, Jani et al. (2007) proposed ref-
erencing LHR to gestational age by expressing the observed
LHR as a ratio to the expected mean LHR for that gestational
age. In a study from the CDH antenatal registry of 354 fetuses
with isolated left and right CDH between 18 and 38 weeks,
Jani et al. found that observed/predicted LHRpredicted post-
natal survival. The O/E LHR tended to be more accurate at
32 to 33 weeks than at 22 to 23 weeks’ gestation. The O/E
LHR was also found to correlate with short-term morbidity
indicated (Jani et al., 2007).

A novel approach was reported by Mahieu-Caputo
et al. (2001) using the thoracic volumeminus themediastinal
volume to yield an estimate of what the lung volume would
be expected to be if there was no CDH and dividing the ac-
tual lung volume by this estimate to yield the percent pre-
dicted lung volume (PPLV). Mahieu-Caputo et al. (2001)
found that the observed/expected fetal lung volume ratio was
significantly lower in CDH patients who died with a mean of
26% compared to those who survived with a mean of 46%.
This same group reported a larger experience from a 4-year
prospectivemulticenter studyof 77 fetuseswith isolatedCDH
diagnosed between 20 and 33 weeks’ gestation (Gorincour
et al., 2005). They found that the observed/expected lung
volume was significantly lower in fetuses with CDH that died
(23%) compared to those that survived (36%).When the ob-
served to expected fetal lung volume ratio was below 25%,
there was a significant decrease in postnatal survival to 19%
versus 40.3%. While these survival rates are lower than usu-
ally reported in the United States, they still support the utility
of this prognostic technique.

Using this same technique that she termed PPLV,
Barnewolt et al. (2007) reported their preliminary experi-
ence in Boston with 14 patients with CDH inwhich there was
a clear break point at a PPLV of 15%. Fetuses with PPLVmore

than 20% had 100% survival while those with PPLV <15%
had a 40% survival and all required prolonged ECMO. How-
ever, Crombleholme et al. (2009), in reporting the Cincinnati
Children’s experience with PPLVwith 28 patients, found that
PPLV was not as predictive of outcome as LHR (Cromble-
holme et al., 2009). In this series, three of the four deaths
occurred in patients with PPLV more than 15%. In contrast,
survival with LHR >1.0 was 100% and all deaths occurred in
patients with LHR <1.0.

Fetal MRI has been also applied to directly measure
total lung volumes to predict outcome in CDH. Hubbard et
al. (1997) found that fetal lung volumes obtained by MRI at
midgestation did not accurately predict postnatal outcome.
Kilian et al. (2006) reported a series of fetal MRI-derived
lung volumes at 34 to 35 weeks’ gestation. They noted that
most of the growth in lung volume occurs in late gestation,
as reflected in the later sharp upward sweep of lung volume
normograms. They reasoned that in the presence of a large
CDH there would not be the normal increase in lung growth.
In a series of 38 cases of CDH, both right-sided and left-sided,
they correlated lung volume with survival and the need for
ECMO. They found that the mean lung volume of survivors
was 35 cc, while mean lung volume of nonsurvivors was 9 cc.
Themean lung volume of those infants requiring ECMOwas
18 cc, while 25 cc was themean lung volume of those that did
not require ECMO.

At the time of 34 weeks’ gestation MRI, measurement
of the branch pulmonary artery diameter and the descending
Ao allows calculation of themodifiedMcGoon index. Vuletin
et al. (2009) have shown that themodifiedMcGoon <1.0 and
the prenatal pulmonary hypertensive index (PPHI, branch
pulmonary arteries divided by the cerebellum to normalize
for age) correlates with severe postnatal pulmonary hyper-
tension at 3 weeks of age.

Cystic diseases of the chest, such as type I congenital
cystic adenomatoidmalformation(CCAM)of the lung,bron-
chogenic cysts, neurenteric cysts, and cystic mediastinal ter-
atoma, may also bemistaken for the herniated bowel of CDH
(Harrison et al., 1991). The demonstration of normal upper
gastrointestinal anatomy helps to distinguish cystic thoracic
masses fromCDH. Peristalsis of bowel loops within the chest
may also help distinguish these two diagnoses. In right-sided
lesions the liver is often the only organ herniated. Thismay be
more difficult to identify, due to the similar echodensities of
the fetal liver and lung. It may also be difficult to distinguish
herniation of the liver into the chest from a type III CCAM.

ANTENATAL NATURAL HISTORY

It was once thought that prenatal detection of CDH might
improve outcome by allowing transport of the mother to an
appropriate facility, planned delivery, immediate resuscita-
tion, and sophisticated postnatal intervention with “genti-
lation” strategies, high-frequency ventilation and/or ECMO.
Reviews of prenatally diagnosed CDH, however, have con-
sistently shown a 76% to 80% mortality rate despite this
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optimized approach to management (Adzick et al., 1981;
O’Rourke et al., 1984; Reynolds et al., 1984; Harrison et al.,
1990, 1993a, 1993b, 1994; Puri and Gorman, 1984).

There has been a trend toward improved survival even
among the most severely affected fetuses with CDH in which
there is liver herniation and LHR <1.0. In the NIH study
reported by Harrison et al. (1997), the survival in fetuses re-
gardless of treatment was 30%. Although the numbers were
small, this is an improvement from 11% previously reported
by this group. Similarly, the CHOP group has reported 40%
survival in this high-risk category. The improvement in sur-
vival in general for CDH has shifted innovative strategies of
management to only those patients with LHR <1.0 and liver
herniation. These innovative strategies include reversible tra-
cheal balloon occlusion (DePrest, 2007; DePrest et al., 2009),
EXIT-to-ECMO (Kunisaki et al., 2007), and aggressive man-
agement of pulmonary hypertension with off-label use of
inhaled nitric oxide and inhaled prostacyclin (Lim, 2007).
This aggressive management of pulmonary hypertension in
CDH has resulted in 100% survival in isolated CDH with
LHR >1.0. Even with LHR ≤1.0, the group at Cincinnati
Children’s have observed a 50% survival and have reduced
the need for ECMO to only 8% in patients not sufficiently
severe for EXIT-to-ECMO.

MANAGEMENT OF PREGNANCY

The evaluation of the fetus with suspected CDH should in-
clude a detailed ultrasound examination to confirm the di-
agnosis and detect possible associated anomalies. If possible,
measurement of LHR should be obtained. Prenatal karyotyp-
ing is indicated in all cases of CDH because of the high in-
cidence of associated chromosomal anomalies (16–37% of
cases) (Adzick et al., 1981; Puri, 1984; Sharland et al., 1992).
Even if termination of the pregnancy is not an option because
of gestational age or parental choice, the diagnosis of a chro-
mosomal anomaly may influence the management of labor
and the plan for neonatal resuscitation. Array comparative
genomic hybridization (CGH) has also been recommended
by some for all cases of prenatally diagnosed CDH due to
limitations in completely ascertaining all anomalies in utero
(Pober, 2008).

Themost common chromosome abnormalities associ-
ated with CDH are trisomy 18 (see Chapter 130), and tetra-
somy12p (Pallister–Killian syndrome) (seeChapter 138), and
trisomy 21 (see chapter 131). Other chromosome rearrange-
ments that have been reported in association with multiple
cases of CDH include del(15)(q26.1-q26.2), del (8)(p23.1),
del (4)(p16), partial and full trisomy 22, del (1)(q41-q42.12),
and rearrangement of 8q23 (Holder et al., 2007; Pober, 2008).

CDH is found in at least a dozen single-gene dis-
orders, including Cornelia de Lange syndrome, cran-
iofrontonasal syndrome, Donnai–Barrow syndrome, multi-
ple vertebral segmentation defects, Simpson–Golabi–Behmel
syndrome, Denys–Drash syndrome, and Frasier syndrome.
Although a diagnosis of Fryns syndrome is commonly made,

there is likely to be etiologic heterogeneity with Fryns, and
no gene that causes this condition has been identified to date
(Pober, 2008). If the CDH is suggested to be syndromic, con-
sultation with a medical geneticist is advised.

Fetal echocardiography is also recommended in all
cases because of the 16% incidence of associated congenital
heart disease (Sharland et al., 1992).

The diagnosis of CDH at less than 25 weeks of gesta-
tion with long-standing large-volume herniation (indicated
by mediastinal shift and dilated intrathoracic stomach, her-
niated liver, or LHR <1.0 and associated polyhydramnios)
indicates a fetus at risk for severe pulmonary hypoplasia and
a poor outcome. The severity of pulmonary hypoplasia and
CDH seems to correlate with the timing, duration, and vol-
umeofherniation.A fewmildly affected fetuseswill havemin-
imal developmental effects on the lungs because of herniation
late during gestation, small-volume hernia, minimal medi-
astinal shift, and greater lung volume as indicated by an L:T
ratio >0.5 or LHR >1.4 (Hasegawa et al., 1990; Metkus et al.,
1996; Stringer et al., 1995). These fetuses should be followed
closely by serial ultrasound examinations and delivered at
term in an ECMO center staffed with pediatric surgeons and
neonatologists, expert in management of infants with CDH.

Themajority of fetuseswith prenatally diagnosedCDH
are detected early in gestation (less than 25 weeks), with a
large-volume herniation withmediastinal shift and intratho-
racic stomach, polyhydramnios, low L:T ratio (<0.5), and
low LHR (<1.35). The management of the fetus depends
on the gestational age at diagnosis. If the fetus is less than
24 weeks, then the parents may choose to terminate the preg-
nancy, continue the pregnancy with conventional postnatal
care at term, or consider fetoscopic tracheal balloonocclusion
procedure in utero (if available). At the time of publication,
no FDA-approved device for fetal tracheal balloon occlusion
was available in the United States, and tracheal occlusion is
being offered in Europe. Several centers including UCSF and
Cincinnati Children’s are offering this therapy on an FDA-
approved investigational device exemption. After 28 weeks of
gestation, CDH is managed by conventional postnatal man-
agement or EXIT-to-ECMO (Figure 37-6).

Cesarean delivery is not indicated for CDH. There are
no data to support elective preterm delivery. However, elec-
tive induction at 37 weeks allows a planned delivery in the
appropriate center with suitable resources for the care of
a fetus with severe pulmonary hypoplasia. There has been
controversy as to whether CDH fetuses are surfactant defi-
cient with reports on both sides of the argument. Recently
however, Benachi (2007) from France reported definitive re-
sults in autopsy specimens in fetuses with CDH near term, as
demonstrated by the presence of type II pneumocytes both
bronchoalveolar lavage and histology that were no different
fromnormal-term control fetuses. There is, however, another
reason to administer prenatal steroids within 48 hours up to
7days prior todelivery.Davey et al. (2007)havedemonstrated
in a sheepmodel of CDH that steroid administration close to
the time of delivery can reverse the extensivemuscularization
of the preacinar capillary bed responsible for pulmonary.
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Figure 37-6 Algorithm for the management of prenatally diagnosed CDH.

FETAL INTERVENTION

Compensatory lung growth and development are possible
after repair of CDH, but weeks or months may be required to
achieve this. Postnatal support by ECMO is usually limited to
2 to 6 weeks, which may be an inadequate period of support
for the most severely affected infants (O’Rourke et al., 1984).
It has been demonstrated experimentally that reduction and
repair of thehernia inutero allows the lungs adequate time for
compensatory growth (Harrison et al., 1980a, 1980b, 1981;
Adzick et al., 1985b). In a series of experiments in fetal sheep
and rhesus monkeys, the techniques of open fetal surgery
and perioperative tocolytic therapy were established before
clinical trials of open fetal surgery for CDH were undertaken
(Harrisonet al., 1980a,1980b,1981,1991;Adzicket al., 1985b;
Adzick and Harrison, 1994).

Although the survival rate with in utero repair of CDH
in initial clinical trials was not encouraging (Harrison et al.,
1990, 1993a, 1993b), the dramatic results observed in sur-
viving infants prompted an NIH-sponsored trial (Harrison
et al., 1997). The results of this trial, limited to diaphragmatic
hernia without herniation of the left lobe of the liver, showed
no survival benefit of fetal surgery over postnatal treatment.
As a result, there is currently no indication for complete repair
of diaphragmatic hernia without herniation of the left lobe of
the liver. However, cases of diaphragmatic hernia associated
with herniation of the left lobe of the liver remain the most

severely affected cases, with profound pulmonary hypopla-
sia. Ironically, although considered an exclusion criterion for
complete repair of diaphragmatic hernia, it is now one of
the selection criterions for fetal tracheal occlusion (FETO;
Deprest et al., 2009).

It was recognized long ago that occlusion of the fetal
trachea results in markedly enlarged and hyperplastic lungs
(Carmel et al., 1965; Lanman et al., 1971; Alcorn et al., 1976).
This observation was applied to the problem of diaphrag-
matic hernia. Throughout gestation the fetal lung produces
fluid that exits the trachea during normal breathing move-
ments. External drainage of this fluid, bypassing the glottic
mechanism, results in retarded lung growth and pulmonary
hypoplasia (Carmel et al., 1965; Lanman et al., 1971; Alcorn
et al., 1976). Conversely, tracheal occlusion results in acceler-
ated lung growth and pulmonary hyperplasia (Carmel et al.,
1965; Alcorn et al., 1976; Moessinger et al., 1990; Hedrick
et al., 1993; Hooper et al., 1993; DeFiore et al., 1994; Bealer
et al., 1995; Luks et al., 1995; Beierle et al., 1996). In the fetal
lamb model of diaphragmatic hernia, tracheal obstruction
accelerates lung growth, pushing the viscera back into the ab-
domen resulting in larger lungs with significant functional
improvement at birth as compared with controls (Hedrick
et al., 1993; Wilson et al., 1993; DeFiore et al., 1994; Bealer
et al., 1995; Luks et al., 1995; Beierle et al., 1996). The results
of experimental work were so impressive that this strategy
was employed by Harrison in fetuses with herniation of the
left lobe of the liver (Harrison et al., 1997).
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Figure 37-7 Intraoperative view of a fetus at 26 weeks of gestation undergoing fetal tracheal clip application. The
fetal arms are retracted down through the hysterotomy and the head is extended within the uterus. The fetal neck is
opened above the sternal notch to expose the fetal trachea.

Despite an excellent biologic response with complete
tracheal occlusion, there was only one survivor in the initial
series of patients treated by tracheal occlusion. The group at
TheChildren’sHospital of Philadelphia had similar problems
when the procedure was performed at 28 weeks of gestation
(Figure 37-7). Survival increased to 40% in fetuses with a
predicted mortality rate in excess of 90% when fetal tracheal
clip applicationwas performed at 26weeks of gestation (Flake
et al., 2000).

Due to difficulties with open fetal surgery for tracheal
clip application as well as fetoscopic tracheal clip application,
the UCSF group began performing tracheal occlusion by de-
tachable endoluminal balloon placement.

The results with fetoscopic balloon tracheal occlusion
were evaluated by theUCSF group in anNIH-sponsored ran-
domized trial that compared fetoscopic tracheal occlusion to
conventional postnatal therapy in fetuses with isolated left-
sided CDH with liver herniation and LHR <1.4 (Harrison et
al., 2003). The investigators’ preliminary data suggested an
anticipated survival with conventional therapy of 50% and
with fetoscopic tracheal occlusion of 75%. A crucial aspect
of the trial was that patients from both arms of the trial were
born and treated postnatally at UCSF. The trial was stopped
after randomization of only 24 patients because of an unex-
pectedly high survival rate with standard care. Eight of the
11 fetuses (73%) randomized to tracheal occlusion survived
and 10 of 13 fetuses (77%) randomized to standard care sur-
vived to 90 days of age. There was a significant difference in
gestational age at delivery for FETO (30.8 weeks) compared
to conventional therapy (37 weeks). This trial demonstrated
a significant improvement in survival compared to historical
controls in the same center. However, the inclusion of fetuses
with LHR > 1 < 1.4 biased the study toward the less severe

end of the spectrum with insufficient power to analyze the
effects in the subset of patients with LHR <1.0.

The tracheal occlusion procedure currently in use in
Europe is done using maternal percutaneous access under
local or regional anesthesia with a single 3.3 mm port and
a balloon to occlude the trachea (DePrest et al., 2009). The
balloon is inserted at 26 to 28weeks and removed at 34weeks.
If patients deliver prior to 34 weeks they require emergency
peripartum balloon removal, which requires the availability
of trained clinicians at all times. The Eurofoetus group re-
ports in their experience of more than 150 cases a survival
rate with tracheal occlusion of 50% to 57% (DePrest et al.,
2009). However, these studies have been criticized due to lack
of contemporary controls. Nonetheless, nomaternal compli-
cations have been reported, but iatrogenic preterm rupture
of the membranes has occurred in 20% of cases. Long-term
follow-up study of infants is in progress. DePrest and his
Eurofoetus colleagues have achieved survival of 83% with
tracheal occlusion at 26 to 28 weeks’ gestation followed by
reversal of tracheal occlusion performed either by popping
the balloon by an ultrasound-guided needle or by a second
fetoscopic procedure. While no randomized trial comparing
fetoscopic tracheal occlusion to conventional care is planned.
TheEurofoetus studywill soonbegin randomizingpatients to
different gestational ages to determine the best timing of tra-
cheal occlusion. In the United States, no center is currently
offering FETO due to the lack of an FDA-approved device.
The only fetal surgery offered for high-risk CDH is EXIT-
to-ECMO. In preliminary results reported by Kunisaki et al.
(2007), fetuses with liver herniation and PPLV or <20% are
offered EXIT-to-ECMO, with a 65% survival. Similar results
have been observed at Cincinnati Children’s and Vanderbilt.
This therapeutic innovation remains unproven but may hold
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promise in these high-risk CDH cases given survival with
conventional treatment is significantly lower.

TREATMENT OF THE NEWBORN

All fetuses with CDH are at high risk for severe pulmonary
hypoplasia and are optimally managed by delivery in a peri-
natal center with neonatal and pediatric surgical expertise
in CDH immediately available, preferably in a center capa-
ble of performing ECMO (Harrison et al., 1990; Marwan
and Crombleholme, 2006). The resuscitation of a newborn
includes immediate endotracheal intubation, “gentilation”
limited, positive-pressure ventilation with PIPs. The infant
should have a sump-style nasogastric tube inserted in the
delivery room to perform continuous suction to avoid dila-
tion of the intrathoracic bowel from the infant swallowing
air. In the delivery room the infant should have umbilical
arterial and umbilical venous catheters placed to monitor ar-
terial blood gases and provide venous access. In the face of
liver herniation, however, umbilical venous lines are rarely
successfully placed. Preductal and postductal transcutaneous
oxygen saturationmonitors canhelp tocontinuouslymonitor
right-to-left shunting across the ductus arteriosus.

Judicious volume resuscitation is important, andmany
infants with diaphragmatic hernia require vasopressor sup-
port with dopamine, milrinone, or epinephrine. Occasion-
ally vasopressor refractory hypotension may require the use
of steroids or even vasopressin.

The use of inhaled nitric oxide in CDH has met with
mixed results. Inhaled nitric oxide has not clearly been shown
to benefit newbornswith diaphragmatic hernia.However, in-
haled nitric oxide has been beneficial in preventing the need
for ECMO during the postoperative period (Frostell et al.,
1993; Dillon et al., 1995). At Cincinnati Children’s an aggres-
sive approach for pulmonary hypertension includes inhaled
nitric oxide combined with inhaled prostacyclin. While this
approach has not been proven yet to affect outcome, prelim-
inary results with this approach have been promising, and
resulted in 90% overall survival in CDH and 100% survival
in cases with LHR >1.0. (Crombleholme et al., 2009)

SURGICAL TREATMENT

It was once believed that immediate operation to decom-
press the chest was necessary. However, in recent years, it has
been recognized that this is not the case. Themore important
variable is the degree of underlying pulmonary hypoplasia.
Emergency surgical repair may, in fact, be detrimental to the
infant’s tenuous pulmonary and hemodynamic status after
birth and relativepulmonary arteryhypertension (Hazebrock
et al., 1989; Langer et al., 1989). It is better to delay repair until
the infant has stabilized. This may take hours, days, or weeks.
If the infant deteriorates during this so-called “honeymoon”
period, ECMO can be initiated. The infant can undergo re-

pair of CDHwhile on ECMO and be weaned from the circuit
postoperatively (Connors et al., 1990). An alternate strategy
is to perform early repair on ECMO to facilitate remodeling
of the hypoplastic lung following repair of the diaphragmatic
defect. The rationale here is that relieving compression of the
lung is beneficial for pulmonary hypertension. The risk of
this approach is postoperative bleeding while anticoagulated
on ECMOprior to a time when ECMOdecannulation would
be possible.

Repair of CDH is usually performed via a left-upper-
quadrant transverse or subcostal incision, which allows expo-
sure of the defect and reduction of the herniated viscera. The
diaphragm can occasionally undergo primary repair, but in
severe cases, the defect is large or there may be complete di-
aphragmatic aplasia, bothofwhich require a prosthetic patch.
Because reherniation may occur in up to 50% of cases with
gortex patch repair, there is growing interest in the use of the
transversus abdominus muscle flap as a patch. Because the
tissue is autologous there is decreased risk of infection, and
because it grows with the infant, it is believed to prevent de-
hiscence and reherniation. A chest tube may be inserted after
repair of CDH. If used, the chest tube is placed only to water
seal, and no suction is applied.

LONG-TERM OUTCOME

The long-term outcome of infants with isolated CDH who
survive the neonatal period depends on the severity of pul-
monary hypoplasia, and the degree of bronchopulmonary
dysplasia resulting from long-term ventilatory support (Bales
and Anderson, 1979). In addition, extrapulmonary compli-
cations arenotedmore commonly in survivors ofCDH(Glass
et al., 1989; Lund et al., 1994). There is a high incidence of
neurologic problems in children with CDH, independent of
exposure to ECMO.Other complications such as reactive air-
way disease, sensorineural hearing loss due to prolongedneed
for antibiotics and/or furosemide (Lasix), seizures, anddevel-
opmental delay, may be seen in up to 20% to 30% of patients
(Lund et al., 1994). Long-term follow-up evaluation and early
intervention are indicated in this group of high-risk patients.

Failure to thrive has beennoted inmany survivors of di-
aphragmatic hernia (Cunniff et al., 1990; Atkinson and Poon,
1992; Van Meers et al., 1993; D’Agostino et al., 1995). Many
infants with isolated diaphragmatic hernia have feeding dif-
ficulties thatmay require gavage feedings andmay contribute
to failure to thrive. The causes of failure to thrive may be
multifactorial, but Nobuhora et al. (1996) noted that 30% of
infants remained below the fifth percentile despite optimiza-
tion of caloric intake; 68% of the patients in this group were
ECMO survivors. Van Meers et al. (1993) also noted a high
percentage (50%) of CDH survivors supported with ECMO
who had failure to thrive.

Gastroesophageal reflux may affect as many as 50% to
62% of diaphragmatic hernia survivors (Koot et al., 1993;
Kieffer et al., 1995).While some have reported good response
tomedical therapy (Stolar et al., 1990), the need for antireflux
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surgery varied from 9.6% to 14.8% (Nagaya et al., 1994; Ki-
effer et al., 1995).

Musculoskeletal deformities, such as pectus excavatum
and scoliosis, may also develop in survivors of diaphragmatic
hernia. The cause of these deformitiesmay be the asymmetric
lung size, the diaphragmatic repair, or the increased work of
breathing some patients may have. In the series reported by
Nobuhora et al. (1996), the incidence of pectus excavatum
was 21% and scoliosis was 10.5%.

The most worrisome finding is the incidence of neu-
rodevelopmentaldelays,whichmaybepresent inup to40%of
survivors with CDH.While in general the risk of neurodevel-
opmental delay is thought to be proportional to the severity
of the infant’s NICU course, this has not been proven.

GENETICS AND RECURRENCE RISK

In recent years, there have been multiple lines of evidence
that suggest that many cases of CDH may have a genetic eti-
ology. These include: (1) recurring chromosome abnormal-
ities in unrelated individuals that reveal CDH “hot spots”;
(2) single-gene disorders in which the causative gene is

known and provides insight into pathways that are critical for
diaphragmatic development; (3) multiple families in which
CDH recurs (Pober, 2008).

For all fetuses in which a CDH is detected, a complete
family history should be obtained and the parents should
be examined. The first consideration should be whether the
CDHis isolatedornonisolated.Anomalies suchaspulmonary
hypoplasia, bowelmalrotation, patent ductus arteriosus, dex-
traposition of the heart, tricuspid or mitral valve regurgi-
tation, or undescended are considered to be mechanical or
hemodynamic consequences of the CDH, so if present, they
do not preclude a diagnosis of isolated CDH (Pober, 2008).
A truly isolated CDH carries a multifactorial recurrence risk
of at most 2% (Pollock and Hall, 1979; Norio et al., 1984).

All fetuses with CDH should have a minimum of a
metaphase karyotype, and ideally, an array cGH study. If a
chromosome abnormality is detected, the prognosis and re-
currence risk will be those of the specific abnormality.

If associatedanomalies aredetected theprospectivepar-
ents should meet with a medical geneticist. The single-gene
disorders in which CDH is a major feature are listed in
Table 37-1. If the geneticist suspects one of the conditions
listed, DNA diagnosis is possible on amniocytes. Special note

Table 37-1

Major Single-Gene Disorders Associated with CDH

Chromosome Prenatal Sonographic
Syndrome Pattern of Inheritance Causative Gene Location Findings∗

Cornelia de Lange Autosomal dominant
X-linked

NIPBL
Smc1 A

5p13.1
Xp11.2

Growth restriction
Limb anomalies

Craniofrontonasal
dysplasia

X-linked EFNB1 Xq12 Craniosynostosis,
hypertelorism

Donnai–Barrrow Autosomal recessive LRP2 2q24.3-2q31.1 Agenesis of corpus callosum,
hypertelorism

Fryns Unknown
Autosomal recessive

CNS, renal, cardiac
anomalies

Matthew–Wood Autosomal recessive STRA6 15q24.1 Micro- or anophthalmia,
cardiac and GU anomalies

Multiple vertebral
segmentation defects

Autosomal recessive DLL3 19q13 Hemivertebrae, fused
vertebrae, rib anomalies

Simpson–Golabi–Behmel X-linked GPC3 Xq26 Overgrowth, limb, and renal
anomalies

Denys–Drach/
Frasier/Meacham

Autosomal dominant WT1 11p13 Ambiguous genitalia,
cryptophthalmos, renal
anomalies

∗In addition to diaphragmatic hernia.
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should be made of Fryns’ syndrome, an autosomal reces-
sive condition that is commonly considered for fetuses with
CDH (Moerman et al., 1988; Bamforth et al., 1989; Cunniff
et al., 1990). The gene responsible for this condition is not
known. For a diagnosis of Fryns syndrome to be made, Lin
et al. (2005) propose that at least four of the following six
findings are present: diaphragmatic defect, pulmonary hy-
poplasia, specific facial dysmorphic features, distal digital hy-
poplasia, and affected sibling, or “other anomalies” (typically,
septal or conotruncal cardiac defects, renal cystic dysplasia,
or agenesis of the corpus callosum). If a single-gene disorder
is diagnosed, either bymolecular testing or by physical exam-
ination of the neonate, the recurrence risk and prognosis are
that of the condition.

In cases of perinatal loss, every attempt should bemade
to have autopsy studies performed to document the presence
of additional anomalies not detected on sonographic exami-
nation. A follow-upmeetingwith a clinical geneticist is useful
to summarize autopsy results and discuss possible genetic di-
agnoses. Afibroblast cell line should be established as a source
of DNA formolecular studies. If karyotype andCGHanalysis
were not performed earlier, they should be done on cultured
cells.
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CHAPTER

Hydrothorax

Key Points

■ May be primary, due to chylous leak, or secondary,
in which effusions are part of generalized fluid
retention. Secondary hydrothorax is more
common in the fetus than the neonate.

■ Sonography demonstrates an anechoic space
peripherally around the compressed lungs. If
effusion is large there may be mediastinal shift.
Polyhydramnios is present in 60% to 70% of cases.
Extrathoracic anomalies are frequently present.

■ Prior to 32 weeks of gestation fetal treatment
options include: thoracentesis, thoracoamniotic

shunting, and thoraco-maternal cutaneous
drainage. Thoracentesis should be performed to
determine if the effusion is chylous and to obtain a
cell count, differential, and culture.

■ Decompression of the fetal chest immediately
prior to delivery is controversial.

■ Delivery should occur in a tertiary care center.

■ Up to 5% of cases are associated with a
chromosome abnormality, such as Down and
Turner syndromes.
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CONDITION

Fetal hydrothorax (FHT), either unilateral or bilateral, is a
pleural effusion that may be primary, due to chylous leak, or
secondary, in which the effusions are part of a generalized
fluid retention associated with immune or nonimmune hy-
drops (Holzgreve et al., 1985; Longaker et al., 1989; Laberge
et al., 1991). The management of pleural effusion in the
fetus is complicated by the difficulty in distinguishing pri-
mary from secondary FHT. Secondary FHT is far more com-
mon in the fetus than in the neonate (Holzgreve et al., 1985;
Hagay et al., 1993). Secondary FHT may be due to a wide
variety of maternal and fetal disorders, including chromoso-
mal anomalies, cardiovascular, hematologic, gastrointestinal,
pulmonary, metabolic, infectious, and neoplastic, and mal-
formations of the placenta and umbilical cord (Chernick and
Reed, 1970; Petres et al., 1982; Gardner et al., 1983; Grena-
Ansotegui et al., 1984; Van Gerde et al., 1984; Foote and
Vickers, 1986; Nicolaides and Azar, 1990). While the under-
lying cause of a secondary FHTmay be evident from detailed
sonographic examination and karyotype analysis, in many
instances the cause of the effusion remains obscure even after
a postmortem examination (Keeling et al., 1983; Nicolaides
et al., 1985).

INCIDENCE

Cases of secondary FHTmay occur as frequently as 1 in 1500
livebirths (Hutchison et al., 1982; Im et al., 1984; Castillo
et al., 1986). The true incidence of primary FHT is uncertain.
In a review of cases fromfive obstetrical hospitals inMontreal
between 1980 and 1987, Longaker et al. (1989) estimated that
the incidence of primary FHT is 1 case per 12,000 livebirths.
The actual incidence of primary FHT may be even higher if
one considers that in many cases the condition may remain
undiagnosed, it may resolve spontaneously, the fetus may
be aborted, or death may occur soon after birth in outlying
hospitals before transfer to a tertiary care center (Longaker
et al., 1989; Laberge et al., 1991). In a review of reported cases
ofFHT,Weber andPhilipson (1992) found that therewas a2:1
male to female ratio, which is similar to the ratio in neonates
withchylothorax(ChernickandReed,1970;Broadman,1975;
Weber and Philipson, 1992).

SONOGRAPHIC FINDINGS

The first sonographic diagnosis of FHT was made by Carroll
in 1977, followed shortly thereafter by Defoort and Thiery
(1978). Although the earliest gestation age at which prenatal
diagnosis has beenmade sonographically is 17weeks, thema-
jority of cases are not diagnosed until after 30 weeks (Laberge
et al., 1991). Reports of prenatally diagnosed FHT have con-
tinued to appear, and hundreds of cases have been described

in the literature (Defoort and Thiery, 1978; Peleg et al., 1985;
Wilson et al., 1985; Benacerraf et al., 1986; Calisti et al., 1986;
Roberts et al., 1986; Weiner et al., 1986; Castillo et al., 1987;
Murayoma et al., 1987; Reece et al., 1987; Adams et al., 1988;
Blott et al., 1988; Bruno et al., 1988; Yaghoobian and Comrie,
1988; Longaker et al., 1989; Landy et al., 1990; Lien et al.,
1990; Eddleman et al., 1991; Hernanz-Schulman et al., 1991;
Parker and James, 1991).

In FHT, sonography demonstrates an anechoic space
located peripherally around the compressed lungs (Figure
38-1). If the effusion is sufficiently large, there may be some
degree of tension noted, with shift of the mediastinum away
from the FHT and flattening or eversion of the ipsilateral
diaphragm. The heart may be shifted into the contralateral
hemithorax and appear smaller than normal. The presence
of septations or solid components within the intrathoracic
fluid collection suggests alternative diagnoses (Sydorak et al.,
2002; Tsao et al., 2003). FHT has been reported in association
with congenital diaphragmatic hernia, congenital cystic ade-
nomatoidmalformation of the lung, and bronchopulmonary
sequestration, but it can usually be differentiated from simple
hydrothorax by its more echogenic appearance (Smith, 1982;
Longaker et al., 1989;Hernanz-Schulman et al., 1991; Laberge
et al., 1991). Blott et al. (1988) reported FHT in association
with a right-sided congenital diaphragmatic hernia and as-
cites. The hydrothorax resulted from a fluid-filled peritoneal
sac in the right chest. The association with FHT has been
reported in up to 20% of cases of congenital diaphragmatic
hernia and should be considered in the differential diagnosis
of FHT (Liew, 1974; Sydorak et al., 2002; Khalil et al., 2005),
although the effusion in these cases is usually small.

FHTmaybe thefirst signofnonimmunehydrops, anda
careful sonographic inspection should bemade to detect sub-
tle signs of this. Congenital heart disease is observed in up to
5% of cases of prenatally diagnosed FHT (Hagay et al., 1993).
Large effusions with shift of the mediastinum and compres-
sion of the heart may limit delineation of cardiac anatomy
on fetal echocardiography (Rodeck et al., 1988). Evacuation
of the pleural cavity by fetal thoracentesis will shift the heart
to the midline, which may facilitate adequate imaging of the
heart (Bigras et al., 2003).

Polyhydramnios is associated with FHT in 60% to
70% of cases (Defoort and Thiery, 1978; Peleg et al., 1985;
Wilson et al., 1985; Calisti et al., 1986; Roberts et al., 1986;
Weiner et al., 1986; Castillo et al., 1987; Murayoma et al.,
1987; Reece et al., 1987; Adams et al., 1988; Blott et al., 1988;
Bruno et al., 1988; Yaghoobian and Comrie, 1988; Lien et al.,
1990; Longaker et al., 1989; Landy et al., 1990; Nicolaides and
Azar, 1990; Eddleman et al., 1991; Parker and James, 1991).
This often prompts referral for prenatal sonography because
of discordant size and dates. The cause of polyhydramnios in
FHT is not known for certain, but it has been suggested that
largeFHTassociatedwithmediastinal shiftmay interferewith
fetal swallowing (Hagay et al., 1993). This view is supported
by one study that demonstrated a lack of contrast agent in the
gastrointestinal tract after intra-amniotic instillation (Uro-
graffin) (Murayoma et al., 1987). Alternatively, Petres et al.
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Figure 38-1 A. Sagittal image demonstrating chylothorax in a
fetus at 12 weeks of gestation. (Image courtesy of Alfred
Abuhamad.) B. Coronal image demonstrating unilateral left
hydrothorax in a fetus with trisomy 21 and atrioventricular canal
defect. C. Coronal image demonstrating bilateral hydrothorax.

(1982) suggested that the cause of polyhydramnios in FHT
may be an alteration in the production of amniotic fluid by
the compressed lungs.

A thorough search should be made for associated ex-
trathoracic malformations, such as cystic hygroma or other
features suggestingTurner syndrome (Smith, 1982; Foote and
Vickers, 1986). Down syndrome has been associated with
congenital pleural effusion (Puntis et al., 1987). Both Turner
and Noonan syndromes includemalformations of lymphatic
vessels, but only rarely are these syndromes associated with
congenital chylothorax (Van Gerde et al., 1984).

DIFFERENTIAL DIAGNOSIS

The most important factor in the differential diagnosis of fe-
tal pleural effusions is distinguishingprimary fromsecondary
FHT. A detailed sonographic examination will reveal a ma-
jor congenital anomaly in up to 40% of cases of secondary
FHT (Hutchison et al., 1982). In most instances, however,

a fetal thoracentesis is needed to distinguish primary from
secondary FHT (Broadman, 1975). A pleural-fluid differen-
tial cell count that consists of more than 80% lymphocytes is
considered pathognomic for chylothorax, which is a charac-
teristic finding inneonates (Puntis et al., 1987; Longaker et al.,
1989; Pijpess et al., 1989). Eddleman et al. (1991) have ques-
tioned the accuracy of a lymphocyte count as an indicator of
chylothorax in the presence of a viral infection. However, the
serositis that results from viral infection is usually not limited
to the pleural cavities, and pericardial effusion and ascites are
also often observed. A predominance of atypical lymphocytes
on differential cell count may also suggest a viral infection.

Chylothorax has beendescribed in associationwith dif-
fuse congenital lymphangiomatosis (Berberich et al., 1975;
Roth, 1984; Smelzer et al., 1986), diffuse hemangiomata, chy-
lopericardium (Bhatti et al., 1985), congenital lymphedema
(Pearl and Wilson, 1981; Kitohara, 1985; Lev-Sagie et al.,
2003), pulmonary lymphangiectasia (Jauppela et al., 1983;
Hunter and Becroft, 1984; Kerr-Wilson et al., 1985), bron-
chopulmonary sequestration (Kristofferson and Ipsen, 1984;
Hook et al., 1987), congenital diaphragmatic hernia (Liew,
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1974; Sydorak et al., 2002; Khalil et al., 2005) atresia of tho-
racic duct, generalized pleural oozing, and other malforma-
tions (Manning and O’Brien, 1983; Lazarus and McCurdy,
1984). In many cases no underlying cause for the chylotho-
rax is found.

ANTENATAL NATURAL HISTORY

The natural history of FHT is significantly different from
chylothorax in the newborn and carries a much poorer prog-
nosis. The mortality rate for chylothorax in the newborn is
at most 15%, but the mortality rate for prenatally diagnosed
FHT is 53% (Broadman, 1975; Longaker et al., 1989; Klam
et al., 2005).

Several features of primary FHT are associated with a
more favorable outcome. Unilateral FHT, without evidence
of tension, such as mediastinal shift or diaphragmatic ever-
sion, is associated with 100% survival (Longaker et al., 1989;
Laberge et al., 1991). This contrasts with a survival rate of
only 52% in bilateral FHT (Longaker et al., 1989). Survival
is also observed in all cases of FHT that spontaneously re-
solve (Longaker et al., 1989; Laberge et al., 1991). Sponta-
neous resolution of FHT has occurred in approximately 5%
to 22% of cases (Carroll, 1977; Jaffe et al., 1986; Blott et al.,
1988; Yaghoobian and Comrie, 1988; Longaker et al., 1989;
Landy et al., 1990; Lien et al., 1990;Nicolaides andAzar, 1990;
Eddleman et al., 1991; Klam et al., 2005). Because of the pos-
sibility of spontaneous regression, a period of observation is
warranted in all cases of FHT.

The development of hydrops in the fetus with primary
FHT is a poor prognostic sign, with a mortality rate of up
to 52% (Longaker et al., 1989). It is thought that hydrops
develops from mediastinal shift, cardiac compression, and
vena caval obstruction, which diminishes venous return to
the heart, resulting in a low-cardiac-output state (Bessone
et al., 1971). Themortality rate associated with primary FHT
is still significantly better than the 95% to 98%mortality rate
observed in secondary FHT (Inselman andMellins, 1981). In
cases of FHT diagnosed prior to 33 weeks, the survival rate
is only 43%, versus 80% if it was diagnosed after 33 weeks
(Carroll, 1977; Longaker et al., 1989). Similarly, a gestational
age of less than 35 weeks at delivery has a survival rate of only
30%, versus 79% if delivered after 35 weeks (Carroll, 1977;
Longaker et al., 1989; Laberge et al., 1991). Polyhydramnios
has no independent prognostic significance, except that it can
result inuterine overdistention,whichpredisposes topreterm
labor and delivery (Broadman, 1975; Carroll, 1977; Defoort
and Thiery, 1978).

Even in the absence of hydrops, large pleural effusions
can cause pulmonary hypoplasia due to compression. Pul-
monary hypoplasia is a well-known complication of space-
occupying lesions in the chest, such as cystic adenomatoid
malformation of the lung and congenital diaphragmatic her-
nia (Areechon and Reid, 1963; Levin, 1978; Geggel and Reid,
1984; Adzick et al., 1985;Geggel et al., 1985; Lange et al., 1989;

Morin et al., 1994). It is likely that the time of onset, size, and
duration of the pleural effusion probably influence the devel-
opment of pulmonary hypoplasia. The earlier in gestation a
large pleural effusion develops, the greater the degree of pul-
monary hypoplasia is likely to be. Klamet al. (2005) suggested
that unrelieved compression of the lung by bilateral FHT for
8 to 9 weeks associated with hydrops was sufficient to cause
lethal pulmonary hypoplasia. The most common cause of
neonatal death in patients diagnosed with FHT is respiratory
insufficiency due to pulmonary hypoplasia (Carroll, 1977;
Longaker et al., 1989; Laberge et al., 1991).

MANAGEMENT OF PREGNANCY

FHT is frequently associated with extrathoracic anomalies.
The risk of an abnormal karyotype in FHT is small but sig-
nificant (Chen, 2005). Prenatal karyotyping is recommended,
especially if fetal intervention is considered. The incidence of
Downsyndrome inFHTis4.9%(WeberandPhilipson,1992).
Because the incidence of associated congenital heart disease
may be as high as 5%, we recommend that every fetus diag-
nosed with FHT undergoes fetal echocardiography. Rodeck
reported treating a fetus with a thoracoamniotic shunt. The
fetus was subsequently shown to have congenital heart dis-
ease that was appreciated only after the effusion was drained
(Rodeck et al., 1988).

The fetus with a pleural effusion is at risk for the de-
velopment of polyhydramnios and preterm labor.We recom-
mend that these pregnancies be followed closely, with ultra-
sound examination every 1 to 2 weeks for early detection of
signs consistent with tension hydrothorax, such as mediasti-
nal shift, diaphragmatic eversion, development of hydrops,
and polyhydramnios.

The fetus with FHT is at significant risk for pulmonary
hypoplasia and respiratory distress following delivery. We
recommend that the fetus with a large pleural effusion be
delivered in a tertiary care center. Prenatal consultations with
a pediatric surgeon, neonatologist, geneticist, and pediatric
cardiologist are indicated. The presence of FHT does not in-
fluence the mode of delivery. Cesarean delivery should be
reserved for obstetrical indications. There have been several
reports of fetal thoracentesis prior to delivery to improve
respiratory function. Some neonatologists believe that pre-
natal decompression facilitates resuscitation of the newborn
(Bessone et al., 1971; Petres et al., 1982). Others believe that
the fluid reaccumulates so rapidly that the patient will be
hypovolemic at birth and that this will compromise resusci-
tation. The latter group advocates thoracentesis after delivery,
when venous access can be established and boluses of colloid
or crystalloid can be given. There are no data to support one
approach over the other, but delay of thoracentesis until after
delivery will minimize maternal and fetal risks (Wilson et al.,
1985). If the effusion is large and long-standing, thoracentesis
is unlikely to have much benefit because of underlying pul-
monary hypoplasia. The benefit at the time of delivery, before
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or after, is to facilitate ventilation by removing compression
of the lung by the hydrothorax.

The development of polyhydramnios may precipitate
preterm labor. Antenatal treatment of the FHT may reduce
the amniotic fluid and eliminate the preterm labor. In cases
in which treatment of the FHT fails to improve the poly-
hydramnios, reduction amniocentesis may be considered. If
tocolysis is necessary, it may be appropriate to administer
indomethacin (Lange et al., 1989).

FETAL INTERVENTION

There are several options in the management of the fetus
with isolated FHT; the options depend on gestational age,
severity of effusion, evidence of progression, and the presence
or absence of hydrops, polyhydramnios, or mediastinal shift
(Figure 38-2). A period of observation is recommended in
each fetus with FHT because of the real possibility of sponta-
neous resolution. Simple observation may be the best option
when the effusion is small and unilateral and there is no ev-
idence of tension. In a fetus diagnosed with FHT prior to
24 weeks of gestation, termination of pregnancy is an option.
In the fetus of greater than 32 weeks’ gestational age, obser-
vation with postnatal thoracentesis may be the best option,
but shunting may still be considered.

There are three forms of treatment available for man-
aging the fetus with FHT prior to 32 weeks: thoracente-
sis, thoracoamniotic shunting, and thoraco-maternal cuta-
neous drainage. Thoracentesis is a diagnostic maneuver to
obtain pleural fluid for cell count, differential, and culture
and to establishwhether the effusion is chylous. Even repeated

Figure 38-2 Axial image demonstrating unilateral right hy-
drothorax with significant mediastinal shift.

thoracenteses provide inadequate decompression of the fetal
chest.

There have been several reports of thoracentesis for
FHT, performed with either complete resolution or a good
outcome despite reaccumulation (Petres et al., 1982; Kurjak
et al., 1985; Benacerraf et al., 1986). Others have had disap-
pointing results with repeated thoracentesis for FHT because
of rapidaccumulationof theeffusionandneonataldeath from
respiratory insufficiency (Longaker et al., 1989; Nicolaides
and Azar, 1990; Weber and Philipson, 1992). Thoracentesis
cannot adequately decompress the fetal chest to allow
pulmonary expansion and prevent pulmonary hypoplasia
(Longaker et al., 1989).

Thoracoamniotic shunting provides continuous de-
compression of the fetal chest, allowing lung expansion (Fig-
ure38-3). If institutedearly enough, this allowscompensatory
lung growth and prevents neonatal death from pulmonary
hypoplasia. In a review of reported cases of thoracoamni-
otic shunting for FHT, the survival rate was 38 of 59 (65%)
(Weber and Philipson, 1992). Nicolaides and Azar (1990)
subsequently reported 48 cases of thoracoamniotic shunting,
but there was no attempt to distinguish isolated primary FHT
from secondary FHT.Despite intervention, themortality rate
was high. Four of the deaths were due to termination of preg-
nancy after a chromosomal abnormality was diagnosed. In
addition, there were 12 neonatal deaths despite thoracoam-
niotic shunt placement, but these fetuses appeared to have
severe nonimmune hydrops and secondary FHT. Two fetuses
that died in utero also appeared to have had secondary FHT
and severe hydrops. If the cases of secondary FHT are elim-
inated, the survival of cases with thoracoamniotic shunting
is 38 of 41 (92%) (Gardner et al., 1983; Nicolaides and Azar,
1990;Weber and Philipson, 1992). This is a striking improve-
ment as compared with the survival rate without treatment
(50%). Wilson et al. (2004) recently reviewed experiences
with thoracoamniotic shunting for pleural effusions report-
ing a survival rate of 67%. A similarly lower survival rate is
observed if secondary cases of FHT are excluded.

The initial step in the management of all fetuses with
FHT is a diagnostic thoracentesis for cell count, differential,
and culture. The rapidity with which the effusion reaccu-
mulates provides an indication of the severity of the FHT.
Drainage of FHT also provides a better view of the heart for
fetal echocardiogram. If hydrops is present and thought to be
due tomediastinal shift from a unilateral FHT under tension,
then thoracoamniotic shunting should be performed with-
out delay. Since spontaneous regression is possible, a second
thoracentesis should be performed in cases without hydrops.
Drainage of the pleural effusion may allow apposition of vis-
ceral andparietal pleura to seal the chylous leak. If the effusion
rapidly reaccumulates despite the second thoracentesis, then
more definitive drainage is indicated.

The indications for thoracoamniotic shunting are
not well defined. Most authors consider the presence of
FHT-induced hydrops or polyhydramnios to be indications
for shunting (Rodeck et al., 1988; Longaker et al., 1989;
Weber and Philipson, 1992). In addition, we recommend
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Figure 38-3 Algorithm for the management of fetal pleural effusions.

thoracoamniotic shunting for primary FHT with evidence
of effusion under tension even in the absence of hydrops
or polyhydramnios (Rigsby et al., 1998). Because sponta-
neous resolution has been observed even in severe cases of
FHT, we reserve thoracoamniotic shunting for cases in which
a tension hydrothorax persists after two thoracenteses. The
two currently available catheters are the Harrison double-
pigtail catheter (Cook Inc., Bloomington, IN) and the Rocket
catheter (Rocket Co. Inc., Branford, CT). We have had ex-
cellent results with both catheters, which have pigtails at
90 degrees to each other so that the outer coil sits flush against
the fetal chest. The trocar used for insertion is smaller for the
Cook catheters that make it preferable to the Rocket catheter
for earlier gestation fetuses. Lacerationof an intercostal artery
is possible with either catheter system. This is usually lethal
(Wilson et al., 2004). The thoracoamniotic shunt is placed
under ultrasound guidance after administering prophylac-
tic tocolytic agents (terbutaline) to the mother; antibiotics
(cefazolin, 1 g) are delivered to the amniotic cavity at the
conclusion of the procedure. The mother may be admitted
to the hospital overnight for serial ultrasound examinations
to assess regression of FHT and improvement of hydrops
and to be monitored for preterm labor. Weekly sonogra-
phy is recommended to ensure continued function of the
shunt.

Another therapeutic option is thoraco-maternal cuta-
neous drainage, as reported by Roberts et al. (1986). Adapt-
ing a techniquefirst usedbyLiggins (1986) for intraperitoneal
blood transfusions, a catheter was inserted into the fetal pleu-

ral cavity. This single case report is of historical interest, in
which a chylothorax was successfully decompressed and ex-
ternal drainage maintained for 7 days, with complete resolu-
tion. The catheter was subsequently removed and there was a
good neonatal outcome. Although no adverse effects were re-
ported, infection remains a significant risk of this procedure
and no other cases have been reported.

Large effusions, diagnosed early in gestation, are likely
to progress to tension hydrothorax, hydrops, and neonatal
death from pulmonary hypoplasia. We do not yet know what
percentage of second trimester FHTs require intervention.We
believe that evidence of tension, hydrops, or polyhydramnios
indicates a worse prognosis. The limited experience with tho-
racoamniotic shunts suggests that they are extremely effective
in decompressing the effusion and improving survival. The
risks of thoracentesis and shunt placement to mother and fe-
tus have been minimal and far outweighed by the potential
benefits. Few complications have been reported for either
fetal thoracentesis or thoracoamniotic shunts. There have
even been cases of FHToccurring in twins that have been suc-
cessfully treated (Grisaru-Granovsky et al., 2000; Lam et al.,
2003; VanMieghem et al., 2006). There has been a procedure-
related fetal death due to torsion of the umbilical cord as a
result of thoracentesis (Longaker et al., 1989).One case ofmi-
grationof the shuntunder the fetal skinhasbeen reported, but
required no intervention when the infant was born (Rodeck
et al., 1988). There has been one reported case in which the
trocar used to place the shunt lacerated the intercostal artery
resulting in fetal demise (Wilson et al., 2004). There have been
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nomaternal complications reportedwith either thoracentesis
or thoracoamniotic shunting. It should be recognized, how-
ever, that these procedures have the potential for infection,
bleeding, premature rupture of membranes, preterm labor,
and injury to the fetus (Rodeck et al., 1988; Longaker et al.,
1989; Tsao et al., 2003; Wilson et al., 2004).

TREATMENT OF THE NEWBORN

We recommend delivery of the fetus with FHT in a tertiary-
care setting, where appropriate neonatal resuscitation can be
instituted immediately. The infant with an undrained pleu-
ral effusion may have pulmonary hypoplasia and is at risk
for respiratory insufficiency. We do not see any advantage to
fetal thoracentesis immediately prior to delivery. We recom-
mend neonatal thoracentesis in the delivery room to avoid
risk to mother and fetus. Fluid shifts caused by thoracentesis
canbe treatedwithvolume infusiononce intravenousaccess is
established in the newborn. The infant who undergoes thora-
coamniotic shunt placement should have the shunt clamped
or removed during the delivery to prevent pneumothorax.
Occasionally, the shunt will become dislodged during deliv-
ery. After the infant is resuscitated, chest radiography should
be performed to exclude pneumothorax and evaluate the size
of residual effusion.

SURGICAL TREATMENT

In the infant with congenital chylothorax without respira-
tory distress, a period of close observation is indicated. The
majority of patients treated in utero do not require postna-
tal treatment. In the infant with modest effusions, a period
of observation and diet manipulation should be initiated. A
formula high in medium-chain triglycerides (e.g., Portogen)
will bypass the lymphatic system by direct absorption into
the bloodstream. This reduces thoracic duct lymphatic flow,
which normally has a basal rate of 4 mL per kilogram of
body weight per hour (Acevedo, 1943). In some patients,
evenmodest enteral feedingsmay stimulatemarked increases
in lymphatic flow. If the chylothorax rapidly reaccumulates
and requires repeated thoracentesis on this diet, then central
access for total parenteral nutrition and bowel rest are indi-
cated. This regimen is successful in the majority of cases of
chylothorax. Tube thoracostomy should be reserved for large
effusions that cause respiratory embarrassment despite re-
peated thoracentesis. Octreotide can be used as an adjunct to
bowel rest and total parenteral nutrition and has been suc-
cessful in treating chylous effusions. Prolonged continuous
chest tube drainage can result in relative lymphopenia and an
immunocompromised state. In the rare instances in which
the chylothorax fails to resolve, thoracotomy for thoracic-
duct ligation becomes necessary if chest tube drainage, bowel
rest, total parenteral nutrition, and octreotide fail. The dura-

tion of nonoperative management in newborns should be at
least 1 month because congenital chylothorax tends to close
spontaneously. If severe lymphopenia results from long-term
chest tube drainage or difficulty maintaining lung inflation
is encountered, surgical intervention should be undertaken
sooner.

The approach to ligation of the thoracic duct should be
on the side of the chylothorax. The surgical objective should
be ligation of the leaking tributary or ligation of the main
trunk of the thoracic duct above and below the site of the
leak, in addition to the overlying pleura at the site of the leak
(Reynolds, 1998). In some instances, tissue adhesions such
as fibrin glue may be helpful in sealing thoracic duct leaks
in congenital chylothorax (Stenzl, 1983). In cases in which
thoracic duct ligation fails, the use of pleuroperitoneal shunts
for chylothorax has been effective in up to 75% of cases and
can be accomplished thoracoscopically (Milsom et al., 1985;
Murphy et al., 1989).

LONG-TERM OUTCOME

The majority of cases of congenital chylothorax due to pri-
mary FHT resolve spontaneously (Laberge et al., 1991). In
Broadman’s series, 19 of 20 patients were normal at an aver-
age follow-up period of 15 months (Broadman, 1975).

GENETICS AND RECURRENCE RISK

Primary FHT may be associated with a chromosomal abnor-
mality in up to 5% of cases (Weber and Philipson, 1992).
This is most often Down syndrome, but cases of Noonan
and Turner syndromes have also been reported in FHT (Van
Gerde et al., 1984). To date there have been no reports of pri-
mary FHT occurring in siblings or the subsequent offspring
of an affected fetus.
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CHAPTER

Pulmonary Agenesis

Key Points

■ Pulmonary agenesis is defined as complete
absence or severe hypoplasia of one or both
lungs.

■ Pulmonary agenesis may be found in isolation or in
association with other malformations.

■ Bilateral agenesis of the lung is rare, and is
incompatible with life; unilateral agenesis occurs
more commonly, and may be compatible with
normal life.

■ Sonographically, the mediastinum is shifted
toward the affected side and the diaphragm on the
ipsilateral side is elevated.

■ Detailed sonography and fetal magnetic
resonance imaging (MRI) may distinguish
unilateral pulmonary agenesis from other causes
of mediastinal shift.

■ Unilateral or bilateral pulmonary agenesis is not
thought to be associated with chromosomal
abnormalities.



301

Chapter 39 Pulmonary Agenesis

CONDITION

Pulmonary agenesis is a rare developmental condition in
which there is complete absence or severe hypoplasia of one
or both lungs (Oyamada et al., 1953; Valle, 1955; Booth and
Berry, 1967; Borja et al., 1970; Yaghmai, 1970; Costas et al.,
1977;Boxer et al., 1978;McCormick andKuhns, 1979; Shenoy
et al., 1979; Mygind and Paulsen, 1980). Although quite rare,
it was initially recognized by dePozzi in 1673 (Skandalakis
and Gray, 1994). Munchmeyer was the first to diagnose uni-
lateral agenesis of the lung clinically in 1885 (Ferguson and
Neuhauser, 1944). There have since beenmore than 200 cases
of unilateral agenesis of the lung reported. However, only 14
caseshavebeenreportedofbilateral agenesisof the lung(Allen
and Affelbach, 1925; Tuynman and Gardner, 1952; Claireaux
and Ferreira, 1957; Devi and More, 1966; Ostor et al., 1978;
Faro et al., 1979; Diaz et al., 1989; Engellenner et al., 1989).
In some cases, bilateral pulmonary agenesis was an isolated
finding. In other cases, pulmonary agenesis was found in as-
sociation with other anomalies in the gastrointestinal, geni-
tourinary, and ocular systems (Tuynman and Gardner, 1952;
Claireaux and Ferreira, 1957; Devi and More, 1966; Ostor
et al., 1978).

A number of theories have been advanced to explain
the pathogenesis of lung aplasia. Lung aplasia has been ob-
served in experimental animals fed a diet deficient in vitamin
A (Warkany et al., 1948). Some authors have suggested that
there may be a vascular cause of pulmonary agenesis, simi-
lar to that invoked for intestinal atresia (Louw, 1959). Other
authors have suggested a genetic cause for the pulmonary
agenesis. Booth and McKenzie and their colleagues linked
unilateral pulmonary agenesis to ipsilateral facial and jaw ab-
normalities, an association noted more recently by several
authors (McKenzie and Craig, 1955; Booth and Berry, 1967;
Kenawi and Dickson, 1976; Maymon et al., 2001; Dorchy,
2004; Priolo et al., 2004). The gene involved may have a vari-
able expressivity and penetrance. However, the actual cause
of this type of pulmonary agenesis remains obscure.

Bilateral agenesis of the lung is incompatible with life
and, fortunately, is exceedingly rare (Engellenner et al., 1989).
Unilateral agenesis occurs approximately 25 timesmore com-
monly, and it may be compatible with a normal life (Booth
and Berry, 1967; Maltz and Nadas, 1968). Maymon et al.
(2001) proposed a classification for the degree of underdevel-
opment of the lung that has been adopted by many authors.
In Class I, there is agenesis of the lung or total absence of the
bronchus and lung. In Class II, there is aplasia in which there
is a rudimentary bronchuswithout lung tissue. InClass III hy-
poplasia there is bronchial hypoplasia and a variably reduced
amount of lung tissue present. This classification scheme is
most appropriately referred to as agenesis and hypoplasia,
with Class I and II representing cases of agenesis, and Class
III representing cases of hypoplasia.

Unilateral pulmonary agenesis is associated with a
broad range of anomalies of other organ systems. The most
common cardiac defect associated with unilateral agenesis

is patent ductus arteriosus (PDA). Although PDA is a com-
mon neonatal finding, it may ormay not relate directly to the
nature of the underlying cause of the pulmonary agenesis.
Another common finding is anomalous pulmonary venous
drainage, either to the azygos vein or to a persistent left su-
perior vena cava. Other cardiovascular anomalies that have
been reported include left pulmonary artery posterior to the
left bronchus, aorta anterior to the trachea and compressing
it with the left pulmonary artery posterior to the trachea, an
anomalous pulmonary venous drainage of the left lung to
the right atrium, and four pulmonary veins on the right side.
In addition, atrial and ventricular septal defects have been
reported in association with pulmonary agenesis.

Although tracheoesophageal anomalies may accom-
pany unilateral pulmonary agenesis, only 14 cases have been
recorded thus far, one of which was tracheoesophageal fis-
tula (Kitagawa et al., 1995; Steadland et al., 1995; Vittraino
et al., 2003). Other gastrointestinal anomalies associatedwith
pulmonary agenesis include duodenal atresia, annular pan-
creas, malrotation, Meckel diverticulum, and imperforate
anus. Barium contrast studies may demonstrate deviation of
the esophagus to the agenetic side, particularlywhen the right
lung is absent. Occasionally the diaphragm may be deficient
oneither the ipsilateralor contralateral side, allowingeventra-
tion of the abdominal viscera. However, this diaphragmatic
anomaly is more commonly seen accompanying pulmonary
hypoplasia than agenesis.

The most common spinal abnormality seen in associa-
tion with pulmonary agenesis is hemivertebrae (see Chapter
88). This canbe seen inboth agenesis of the lung andhypopla-
sia of the lung. The resulting scoliosismay be quite severe and
produce an additional handicap in the child already suffering
from recurrent respiratory infection. Such scoliosis may also
bedue to a rudimentary rimof lung tissueon the affected side.
An abnormality of the spine or ribs in the cervical or thoracic
regions may be attended by amore prominent scapula on the
affected side.

In at least six cases, there have been associated facial
or jaw abnormalities ipsilateral to the side of the pulmonary
agenesis or hypoplasia (David et al., 1996; Cunningham and
Mann, 1997). These abnormalities have included hemifa-
cial microsomia, deformed left external ear, seventh nerve
paralysis, small deformed right ear without a patent external
auditory canal, facial asymmetry, torticollis, and unilateral
mandibulofacial dysostosis (see Chapter 24).

Ipsilateral limb abnormalities have also been observed
in many of these cases. These usually involve the upper ex-
tremity on the ipsilateral side (CunninghamandMann, 1997;
Aggarwal et al., 2002). While abnormalities of both the ulna
and the radius and malformation of the carpus result in a
smaller, less powerful hand and arm, the most characteris-
tic abnormalities have been noted in the ipsilateral thumb.
These included triphalangia; angulated thumb, in which the
middle phalanx is hypoplastic; a preaxial polydactyly; and
an abnormal thumb with a short first metacarpal. Some of
these digital radial dysplasias fit the pattern of theHolt–Oram
syndrome (Holt and Oram, 1960) and the ventriculoradial
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dysplasia syndrome (Harris and Osborn, 1966). Because of
the association of pulmonary agenesis, or vascular anomalies,
gastrointestinal anomalies (tracheoesophageal fistula, imper-
forate anus), vertebral anomalies (fetal vertebrae or hemiver-
tebrae), urogenital anomalies (renal agenesis, horseshoe
kidney, hemiuterus), radial ray anomalies, and ipsilateral
craniofacial anomalies (microtic facial asymmetry and hemi-
facial microsomia) have suggested that pulmonary agene-
sis should be considered part of the VACTERL Association
(Knowles et al., 1988; David et al., 1996; Cunningham and
Mann, 1997). At least 13 cases of unilateral pulmonary agen-
esis have now been reported as part of the VACTERL Associ-
ation (Knowles et al., 1988; David et al., 1996; Bromley and
Benacerraf, 1997; Cunningham andMann, 1997; Chen et al.,
2003).

INCIDENCE

The incidence of agenesis, either unilateral or bilateral, is
uncertain. Based on a report of four cases among 114,569
hospital admissions Borja et al. (1970) suggested a preva-
lence of 0.0034%. During a 6-year period, four other patients
were notedwith unilateral agenesis among 41,403 admissions
to the King Feisel Specialist Hospital and Research Center,
which would represent a prevalence of 0.0097% or approxi-
mately 1 in 10,000 admissions, or 0.67% of the 596 patients
who underwent cardiac catherization at that center (Mardini
and Nyhan, 1985). Agenesis of the right lung and agenesis of
the left lung are about equally common. Females are affected
slightly more commonly than males, and the condition may
be inherited (Schechter, 1968; Mardini and Nyhan, 1985).

There is no estimate of the prenatal incidence of pul-
monary aplasia; however, Schechter (1968) has estimated an
incidence of 1 in 15,000 based on autopsies. Both lungs are
affectedwith equal frequency, althoughpatientswith left lung
aplasia are thought to have a much better prognosis.

SONOGRAPHIC FINDINGS

Thediagnosis of pulmonary agenesis is oftenmade only at the
time of autopsy. However, in recent years cases of unilateral
pulmonary agenesis have been recognized prenatally (Engel-
lenner et al., 1989; Becker et al., 1993; Yancey and Richards,
1993; Bromley and Benacerraf, 1997; Maymon et al., 2001;
Viora et al., 2002; Chen et al., 2003). Sonographically, the
mediastinum is shifted toward the affected side and the di-
aphragm on the ipsilateral side is elevated. Care should be
taken to distinguish pulmonary hypoplasia caused by com-
pression from a diaphragmatic hernia or cystic adenomatoid
malformation from unilateral agenesis. The sonographic fea-
tures of unilateral pulmonary agenesis include medial medi-
astinal shift to the agenetic side and enlarged echogenic lung
herniating into the contralateral chest anterior and/or pos-

terior to the mediastinum. There may be associated scoliosis
withacurve toward theagenetic sidewithorwithouthemiver-
tebrae. Because of the frequency of associated anomalies in
pulmonary agenesis affecting other organ systems, a care-
ful sonographic examination should be performed, includ-
ing scanning of the vertebrae, heart, and limbs and the geni-
tourinary andcentral nervous systems.There is anassociation
with ipsilateral radial ray defects and hemifacial microsomia.
The presence of bilateral facial or radial ray anomalies may
be seen in bilateral pulmonary agenesis (Cunningham and
Mann, 1997). Renal abnormalities including dysplasia, pelvic
kidney, andhorseshoe kidney have been reportedwith unilat-
eral pulmonary agenesis, as has encephalocele (Becker et al.,
1993;CunninghamandMann,1997;Erogluet al., 2005).Both
polyhydramnios and oligohydramnios have been reported in
pulmonary agenesis (Engellenner et al., 1989). In the single
case of nonimmune hydrops reported in a fetus with unilat-
eral pulmonary agenesis, it was thought to be due to partial
closure of the ductus arteriosus in an otherwise structurally
normal heart (Engellenner et al., 1989).

While opacification of the ipsilateral hemithorax oc-
curs with displacement of the mediastinum in the direction
of the agenetic lung, Roque et al. (1997) reported a postna-
tal patient in which this was not the case. In that patient the
mediastinumwasnotdisplaced, but the liver and the intactdi-
aphragm were displaced cephalad. Fetal magnetic resonance
imaging (MRI) has been helpful in distinguishing unilateral
pulmonary agenesis from other causes of mediastinal shift
(Hubbard and Crombleholme, 1998). MRI clearly demon-
strates the compensatorily enlarged unilateral lung shifting
over into the contralateral hemithorax with shift of the heart
and mediastinal structures to the agenetic side (Figures 39-1
and 39-2).

Figure 39-1 Axial image on fetal MRI demonstrating the com-
pensatorily enlarged single lung with shift of mediastinum away
from the lung toward the side of the agensis.
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Figure 39-2 The same fetus on sagittal MRI image demonstrat-
ing the shift of the heart to the right.

DIFFERENTIAL DIAGNOSIS

Bilateral pulmonary agenesis is not generally mistaken for
other conditions. However, at least one case report raised bi-
lateral diaphragmatic hernia in the differential of bilateral
pulmonary agenesis (Vittraino et al., 2003). Unilateral agen-
esis, however, must be distinguished from other conditions
that cause mediastinal shift, including diaphragmatic hernia,
cystic adenomatoid malformation, and bronchopulmonary
sequestration (Bromley and Benacerraf, 1997) (see Chapters
34–37) as well as emphysema.

ANTENATAL NATURAL HISTORY

The coexistence of pulmonary agenesis with othermalforma-
tions suggests that an interference with embryologic devel-
opment in the 4th week of fetal life is responsible for these
defects. The primitive lung buds are forming at the fourth
week of embryonic life, when the pulmonary venous system
is changing from its early association with systemic venous
circulation to make a connection with the left atrium. An
insult occurring at this time, along with the laryngotracheal
groove on the ventral surface of the foregut, could interrupt
lung-bud development and interfere with the establishment

of normal pulmonary venous return. This could account for
the frequentlyobservedanomalouspulmonaryvenous return
seen in association with pulmonary agenesis.While the bilat-
eral cases of lung agenesis are incompatible with life, a better
prognosis exists for unilateral agenesis. As noted by Maltz
and Nadas (1968), 24 of 36 patients followed since 1954 were
alive at the time of their report in 1968. In unilateral agen-
esis there is an uncertain incidence of fetal death, stillbirth,
and death during the immediate neonatal period from res-
piratory distress. These infants remain at risk for recurrent
bronchopulmonary infections, which is the leading cause of
death. The second most common cause of death is related to
associated congenital anomalies, primarily cardiac in cause.
While studies have demonstrated that resting pulmonary ar-
terial pressures are normal in these infants, there have been
questions raised about the ability for the pulmonary vascular
bed to accept increases in cardiac outputwhen stressed.How-
ever, it has been recognized that, in the absence of increased
pulmonary blood flow related to anomalous pulmonary ve-
nous return or other congenital heart defect, the pulmonary
vascular bed behaves relatively normally in these children.
Ryland and Reid (1971) have performed detailed morpho-
metric analysis of a child who died at 3 months of age from
infectious causes with unilateral pulmonary agenesis (Ryland
and Reid, 1971). The findings that they reported included a
decrease in the number of pulmonary vascular generations,
as well as tracheobronchial divisions. However, there was a
normal complement of alveoli for two lungs that had been
concentrated in the single lung. Right-sided pulmonary age-
nesis carries a worse prognosis than that of left-sided lesions
(Oyamada et al., 1953; Schaffer and Rider, 1957; Smith and
Beck, 1958; Steinberg and Stein, 1966; Gabarre et al., 2005).
Right-sided lesions result in death earlier and at a greater
frequency. This is thought to be due to the fact that 50%
of cases of right-sided pulmonary agenesis have associated
anomalies—including severe cardiac abnormalities (Gabarre
et al., 2005), whereas left-sided lesions are more often iso-
lated. This higher mortality may also be due to the greater
mediastinal shift produced by right-sided agenesis, leading
to more significant distortion of the tracheobronchial and
vascular structures (Thurlbeck, 1975).

MANAGEMENT OF PREGNANCY

Any fetus in which bilateral pulmonary agenesis is suspected
should have a detailed sonographic assessment to confirm the
diagnosis. MRI may be particularly helpful in distinguish-
ing pulmonary agenesis from congenital cystic adenomatoid
malformation of the lung and labor emphysema. In addition,
MRI may complement ultrasound in distinguishing unilat-
eral pulmonary agenesis from aplasia (in which, unlike agen-
esis, the bronchial trunk is seen as a rudimentary stump) and
hypoplasia, in which there is arrest of fetal bronchial develop-
ment (Gabarre et al., 2005). If bilateral pulmonary agenesis
is confirmed, the parents should be advised of the uniformly
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fatal outcome. Termination is an option if the pregnancy is at
less than24weeks. If thediagnosis ismadeat a later gestational
age, the delivery should be planned without monitoring for
fetal distress. In addition, the neonatologist should be aware
of the diagnosis so that no futile heroic resuscitative efforts
are made.

In the case of unilateral pulmonary agenesis, detailed
sonographic and MRI examination should be performed to
confirm the diagnosis and to exclude any associated abnor-
malities. Of particular interest is the ipsilateral upper extrem-
ity, kidneys, face, andmandible. Inaddition, spinal andribab-
normalitiesmay be seen in unilateral agenesis. The volume of
amniotic fluid is important to note, as both esophageal atresia
and tracheoesophageal fistula have been reported with uni-
lateral pulmonary agenesis, which may cause polyhydram-
nios (Thomas and Boyden, 1952). Conversely, oligohydram-
nios has been observed in one case of unilateral pulmonary
agenesis associated with bilateral renal agenesis. Because of
the frequency of associated cardiac anomalies in unilateral
pulmonary agenesis, echocardiography should be performed
in every patient. Unless there are other indications, such as
an abnormal serum screen or sonographic markers of ane-
uploidy, there is no need to perform amniocentesis because
pulmonary agenesis is not associated with an increased inci-
dence of chromosomal abnormalities.

FETAL INTERVENTION

There are no fetal interventions for pulmonary agenesis.

TREATMENT OF THE NEWBORN

Fifty percent of children with pulmonary aplasia are stillborn
or die within the first few years of life. Because of potential
problems with the airway or pulmonary hypoplasia, deliv-
ery in a tertiary care center with neonatologists in attendance
and a pediatric surgeon available is advisable. Once respi-
ratory status has been assessed, a nasogastric tube should
be inserted to exclude esophageal atresia. A detailed phys-
ical examination should be performed to evaluate possible
VACTERL-associated anomalies. A plain chest radiogram
will show shift of the mediastinum toward the affected side
(Figure 39-3). There may be bony spinal anomalies and a
thoracic asymmetry not appreciated on the physical exam-
ination. The diaphragm may be quite high on the ipsilat-
eral side, but it is not paralyzed and it functions normally.
The agenetic hemithorax is opaque in contrast to the con-
tralateral side, which may appear overinflated. In contrast,
in cases of cystic adenomatoid malformation of the lung and
bronchopulmonary sequestration, the ipsilateral hemithorax
is cystic or opaque. In addition, unilateral pulmonary agene-
sis should be distinguished from severe scoliosis by the pres-
ence of two lungs. Symptoms may develop in infants with

Figure 39-3 Plain chest radiogram of an infant with unilateral
right pulmonary agenesis. The left lung appears hyperinflated
and rotated into the right hemithorax. The agenetic side is ra-
diopaque and there is mediastinal shift toward the agenetic side.

lung agenesis because of distortion of the airway from severe
shift or vascular compression (Harrison and Hendren, 1975;
Newman and Gandor, 1997). Three-dimensional chest com-
puted tomography (CT) orMRI scanningmay be valuable in
defining airway and vascular anatomy for planning a surgical
strategy (Wu et al., 1996).

LONG-TERM OUTCOME

Patients who survive with unilateral lung aplasia are thought
to be at risk for recurrent respiratory infections due to the
rudimentary bronchus. Patients with pulmonary agenesis do
not appear to be at increased risk of infectious complications.
There have been at least three children with pulmonary apla-
sia who have died from aspiration of a foreign body, which
obstructed their only bronchus (Thomas and Boyden, 1952).
Schaffer and Rider (1957) suggested that the survival of pa-
tients with pulmonary aplasia was worse with absence of the
right lung as comparedwith absence of the left. The incidence
of respiratory infections is higher in patients with Class II
and III defects, in which there is interrupted formation of
the bronchial tree with absence of alveoli or the entire lung
is reduced in size or one lobe of the lung is absent. Schaffer
(1960) suggested that the remaining bronchi on the affected
side provide a constant source of infection for the contralat-
eral normal lung.
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In a detailed morphometric analysis of a child with
right pulmonary aplasia, Ryland and Reid found several ab-
normalities in the remaining lung. There was a reduction in
the number of branches in the tracheobronchial tree, which
they suggested may be due to an intrinsic abnormality that
had affected the two lung buds unequally (Ryland and Reid,
1971).However, despite abnormalities in this lung, it achieved
a compensatory cell population appropriate for two normal
lungs. The patients with pulmonary agenesis may be at risk
for thedevelopment of progressivemediastinal shift over time
that may present as the equivalent of postpneumonectomy
syndrome (Dobremez et al., 2005).

GENETICS AND RECURRENCE RISK

Unilateral or bilateral pulmonary agenesis is not thought to
be associated with chromosomal abnormalities. An excep-
tion to this is a single case of unilateral pulmonary agenesis
associated with velocardiofacial syndrome due to deletion of
22q 11.2 (Conway et al., 2002). While no familial tendency
has been recognized, there is one case reported in which pul-
monary agenesis occurred in offspring of an affected patient.
In addition, unilateral pulmonary aplasia has been reported
in bothmembers of two sets of identical twins (Yount, 1948).
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40
CHAPTER

Esophageal Atresia and
Tracheoesophageal Fistula

Key Points

■ Occurs in 1 in 3000 livebirths.

■ Fifty percent of cases have associated anomalies,
most commonly cardiac, but also genitourinary,
anorectoal, and musculoskeletal.

■ Sonographic diagnosis is inferred by absence of
the fetal stomach with polyhydramnios.

■ Differential diagnosis includes congenital
diaphragmatic hernia, situs inversus, and
musculoskeletal or neurologic abnormalities.

■ Chromosome abnormalities are present in 6% to
10% of cases. Fetal karyotype is indicated. Fetal
echocardiogram should be performed.

■ Delivery is not mandated at a tertiary care
center.

■ Long-term outcome may be complicated by
esophagitis, recurrent strictures, and the
development of Barrett’s mucosa.

■ Mutations in the genes N-MYC, CHD7, and SOX2,
which cause Feingold syndrome, CHARGE
syndrome, and anophthalmia, esophageal atresia,
and genital (AEG) syndrome, respectively, are
important genetic causes of esophageal atresia.
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CONDITION

Tracheoesophageal anomalies probably arise as a result of
events that occur around the 4th week of gestation. The tra-
chea and esophagus first develop as a ventral diverticulum off
of the foregut at 22 to 23 days of gestation (Skandalakis et al.,
1994). This diverticulum elongates and there is an influx of
endodermal cells that form ridges of tissue, which divide the
foregut into esophageal and tracheal lumens beginning at the
carina and progressing cephalad. By the 26th day of gestation
the esophagus and trachea have become completely separated
up to the level of the larynx. Interruption in the ingrowth of
ectodermal ridges is thought to result in tracheoesophageal
fistula. However, the cause of esophageal atresia when asso-
ciated with tracheoesophageal fistula is less well understood.
One theory suggests that rapid caudal elongation of the tra-
chea, in the presence of a distal tracheoesophageal fistula,
produces fixation of the distal esophagus to trachea (Smith,
1957;Moore andPessaud, 1993).Thedorsalwall of the esoph-
agus is drawn forward anddownward to be incorporatedwith
the trachea, and esophageal atresia results. Consequently, the
esophageal atresia associated with tracheoesophageal fistula
occurs as a direct result of the presence of the fistula. In con-
trast, isolated, or pure, esophageal atresia is thought to arise
as a result of a vascular deficiency.

More recently, mutations in the hedgehog (Hh) sig-
naling pathway have been implicated in the development
of tracheoesophageal fistula (Lees et al., 2005). Studies in
transgenic mouse models examining the effects of homozy-
gous sonic hedgehog (Shh) knockoutmutations demonstrate
esophageal atresia and tracheoesophageal fistula (Litingtung
et al., 1998; Ramalho-Santos et al., 2000). The foregut ab-
normalities become evident as early as embryonic day 9.5 in
themouse when the tracheal diverticulum is developing. The
role of hedgehog signaling in esophageal atresia and tracheoe-
sophageal fistula is further supported by Gli 2−/− and Gli
3+/− double knock out mice. These mutations are down-
stream from sonic hedgehog and also result in esophageal
atresia and tracheoesophageal fistula (Lees et al., 2005). Stud-
ies performed on biopsies of proximal and distal esophagus
in infants undergoing repair of esophageal atresia (EA) and
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Figure 40-1 Types of esophageal anomalies.

tracheoesophageal fistula (TEF) demonstrated that Shh ex-
pression was present in the proximal esophagus, but absent
in the distal esophagus by both immunohistochemistry and
RT-PCR (Spilde et al., 2003).

INCIDENCE

The various forms of esophageal atresia constitute one of the
most common gastrointestinal anomalies, occurring in 1 in
3000 livebirths (Holder et al., 1964). The embryologic events
at approximately 28 days of gestation that result in esophageal
atresia can result in a spectrum of anomalies (Figure 40-1).
Isolated esophageal atresia occurs in only 1 in 15,000 live-
births (Figure 40-1A), but esophageal atresia is most com-
monly seen in association with distal esophageal fistula (Fig-
ure 40-1C), in 86% of the observed cases (Holder et al.,
1964). Approximately one half of patients with esophageal
atresia have anomalies of other organs. Cardiac malforma-
tions are themost common, occurring in approximately 25%
of cases. They are responsible for most of the mortality and
morbidity associated with esophageal atresia (Landing, 1975;
Greenwood and Rosenthal, 1976). Atrial and ventricular sep-
tal defects are the most common cardiac abnormalities. Gen-
itourinary, additional gastrointestinal, anorectal, and mus-
culoskeletal anomalies occur in approximately 10% of the
cases (David and O’Collaghan, 1975; Manning et al., 1986;
Spitz et al., 1993) (Table 40-1). These anomalies tend to
cluster in groups as part of the “VACTERL” association—
vertebral, anorectal, cardiac, tracheal, esophageal, r enal, and
l imb anomalies.

Maternal exposure to the teratogen methimazole is as-
sociated with esophageal and tracheal defects (Shaw-Smith,
2006).

SONOGRAPHIC FINDINGS

It is important to recognize that the diagnosis of esophageal
atresia is inferred from the presence of polyhydramnios and
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Table 40-1

Incidence of Associated Anomalies
in Esophageal Atresia

Anomalies Percent

Cardiovascular 35

Gastrointestinal 15

Neurologic 5

Genitourinary 5

Skeletal 2

VACTERL association 25

Overall incidence 50–70

Figure 40-2 Sagittal fetal MRI image in a baby with esophageal
atresia and tracheoesophageal fistula demonstrating a dilated
esophageal pouch. The arrow indicates the fluid in the immedi-
ately adjacent trachea.

the absence of a fetal stomach. This combination of findings
has a positive predictive value ranging from 30% to 70% for
esophageal atresia (Pretorius et al., 1987; Stringer et al., 1995;
Crombleholme et al., 1996).Observation of the dilated proxi-
mal pouch is a farmore specific finding for esophageal atresia,
but this is difficult to see inmost fetuses with esophageal atre-
sia (Figure 40-2).

Sonographic observation of fetal breathing move-
ments, swallowing, and general muscular activity should
be assessed whenever the stomach bubble is not observed,
in order to exclude a neuromuscular cause. Failure to ob-
serve the fetal stomach may also occur in normal fetuses
because of variations in swallowing and gastric emptying.
Serial ultrasound examinations are useful to distinguish this
cause of absent fetal stomach. However, visualization of a
normal-appearing stomach does not exclude the diagnosis of
esophageal atresia. Even in isolated esophageal atresia, gastric
secretions alonemay be sufficient to distend the stomach and
make it visible on prenatal sonography. In esophageal atresia
associated with a distal tracheoesophageal fistula, amniotic
fluid may be inhaled and passed into the stomach. When the
size of the tracheoesophageal fistula is small and limits flow
of fetal lung fluid, polyhydramnios develops (Bovicelli et al.,
1983).

DIFFERENTIAL DIAGNOSIS

Prenatal diagnosis of esophageal atresia is suspected when
polyhydramnios is seen in association with an absent stom-
ach bubble (Figure 40-3) (Farrant, 1980; Zemlyn, 1981; Bovi-
celli et al., 1983). Considerations in the differential diagnosis
of these findings include congenital diaphragmatic hernia,

Figure 40-3 Sonographic image of absent stomach with polyhy-
dramnios in fetus with esophageal atresia. (From Robertson FM,
Crombleholme TM, Paidas M, et al. Prenatal diagnosis and manage-
ment of gastrointestinal anomalies. Semin Perinatol. 1994;18:182-
195.)
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Figure 40-4 Sonographic image of a fetus with esophageal atre-
sia, demonstrating dilated proximal esophageal pouch. (From
Estroff JA, Parad RB, Share JC, et al. Second trimester prenatal
findings in duodenal and esophageal atresia without tracheoe-
sophageal fistula. J Ultrasound Med. 1994;13:375-379.)

situs inversus, and musculoskeletal or neurologic anomalies
that result in fetal inability to swallow. Some authors argue
that prenatal diagnosis of esophageal atresia is possible only
in isolated esophageal atresia, which accounts for only 10%
to 15% of esophageal anomalies. Rarely, a dilated proximal
esophageal pouch may be visualized, which is diagnostic of
esophageal atresia (Estroff et al., 1994) (Figure40-4).Adilated
proximal esophageal pouch ending at the point of atresiawith
regurgitation after swallowing has been observed on prenatal
ultrasound examination in cases of pure esophageal atresia
(Bowie and Clair, 1982; Eyheremendy and Pfister, 1983). Ab-
senceof the stomachonultrasoundexamination is commonly
seen in isolated esophageal atresia, but may also be observed
in esophageal atresia with tracheoesophageal fistula. Prenatal
sonographic absence of the fetal stomach may also be seen in
neuromuscular disorders due to absence of normal fetal swal-
lowing. Severe central nervous systemdisorders can diminish
fetal swallowing and breathing, resulting in an absent stom-
ach bubble and polyhydramnios (Bowie and Clair, 1982).

ANTENATAL NATURAL HISTORY

It remains controversial as to whether prenatal diagnosis of
EAwith orwithout TEF alters the prognosis of this condition.
Some have argued that early detection allows appropriate
counseling of parents, screening for potential associated
anomalies, and appropriate delivery setting for postnatal care
(Kalish et al., 2003). Despite these theoretical advantages of
prenatal diagnosis, some studies have shown no improve-
ment in neonatal outcomes. Increases in perinatal loss rates
have been demonstrated among antenatally detected cases
of EA/TEF (Nicolaides et al., 1992; Stringer et al., 1995). It
has therefore been suggested that prenatally diagnosed cases

have a higher incidence of associated anomalies and atten-
dant morbidity. Sparey et al. (2000) also attributed the worse
prognosis in prenatally detected cases to the high incidence
(60%) of associated anomalies, including cardiac, genitouri-
nary, skeletal, and chromosomal abnormalities. These addi-
tional abnormalities may make it more likely that the cases
would be identified prenatally.

MANAGEMENT OF PREGNANCY

All pregnant women in whom a fetus with esophageal atresia
is suspected because of observed polyhydramnios and absent
stomach or dilated proximal pouch should undergo a thor-
ough sonographic survey for potential associated anomalies
(see Table 40-1). In particular, evidence of spinal, limb, geni-
tourinary, and cardiac anomalies should be sought. Each fe-
tus should undergo echocardiography to exclude associated
structural heart disease.

The fetal karyotype should be determined because
chromosomal abnormalities in 6% to 10% of cases (Shaw-
Smith, 2006). The most common chromosomal abnormali-
ties observedhavebeen trisomies 18 and21 (Felix et al., 2007).
Esophageal atresia and/or tracheoesophagealfistula are found
in 1% of infants with trisomy 21 and up to 25% of infants
with trisomy 18. Other chromosome abnormalities that are
associated with esophageal atresia and tracheoesophageal fis-
tula include deletions of bands 17q22-23, 13q32, and 22q11
(Shaw-Smith, 2006).

Polyhydramnios may complicate up to 62% of cases
of esophageal atresia. This usually develops during the third
trimester (Pretorius et al., 1987).Polyhydramniospredisposes
to preterm labor, and active measures to continue the preg-
nancy may be required, including bed rest, administration of
tocolytic agents, and/or reduction amniocenteses. The role of
reduction amniocentesis in this setting is undefined, but in
general is reserved for cases of maternal respiratory compro-
mise. In cases of uterine irritability caused by polyhydram-
nios, betamethasone can be administered to hasten fetal lung
maturity before delivery. The overall prognosis of tracheo-
esophageal anomalies depends on the presence of associated
anomalies, the infant’s physiologic status, respiratory com-
plications, and gestational age. In the absence of severe car-
diac anomalies and chromosomal abnormalities, survival is
greater than 95% in infantsweighingmore than 2.5 kg follow-
ing repair of esophageal atresia and tracheoesophageal fistula
(Spitz et al., 1993).

The pregnancy should be monitored during the third
trimester for the development of worsening polyhydramnios
and secondary preterm labor.Once appropriate screening has
been performed to exclude potential associated anomalies,
the delivery plan can be made. In general, there is no need
to transfer care to a tertiary care center. However, the pa-
tient should be aware that if esophageal atresia is confirmed
postnatally the newborn will require immediate transport
to a tertiary care center with pediatric surgeons capable of
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reconstructing the anomaly. The presence of esophageal atre-
sia has no implications for the mode of delivery. Cesarean
section should be reserved for obstetric indications and there
is no need to alter the timing of delivery.

FETAL INTERVENTION

There are no fetal interventions for esophageal atresia and
tracheoesophageal fistula.

TREATMENT OF THE NEWBORN

At birth, Replogle sump tube should be positioned in the
proximal esophageal pouch and placed to low, continuous
suction to prevent aspiration of secretions. Chest radiogra-
phy showing the sump tube coiled in the proximal pouch
is consistent with a diagnosis of esophageal atresia. Rarely a
Replogle tube will coil in the pharynx of a normal infant. In
isolated esophageal atresia, plain radiography reveals a gas-
less abdomen. If a tracheoesophageal fistula is present, bowel
gas will be seen. The infant should be maintained in an up-
right position and given antibiotics, and H2 blockers intra-
venously. Because of the reported 7% incidence of proximal
esophageal pouch–tracheal fistulas (Figure 40-1D) and the
possibility of coiling of a sump tube in the pharynx, despite a
normal esophagus, some groups perform contrast studies or
bronchoscopy/esophagoscopy at the time of repair.

SURGICAL TREATMENT

After considering gestational age, birth weight, pulmonary
function, and the presence of other associated anomalies, a
decision is made whether to perform a reconstructive proce-
dure or a staged repair. In the extremely premature infant, or
a newborn of any gestational age with tracheoesophageal fis-
tula complicated by pneumonia, a feeding gastrostomy canbe
performed, with or without closure of the tracheoesophageal
fistula, and definitive repair can be deferred until the infant’s
clinical status improves (Louhimo and Lindahl, 1983; Spitz,
1996; Orford et al., 2004).

In cases of isolated esophageal atresia, the gap between
proximal and distal pouches is usually prohibitively long
(Figure 40-1A). In these cases, a gastrostomy tube is placed
to allow enteral feeding. Bolus feedings are employed to en-
courage gastroesophageal reflux to facilitate growth and di-
lation of the distal pouch. The growth of the proximal and
distal pouches will be maximal between 10 and 12 weeks of
postnatal age (Puri et al., 1981). In the meantime, nasopha-
ryngeal suction is maintained to clear saliva, and H2 blockers
are administered to prevent severe esophagitis. Serial contrast
studies are performed every few weeks to assess growth of the
pouches so that reconstructionmay be undertaken as soon as

possible. One risk of this approach is aspiration pneumonia.
If the infant’s respiratory status has been compromised be-
cause of aspiration of secretions, this form of therapymust be
abandoned. A cervical esophagostomy is then performed to
drain salivary secretions. This results in foreshortening of the
proximal esophageal pouch and necessitates an esophageal
replacement procedure using either colon interposition or
a gastric tube. These procedures are usually not performed
until approximately 1 year of age.

The prolonged hospitalization, expense, risk of salivary
aspiration, and,most importantly, lost opportunity to recon-
struct the infant’s native esophagus have led some surgeons
to attempt a primary repair during the newborn period. Spitz
et al. (1987) have reported some success with the gastric
pullup of so-called long-gap esophageal atresia. The advan-
tages of this approach include briefer hospitalization, lower
cost, and early return to normal feeding. The use of this pro-
cedure in the United States is not widespread because of the
ongoing risk of aspiration from pooling of secretions in the
intrathoracic gastric reservoir and compromise of respiratory
function secondary to mass effect of the gastric pullup in the
posterior mediastinum.

A basic tenet of all reconstructive esophageal surgery is
the preservation of the native esophagus whenever possible.
True to this tenet, Kimura and Soper (1994) have proposed
an ingenious operation for long-gap esophageal atresia. The
infant’s proximal esophagus is mobilized through an inci-
sion into the right neck and a spiral myotomy is performed
to lengthen the esophagus. The esophagus telescopes like a
“barber shop pole” and the muscular layers are reapproxi-
mated. This gives sufficient length to create an esophagos-
tomy at the level of the nipples. A gastrostomy tube is placed
for enteral feeding, but sham feedings can be commenced to
preserve the coordination of normal swallowing. In addition,
an esophagostomy positioned on the chest instead of at the
clavicle allows placement of an ostomy appliance for ease of
care. Normal neck movement then stretches the proximal
esophagus. In a series of two or three procedures, the stoma is
advanced 1.5 to 2.5 cm to lengthen the proximal esophagus.
When sufficient length has been obtained, the esophagus can
be reconstructed through a right thoracotomy. The advan-
tages of this approach include discharge from hospital within
the first 10 days of life, maintenance of normal swallowing
coordination by sham feedings, cost reduction, and, most
importantly, a reconstruction that preserves the infant’s na-
tive esophagus.There is limited experiencewith this approach
and no data on long-term outcome are yet available.

LONG-TERM OUTCOME

In cases of esophageal atresia, themotor function of the distal
esophageal pouch never becomes normal because of its inter-
ruption during embryologic life. Manometric studies of the
distal esophageal pouch have demonstrated that it lacks nor-
malperistalsis and the strippingactivityusuallyobservedafter
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reflux of acid into the distal esophagus. In addition to motor
disturbances, the sensory innervation of the distal esophagus
does not appear to be as robust as that of the normal esoph-
agus. Also, due to foreshortening of the intra-abdominal
esophagus, the lower esophageal sphincter appears to be less
competent than in normal infants. All these factors predis-
pose to gastroesophageal reflux and the potential for severe
esophagitis. A more significant consequence is the develop-
ment of strictures at the anastomosis, which occurs as a result
of acid injury in this area. To prevent these complications,
all infants with tracheoesophageal fistula should be on H2-
blocker therapy to prevent injury from gastroesophageal re-
flux. In instances in which recurrent anastomotic strictures
occur despite repeated dilation and adequate medical ther-
apy, antireflux procedures, such asNissen fundoplication, are
often indicated.

As experience has grownwith repair of esophageal atre-
sia and tracheoesophageal fistula, it has become more widely
recognized that these children are at risk for the subsequent
development of Barrett’s mucosa from prolonged and se-
vere gastroesophageal reflux. Barrett’s mucosa is the result
of metaplastic changes in the mucosa of the distal esoph-
agus. This is a premalignant condition and requires close
endoscopic surveillance with biopsies to detect dysplastic
changes that precede the development of esophageal carci-
noma. Esophageal carcinoma has developed after repair of
tracheoesophageal fistula in patients as young as 21 years of
age (Adzick et al., 1989). It is presumed that these malignan-
cies arosewithin areas of Barrett’smucosa, whichwere caused
by severe untreated gastroesophageal reflux. While both
Barrett’s mucosa and esophageal carcinoma are rare in chil-
dren with repair of esophageal atresia and tracheoesophageal
fistula, the incidence is uncertain. It is recommended that all
children with this anomaly undergo endoscopic surveillance
periodically to ensure that clinically silent gastroesophageal
reflux has not resulted in severe esophagitis predisposing to
the development of Barrett’s mucosa.

Because of the abnormal motility in the reconstructed
esophagus of the child with esophageal atresia with tracheoe-
sophageal fistula, themotility in this organ is never quite nor-
mal.Thesechildrenareprone to the impactionof foodboluses
at the anastomosis. This may occur even in the absence of a
true anastomotic stricture. The reason for this is the disor-
deredmotility in the distal esophageal pouch, which does not
move the food bolus normally into the stomach. All parents
should be advised that once their infant begins eating solid
food the pieces should be small and that they should learn
to chew their food very well. This problem with impaction
of food in the esophagus usually becomes less frequent as the
child grows and the caliber of the esophagus increases.

GENETICS AND RECURRENCE RISK

The birth of an infant with an isolated esophageal atresia
and/or tracheoesophagealfistula andanegative familyhistory

carries a low recurrence risk, on the order of 1% (Van StaeyM
et al., 1984; Pletcher et al., 1991; Shaw-Smith, 2006). The re-
currence risk for a chromosome abnormality depends on the
parental age and their chromosome status, if a chromosome
deletion was found in the fetus or infant.

Recently, mutations in three different genes, N-MYC,
CHD7, and SOX2, have been shown to be causative in syn-
dromes that include esophageal atresia as one feature. The
first condition, Feingold syndrome, is an autosomal domi-
nant disorder in which 40% of patients have a gastrointesti-
nal atresia. Esophageal atresia is the most frequent GI atre-
sia in this syndrome. Affected individuals have other subtle
anomalies, including microcephaly, shortening of the second
and fifth fingers, hypoplastic thumbs, and syndactyly of the
toes (Brunner and van Bokhoven, 2005; Shaw-Smith, 2006).
The condition results from heterozygous mutations in the
N-MYC gene. It is thought that this syndrome is underdiag-
nosed (Layman-Pleet et al., 2007). DiagnosticDNAmutation
testing is available. If a mutation is identified, the parents
should have their DNA studied.

Approximately 10% of patients with CHARGE syn-
drome (coloboma, heart malformation, choanal atresia,
growth and/or mental retardation, genital abnormalities, ear
anomalies and/or deafness) have esophageal atresia. Charge
syndrome is due to haploinsufficiency of the gene CHD7.
DNA testing is also available for this condition. Lastly, anoph-
thalmia, esophageal atresia, andgenital (AEG) syndromehave
been shown to be due to loss of function mutations in the
SOX2 gene.
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Tachyarrhythmias

Key Points

■ Fetal tachyarrhythmias include isolated
extrasystoles, supraventricular tachycardia, and
atrial flutter.

■ Approximately 1% of fetuses are diagnosed with
an arrhythmia.

■ Isolated extrasystoles are the most common
tachyarrhythmias and are for the most part benign.

■ Supraventricular tachycardia is the most common
serious dysrhythmia detected prenatally. The
majority are re-entrant and are identified by a fetal
heart rate of greater than 200 beats per minute
with one-to-one atrial-to-ventricular activity.
Congenital heart disease is associated with this
arrhythmia 5% to 10% of cases.

■ The rate with atrial flutter is usually between 300
and 500 beats per minute. The ventricular
response depends on the degree of
atrioventricular block. This dysrhythmia has a poor
prognosis due to the fact that it is associated with
hydrops and with congenital heart defects.

■ Fetal dysrhythmias have the potential for serious
sequelae including fetal hydrops.

■ Fetal arrhythmias are diagnosed by fetal
echocardiography that includes M-mode
assessment and Doppler analysis. A full anatomical
survey including a detailed survey of the fetal heart
should also be performed.

■ Although premature atrial and ventricular
contractions are considered benign, sustained
tachyarrhythmia may develop in up to 1% of
fetuses diagnosed with this condition. Thus, serial
fetal heart rate auscultation is suggested.

■ Spontaneous resolution of supraventricular
tachycardia has been reported.

■ For the most part, fetal supraventricular
tachycardia associated with congenital heart
defects has been associated with a poor prognosis.

■ Gestational age is an important factor when
determining how best to manage a fetal
dysrhythmia.

■ Digoxin is the first-line therapy for isolated fetal
tachyarrhythmia. Procainamide, flecainide, and
sotolol are reserved for second-line treatment.

■ If hydrops is concomittent, the tachyarrhythmia
may take longer to resolve.

■ Intermittent fetal tachycardia without evidence of
fetal hemodynamic compromise can be observed
closely instead of undergoing medical therapy.

■ Refractory cases to maternal medical management
have been treated with direct fetal therapy.

■ The newborn should be evaluated thoroughly for
signs of cardiac abnormalities. Approximately 50%
of infants will relapse after birth.
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CONDITION

Fetal tachyarrhythmias detected in utero include irregu-
lar cardiac rhythm resulting from isolated extrasystoles,
supraventricular tachycardia, and atrial flutter. The most
common of the above arrhythmias is an irregular cardiac
rhythm resulting from isolated extrasystoles (Silverman et al.,
1985; Kleinman, 1986; Copel et al., 2000). Most of these ex-
trasystoles originate in the atria and resolve spontaneously
(Kleinman, 1986; Reed et al., 1987). An increased frequency
of premature beats has been attributed to the maternal use
of caffeine, tobacco, and alcohol (De Vore, 1984). Although
premature atrial or ventricular contractions have not been
considered a risk factor for anomalies in the past, more re-
cent reports suggest that a fetal structural cardiac abnormality
may be found in up to 2% of such cases (Beall and Paul, 1986;
Reed, 1991).

Supraventricular tachycardia is themost common seri-
ous dysrhythmia detected prenatally (Bergmans et al., 1985;
Kleinman et al., 1985a). The majority of supraventricular
tachycardias are considered to be re-entrant dysrhythmias
and are identified by a fetal heart rate of more than 200
beats perminute (bpm)withone-to-one atrial-to-ventricular
activity (Figure 41-1) (Simpson and Marx, 1994). Paroxys-
mal supraventricular tachycardia may also occur as part of
theWolff–Parkinson–White syndrome, together with a short
P–R interval, prolonged QRS, and presence of a delta wave
on electrocardiogram. Typically, supraventricular tachycar-
dia has not been associated with congenital heart disease;
however, in 5% to 10% of cases, structural cardiac abnormal-
ities can be found (Beall and Paul, 1986; Reed, 1989). The
presence of structural heart disease in addition to supraven-
tricular tachycardia is associated with a poor fetal outcome
(Bergmans et al., 1985).

Figure 41-1 M-mode imaging in a fetus with
supraventricular tachycardia demonstrating a ven-
tricular rate of 243 bpm.

Fetal atrial flutter has been diagnosed and reported
less commonly than supraventricular tachycardia (Kleinman,
1986). The atrial rate in flutter can be estimated between 300
and 500 bpm with a variable ventricular response dependent
on the degree of atrioventricular block (Figure 41-2). Fetal
atrial flutter has a poor prognosis, due in part to its asso-
ciation with structural heart disease (in up to 20% of cases)
andwith thedevelopment of hydrops fetalis (Kleinman, 1986;
Reed, 1991; Simpson and Marx, 1994).

In contrast to benign arrhythmias such as isolated ex-
trasystoles, fetal dysrhythmias have the potential for serious
sequelae. It has been well described that fetuses with tach-
yarrhythmias have decreased cardiac output and are at risk
for hydrops fetalis (Reed et al., 1987; Reed, 1989). Protracted
supraventricular tachycardia can lead to cardiac failure in a
matter of days (Allan, 1984). The exact mechanism for the
development of cardiac failure and hydrops remains unclear.
The progression to hydrops in utero seems to follow right
heart failure with tricuspid regurgitation and right ventricu-
lar dilatation, signifying impending decompensation (Allan
et al., 1983; Chao et al., 1992; Gembruch et al., 1993). It has
been postulated that either passive liver congestion associ-
ated with cardiac failure or decreased hepatic perfusion from
decreased cardiac output may result in hypoalbuminemia,
leading to decreased oncotic pressure and transudation of
fluid into interstitial spaces (Johnson et al., 1992). Pericardial
and pleural effusions, fetal ascites, and subcutaneous edema
are probably late manifestations of cardiac decompensation.

INCIDENCE

Arrhythmias are identified in approximately 1%of all fetuses;
however, the actual incidence of fetal arrhythmias is expected
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A B

Figure 41-2 A. Fetus in atrial flutter as shown by an atrial contraction rate of 480 bpm (arrowhead labeled A-V for
atrioventricular-valve opening). B. Four-chamber view in the same fetus in atrial flutter showing dilated right atrium
and pericardial effusion (arrow). LA = left atrium; LV = left ventricle; RV = right ventricle; RA = right atrium. (From
Simpson LL, Marx GR. Diagnosis and treatment of structural fetal cardiac abnormality and dysrhythmia. Semin Perinatol.
1994;18:215-227.)

to be higher because a significant proportion of them can be
intermittent or resolve spontaneously (Reed, 1989; Simpson
and Marx, 1994). The most common and clinically signifi-
cant tachyarrhythmias identified inuteroare supraventricular
tachycardia and atrial flutter.

SONOGRAPHIC FINDINGS

Ultrasound evaluation should include a complete fetal survey
and a survey of the cardiac anatomy to confirm absence of
structuralmalformations. The incidence of abnormal cardiac
anatomy varies with the type of arrhythmia. The fetus should
also be examined for evidence of hydrops as defined by fluid
collections in the pericardium, the pleural spaces, ascites, or
skin edema.Amnioticfluidmayalsobe increased.An increase
in fetal cardiac size or wall thickness may be an indication of
abnormal cardiac hemodynamics (Reed, 1989).

Echocardiography, including M-mode assessment and
Doppler analysis, is an important tool in the diagnosis and
evaluation of fetal dysrhythmias (Kleinman et al., 1980; De
Vore et al., 1983; Silverman et al., 1985). The atrial and
corresponding ventricular activity can be viewed by two-
dimensional echocardiography and the rates determined by
placement of the M-mode cursor perpendicular to the atrial
and ventricular walls. M-mode echocardiography can also
be used to identify pericardial effusions and to measure
wall thickness, chamber size, and fractional shortening (see
Figures 41-1 and 41-2). Doppler evaluation of atrioventricu-
lar and semilunar valve flows canbeused to time the ventricu-
lar contractions (Strasburger et al., 1986). The hemodynamic
effects of a dysrhythmia are assessed by determining the size
and function of the four chambers, the magnitude of the
semilunar and atrioventricular flow-velocity integrals, and
the presence of mitral or tricuspid regurgitation or nonim-
mune hydrops fetalis. Color flow mapping may also be used
to identify flowdisturbances. The approach to the ultrasound
evaluation of arrhythmias is summarized in Table 41-1.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of fetal tachyarrhythmias includes
benign isolated extrasystoles and more significant dysrhyth-
mias such as atrial flutter and supraventricular tachycardia.
M-mode echocardiography is useful in differentiating these
conditions, as described above.

ANTENATAL NATURAL HISTORY

Premature atrial and ventricular contractions are considered
to be benign and do not require treatment. However, it has

Table 41-1

Evaluation of Arrhythmias

Type of Study Findings

Two-dimensional ultrasound Anatomy
examination Chamber dilatation

Hydrops

M-mode Type of arrhythmia
Pericardial effusion
Hypertrophy/dilatation

Doppler Flow disturbances
(regurgitation)

Volume flow

Color flow Flow disturbances

From Reed KL. Fetal arrhythmias: etiology, diagnosis, pathophysiology,
and treatment. Semin Perinatol. 1989;13:294-304.
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been reported that a sustained tachyarrhythmia may subse-
quently develop in up to 1% of fetuses with premature beats
(Kleinman, 1986).

The natural history of isolated in utero supraven-
tricular tachycardia remains unclear. Although intermittent
supraventricular tachycardia may be of no clinical signifi-
cance, sustained supraventricular tachycardia may be life-
threatening (Southall et al., 1980; Bergmans et al., 1985).
Spontaneous resolution of supraventricular tachycardia has
been reported (Newburger and Keane, 1979; Santulli, 1990).
Complete resolution of protracted supraventricular tachycar-
dia with subsequent normal fetal development has been ob-
served (Simpson et al., 1997). In a small series of isolated fetal
supraventricular tachycardia, hydrops developed in only one
of nine cases managed conservatively without medical ther-
apy (Simpson et al., 1997). Interestingly, the fetus in which
signs of hydrops developed had intermittent supraventricular
tachycardia at a rate of 200 bpm occurring less than 50% of
the time. In the remaining eight fetuses in which hydrops did
not develop, five had intermittent episodes of supraventricu-
lar tachycardia occurring less than 50% of the time and two
had more sustained supraventricular tachycardia occurring
between 50% and 75% of the time. Spontaneous resolution
of the supraventricular tachycardia in these remaining eight
fetuses occurred within 10 days of diagnosis, with no recur-
rence in the antepartum or newborn period. Antiarrhythmic
agents were not administered to these eight mothers or their
infants, who were all delivered at term. However, sustained
supraventricular tachycardia can be associated with the de-
velopment of congestive heart failure and hydrops and the
potential for fetal death.

The presence of structural heart disease in association
with fetal supraventricular tachycardia has been reported to
have a poor outcome (Bergmans et al., 1985). However, a
case of fetal supraventricular tachycardia and congenital heart
disease has been observed in an infant, who is now 3 years
old, without any recurrence of the dysrhythmia after surgery
for a double inlet single left ventricle, subaortic stenosis, and
coarctation of the aorta (Simpson et al., 1995).

Although rapid progression to fetal hydrops can occur
with sustained supraventricular tachycardia of 24 to 48 hours’
duration, signs of cardiac failure will not develop in all fetuses
(Newburger and Keane, 1979; Kleinman et al., 1985a). In ap-
proximately 25% of cases, there seems to be no associated
hemodynamic compromise. However, 55% to 60% of fetuses
with supraventricular tachycardia will have evidence of car-
diac decompensation in utero or during the newborn period
(Newburger and Keane, 1979; Bergmans et al., 1985). At the
time of diagnosis of supraventricular tachycardia, Kleinman
(1986) detected hydrops fetalis in 16 of 18 cases. Fortunately,
even in thepresenceof cardiac failure, supraventricular tachy-
cardia has a favorable prognosis (Kleinman, 1986). In utero
medical treatment can result in conversion to normal sinus
rhythm within 48 hours (Sarno et al., 1989). Conversion to
sinus rhythm seems to occur more easily in the absence of
fetal hydrops (Kleinman et al., 1985a). It has also been shown

that because of impaired placental transfer of antiarrhythmic
agents, fetuses with hydrops could require 2 to 3 weeks of
therapy before converting to normal sinus rhythm (Maxwell
et al., 1988). Atrial flutter seems to have a poor in utero prog-
nosis, with two of three fetuses with atrial flutter and associ-
ated hydrops dying in one series (Kleinman, 1986; Simpson
and Marx, 1994).

MANAGEMENT OF PREGNANCY

The typical presentation of fetal tachyarrhythmia involves the
auscultation of a rapid fetal heart rate in an asymptomatic
woman at a routine prenatal visit. Such a finding should
prompt a thorough prenatal evaluation, including a detailed
ultrasound examination for fetal anatomy, growth, and bio-
physical status, in addition to an echocardiogram with M-
mode andDoppler evaluation to characterize the arrhythmia
fully and evaluate its impact on myocardial function. The
latter studies are generally performed in consultation with a
pediatric cardiologist. The finding of structural cardiac ab-
normalities in 5% to 10% of cases of supraventricular tachy-
cardia reaffirms the need for careful anatomic assessment of
the fetal heart (Beall and Paul, 1986; Reed, 1989).

In the absence of additional structural cardiac malfor-
mation, it is well accepted that in utero medical therapy or
delivery, or both, is appropriate in cases of fetal supraventric-
ular tachycardiawith evidenceofhemodynamic compromise.
Gestational age is a significant factor in deciding appropriate
intervention. In one series, use of digoxin alone or digoxin
with verapamil or propranolol achieved in utero control in
13 of 14 cases of supraventricular tachycardia with associated
hydrops (Kleinman et al., 1985b). Higher doses of digoxin
are often necessary to achieve therapeutic levels because of
the variable absorption, large volume of distribution, and
rapid clearance associated with pregnancy. Conversion to si-
nus rhythm seems to occur more easily in the absence of fetal
hydrops (Kleinman et al., 1985a). This may be because of
impaired placental transfer of antiarrhythmic agents in hy-
dropic fetuses (Maxwell et al., 1988). In a retrospective study
of 11 cases of supraventricular tachycardia and4 cases of atrial
flutter with hydrops, a median of 12.5 days was required for
in utero conversion to sinus rhythm, as compared with a
median of 3 days in the absence of hydrops (van Engelen
et al., 1994). In this series, indications were that flecainide
was more effective than digoxin in achieving rhythm con-
trol. Oudijk retrospectively reviewed the charts of 21 patients
treated with sotalol during the prenatal period (Oudijk et al.,
2000). Ten patients had fetal supraventricular tachycardia,
10 had atrial flutter, and 1 had ventricular tachycardia. Hy-
drops was present in 9 cases. In the supraventricular tachy-
cardia group, sinus rhythm was established in 6/10 of cases.
In the atrial flutter group, sinus rhythm was established in
8/10 patients. The mortality rate was 19% (4/21 patients;
3 with supraventricular tachycardia and 1 with atrial flutter).



317

Chapter 41 Tachyarrhythmias

Two patients (2/17; 12%) who converted to sinus rythm in
utero were diagnosed with adverse neurological outcomes
postnatally. The authors suggested that sotolol may cause a
proarrhythmic event in the fetus that may contribute to the
high mortality rate in this study. The authors also recom-
mend that sotalol be reserved for cases of fetal atrial flutter or
refractory cases of supraventricular tachycardia.

We recommenddigoxin forfirst-line therapyof isolated
fetal tachyarrhythmia, with procainamide, flecainide, and so-
tolol reserved for second-line treatment when delivery is not
desirable because of gestational age and when conversion to
normal sinus rhythmwith digoxin has been unsuccessful. It is
important to note that both flecainide and sotolol have been
associatedwith a risk for fetal death (Oudijk et al., 2000, 2002;
Pradhan et al., 2006).Amiodaronehas beenused in refractory
cases with good results but must be used with caution due to
the fact that it has been associated with fetal hypothyroidism
(Pradhan et al., 2006).

Successful in utero conversion from supraventricular
tachycardia to atrial flutter with a variable ventricular re-
sponse after maternal administration of digoxin has been de-
scribed (Simpson et al., 1995). Atrial flutter has been found
to be more difficult to treat successfully in utero, and this
is partly responsible for the reported poor prognosis asso-
ciated with this dysrhythmia (Simpson and Marx, 1994). In
one series, antiarrhythmics were effective for in utero con-
trol of supraventricular tachycardia in 88% of cases, as com-
pared with 66% of cases of atrial flutter (van Engelen et al.,
1994). Although second-line antiarrhythmic agents may be
tried, elective preterm delivery may be necessary in cases
of supraventricular tachycardia alternating with atrial flut-
ter that are refractory to digoxin. On the basis of the adverse
outcomes reported in the literature,we recommend that atrial
flutter with or without hydrops be promptly treated with an
antiarrhythmic if delivery is not a reasonable option because
of gestational age (Simpson et al., 1995).

In contrast, in the absence of hydrops or hemody-
namic compromise, conservativemanagementwithoutmed-
ical therapy may be a reasonable option for fetuses with
supraventricular tachycardia. Spontaneous resolution of pro-
tracted supraventricular tachycardia with subsequent normal
fetal development has been observed (Stewart et al., 1983;
Bergmans et al., 1985; Simpson et al., 1997). A review of
the literature has identified seven cases of supraventricular
tachycardia that converted to normal sinus rhythm sponta-
neously during parturition,with no recurrences after delivery
(Bergmans et al., 1985). It is postulated that vagal stimulation
during delivery slows conduction through the atrioventricu-
lar node, resulting in conversion to normal sinus rhythm.

A close follow-up of cases of isolated fetal supraven-
tricular tachycardia without hydrops is warranted because of
the potential for hydrops if conservative management with-
outmedical therapy is undertaken. Initially, daily assessments
with ultrasound and fetal echocardiography are necessary.
The interval between fetal evaluations can be extended, and
resolution of the supraventricular tachycardia has been doc-

umented with individualization of follow-up thereafter. This
regimen requires a reliable and compliant patient. If frequent
evaluations are not possible or if compliance is questionable,
medical therapy with antiarrhythmics is more appropriate.

When supraventricular tachycardia is diagnosed, the
perinatologist and pediatric cardiologist together formulate
a treatmentplan (SimpsonandMarx, 1994). Initially the fetus
is assessed by the perinatologist for any signs of biophysical
compromise. A detailed sonographic examination to deter-
mine fetal growth, development, and biophysical status is
performed, with careful examination for the presence of peri-
cardial, pleural, or abdominal fluid. The pediatric cardiolo-
gist then confirms the atrial and ventricular rate of contrac-
tion, atrial and ventricular size and function, and thepresence
andmagnitude of atrioventricular valve regurgitation. Aortic
andpulmonaryflow-velocity integrals are determinedduring
episodes of tachycardia and episodes of normal sinus rhythm.
Immediate medical therapy is undertaken if there are signs of
hemodynamic compromise, fetal distress, or hydrops fetalis.
In all other cases, the mother is admitted to hospital and the
fetus is monitored for 24 hours to determine the duration of
the dysrhythmia. Expectantmanagementwithout immediate
medical therapy is considered if there are no signs of com-
promise, if the fetal tachycardia is not sustained, and if the
patient is compliant (Simpson and Marx, 1994).

When fetal supraventricular tachycardia is persistent
despite digoxin, and the gestational age precludes delivery,
an additional antiarrhythmic drug should be tried. Pro-
cainamide, flecainide, quinidine, verapamil, propranolol, so-
tolol, and amiodarone have all been given for fetal tach-
yarrhythmias, with variable success (Bergmans et al., 1985;
Kleinman et al., 1985b; Wladimiroff and Stewart, 1985;
Oudijk et al., 2000). Unlike digoxin, however, these drugs
can be associated with significant toxicity to the mother and
fetus. Both procainamide and quinidine have the potential
for proarrhythmic effects in the fetus and gastrointestinal
toxicity in the mother (Kleinman et al., 1985a). Verapamil
has been associated with cardiac decompensation and sud-
den fetal demise (Epstein et al., 1985; Owen et al., 1988). In-
trauterine growth restriction and subsequent neonatal brady-
cardia and hypoglycemia have been observed with the use
of propranolol (Gladstone et al., 1975; Rubin, 1981). Amio-
darone can be considered for more protracted dysrhythmias,
but bothmaternal and fetal thyroid dysfunction are potential
complications. At our institution, flecainide or procainamide
are most commonly used as the second-line treatment when
delivery is not desirable. Procainamide can be administered
orally or intravenously to themother, and serum levels can be
closely monitored. Procainamide has a short half-life, which
is an important characteristic if maternal or fetal toxicity is
experienced. Delivery is planned at term when conversion
to normal sinus rhythm is successful, or sooner if conversion
fails to occur and there is evidence of cardiac decompensation
or fetal compromise.

When the diagnosis of fetal tachyarrhythmia is first
made at term, medical therapy may be used in order
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to facilitate a trial of labor and possible vaginal delivery
(Silverman et al., 1985). Vaginal delivery should be possi-
ble in most cases; however, when conversion to normal sinus
rhythm is unsuccessful or hydrops is present, delivery by ce-
sarean section may be more appropriate. Intrapartum fetal
monitoring may not be reliable with supraventricular tachy-
cardia, and the fetus with hydrops may not tolerate labor. In-
termittent sonographic surveillance of fetal well-being may
be necessary in such cases.

FETAL INTERVENTION

For fetuses with evidence of hemodynamic compromise or
hydrops prior to term, treatment of the rhythmdisturbance is
accomplished by administering antiarrhythmic medications
to the mother. This approach is described in detail in the
section for management of pregnancy. Maternal administra-
tion of digoxin, flecainide, procainamide, quinidine, and ve-
rapamil has been successfully used.

If an adequate trial of maternal medical therapy fails
despite appropriate drug levels and time for effect, direct fe-
tal therapymay be considered. Thismay be achieved by direct
intravenous infusion of digoxin or amiodarone into the um-
bilical vein. Amiodarone may be helpful in this regard due to
its prolonged duration of action.

In very rare cases, direct fetal intramuscular injection
of medications may be possible, but this approach should be
considered less optimal than direct fetal intravascular infu-
sion (Weiner andThompson, 1988;Hallak et al., 1991).Direct
fetal therapy should be reserved for the preterm fetus that has
evidence of heart failure and has not responded tomaternally
administered therapy. In one case, supraventricular tachycar-
dia at 24 weeks of gestation was successfully controlled with
direct fetal therapy aftermore traditional transplacental ther-
apy with digoxin, verapamil, and procainamide had failed
(Weiner and Thompson, 1988). In this case report, the fetus
received 70μg of digoxin in three divided doses administered
intramuscularly over a period of 24 hours. In a further case,
a 25-week-old fetus with severe hydrops fetalis secondary to
supraventricular tachycardia was successfully treated with fe-
tal intramuscular injectionsofdigoxin togetherwithmaternal
digoxin (Hallak et al., 1991). Fetal umbilical blood sampling
had revealed poor placental transfer of digoxin even after
2 weeks of therapeutic maternal levels.

TREATMENT OF THE NEWBORN

Because 50% of infants have a relapse of tachycardia after
birth, it is important to assess the neonatal rate with an elec-
trocardiogram (van Engelen et al., 1994). Neonatal echocar-
diography should also be performed to confirm the absence
of structural cardiac malformation and to evaluate cardiac
function. Cardioversion, transvenous atrial overdrive pacing,

or antiarrhythmic drugs have been used postnatally to con-
vert the heart rate of infants who have tachycardia at birth to
normal sinus rhythm (van Engelen et al., 1994). In the ab-
sence of hemodynamic instability, it is reasonable to either
observe neonates closely without medical therapy, or begin
prophylactic medical therapy for up to 1 year.

SURGICAL TREATMENT

No surgical treatments for tachyarrhythmias have been de-
scribed.

LONG-TERM OUTCOME

In a group of 51 cases presenting with fetal tachycardia, 50%
of all surviving infants had a relapse of tachycardia after birth
(van Engelen et al., 1994). Relapse appeared to be more com-
mon in those with atrial flutter; 60% of infants with fetal
atrial flutter had a relapse, as compared with 42% of in-
fants with fetal supraventricular tachycardia. In the group
of 33 infants with supraventricular tachycardia, a re-entry
mechanism could be seen on the electrocardiogram in eight
cases: four with Wolff–Parkinson–White syndrome and four
with permanent junctional reciprocating tachycardias. At
1 month of age, 78% of the patients with a history of fetal
supraventricular tachycardia or atrial flutter were receiving
anti-arrhythmic drugs, usually digoxin, and sometimes in
combination with propranolol, verapamil, or flecainide ei-
ther for recurrent tachycardia or as prophylaxis. At 3 years
of age, 14% were taking antiarrhythmic drugs (van Engelen
et al., 1994). Of the three patients who were still receiv-
ingmedications, one hadWolff–Parkinson–White syndrome
and twohad permanent junctional reciprocating tachycardia.
The need for drug therapy seems to diminish as childhood
advances, with re-entry tachycardia proving to be the most
therapy-resistant formbefore and after birth as well as during
later childhood.

Adverse neurological outcomehas been associatedwith
successful in utero treatment of fetal dysrhythmias (Oudijk
et al., 2000). For example, in a series byOudijk where patients
were treated with transplacental sotolol two patients (2/17;
12%) who had converted to sinus rhythm in utero were diag-
nosed with adverse neurological outcomes postnatally. Both
of these cases had been complicated by hydrops.

GENETICS AND RECURRENCE RISK

We are unaware of any reported cases of a recurrence
of fetal arrhythmias in subsequent pregnancies. An excep-
tion is Wolff–Parkinson–White syndrome, which involves
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paroxysmal supraventricular tachycardia and has a well-
documented familial occurrence (Harnischfeger, 1959).
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42
CHAPTER

Bradyarrhythmias

Key Points

■ The most common fetal bradyarrhythmia
diagnosed prenatally is congenital complete heart
block (CHB), usually occurring in association with
circulating maternal anti-Ro or anti-La antibodies,
but also occurring together with structural fetal
cardiac malformation.

■ Sonographic diagnosis of complete heart block
(CHB) is made using M-mode echocardiography,
demonstrating complete dissociation between
atrial and ventricular rates; varying degrees of
cardiac failure and hydrops may also be present.

■ Immune-mediated CHB usually leads to permanent
damage to the fetal cardiac conduction system,
and controversy exists as to whether subsequent

prenatal therapy by maternal administration of
corticosteroids will have any meaningful benefit.

■ Other options for prenatal therapy include
maternal betamimetic administration, although its
role is generally limited by maternal side effects;
additionally experimental approaches to fetal
cardiac pacing have also been described in cases
with very poor prognosis.

■ While vaginal delivery is possible with appropriate
intensive fetal surveillance, for practical reasons,
most such fetuses are delivered elective by
cesarean; delivery should occur in a tertiary care
facility with appropriate pediatric cardiology
backup available.

CONDITION

The diagnosis of fetal arrhythmias has become increasingly
common as echocardiographic evaluation of the fetal heart
has improved and been pursued earlier in gestation. Two-
dimensional echocardiography can distinguish normal from
disordered cardiac anatomy as early as 16 weeks of gestation
(Kleinman et al., 1980; Allan et al., 1983, 1984a). Similarly,
fetal arrhythmias can be accurately characterized with the
addition of M-mode echocardiography (Allan et al., 1983;
Devore et al., 1983). Although the vast majority of fetal ar-
rhythmias reported are either extrasystoles (75%) or tach-
yarrhythmias (15%), fetuses with bradyarrhythmia due to
complete heart block (CHB) account for 9% of all cases
(Kleinman and Evans, unpublished data, 1988). CHB is seen
in association with severe congenital heart disease in up
to 53% of cases (Schmidt et al., 1991). In this setting the
prognosis is poor, with a survival rate of less than 15%
(Shenker, 1979; Teteris et al., 1979; Allan et al., 1983; Craw-
ford et al., 1985; Cameron et al., 1989). However, CHB
complicates structural congenital heart disease in only 0.4%

to 0.9% of the cases (Camm and Bexton, 1984; Olah and
Gee, 1993). CHB is observed with normal cardiac anatomy
in up to 50% of cases (Kleinman and Evans, unpublished
data, 1988). CHB with normal cardiac anatomy is usually
associated with transplacental passage of maternal antibod-
ies, anti-SSA or anti-SSB (anti-Ro or anti-La), in mothers
with connective-tissue diseases (McCue et al., 1977; Scott
et al., 1983; Litsey et al., 1985; Taylor et al., 1988).

Themost common form of congenital heart block seen
in the fetus is third-degree, or complete, atrioventricular (AV)
block. First-degree AV block is the prolongation of the P–R
interval and is difficult to detect prenatally. Second-degree
AV block occurs either as a progressive lengthening of the
P–R interval, with resulting dropped beats (Wenckebach
phenomenon), or as a fixed P–R interval with a ratio of trans-
mission of atrial beats to ventricular beats of 2:1, 3:1, 4:1, etc.
Third-degree AV block occurs when there is complete disso-
ciation of atrial and ventricular rates with no transmission of
atrial beats to the ventricles.

Antibodies to soluble ribonuclear proteins, anti-Ro
(Sjögren syndrome antigen-A, SS-A) and anti-La (Sjögren
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syndrome antigen-B, SS-B) have been demonstrated in the
serum of affected fetuses and their mothers (Franco et al.,
1981; Kephart et al., 1981; Miyagowa et al., 1981). CHB in
fetuses with structurally normal hearts is almost uniformly
associated with the presence of anti-Ro or anti-La antibod-
ies. Anti-Ro and anti-La antibodies have been demonstrated
to bind to fetal heart conduction tissue (Deng et al., 1987;
Harsfield et al., 1991). The pathophysiology of CHB involves
the transplacental passage of maternal autoantibody, anti-
Ro, which binds to an antigen in the fetal heart conduction
system with consequent inflammation and fibrosis. The fetal
and neonatal heart contains the body’s highest concentration
of Ro antigen (Wolin and Steitz, 1984; Harley et al., 1985;
Deng et al., 1987). IgG deposits have been demonstrated in
the cardiac tissues of affected infants (Litsey et al., 1985; Lee
et al., 1987). Studies in vitro, using anti-Ro and anti-La anti-
bodies, have demonstrated that anti-Ro antibodies selectively
bind to newborn myocardium but not to adult myocardium
and that this binding inhibits repolarization (Alexander et al.,
1992).

Although it is thought that anti-Ro and anti-La an-
tibodies play an important role in the pathogenesis of fetal
CHB, some authors have suggested that theremust be a cofac-
tor (Taylor et al., 1988). The mothers of infants with CHB al-
most always have anti-Ro and anti-La antibodies. Fetal CHB,
however, develops in only 1% to 2% of anti-Ro/anti-La anti-
body positive mothers, and usually occurs between 20 and
24 weeks’ gestation. Since the majority of mothers with
these antibodies have normal pregnancies, this implies that
a second factor is necessary for the development of CHB.
It has been suggested that viral infections may initiate im-
mune damage by influencing antigenic expression. Ro and
La ribonucleoproteins may become immunogenic by form-
ing complexes with viral genomes (Venables et al., 1983).
Interestingly, an increased frequency of antibodies to cy-
tomegalovirus has been observed in mothers of babies with
CHB (Peckham et al., 1983; Taylor et al., 1988).

In cases in which maternal anti-Ro/anti-La antibodies
are not responsible forCHB, prolongedQT syndromeor viral
infection may be responsible (Peckham et al., 1983).

The presence or absence of subendocardial fibroelas-
tosis should be noted in cases of CHB. This is an echogenic
appearance to the inner lining of the cardiac chambers, most
often affecting the ventricles but also can affect the atria. This
is thought to be due to subendocardial ischemia and is usu-
ally a sign of more severe myocardial injury, which without
treatment is associated with a poor prognosis (Jaeggi et al.,
2004).

INCIDENCE

CHB during fetal life is uncommon, with an incidence of
approximately 1 in 20,000 to 1 in 25,000 livebirths (McHenry
and Coyler, 1969; Michaelson and Engle, 1972; Gochberg,
1984). However, becausemany fetuses with CHBdie in utero,

the true incidence of fetalCHB is likely to be somewhat higher
than this.

SONOGRAPHIC FINDINGS

The most common reason for referral for evaluation for fetal
CHB is the detection of a slow or irregular heart rate on rou-
tine obstetric examination (Schmidt et al., 1991). Themedian
gestational age at referral for fetal CHB is 26 weeks, but may
range from 17 to 38 weeks (Schmidt et al., 1991). More than
half of fetuses with CHB will have associated structural heart
disease, making assessment of fetal cardiac anatomy essen-
tial. The diagnosis of CHB can be confirmed sonographically
by demonstrating atrial and ventricular rate discrepancies.
If detected early, type 1 or 2 second-degree AV block may be
observed.M-mode examinationmay be particularly useful to
independently confirm atrial and ventricular rates (Crowley
et al., 1983). It is also important to sonographically assessmy-
ocardial function, as immune complex deposition and fetal
inflammatory reaction may result in myocarditis and signif-
icant myocardial dysfunction.

A complete fetal survey should be performed, with spe-
cial attention paid to the presence or absence of hydrops, as
indicated by pericardial or pleural effusions, ascites, or skin
edema. Echocardiographic assessment should include mea-
surement of ventricular escape rate and atrial rate. An atrial
rate of less than 120 beats per minute (bpm) should raise
the possibility of a missed structural heart defect. In addi-
tion, assessment of stroke volume, left and right ventricular
ejection fraction, combined ventricular output, and the pres-
ence and severity (or absence) of AV valvular insufficiency
should be noted (Takomiya et al., 1989; Veille et al., 1990).
Valvular insufficiency can be diagnosed by Doppler echocar-
diography. Peak systolic flow velocities in the ascending aorta
and diastolic umbilical flow velocities should be assessed as
indirect indicators of cardiac output, and should be mea-
sured as a basis for comparison for serial echocardiographic
assessment.

Doppler ultrasound assessment of the umbilical artery
has been used to estimate impedance to flow in the placen-
tal circulation. However, because calculations depend on the
time taken for the velocity of flow todecay indiastole, the pro-
longed diastolic component in CHB limits the value of this
technique (Olah et al., 1991; Olah and Gee, 1993). Complete
absence or reversal of flow during diastole in CHB, however,
has the same clinical significance as in cases inwhich the heart
rate is normal (Olah et al., 1991). This form of sonographic
assessment is thought to be particularly useful in CHB be-
causeof its associationwithanti-Roantibodiesandantibodies
in connective-tissue disease, such as systemic lupus erythe-
matosus, in which placental infarction and immunoglobu-
lin deposition are frequently encountered (Guzman et al.,
1987; Veille et al., 1990). Increases in placental resistance
may be sufficient to precipitate cardiac decompensation, even
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in the absence of further slowing in the ventricular escape
rate.

Growth restriction may occur as a result of fetal CHB.
Therefore, serial measurements of biparietal diameter, ab-
dominal circumference, and long bones should be performed
at bimonthly intervals to assess fetal growth.

Measurement of the cardiothoracic ratio should also be
performed by two-dimensional echocardiography (Paladini
et al., 1990). An increase in the cardiothoracic index beyond
the normal range may assist in predicting the extent of lung
compression and possible pulmonary hypoplasia, as well as
the severity of cardiac failure as indicated by cardiac enlarge-
ment (Olah and Gee, 1993).

DIFFERENTIAL DIAGNOSIS

When evaluating a fetus with bradycardia, the differential di-
agnosis includes heart block as a complication of structural
heart disease, heart block in a structurally normal heart (most
often due to transplacental passage of maternal antibodies in
connective tissue disease), and sinus bradycardia in a pre-
morbid fetus. The most common structural defects seen in
associationwith CHB are listed in Table 42-1. Although preg-
nantwomenwith connective tissue disease are at significantly
increased risk for having a fetus with CHB, only 50% of fe-
tuses with bradycardia are born to women with a history of

Table 42-1

Structural Heart Defects Most Commonly
Associated with Fetal Complete Heart Block

Left atrial isomerism

Transposition of the great arteries

Atrioventricular septal defect

Pulmonic atresia

Anomalous pulmonary venous connection

Double outlet right ventricle

Atrioventricular discordance

Absent right atrioventricular connection

Double inlet ventricle

Right atrial isomerism

Pulmonic stenosis

collagen vascular disease (Petri et al., 1989;McCauliffe, 1995).
Fetal CHBmay be the firstmanifestation ofmaternal collagen
vascular disease.

A fetus diagnosed early in the development of heart
blockmay presentwith irregular heart rhythmdue to second-
degree AV block. This may occur either as partial progres-
sive AV block, (theWenckebach phenomenon), or as second-
degree AV block in which the P–R interval is relatively fixed
and the ratio of transmission may be 2:1, 3:1, or 4:1, etc.
Schmidt et al. (1991) have observed progression from nor-
mal sinus rhythm to second-degree block to CHB.

ANTENATAL NATURAL HISTORY

While bradycardia is well tolerated by most fetuses, nonim-
mune hydrops will develop in up to 25% as a result of cardiac
decompensation (Kleinman et al., 1982; Stewart et al., 1983;
Holzgreve and Golbus, 1984; Crowley et al., 1985; Carpenter
et al., 1986; Machado et al., 1988). In 90% of cases associ-
ated with a structurally normal heart, the infant is born with
neonatal lupus erythematosus (McCauliffe, 1995).

Fetal CHBusually presents during the second trimester
in the setting of a structurally normal heart. Although fetal
CHB has been diagnosed as early as 17 weeks, the mean ges-
tational age at presentation is closer to 26 weeks (Schmidt et
al., 1991). There is some evidence to suggest that a progres-
sive rise in transplacental passage of immunoglobulin oc-
curs after 22 weeks’ gestation, which correlates with progres-
sive immune-mediated injury to the fetal conduction system
(Stiehm, 1975).

Themajorityof the fetuseswithCHBtolerate the slower
ventricular rate relatively well and progress to term without
incident. However, in 15% to 25% of fetuses with CHB non-
immunehydropswill develop and the fetuswill die inuteroor
shortly after delivery. In a multicenter review, Schmidt et al.
(1991) found that fetuses with structurally normal hearts and
CHBwithventricular ratesof less than55bpmhadonly a14%
survival rate.Thepresenceofnonimmunehydropswas apoor
prognostic feature, with only a 15% survival rate. Similarly,
when CHB complicated structural heart disease, the survival
was only 14%. The development of AV valve incompetence is
also a harbinger of fetal cardiac decompensation and nonim-
mune hydrops (Schmidt et al., 1991). AV valve incompetence
appears to be due to distortion at the valve rings by progres-
sive ventricular dilation with the slow ventricular rate. In the
fetal-sheepmodel of CHB, slower ventricular rates cause pro-
gressive diastolic distention of the ventricles distorting theAV
valve rings, resulting in regurgitation (Crombleholme et al.,
1991). The AV valve incompetence can be immediately re-
versed by increasing the ventricular rate by pacing the heart,
which reduces the diastolic ventricular distention. AV valve
incompetence tends to precede the development of nonim-
mune hydrops because it results in venous hypertension and
passive hepatic congestion, leading to pericardial and pleural
effusions, ascites, and anasarca.
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Figure 42-1 Four-chamber view of the heart in a fetus with com-
plete heart block due to transplacental passage of SSA antibod-
ies in a mother with systemic lupus erythematosis. The atrial rate
was 135 beats per minute with a ventricular response rate of
54 beats per minute. There is evidence of endocardial fibroelas-
tosis (EFE) in this heart most notably in the papillary muscle and
in the interventricular septum.

In addition to progressive destruction of the fetal con-
duction system by an inflammatory response tomaternal au-
toantibody deposition, a generalizedmyocarditis may also be
seen in fetal CHB. In these cases, antibody deposition oc-
curs throughout the heart, and the inflammatory reaction
results in progressive myocardial decompensation. Subendo-
cardial fibroelastosis may result, which can be an indicator of
end-stage myocardial injury. These may appear as echogenic
papillary muscles or areas of subendocardial myocardium in
the ventricle or atria (Figure 42-1).

MANAGEMENT OF PREGNANCY

A woman with no previous history of collagen vascular dis-
ease who presents carrying a fetus with CHB should have a
formal rheumatologic evaluation.On close questioning, such
women often report dry eyes/mouth or arthralgias, which
suggest collagen vascular disease (McCauliffe, 1995). The fe-
tus should undergo a complete anatomic sonographic survey,
including Doppler waveform studies of umbilical arterial di-
astolicflow.Echocardiography shouldbeperformed,notonly
to exclude structural heart disease, but also to confirm AV
dissociation and document the atrial and ventricular rates.
In addition, assessment of ventricular contractility, presence
or absence of increased myocardial echogenicity suggestive
of subendocardial fibroelastosis, AV valve incompetence, and

stroke volume should be noted and serve as a baseline for
comparison with future studies.

The diagnosis of immune-mediated fetal heart block
should be treated by maternal steroid administration. Dur-
ing the third trimester there may be progressive slowing of
ventricular rate, and increased frequency of surveillance is in-
dicated in fetuses with ventricular rates of less than 65 bpm.
Heart rates less than 60 bpm may prompt a twice-weekly ul-
trasound examination to detect AV valve incompetence or
early signs of nonimmune hydrops. Similarly, serial echocar-
diography is indicated to detect subtle changes in contractil-
ity, stroke volume, myocardial echogenicity, and onset of AV
valve incompetence. Diastolic flow in the umbilical arteries is
also a useful marker to follow because it indicates impedance
to flow in the placental circulation. Increased resistance due
to deposition of immune complexes in the placental bedmay
precipitate heart failure. Because of the progressive dilation
of heart chambers, cardiothoracic ratios may be useful in-
dicators of possible pulmonary hypoplasia. Because of the
lack of heart rate variability, standard nonstress tests are not
helpful.

The indications for delivery in fetal CHB include obvi-
ous signs of deteriorating cardiac status, with the subsequent
development of nonimmune hydrops. The mode of delivery
in fetal CHB is controversial. If the fetus is being delivered for
signs of cardiac decompensation, the stress of vaginal deliv-
ery may cause further hemodynamic compromise (Paladini
et al., 1990). In addition, detection of nonreassuring fetal
heart rate status in the setting of fetal CHB is very difficult.
Some authors have delivered noncompromised fetuses with
CHB vaginally, using continuous heart rate monitoring and
fetalbloodsamplingduring labor (OlahandGee,1993). Some
authors have advocated continuous monitoring of ventricu-
lar rate by scalp electrodes, atrial rate by external transducers,
or fetal pulse oximetry by scalp probes or transcutaneous
pCO2 (Todras et al., 1989; Chan et al., 1990a, 1990b). Other
authors have suggested continuous intrapartum echocardio-
graphy.

While such intensive surveillance is possible, we recom-
mend cesarean delivery for any fetus at more than 30 weeks’
gestation with CHB and evidence of hemodynamic compro-
mise, manifested by nonimmune hydrops, a ventricular rate
of less than 55bpm,AVvalve insufficiency, or poor contractil-
ity. In fetuses in which CHB is well tolerated, vaginal delivery
may be considered, but only if appropriate intrapartummon-
itoring is available. Delivery should be performed at a center
with pediatric cardiologists and surgeons who are available
for placement of either temporary transvenous or epicardial
pacing leads.

FETAL INTERVENTION

Numerous antenatal treatments, both medical and surgical,
have been proposed in the management of the fetus with
CHB. The medical therapies are divided into those intended
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to minimize the immunologic injury to the fetal heart and
those geared toward increasing the ventricular rate.

Controversy exists over the prenatal treatment of CHB.
The form of treatment used most often is administration of
steroids to the mother to limit the fetal inflammatory re-
sponse (Barclay et al., 1987; Bunyan et al., 1987; Fox and
Hawkins, 1990; Jaeggi et al., 2004). Dexamethasone is pre-
ferred over prednisone. Because of the fear of adverse side
effects due to steroids, such as maternal insulin resistance,
lowered resistance to infection, and poor wound healing,
some authors have recommended against prophylactic treat-
ment for anti-Ro antibody positive mothers. However, once
antibody-mediated damage to the fetal conduction system
has occurred, it is permanent. Because myocardial injury is
likely permanent at the time of presentation with CHB, it has
been argued that there is minimal role for steroid therapy
once that stage has been reached.

Jaeggi et al. published a protocol for the management
of prenatally diagnosed CHBwithout structural heart disease
(Figure 42-2). This report included 37 patients treated by this
approach divided into two groups based on year of diagno-
sis. Patients received maternal dexamethasone or maternal
betamimetics. The survival of the earlier group treated from
1990 to 1996 was 80% at birth and 47% to 1 year of life. In
contrast, the more recent group of patients treated between
1997 and 2003 had a survival to birth and 1 year of 95%
(p < 0.01). The use of the glucocorticoid dexamethasone ap-
peared to be the primary reason for this improved survival.
Among these mothers receiving dexamethasone, the survival
was 90% versus 46% without dexamethasone.

This group therefore recommended maternal dexam-
ethasone administration (4–8 mg/d) and with betamimetics
(ritodrine 30–60 mg/d or salbutamol 10 mg/d) for cases in
which ventricular response rate is below 55 bpm or in which
there is evidence of abnormal ventricular function. In the
dexamethasone-treated mother, adverse effects attributed to
steroid included oligohydramnios (19%), and one mother
developed hypertension. It is unclear whether the addition
of betamimetics to dexamethasone conferred any additional
benefit. It is possible that in this setting betamimetics ei-
ther prevented further decrease in heart rate or improved
myocardial function. The QT interval should be assessed
in all patients prior to starting betamimetics and should
be avoided in prolonged QT syndrome. Betamimetics may
alter ventricular depolarization and dramatically lengthen
QTc that may trigger cardiac events. The use of magneto-
cardiographymay be useful in the diagnosis of prolongedQT
syndrome and assist management of CHB (Hosono et al.,
2001).

Betamimetic agents, such as terbutaline, ritodrine, and
isoproterenol have been used in attempts to accelerate the
fetal heart rate (Carpenter et al., 1986; Martin et al., 1988;
Schmidt et al., 1991; Jaeggi et al., 2004). The responses to
these agents have been variable, and no definite benefit has
been proven (Crowley et al., 1985; Carpenter et al., 1986;
Machado et al., 1988). In addition, doses sufficient to cause an

At diagnosis of isolated fetal atrioventricular block

HR > 55 beats /min + normal ventricular function
Dexamethasone 4–8 mg/d

 or
HR > 55 beats /min or abnormal function

Dexamethasone 4–8 mg/d + β-sympathomimetic

Pregnancy follow-up

Weekly–biweekly obstetric assessment
Weekly–biweekly fetal echocardiogram

Delivery at tetiary care center

Uneventful course: C-section (or vaginal delivery)
at 37 weeks

Progressive hydrops: (paracentesis) + C-section
+ immediate pacing

Neonatal critical care management 

Low output: isoprenaline, pacing
Neonatal lupus: oral prednisone

Endocardial fibroelastosis: IV. immunoglobulin
EFE: IV. immunoglobulin

Figure 42-2 Suggested protocol for the management of prena-
tally diagnosed complete heart block without structural heart
disease.

increase in fetal ventricular rate are often poorly tolerated by
the mother.

Theuse of intravenous immunoglobulin (IVIG) in fetal
CHB has been described. IVIG is thought to bind circulat-
ing anti-Ro antibody in the maternal circulation to prevent
transplacental passage, by increasing immune clearance of
the antibody. Itmay also downregulate anti-Ro antibody pro-
duction. Limited data are available to support this interven-
tion.

Plasmapheresis has also been recommended to limit
cardiac damage once pericardial effusion, heart enlargement,
or conduction disturbance develops (Bunyan et al., 1987).
However, plasmapheresis cannot reverse fetal CHB once it
is established (Heurman and Golezewski, 1985). Bunyan et
al. (1988) have suggested that plasmapheresis be used prior
to 20 weeks’ gestation, before increased antibody passage oc-
curs across the placenta. This requires plasmapheresis three
times a week, in addition to steroid treatment. The use of
plasmapheresis is based on the idea of removing mater-
nal anti-Ro antibody and decreasing transplacental passage,
although damage to the fetal conduction system might not
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be reversed using this regimen. None of these immunologic
strategies has any proven efficacy in preventing or reversing
the consequences of fetal CHB due to anti-Ro antibodies.

Early cesareandelivery for temporary pacemaker place-
ment has been associated with a mortality rate that ap-
proaches 80% (Kleinman and Downerstein, 1985; Martin
et al., 1988). The lack of effective medical treatment for the
fetus with CHB and evidence of cardiac decompensation and
pooroutcomewithearlydeliveryhavepromptedsomegroups
to attempt pacing the fetal heart in utero (Carpenter et al.,
1986; Crombleholme et al., 1989, 1990, 1991; Harrison et al.,
1993). While technically successful in individual human and
animal model cases, such intervention is still considered
experimental.

In order for fetal cardiac pacing to be effective, appro-
priate case selection is essential. Fetuses without hydrops do
not need cardiac pacing. Fetuses with advanced hydrops are
unlikely to benefit from cardiac pacing. However, a fetus with
CHBwith ventricular escape rates of less than 50 bpmdespite
corticosteroid and betamimetic therapy is at especially high
risk. These fetuses should be followed closely for develop-
ment of early signs of hydrops, such as pericardial or pleural
effusion or AV valve insufficiency, which usually precedes hy-
drops. These fetuses are at high risk, and may be candidates
for fetal cardiac pacemaker placement. Open fetal surgery for
fetal CHBmay be preferable because a percutaneously placed
pacing lead may become dislodged, cause cardiac tampon-
ade, chorioamnionitis, or cord enlargement. The contraindi-
cations toopen fetal surgery forpacemakerplacement include
uterine irritability, maternal illness, structural fetal heart dis-
ease, massive hydrops, or poor ventricular function that is
sometimes associated with subendocardial fibroelastosis. It
may be reasonable for corticosteroids to be administered to
the pregnantwoman for fetuses withCHB tominimize ongo-
ing immune-mediated myocardial cardiac injury. While the
injury to the fetal conduction system is permanent and ir-
reversible, it is possible that progressive myocarditis may be
avertedbymaternal steroid treatment. Except for one anecdo-

tal case, there are no data to support the use of plasmapheresis
in fetal CHB.

TREATMENT OF THE NEWBORN

Neonatal lupus erythematosus (NLE) is a misnomer, as these
newborns do not have systemic lupus erythematosus, but a
constellation of clinical disorders associated with, and prob-
ably in part caused by, autoantibodies that are passively ac-
quired by the fetus transplacentally (McCauliffe, 1995). The
majority of newborns with NLE exhibit cutaneous or cardiac
disease (Table 42-2).

In the absence of structural heart disease, the newborn
with congenital CHB has NLE, which is associated with a
distinctive skin rash of erythematous round eruptions due
to antibody disposition on basal keratinocytes (McCauliffe,
1995). This rash may be increased by light exposure, espe-
cially phototherapy for hyperbilirubinemia. Parents are ad-
vised to keep affected infants out of direct sunlight for the
first 6 months of life, after which the NLE resolves. In addi-
tion to cardiac and dermatologic manifestations, NLE may
present with thrombocytopenia or anemia, as well as hep-
atosplenomegaly, hepatitis or cholestasis, aseptic meningitis,
myopathy, or myasthenia (McCauliffe, 1995).

In the delivery room, an isoproterenol drip should be
initiated as soon as intravenous access is secure. Corticos-
teroids may be administered to prevent ongoing myocardial
injury. Some neonatologists have performed exchange trans-
fusions to eliminate circulating maternal antibody, but no
data are available to support its use. Cardiac pacing is the
definitive treatment. If the child is unstable or delivered for
cardiac decompensation, a transvenous or transthoracic tem-
porary pacing lead should be placed. Thismay not be possible
in a premature infant, in whom a left anterior thoracotomy
for placement of temporary epicardial pacing leads should
be performed until the infant is sufficiently large to undergo

Table 42-2

Clinical Manifestations of Neonatal Lupus Erythematosus

System Description Presentation

Cutaneous Erythematous round, oval, and annular
patches

Weeks to months after delivery. Resolves after 6 months,
occasional residual pigmentation

Cardiac Complete heart block, myocarditis,
congestive heart failure

Usually third trimester, but as early as 17 weeks, invisible
heart block

Hematologic Thrombocytopenia, anemia, leukopenia At birth, usually self-limited

Hepatic Hepatomegaly, hepatitis, cholestasis At birth, usually self-limited
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permanent placement of a cardiac pacemaker. If the fetus
is hydropic, delivered for cardiac decompensation, or has a
ventricular rate less than 55 bpm, some form of cardiac pace-
maker should be placed urgently. The degree of heart block is
permanent and if the heart is decompensating, medical ther-
apy such as isoproterenol is unlikely to prevent progressive
deterioration.

LONG-TERM OUTCOME

The mortality rate for infants presenting in the newborn pe-
riodwith CHB is at least 25%. In a long-term follow-up study
Vetter and Rashkind (1983) documented 90% survival af-
ter the neonatal period. Most deaths were due to pacemaker
failure. These children need to be followed for the later
development of rheumatologic disease. McCauliffe (1995)
described seven patients with congenital CHB who went on
to develop collagen vascular diseases, either systemic lupus
erythematosus or Sjögren syndrome. Whether this is due to
NLE is unknown. More likely, this represents familial pre-
disposition or inheritance of an HLA type associated with
collagen vascular disease.

GENETICS AND RECURRENCE RISK

There isnoknowngeneticpredisposition for thedevelopment
of fetal CHB. Thewomanwho has previously had a fetus with
NLE is at greatest risk for recurrence. The manifestations of
NLE tend tobe the same in subsequentpregnancies. Petri et al.
(1989) found thatmothers of infants withNLEmanifested by
CHB had a 64% chance of a subsequent fetus being similarly
affected. However, McCune et al. (1987) found only a 25%
recurrence of CHB.

Women with a history of an autoimmune disorder and
anti-Ro antibodies constitute the next highest risk category.
Ramsey-Goldman et al. (1986) found that only 8% of in-
fants born to mothers with SLE who had anti-Ro antibodies
were affected by NLE. Amongmothers with SLE but no anti-
Ro antibodies, the incidence of NLE was only 0.6%. Normal
women, or those with ill-defined symptoms who produce
anti-Ro antibodies, are probably at even lower risk. Unfortu-
nately, this latter category accounts for 50% of cases of NLE,
which are impossible to identify before the fetus or newborn
is symptomatic (Petri et al., 1989; McCauliffe, 1995).

Olah and Gee (1993) have defined four known risk
factors: a previous child with CHB, a high titer of anti-Ro
antibody (>1:16), presence of anti-La antibody in addition
to anti-Ro antibody, and maternal HLA-DR3.
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43
CHAPTER

Atrial Septal Defects

Key Points

■ Atrial septal defects are relatively common
congential cardiac malformations, but are difficult
to diagnose prenatally due to problems
differentiating the normal patent foramen ovale
from an anatomic defect of the septum.

■ Many cases close spontaneously within 2 years of
life, while persistence of a large defect, especially
with evidence of right ventricular overload, is an
indication for elective closure.

■ Open surgical approaches to closure have been
replaced in most cases with minimally invasive
transcatheter occlusion techniques.

■ While the medium-term outcome of such
transcatheter occlusion techniques appears
favorable, it will likely be some time before
sufficient data are available to confirm long-term
safety and efficacy.

CONDITION

Atrial septal defect (ASD) refers to a congenital malforma-
tion in the development of the interatrial septum. In embry-
onic life, the interatrial septum begins as a septum primum,
growing from the atrial walls to the endocardial cushions,
which contains a temporary opening known as the foramen
primum (Romero et al., 1988). Subsequently, a septum se-
cundum grows on the right side of the septum primum and
contains a normal opening known as the foramen ovale. The
lower part of the septum primum forms a flap valve for this
foramen ovale. Soon after birth, increased left atrial pressure
closes this flap, normally resulting in complete closure of the
foramen ovale within 2 years of life (Kerut et al., 2006).

Three different types of ASDs are possible, depending
on the locationwithin theheart (Romeroet al., 1988).An inlet
ASD is located near the entrance of the superior vena cava; a
secundum ASD occurs in the body of the interatrial septum;
a primum or outlet ASD is located near the atrioventricular
junction and usually behaves similarly to an AV canal defect
(see Chapter 45). SecundumASDs typically occur because of
absence of the foramen ovale flap valve. ASDs usually cause
nohemodynamic effects inuterobecause of thenormal right-
to-left shuntingofbloodacross thepatent foramenovale. If an
ASD persists after birth it may allow for a left-to-right shunt,
which can result in congestive heart failure or pulmonary
hypertension.

INCIDENCE

Because of the difficulties in differentiating ASDs from
asymptomatic patency of the foramen ovale, the precise inci-
dence of ASD in neonatal life is difficult to establish. A patent
foramen ovale may be present in up to 30% of normal adults
(Kerut et al., 2006). ASDs comprise 7.5% of all congenital
cardiac malformations (Ferencz et al., 1987). In one popula-
tion series, the incidence of ASD was 6 in 10,000 total births
(Mitchell et al., 1971).

SONOGRAPHIC FINDINGS

Prenatal sonographic diagnosis of ASD is problematic be-
cause the differentiation between a normal patent foramen
ovale and true ASD may be difficult. The foramen ovale nor-
mally increases in size linearly with advancing gestational age
(Phillipos et al., 1994). Large defects of the septum secun-
dum are visualized as dropout of echoes at the level of the
interatrial septum (Romero et al., 1988). If an apical four-
chamber view is used it may be difficult to confirm an intact
interatrial septum.For adequate visualization, theultrasound
probe should be perpendicular to the septum, which can be
achieved through the use of a subcostal approach to the four-
chamber view (Romero et al., 1988).
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The accuracy of sonographic screening for prenatal de-
tection of ASD is poor. In a series of 7459 fetuses who were
screened at 18weeks of gestation, therewere 10ASDs, none of
which were identified prenatally (Tegnander et al., 1995). In
another series, only 5% of the 761 ASDs that were present in
a single large population were detected prenatally (Montana
et al., 1996).

DIFFERENTIAL DIAGNOSIS

Themain differential diagnosis to consider following the pre-
natal diagnosis of an ASD is the possibility of a normal patent
foramen ovale.

ANTENATAL NATURAL HISTORY

In the majority of cases, an isolated ASD will not cause any
significant hemodynamic compromise inuterobecauseof the
normal right-to-left shunting of blood across the patent fora-
men ovale. It is also possible for ASDs to close spontaneously
in utero, although the exact frequency of this occurrence is
unclear because the accuracy of prenatal diagnosis of isolated
ASD is so poor.

MANAGEMENT OF PREGNANCY

Followingprenatal diagnosis of anASD, a careful sonographic
fetal anatomy survey is recommended to exclude additional
complex cardiac malformations. A sonographic search for
extracardiac malformations should also be performed. Fetal
echocardiography should be performed by an appropriately
trained specialist to confirm the diagnosis and to exclude
other cardiac malformations. Invasive fetal testing for kary-
otype analysis is recommended following the prenatal diag-
nosis of ASD because the incidence of chromosomal abnor-
malities may be up to 10% (Ferencz et al., 1987). Referral
for prenatal consultation with a pediatric cardiologist is also
recommended.

If expectant management is desired, sonographic
surveillance to confirmappropriate fetal growth and to evalu-
ate for the development of fetal hydrops is recommended, al-
though the chances of significant hemodynamic disturbances
occurring in utero are extremely low with isolated ASD. Al-
though delivery need not necessarily occur at a tertiary care
center if the ASD is isolated and uncomplicated, arrange-
ments should be in place for a prompt careful examination
of the infant soon after delivery and for referral to a pediatric
cardiologist during the newborn period. There is no indica-
tion to alter the timing or method of delivery based on the
prenatal diagnosis of isolated ASD.

FETAL INTERVENTION

Nofetal interventionhasbeendescribed for theprenatalman-
agement of an isolated ASD.

TREATMENT OF THE NEWBORN

Almost all infants with isolated ASD are asymptomatic at
the time of delivery and do not require any alteration to usual
neonatal care or resuscitation practices. A careful physical ex-
amination is mandatory to confirm hemodynamic stability
immediately followingdelivery and againduring theneonatal
period. Consultation with a pediatric cardiologist should be
obtained promptly and echocardiography performed to con-
firm the prenatal diagnosis and to rule out additional cardiac
malformations. Confirmation of a significant patent foramen
ovale is generally performed using transthoracic echocardio-
graphy. Injection of bacteriostatic saline containing benzyl
alcohol can be performed, and the appearance of contrast
bubbles in the left heart within three cardiac cycles confirms
the diagnosis. Appearance of contrast after more than three
cardiac cycles is not consistent with ASD or patent foramen
ovale, as the contrast will likely have already passed through
the pulmonary circulation (Kerut et al., 2006). It should be
noted that physiological size and functional significance of an
ASD are not directly correlated. It is important also to evalu-
ate for the presence of an atrial septal aneurysm, as its pres-
ence together with a patent foramen ovale puts the patient
at significantly higher risk for cryptogenic stroke (Overell
et al., 2000).

SURGICAL TREATMENT

Most infants with an isolated ASD will remain completely
asymptomatic during the first decade of life. Initially, there
is a fall in pulmonary vascular resistance at the time of birth,
which leads to left-to-right shunting of blood across the ASD.
However, because of the distensibility of the ventricles during
infancy, this shunt leads to progressive distention of the right
ventricle rather than a sudden increase in pulmonary blood
flow. In general, this situation persists throughout the second
decade of life, at which time pulmonary artery blood flow
increases significantly, leading to symptoms of right heart
failure. In addition, as pulmonary flow increases, pulmonary
vascular resistance can increase again, eventually leading to
Eisenmenger syndrome, which results from cyanosis due to
right-to-left shunting of blood.

The rate of spontaneous closure of isolatedASDs is 22%
for infants younger than 1 year, 33% for children aged 1 to
2 years, and 3% for children older than 4 years (Cockerham
et al., 1983). Because of the risks of heart failure and
pulmonary hypertension, it has been recommended that
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children with significant ASDs that persist beyond 4 years of
ageundergoelective surgical closureof thedefect (Cockerham
et al., 1983). Surgical repair is generally performed on car-
diopulmonary bypass, through a median sternotomy inci-
sion, and by the use of pericardium or prosthetic material to
close the defect (Merrill andBender, 1985).Other open surgi-
cal approaches include right thoracotomy and submammary
incisions, the latter being cosmetically preferable. The oper-
ative mortality rate for this procedure is currently less than
1% (Ward, 1994).

More recently however, transcatheter approaches for
closure of ASDs have been perfected to the extent that in
many centers, open surgical correction has been replaced for
all but the largest ASDs. The great advantage of these ap-
proaches is the lack of open incisions and the ability to avoid
cardiopulmonary bypass and stopping the heart. While there
is controversy between interventional pediatric cardiologists
and cardiac surgeons on the criteria to select between open
surgical and transcatheter approaches to ASD closure, it is
generally considered acceptable to rely on transcatheter de-
vices if at least 5mmof rimaround theASD is present (Holzer
and Hijazi, 2004). With the latest transcatheter septal occlu-
sion devices, 100% closure rates 1 month postoperatively are
expected (Patel and Hijazi, 2005).

Because of the limitations of most of the studies of the
natural history of isolated ASD, it has also been argued that
only children with symptomatic ASDs should be offered sur-
gical repair (Ward, 1994). There are virtually no good data
on the natural history of asymptomatic children with ASDs
because almost none of these children will have a diagno-
sis, so it is difficult to warrant routine surgical repair in the
asymptomatic state. In addition, ASDs diagnosed prenatally
may represent yet another patient group with a completely
different natural history during childhood.

LONG-TERM OUTCOME

The long-term outcome following surgical repair for iso-
lated ASD is excellent, with a 92%, 25-year actuarial survival
(Morris andMenashe, 1991). It is possible that right ventricu-
lar enlargement and arrhythmiasmay persist postoperatively,
but the long-term consequences of these conditions are un-
clear (Merrill and Bender, 1985). Almost all patients have
a normal life span and a normal level of activity following
surgical repair of ASD.

Long-term outcome results following transcatheter
septal occlusion appear reassuring, although there have been
sporadic reports of erosion of the device into the adjacent
ascending aorta (Patel and Hijazi, 2005). The other major
long-term adverse event with these minimally invasive de-
vices is thrombus formation, which may occur in 2% to 7%
of cases 6 months postoperatively (Krumsdorf et al., 2004;
Patel and Hijazi, 2005).

GENETICS AND RECURRENCE RISK

Almost all cases of ASD are sporadic in occurrence. However,
there is some evidence of familial occurrence, with siblings
of women with a patent foramen ovale being more likely to
also have patent foramen ovale (Arquizan et al., 2001). The
recurrence risk if oneprevious siblinghas anASD is 2.5%; this
increases to 8% if two previous siblings were affected (Nora
and Nora, 1988). If the mother has an ASD, the recurrence
risk for offspring is 4%; the recurrence risk is only 1.5% if the
father has an ASD (Nora and Nora, 1988).
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44
CHAPTER

Ventricular Septal Defects

Key Points

■ Ventricular septal defects are the most common
congential cardiac malformations, and often occur
as part of more complex abnormalities, such as
tetralogy of Fallot or transposition.

■ Prenatal diagnosis should be straightforward using
a long axis view of the ventricles, followed by a
short axis sweep from apex to base.

■ Many isolated small VSDs, especially of the
muscular type, will close spontanteously in utero,
or in infancy.

■ Significant VSDs that contribute to failure to thrive,
or those associated with increased pulmonary
vascular flow, should be surgically repaired by 6
months of age.

■ Recent advances in minimally invasive
transcatheter septal occlusion devices hold great
promise as an alternative to open surgical repair
with cardiopulmonary bypass.

CONDITION

Ventricular septal defect (VSD) refers to a congenital malfor-
mation in the development of the interventricular septum.
VSDs can occur in the muscular or membranous portions of
the septum. Muscular VSDs may be further subdivided into
inlet, trabecular, or infundibular defects (Soto et al., 1980;
Minette and Sahn, 2006). VSDs may also be classified as
being either subvalvular or muscular (Capelli et al., 1983).
Subvalvular VSDs are directly related to the atrioventricular
or semilunar valves, without interposed muscle between the
defect and the valve cusps. Such subvalvular defects may be
further subclassified as inlet, subtricuspid, subaortic, subpul-
monary,ordouble-committed subarterial, inwhich thedefect
is below the pulmonary and aortic valves. Muscular VSDs are
bordered on all sides by muscle and are not directly related
to the valves. Such defects may be further subclassified as be-
ing apical, central, or outlet in location. Most of these VSD
types can be defined by echocardiography, although it is im-
portant to realize that small muscular defects can be missed
by sonography during both the prenatal and the postnatal
periods (Capelli et al., 1983).

VSDs usually cause no hemodynamic effects in utero
because of the similarity in pressures between the right and
left sides of the heart during prenatal life. Most VSDs are
also asymptomatic immediately following birth. If the VSD
persists after birth, it may allow for the development of a left-

to-right shunt, which can result in congestive heart failure or
pulmonary hypertension.

INCIDENCE

VSDs are themost common single congenital cardiacmalfor-
mation, accounting for 26% of all structural cardiac abnor-
malities (Ferencz et al., 1987). In an earlier population series,
the incidence of VSD was 2 in 10,000 total births (Mitchell
et al., 1971). However, with the increasing use of prenatal
and neonatal echocardiography, the birth incidence of VSDs
seems to be much higher than previously suggested (Minette
and Sahn, 2006). In one series, 5%of all newbornswere found
to have an isolated muscular VSD (Roguin et al., 1995). The
most accurate estimate of birth prevalence of VSD is 3.5 per
1000 livebirths (Hoffman and Kaplan, 2002). In addition,
VSDs are frequently found in association with other cardiac
malformations, such as tetralogy of Fallot (see Chapter 52)
and transposition of the great arteries (see Chapter 55).

SONOGRAPHIC FINDINGS

As with an ASD, prenatal sonographic diagnosis of a VSD
can be difficult because it relies on visualization of dropout
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Figure 44-1 Long-axis view demonstrating intact ventricular
septum.

of echoes at the level of the interventricular septum, which is
best achieved using a subcostal approach to the four-chamber
view. In order to confirm an intact interventricular septum,
the septum should also be visualized by means of a long-axis
view of the left and right ventricles, together with an apex-to-
base sweep along the short axis of the heart (Figures 44-1 to
44-3) (Romero et al., 1988). SmallmembranousVSDs are still
commonly missed on prenatal sonography, despite adequate
views of all parts of the interventricular septum. In addition,
artifactual areas of hypoechogenicity in the septum during
the apical four-chamber view may give the false impression
of a VSD; therefore a true VSD is confirmed only when it is

Figure 44-2 Axial image with color Doppler showing forward
flow across the atrioventricular valves with an intact interventric-
ular septum.

Figure 44-3 Axial image demonstrating a membranous ventric-
ular septal defect.

visible in at least two different planes (Romero et al., 1988).
Color Doppler sonography may also be used to demonstrate
flow across the area of defect (Figure 44-4) (Sanders et al.,
1996).

Figure 44-4 Axial image with color Doppler demonstrating for-
ward flow across the atrioventricular valves and flow across a ven-
tricular septal defect.
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The accuracy of prenatal sonographic screening for
VSDs is poor. In a series of 7459 fetuses that were screened
at 18 weeks of gestation, there were 53 VSDs, none of which
were identified prenatally (Tegnander et al., 1995). In another
series, only 5% of the 486 VSDs present in a single large pop-
ulation were detected prenatally (Montana et al., 1996). The
accuracy of targeted fetal echocardiography for prenatal de-
tection of isolated VSDs is also poor. In one series of targeted
fetal echocardiograms, only 4 (31%)of 13ASDsorVSDswere
correctly identified (Benacerraf et al., 1987). In another series
of fetal echocardiograms, there were 29 VSDs, 19 (66%) of
whichwere correctly identified; thevastmajorityof thesewere
associated with other more complex cardiac malformations
(Crawford et al., 1988). In one further series, only 11 (44%)
of 25 isolated VSDs were correctly identified prenatally, with
small and moderate-sized VSDs the most likely to be missed
(Kirk et al., 1997).

DIFFERENTIAL DIAGNOSIS

As with ASD, it is important to consider a normal interven-
tricular septum in all cases following the prenatal diagnosis of
VSDbecause false-positivediagnoses arepossible, especially if
the septum is visualized by means of an apical four-chamber
view. Other diagnoses to consider include the presence of
additional, more complex cardiac malformations that may
involve a VSD, such as tetralogy of Fallot, transposition of
the great arteries, double outlet right ventricle, and tricupsid
atresia.

ANTENATAL NATURAL HISTORY

As with ASDs, almost all isolated VSDs cause no significant
hemodynamic compromise in utero; the pressures in both
ventricles are similar, so shunting of blood between ventri-
cles is not a problem. Many isolated VSDs, especially small
muscular types, close spontaneously, either in utero or soon
after birth (Nir et al., 1994). Muscular VSDs may close as a
result of muscular occlusion, while membranous VSDs may
close by tricuspid valve aneurysm formation (Minette and
Sahn, 2006). In one series, 26 (74%) of 35 isolated VSDs di-
agnosed prenatally closed spontaneously before birth, and
there was no correlation between the size of the defect and
probability of closure (Orie et al., 1994). In another series,
89% of all muscular VSDs were asymptomatic and resulted
in spontaneous closure within 1 to 10months of neonatal life
(Roguin et al., 1995). However, because prenatal diagnosis of
VSDs is so poor, it is possible that VSDs successfully diag-
nosed in utero may be larger and may represent a group that
has a more unfavorable prognosis.

In a series of 14 fetuseswithVSDs diagnosed prenatally,
6 (43%) were terminated, 2 (14%) died in utero, 1 (7%) died
postnatally, and 5 (36%) survived (Smythe et al., 1992). In
another series of 19 fetuses with VSDs diagnosed prenatally,

1 (5%) died in utero, 10 (53%) died postnatally, and 8 (42%)
survived (Sharland et al., 1990).

MANAGEMENT OF PREGNANCY

Following prenatal diagnosis of a VSD, a careful sonographic
fetal anatomy survey is recommended to exclude additional
complex cardiac malformations, such as tetralogy of Fallot,
transposition of the great arteries, or double outlet right
ventricle. Although most VSDs diagnosed after birth are
isolated, the majority of prenatally diagnosed VSDs occur
in association with more complex cardiac malformations
(Crawford et al., 1988). A sonographic search for extracar-
diac malformations should also be performed. Fetal echocar-
diography should be performed by an appropriately trained
specialist to confirm the diagnosis and to exclude other car-
diac malformations.

Invasive fetal testing for karyotype analysis is recom-
mended following the prenatal diagnosis of VSD because
the incidence of chromosomal abnormalities may be up to
18%, although in one series of 7 prenatally diagnosed VSDs,
5 (71%)were associatedwith aneuploidy (Ferencz et al., 1987;
Paladini et al., 1993). Referral for prenatal consultation with
a pediatric cardiologist is also recommended.

Elective terminationofpregnancymaybeconsideredby
some patients, especially if the VSD is part of amore complex
cardiac malformation. However, the chances of spontaneous
closure, both in utero and postnatally, should be emphasized
before a decision on terminating the pregnancy is made.
If expectant management is desired, sonographic surveil-
lance to confirm appropriate fetal growth and to evaluate for
the development of fetal hydrops is recommended, although
the chances of significant hemodynamic disturbances occur-
ring in utero are extremely low with isolated VSD.

Even though delivery need not necessarily occur at a
tertiary care center if the VSD is isolated and uncomplicated,
arrangements should be in place for a prompt, careful ex-
amination of the infant soon after delivery and for referral
to a pediatric cardiologist during the early newborn period.
If there is a suspicion that the VSD may be large and may
become clinically significant soon after birth, consideration
should be given to delivery in a tertiary care center. There is
no indication to alter the timing or method of delivery based
on the prenatal diagnosis of isolated VSD.

FETAL INTERVENTION

Nofetal interventionhasbeendescribed for theprenatalman-
agement of isolated VSD.

TREATMENT OF THE NEWBORN

Most infants with isolated VSD are asymptomatic at the time
of delivery and donot require any alteration to usual neonatal
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care or resuscitationpractices. A careful physical examination
ismandatory to confirmhemodynamic stability immediately
followingdeliveryandagainduring theneonatalperiod.Con-
sultation with a pediatric cardiologist should be obtained
promptly and echocardiography performed to confirm the
prenatal diagnosis and to rule out additional cardiac mal-
formations. More recently, three-dimensional echocardiog-
raphy has been used successfully to quantify the left-to-right
shunt,which aids in assessing the severity andprognosis (Ishii
et al., 2001). If required, subsequent cardiac catheterization
can be used to measure pulmonary vascular resistance and
shunt volume, as well as confirming cardiac anatomy in com-
plex cases.

Infants with large, membranous VSDs tend to become
progressively more symptomatic during the first months of
life as the pulmonary vascular resistance falls and left-to-right
shunting increases. This can lead to right ventricular failure,
which may require digoxin, fluid restriction, and diuretics.
The use of hydralazine to achieve afterload reduction may
also decrease the left-to-right shunt. As pulmonary vascu-
lar congestion worsens, lung compliance decreases, and such
infants have difficulty feeding,whichmay require caloric sup-
plementation or tube feedings.

SURGICAL TREATMENT

The majority of isolated VSDs tend to close spontaneously,
and therefore themost common indication for surgical repair
of a VSD is failure of medical treatment in a symptomatic pa-
tient.Other indications for surgical repair includepulmonary
hypertension, aortic insufficiency, recurrent respiratory in-
fections, persistent failure to thrive, and prior bacterial endo-
carditis. Most infants who become symptomatic from a VSD
tend to demonstrate congestive heart failure at 1 to 2 months
of life. If growth failure cannot be improved by medical ther-
apy by 6 months of age, surgical repair should be considered
(Ohye and Bove, 2001). If optimal medical treatment fails to
relieve symptoms, definitive primary surgical repair should
be performed. The repair is usually done by means of car-
diopulmonary bypass, through a right atrial approach and
the use of a Dacron patch to close the defect (Merrill and
Bender, 1985). Operative mortality currently should be less
than 5%.

Controversy exists about whether all asymptomatic
VSDs should be surgically repaired. In one series of 141 pa-
tients with restrictive VSDs, elective surgical repair was per-
formed, with no operative mortality, and the authors con-
cluded that the accepted indications for VSD closure should
be expanded (Backer et al., 1993). However, given that there
is a 50% chance that a small VSD will close spontaneously
by 5 years of age and an 80% chance that it will close by
adolescence, it is difficult to recommend elective surgical re-
pair in childhood for small asymptomatic VSDs (Waldman,
1993). Other indications for surgery may include infundibu-
lar VSDs, increased pulmonary vascular flow, or multiple

“Swiss cheese” type defects refractory to medical therapy, in
which case a palliative pulmonary artery band may be re-
quired (Minette and Sahn, 2006).

Aswithatrial septal defect repair,more recent trends are
toward catheter device closure, thereby avoiding cardiopul-
monary bypass. While currently considered investigational,
early studies of transcatheter techniques, (such as the Am-
platzer VSD occluder), have suggested 96%VSD closure suc-
cess at 6months,with a serious adverse event rate of 9%(Patel
and Hijazi, 2005; Fu et al., 2006).

LONG-TERM OUTCOME

The long-term outcome following surgical repair for isolated
VSD is also excellent, with an 86%, 25-year actuarial survival
(Morris andMenashe, 1991). The risk of bacterial endocardi-
tis remains significant following surgical repair of VSD, al-
though it is twice as likely to occur before VSD closure than
subsequently (Waldman, 1993). Other long-term problems
include heart block, in 3% of cases, which may require pace-
maker placement (Minette and Sahn, 2006). The majority of
patients have a normal life span and normal level of activity
following surgical repair of VSD.

GENETICS AND RECURRENCE RISK

While almost all cases of VSD are sporadic in occurrence,
VSDs can be seen as part of a range of genetic conditions,
including chromosomal disorders (such as trisomy 21 or
DiGeorge syndrome), and single-gene disorders (such as
Holt–Oram syndrome). In such cases, the recurrence risk is
related to the underlying genetic abnormality. The recurrence
risk if one previous sibling has a VSD is 3%; this increases to
10% if two previous siblings were affected (Nora and Nora,
1988). If the mother has a VSD, the recurrence risk for off-
spring is 6% to 10%; the recurrence risk is only 2% if the
father has a VSD (Nora and Nora, 1988).
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45
CHAPTER

Atrioventricular
Canal Defect

Key Points

■ Atrioventricular (AV) canal defect is the most
common form of congenital heart disease
detected prenatally and usually involves both a
lower atrial and an upper ventricular septal defect,
together with a common AV valve orifice.

■ In 70% of cases there will be additional cardiac
malformations, and in the majority of isolated
cases additional chromosomal abnormality will be
diagnosed, most commonly trisomy 21.

■ Prenatal diagnosis of complete AV canal defect
should be straightforward, by failure to visualize

the normal crux on a four-chamber cardiac
view.

■ Management of pregnancy includes detailed
echocardiographic and general fetal anatomic
evaluation, amniocentesis, and planned delivery
with complete pediatric cardiology backup.

■ Overall prognosis is variable as prenatally
diagnosed AV canal defects represent a
heterogenous group.
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CONDITION

Atrioventricular (AV) canal defect is also known as an AV
septal defect, common AV canal, endocardial cushion defect,
ostium primum atrial septal defect, or persistent ostium atri-
oventriculare commune. Complete AV canal defect consists
of an unrestrictive atrial septal defect, an unrestrictive ven-
tricular septal defect, and a single commonAVvalve. It occurs
because of failure of development of the endocardial cushion
during embryogenesis and persistence of the primitive single
AV canal beyond 6 weeks of gestation. Although the AV canal
defect may involve a wide spectrum of abnormalities of the
atrial and ventricular septa and the AV valves, the complete
form with associated AV valve regurgitation is the one that
most commonly presents during the neonatal period (Chin
et al., 1982).

AV canal defects can be partial or complete.With a par-
tial AV canal defect, there are two separate AV orifices, with
communication between two atria or between the left ventri-
cle and the right atrium. While the right AV valve is usually
normal, the left valve usually has three leaflets (Becker and
Anderson, 1981). With a complete AV canal defect, there is
a defect in the inferior portion of the atrial septum and the
superior portion of the ventricular septum, together with a
single AV valve orifice, which usually has five valve leaflets.
The anterior and posterior valve leaflets are inserted on the
anterior and posterior surfaces of the ventricular septum, re-
spectively; the degree of bridging of the anterior leaflet across
the ventricular septum determines the type of defect (Rastelli
et al., 1966).For typeAcompleteAVcanaldefects, theanterior
leaflet does not bridge the ventricular septum and is attached
on both sides of the septum by chordae tendineae (Silverman
et al., 1986). For type B complete AV canal defects, the an-
terior leaflet somewhat bridges the ventricular septum and
is attached to the right ventricle by an anomalous papillary
muscle. For type C complete AV canal defects, the anterior
leaflet is not attached to the septum, and completely bridges
it, being attached at either side by papillarymuscles. Type A is
commonly seen in trisomy 21, and type C is commonly seen
with atrial isomerism (Mann et al., 2004).

INCIDENCE

Complete AV canal defect accounts for 1% to 5% of all
cases of congenital heart disease (Rowe et al., 1981). It is
the most common cardiac defect detected prenatally. In one
series of 357 cases of congenital heart disease 13% were AV
canal defects, almost 70% of which were of the complete type
(Fontana and Edwards, 1962). In a series of 49 AV canal de-
fects from a single center, 88% were of the complete type
and 12%were partial (Allan, 1999). Familial clustering of AV
canal defects has also been described (Tennant et al., 1984;
Disegni et al., 1985). Review of population-based series of
congenital heart disease suggests that the incidence of AV
canal defect is 0.3 per 1000 livebirths (Hoffman and Kaplan,
2002).

Figure 45-1 Axial image demonstrating defect in the crux of the
fetal heart consistent with an atrioventricular canal defect.

SONOGRAPHIC FINDINGS

Prenatal diagnosis of a complete AV canal defect is relatively
straightforward, because a large defect or hole is easily visu-
alized at the crux of the heart during diastole on the four-
chamber view (Figure 45-1). This hole represents the defects
in the inferior portion of the atrial septum, the superior por-
tion of the ventricular septum, and the single AV valve orifice.
In the normal four-chamber view of the heart, the tricuspid
valve inserts more apically than the mitral valve, leading to
an offset appearance at the crux of the heart. With an AV
canal defect, this offset appearance may be lost, with both
valves forming a straight line across the crux of the heart
when closed (Figure 45-2).

Because the defect can be large, the cardiac conduction
apparatus is frequently abnormal, resulting in an increased
frequency of bradyarrhythmias. In one series, 11 of 29 fe-
tuses with AV canal defects also had complete heart block
(Machado et al., 1988). In addition, all 11 of these fetuses
also demonstrated features of the heterotaxy syndrome (see
Chapter 56). Prenatal echocardiography should focus on the
structure of the AV valve. The presence of a common leaflet
at the level of the AV valve is suggestive of complete AV canal
defect, while in its partial form the only abnormality may
be a small defect in the inferior portion of the atrial septum
(Romero et al., 1988).

Color and pulsed Doppler echocardiography may
demonstrate turbulent systolic flow on the atrial side of the
common AV valve because of significant valvular regurgita-
tion (Barber and Chin, 1990). The presence of significant
valvular regurgitation can be quantified, and when present
throughout systole, it may be predictive of hydrops fetalis
(Gembruch et al., 1991). In contrast, valvular regurgitation
confined to early systole is not associated with hydrops and
may be an indicator of improved prognosis.
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Figure 45-2 Axial image through the fetal heart with an atri-
oventricular canal defect demonstrating the abnormal position-
ing of the AV valves.

Prenatal sonography should also focus on excluding
other abnormalities, such as malformations associated with
aneuploidies or additional cardiac malformations. Sono-
graphicmarkers associatedwith aneuploidy should be specif-
ically sought, as approximately 50% of cases of AV canal de-
fects have a chromosomal abnormality, themajority of which
are due to trisomy 21 or 8p deletion (Machado et al., 1988).
Additional cardiac malformations may be present in more
than70%of cases, such as tetralogyof Fallot, coarctation, pul-
monary stenosis, and double outlet right ventricle (Machado
et al., 1988). In a series of 49 cases of AV canal defect from
a single center, 31 (63%) had additional cardiac malforma-
tions, typically heterotaxia or isomerism, but also including
hypoplastic left ventricle and tetralogy (Allan, 1999). In the
Baltimore–Washington infant study, 336 children were iden-
tified with an endocardial cushion defect. Of these, 76%were
identified as having a syndromic diagnosis (78% of these had
trisomy 21) (Carmi et al., 1992). A more recent review of
301 cases of AV canal defect from a single center in London
demonstrated thatapproximately50%withknownkaryotype
had aneuploidy, with the vast majority (80%) of these be-
ing trisomy 21, and others including trisomy 18, trisomy 13
(Huggonet al., 2000). In this series, 155of 301 (52%)hadnor-
mal atrial arrangement and no other evidence of additional
cardiac abnormalities, while 40 of 301 (13%) had significant
extracardiac abnormalities (Huggon et al., 2000). Chromoso-
mal abnormality appears to bemuchmore likely in the setting
of AV canal defect with normal atrial connections.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for complete AV canal defects in-
cludes a large atrial or ventricular septal defect, or a single
ventricle (Barber and Chin, 1990). While complete AV canal

defects can usually be easily distinguished from these lesions
by prenatal echocardiography, differentiation from partial
AV canal defects may be more problematic. Genetic con-
siderations in the differential diagnosis include trisomy 21
(see Chapter 131), heterotaxy (Ivemark syndrome; see Chap-
ter 56), Ellis–van Creveld syndrome (see Chapter 94), Holt–
Oram syndrome, and CHARGE association.

ANTENATAL NATURAL HISTORY

Few data are available on the antenatal natural history of iso-
lated complete AV canal defects and none are available for
partial forms of this condition. In one series, 3 of 36 (8%)
cases with AV canal defect that were managed expectantly
resulted in spontaneous intrauterine demise (Allan, 1999).
In another series of 301 cases of AV canal defect from a sin-
gle center, 19 of 123 (15%) expectantly managed cases ended
with spontaneous intrauterine demise (Huggon et al., 2000).
If chromosomal abnormalities are also present, the rate of
intrauterine loss is significantly increased. The worst antena-
tal prognosis seems to be associated with complete forms of
the AV canal defect, in which there is also significant regur-
gitation across the common AV valve, as well as cases with
bradycardia (Huggon et al., 2000). Such cases are mostly as-
sociated with hydrops fetalis (Gembruch et al., 1991). The
partial forms of the AV canal defect tend to present clinically
after 1 month of postnatal life because volume overload does
not occur until pulmonary vascular resistance has dropped
significantly (Chin et al., 1982).

MANAGEMENT OF PREGNANCY

If an AV canal defect is suspected on prenatal sonographic
studies, a referral to a pediatric cardiologist or other special-
ist skilled in fetal echocardiography is recommended. Careful
sonographic imaging to assess for the presence of additional
cardiac malformations is also recommended. Because of the
strong correlation between AV canal defects and trisomy 21,
all patients should be offered prenatal karyotype evaluation,
typically by means of amniocentesis. Prenatal consultation
with a pediatric cardiac team, (including cardiology, cardio-
thoracic surgery, and neonatology), may also be helpful for
planning immediate neonatal intervention.

Early delivery is not recommended because a low birth
weight carries a less favorable prognosis for neonatal cardiac
surgery as compared with a higher birth weight. Delivery
should take place under controlled circumstances at a tertiary
care center with an on-site pediatric cardiology team imme-
diately available. The mode of delivery should be dictated by
obstetric indications. However, the presence of hydrops may
make vaginal delivery problematic because of soft-tissue dys-
tocia.Weighing the benefits of cesarean delivery to avoid dys-
tocia against the very poor prognosis for infants with hydrops
secondary to structural cardiac malformations represents a
difficult choice.
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FETAL INTERVENTION

No fetal intervention has been described for prenatally diag-
nosed cases of AV canal defect.

TREATMENT OF THE NEWBORN

Some infants with partial AV canal defect are detected dur-
ing the newborn period but the majority are asymptomatic
at birth. The presence of a complete AV canal defect usu-
ally results in symptoms at birth, such as a heart murmur. In
other infantswith completeAVcanal, tachycardia, tachypnea,
and failure to thrive develop during early infancy. The devel-
opment of clinical symptoms prior to 3 months of age may
be delayed because pulmonary vascular resistance remains
high, which limits left-to-right shunting. If symptomatic pre-
sentation occurs prior to 3 months it is usually due to the
presence of severe valvular regurgitation or additional car-
diac malformations. Infants presenting with these symptoms
need appropriate medical and surgical intervention to avoid
the development of significant pulmonary hypertension. Left
untreated, infants with complete AV canal defects have a 50%
chance of survival beyond 6 months, and only a 30% chance
of survival beyond 1 year (Berger et al., 1978).

Initial medical treatment of the newborn with a com-
plete AV canal defect includes cardiorespiratory support and
complete cardiac work-up, including electrocardiography.
The administration of digoxin to enhance myocardial con-
tractility and diuretics to optimize preload is recommended
(Barber and Chin, 1990). Appropriate caloric supplementa-
tion is also recommended to make up for the high metabolic
state associated with an intracardiac shunt and pulmonary
edema. Two-dimensional echocardiography with pulsed and
color Doppler studies should be performed soon after birth
to confirm the cardiac malformation and to assess the mor-
phology of the valve leaflets. With careful echocardiographic
evaluation and optimal visualization of cardiac anatomy, car-
diac catheterization and angiographymay be avoided (Zellers
et al., 1994).

SURGICAL TREATMENT

Primary surgical repair of complete AV canal defect is usually
performed electively between 3 and 6 months of age, or ear-
lier if significant symptoms are present (Sand and Pacifico,
1990). Delay beyond this time may expose the infant to sig-
nificant risk for the development of pulmonary hypertension
and eventually Eisenmenger syndrome. Correction of partial
AV canal defects is performed electively during the first few
years of life.

Primary repair of AV canal defects is facilitated by the
establishment of cardiopulmonary bypass. Repair usually in-
volves closure of the atrial septal defect with a patch of peri-

cardium, closure of the interventricular defect with a Dacron
patch, and attachment of the commonAVvalve leaflets to this
patch. Care must be taken to avoid surgical injury to the AV
node or bundle of His to prevent surgically induced complete
heart block. The use of a double-patch technique may pro-
duce less distortion of the valve, although it may be possible
to achieve similar results using a single patch and ventricular
distention (Santos et al., 1986). The precise details of surgi-
cal repair, especially if additional cardiac malformations are
present, are beyond the scope of this textbook but are easily
available in the literature (Capouya and Laks, 1991).

Poor prognostic factors for the surgical repair of AV
canal defects include the presence of significant valvular re-
gurgitation,pooroverall functional capability, ventricularhy-
poplasia, presence of a ventricular septal defect, accessory
valve orifice, or additional cardiac malformations (Studer
et al., 1982). Unbalanced AV canal defect, in which the AV
valve sits more over one ventricle with relative hypoplasia of
the other ventricle, represents amuchhigher risk surgical sce-
nario that may require a single ventricle repair (Cohen and
Spray, 2005). Mortality directly related to surgery is approxi-
mately 0.6% for partial and 2% for complete AV canal defects
(Kirklin et al., 1986; SandandPacifico, 1990). Inanothermore
recent series, overall operative mortality was 3.6% for com-
plete AV canal defects (Tweddell et al., 1996). Higher opera-
tivemortality rates described in other series (up to 30%)may
reflect different surgical techniques in earlier eras or the pres-
ence of additional complex cardiac malformations (Clapp
et al., 1987).

LONG-TERM OUTCOME

Surgical series suggest that long-term survival after repair of
AV canal defects is excellent. Almost 90% of survivors can be
expected to be normally functioning at long-term follow-up,
and survival at 12 years after surgery is approximately 85%
(Sand andPacifico, 1990). Valve failure occurs in 10%of cases
following repair, which may necessitate valve replacement.
Long-term follow-up in a series of 334 cases of surgical repair
of partial AV canal defect demonstrated 94% and 87% 5-year
and 20-year actuarial survival (El-Najdawi et al., 2000).

However, there seems to be some discrepancy with re-
gard to the long-term survival rates reported by series includ-
ingprenatally diagnosedAVcanal defects and series including
only postnatal surgical cases. In a study of 301AV canal defect
cases from London, only 57 (19%) children were still alive at
4 years of age (Huggon et al., 2000). Postnatal surgical series
are likely favorably biased as they tend to only include un-
complicated cases, and those suitable for biventricular repair.

Controversy exists about whether the presence of
trisomy 21 affects survival after surgical repair of AV canal
defects. Caution is necessary in comparing outcomes follow-
ing repair in infants with and without trisomy 21, as most
infants with trisomy 21 tend to have complete AV canal de-
fects and an earlier tendency for pulmonary hypertension
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to develop as compared with chromosomally normal infants
with AV canal defects. In one series comparing 47 cases of
complete AV canal defects in chromosomally normal infants
with 12 cases in infants with trisomy 21, there was a trend to-
ward higher mortality in the trisomy 21 group (Morris et al.,
1992). However, in a larger series comparing 94 infants with
trisomy 21 with 127 chromosomally normal infants with AV
canal defects, trisomy 21 was not found to be an independent
risk factor for adverse outcome, after controlling for disease
severity (Rizzoli et al., 1992). In another series, infants with
AV canal defects and trisomy 21 did even better than chro-
mosomally normal infants with AV canal defects (Vet and
Ottenkamp, 1989). In view of these findings, most pediatric
cardiology centers do not treat infants with AV canal defects
and trisomy 21 differently than the way they treat chromoso-
mally normal infants.

GENETICS AND RECURRENCE RISK

A strong correlation exists between the presence of AV
canal defects and chromosomal abnormalities, particularly
trisomy 21 and 8p deletion. If trisomy 21 is also present, the
recurrence risk is related more to the aneuploidy than to the
structural cardiac defect. Familial clustering of isolated AV
canal defects has also been described, which suggests the pos-
sibility of a single-gene defect (Tennant et al., 1984; Disegni
et al., 1985). The recurrence risk ofAVcanal defects in siblings
of those affected ranges from 1.5% to 8.7% (Sanchez-Cascos,
1978). In general, with one affected child, we quote a recur-
rence risk of 3%, and with two affected children we quote
a recurrence risk of 10% (Nora and Nora, 1988). The recur-
rence risk in offspring of chromosomally normal parentswith
AV canal defects is approximately 10% (Emanuel et al., 1983).
This risk is higher when the mother has an AV canal defect as
compared to when the father is affected.

In a large study of 103 individuals with isolated AV
canal defect, Digilio et al. (1993) found 4 of 111 siblings to
be similarly affected (3.6%), 4 of 206 parents affected (1.9%),
and 5 of 644 uncles and aunts affected (0.8%). None of the
grandparents were affected. Prenatal diagnosis in a subse-
quent pregnancy is by fetal echocardiography.
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CHAPTER

Ebstein Anomaly

Key Points

■ Ebstein anomaly is a malformation of the tricuspid
valve, causing tricuspid insufficiency and
atrialization of a significant portion of the right
ventricle.

■ When it progresses it can be associated with right
ventricular outflow tract obstruction and
arrhythmias.

■ It is rarely associated with extracardiac
malformations or fetal aneuploidy.

■ Prognosis for prenatally diagnosed cases is much
worse than for those diagnosed later in childhood,
with less than 50% of cases surviving to 5 years of
age.

■ Pregnancy management rarely needs to be altered
significantly, other than to arrange for prompt
referral for postnatal cardiac evaluation and likely
surgical repair, either by means of valve repair or
replacement.

CONDITION

Congenital downward displacement of the septal and poste-
rior leafletsof the tricuspidvalve is knownasEbsteinanomaly.
This downward displacement is associated with valvular dys-
plasia, resulting in tricuspid insufficiency (Schiebler et al.,
1968). The displaced septal and posterior leaflets become ad-
herent to the right ventricular walls, which may also be dys-
plastic. This results in division of the right ventricle into two
segments, a proximal atrialized portion that forms a com-
mon enlarged chamber with the right atrium and a distal
functional right ventricular chamber (Attenhofer Jost et al.,
2007). Significant right atrial enlargement is common, and
atrial septal defects or patent foramenovale is commonly seen
during neonatal life (Attenhofer Jost et al., 2007). Other car-
diac malformations coexist with Ebstein anomaly in approx-
imately one-third of cases (Celermajer et al., 1994). Themost
common additional malformations are pulmonary stenosis,
pulmonary atresia with intact ventricular septum, ventric-

ular septal defect, mitral-valve prolapse, aortic coarctation,
patent ductus arteriosus, and right ventricular hypoplasia.
Rarer coexisting malformations include tetralogy of Fallot,
atrioventricular septal defect, aortic atresia, mitral dysplasia,
and left ventricular diverticulum (Celermajer et al., 1994).

INCIDENCE

The incidence of Ebstein anomaly in the general population
is approximately 1 in 10,000 livebirths (Hoffman andKaplan,
2002). It accounts for 0.3% to 0.6%of congenital heart defects
in children and occurs equally in males and females (Rao,
1990).

First trimestermaternal lithium ingestion has been im-
plicated in the occurrence of Ebstein anomaly for more than
20 years. Based on data from an international registry of
mothers exposed to lithium during pregnancy it was sug-
gested that the risk of Ebstein anomaly was 400 times greater
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in lithium-exposed infants than in the general population
(Weinstein, 1976). From the registry of 225 infants born to
women treated with lithium during the first trimester, there
was an 8% incidence of all cardiac malformations and a 2.7%
incidence specifically of Ebstein anomaly.

Subsequent controlled studies have suggested that the
actual risk of Ebstein anomaly is considerably less than orig-
inally estimated from population registries. A total of two
cohort studies and four case–control studies did not demon-
strate as high a risk of Ebstein anomaly as was suggested from
population registries, although the precise magnitude of the
risk of Ebstein anomaly following first trimester lithium ex-
posure is unclear (Cohen et al., 1994). It was estimated that
first trimester lithium exposure is associated with a 4% to
12% incidence of congenital anomalies, as compared with a
general population risk of from 2% to 4%.

SONOGRAPHIC FINDINGS

Prenatally, Ebstein anomaly is suggested by an abnormal
four-chamber cardiac view, in which the right atrium ap-
pears grossly enlarged (Figure 46-1) and the tricuspid valve
is displaced downward toward the apex and below the level
of the atrioventricular junction. Dysplasia of the valve ap-
pears as abnormal thickening, nodularity, and irregularity of
the leaflets. The right ventricular wall may become dysplastic
and appear thin (Roberson and Silverman, 1989). Pulsed and
color Doppler evaluation may also demonstrate significant
tricuspid regurgitation. As tricuspid regurgitation worsens,
congestive heart failure may develop, leading to cardiac en-
largement and eventually hydrops. On prenatal sonography,
supraventricular tachycardiamay also be noted in association
with Ebstein anomaly (Sharf et al., 1983), and accessory con-

Figure 46-1 Antenatal four-chamber view of a fetal heart,
demonstrating abnormally enlarged right atrium (RA) and down-
ward displacement of tricuspid valve toward an abnormally small
right ventricle. LA = left atrium; LV = left ventricle; RV = right ven-
tricle.

duction pathways resulting in Wolff–Parkinson–White syn-
drome may be common.

Ebstein anomaly has been graded in severity based on
the volume of the right ventricle and degree of restriction of
the anterior leaflet of the triscupid valve. With type A, the
volume of the right ventricle is adequate; type B involves a
significant amount of atrialization of the right ventricle but
with no restriction in movement of the anterior triscupid
leaflet; type C involves severe restriction in movement of the
anterior tricuspid leaflet, with obstruction of the right ven-
tricular outflow tract; type D demonstrates almost complete
atrialization of the right ventricle (Carpentier et al., 1988).
Another system for grading severity involves calculation of
the ratio of the area of the right atrium plus atrialized right
ventricle to the functional right ventricle area (Celermajer
et al., 1994).

Prenatal sonographic diagnosis of Ebstein anomaly is
accurate. In one series of 17 fetuses diagnosed prenatally
with Ebstein anomaly, the diagnosis was confirmed postna-
tally in 15, either by autopsy, surgery, or neonatal imaging
(Hornberger et al., 1991). In another series of 19 cases of
prenatally identified tricuspid abnormalities, 6 of 10 cases of
Ebstein anomaly were correctly diagnosed by fetal echocar-
diography; the remaining 4were incorrectly described prena-
tally as valvular dysplasia without displacement (Oberhoffer
et al., 1992).

DIFFERENTIAL DIAGNOSIS

The sonographic detection of right atrial enlargement should
prompt a search for abnormalities of the tricuspid and pul-
monary valves. The differential diagnosis of Ebstein anomaly
includes isolated tricuspid valve dysplasia without signifi-
cant downward displacement of valve leaflets. In its most se-
vere form, such valve dysplasia may represent an unguarded
tricuspid valve orifice. In each of these conditions, significant
tricuspid regurgitation and cardiomegaly will most likely be
present, but only in Ebstein anomaly will there be an abnor-
mally located insertion site for the valve. However, the differ-
entiation between Ebstein anomaly and tricuspid dysplasia is
largely academic; both conditions can present clinically with
heart failure and additional cardiacmalformations (Sharland
et al., 1991).

Echocardiography shouldeasilydistinguishpulmonary
stenosis, anatomicpulmonary atresia, tricuspid atresia, trans-
position of the great vessels, Uhl anomaly, and tetralogy of
Fallot from Ebstein anomaly (Rao, 1990). With pulmonary
stenosis or atresia, significant right ventricular hypertrophy
should be visible, together with a small pulmonary artery.
Functional pulmonary atresia with diminished pulmonary
flowmay occur secondary to Ebstein anomaly, tricuspid dys-
plasia, and tricuspid insufficiency; these may be difficult to
differentiate without neonatal imaging (Rao, 1990). In cases
of tricuspid atresia, marked right atrial enlargement will be
present, but forward flow across the site of the tricuspid valve
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will not be present. Uhl anomaly involves severe hypoplasia
of the myocardium of the right ventricle, which may present
with right atrial enlargement but with the tricuspid valve in
a normal position (Benson et al., 1995).

ANTENATAL NATURAL HISTORY

Infants with Ebstein anomaly diagnosed in utero have a sig-
nificantly worse prognosis as compared with patients diag-
nosed later in childhood (Celermajer et al., 1994). In one
series of 16 cases of Ebstein anomaly diagnosed prenatally,
11 were managed expectantly, 4 of which resulted in in-
trauterinedeath(Sharlandetal., 1991).Another6 infantsdied
within 3 months of birth, with only 1 infant surviving. All of
6 fetuses with Ebstein anomaly followed sequentially with
ultrasound examination had significant increases in cardiac
size, as measured by cardiothoracic ratio, as pregnancy pro-
gressed (Sharland et al., 1991).

In a further series of 17 fetuses diagnosed prenatally
with Ebstein anomaly, 14 were managed expectantly, and in
this group there were 6 intrauterine deaths, 5 early neonatal
deaths, and only 3 survivors (Hornberger et al., 1991). Eight
of the 17 fetuses had pulmonary hypoplasia, and hydrops
developed in 3. Therefore, the prognosis in prenatally diag-
nosed Ebstein anomaly is poor: one-third die in utero and
only one-tenth survive the neonatal period.

MANAGEMENT OF PREGNANCY

If the diagnosis of Ebstein anomaly is suspected after pre-
natal ultrasonography, the patient should be referred to a
tertiary care center for careful sonographic evaluation of fe-
tal anatomy to exclude additional noncardiac malformations
and fetal echocardiography to confirm the diagnosis. How-
ever, no obvious pattern of extracardiac malformations has
beendescribed inassociationwithEbsteinanomaly, andkary-
otypic abnormalities are rare (Siebert et al., 1989). In one
series of 16 infants with Ebstein anomaly no karyotypic ab-
normalities were found (Ferencz et al., 1987). In another se-
ries of 16 fetuses with Ebstein anomaly, one case of Down
syndrome was found (Roberson and Silverman, 1989), and
a further series of 17 fetuses with Ebstein anomaly included
1 fetus with trisomy 13 (Hornberger et al., 1991). Prenatal
consultation with a pediatric cardiologist is recommended. If
the diagnosis is made prior to fetal viability, termination of
pregnancy may be offered because of the significant neonatal
mortality and surgical morbidity.

Followingprenatal diagnosis, serial evaluationwith ob-
stetric ultrasonography is recommended to confirmadequate
fetal growth and to exclude the development of congestive
heart failure. If hydrops develops, the option of early delivery
may be considered; however, it is unclear that this will alter
the expected high mortality rate (Romero et al., 1988). In the
absence of hydrops there is no indication to alter obstetric

management, including timing and route of delivery. Deliv-
ery should occur in a tertiary care center, with the immediate
availability of appropriately trained neonatologists, pediatric
cardiologists, and pediatric cardiothoracic surgeons.

FETAL INTERVENTION

No fetal intervention has been described following the pre-
natal diagnosis of Ebstein anomaly.

TREATMENT OF THE NEWBORN

Many cases of Ebstein anomaly are completely asymp-
tomatic and do not present until adolescence. Such postna-
tally diagnosed cases commonly present with cyanosis, right-
sided heart failure, arrhythmias, or sudden cardiac death
(Attenhofer Jost et al., 2007). By contrast, most cases diag-
nosed prenatally tend to have tricuspid regurgitation and
cardiomegaly, which usually results in the development of
congestive heart failure during the newborn period. Infants
with Ebstein anomaly diagnosed in utero have a significantly
worse overall prognosis as compared with patients diagnosed
later in childhood (Radford et al., 1985).

Careful evaluation by a pediatric cardiologist is recom-
mended during the immediate newborn period, including
echocardiography, to confirmthediagnosis and toexclude the
presence of additional cardiacmalformations. Electrocardio-
graphy typically reveals evidence of right atrial enlargement,
right bundle-branch block, and possibly first-degree atri-
oventricular block (Attenhofer Jost et al., 2007). For patients
with arrhythmias such asWolff–Parkinson–White syndrome,
electrophysiologic mapping may also be required to localize
any accessory conduction pathways. Clinical improvement of
cyanosis is likely inmany cases during the initial newborn pe-
riod as pulmonary vascular resistance falls, thereby reducing
right-to-left shunting of blood.

If severe hypoxemia is also present, infusion of
prostaglandin E1 tomaintain patency of the ductus arteriosus
may also improve pulmonary vascular flow.This requirement
for prostaglandin infusion usually decreases as pulmonary
vascular resistance continues to fall following delivery (Rao,
1990). Treatment with diuretics and digoxin may also be
needed if congestive heart failure is present, and lidocaine
or procainamide may be needed if arrhythmias develop. If
tachyarrhythmias are present, radiofrequency ablation of ac-
cessory pathways may be performed.

SURGICAL TREATMENT

Indications for surgical repair of Ebstein anomaly are unclear
but include the presence ofNewYorkHeart Association func-
tional class III or IV disease, severe or progressive cyanosis,
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paradoxical emboli, right ventricular outflow tract obstruc-
tion, progressive cardiac enlargement, and development of
atrial arrhythmias due to the presence of accessory conduc-
tion pathways (Danielson et al., 1992; Dearani et al., 2006;
Attenhoffer Jost et al., 2007). Sudden death postoperatively
can occur secondary to ventricular arrhythmias. Preopera-
tive electrophysiologic studies, with prophylactic lidocaine
therapy followed by procainamide for 3 months, are recom-
mended to reduce this complication (Danielson et al., 1992).
Permanent pacing may be necessary in a small percentage of
patients (4%) (Attenhoffer Jost et al., 2007).

Surgical technique for Ebstein anomaly involves repair-
ing the tricuspid valve, which should be possible in many
cases (Danielson et al., 1992). In one series of 540 consecu-
tive operations for Ebstein anomaly at a single center, 34%
of patients had a valve reconstruction procedure, while 66%
underwent valve replacement (Attenhofer Joet et al., 2007).
Following median sternotomy and cardiopulmonary bypass,
redundant right atrial tissue is excised and a patch closure
of any atrial septal defect is performed. The portion of the
right ventricle is plicated, and an annuloplasty is performed
to narrow the tricuspid annulus, allowing the single anterior
leaflet to function as a monocuspid valve. If the tricuspid
valve cannot be repaired, complete valve replacement is per-
formed. Corrections of associated anomalies are also made,
such as relief of pulmonary stenosis and ablation of accessory
conduction pathways (Danielson et al., 1992).

In one large study from a single center, 189 patients
with Ebstein anomaly underwent surgical repair (Danielson
et al., 1992). There was a 7.3% incidence of early death within
30 days in the group who underwent valvuloplasty and a
5.8% incidence of early death in the group who underwent
complete valve replacement.

Another approach to the surgical repair of Ebstein
anomaly involves vertical plication of the right ventricle with
reimplantation of the tricuspid valve leaflets (Quaegebeur
et al., 1991). In a series of 10 patients treated with this tech-
nique, 9 demonstrated significant clinical improvement and
8 showed diminished tricuspid regurgitation on echocardio-
graphy. One patient continued to have significant tricuspid
regurgitation and required prosthetic valve replacement. All
10 patients in this series survived (Quaegebeur et al., 1991).

LONG-TERM OUTCOME

The long-term outcome for Ebstein anomaly depends on the
timing of clinical presentation and diagnosis. Patients diag-
nosed during the fetal and early neonatal periods almost al-
ways have severe disease, with tricuspid regurgitation and sig-
nificant cardiomegaly. Up to 50% of infants diagnosed with
Ebstein anomaly during the neonatal period die within the
first year of life (Rowe et al., 1981). Approximately 20% to
40% of neonates do not survive past 1 month, and less than
50% are alive at 5 years (Celermajer et al., 1992; McElhinney
et al., 2005).

In a series of 189 patients with Ebstein anomaly man-
aged surgically, there were 10 late deaths, 4 of which were
presumed secondary to arrhythmias and 3 of which were sec-
ondary to congestive cardiac failure (Danielson et al., 1992).
More than 90%of survivors were inNewYorkHeart Associa-
tion functional class I or II, and 9 affected adult women had a
total of 12 successful pregnancies. Four (3.6%) of the patients
treated by valvuloplasty required subsequent tricuspid valve
replacement, in one case 14 years after the initial surgical
repair. In another series of 191 patients with repair of the ab-
normal tricuspid valve, themean survival rate at 20 years was
82% (Carpentier et al., 1988).

In another series of 220 cases of Ebstein anomaly, ac-
tuarial survival was 67% at 1 year and 59% at 10 years of age
(Celermajer et al., 1994). Significant predictors of death in-
cluded severe tricuspid regurgitation at presentation, diagno-
sis in utero, and right ventricular outflow tract obstruction.
Of 155 survivors overall, 83% remained in New York Heart
Association functional class I, and 67% required no ongoing
medical therapy.

Long-term data allowing comparison of outcome for
tricuspid valve repair versus valve replacement are now
available. In one series of 294 patients followed up for 12
years postoperatively, there was no significant difference in
freedom-from-operation rates between valve repair versus
valve replacement patients (Kiziltan et al., 1998; Attenhoffer
Jost et al., 2007). It appears as if valve repair is preferable for
neonatal patients, while valve replacement may be a better
option for adult therapy (Chen et al., 2004; Attenhoffer Jost
et al., 2007).

GENETICS AND RECURRENCE RISK

Ebstein anomaly usually occurs as an isolated lesion or to-
gether with an additional cardiac malformation. It does not
seem to occur with karyotypic abnormalities or as part of a
recognizable genetic syndromeor association.Althoughmost
cases are sporadic, there have been several familial reports,
including occurrence in two sisters born to consanguineous
Sri Lankan parents (Gueron et al., 1966; Donegan et al., 1968;
McIntosh et al., 1992). Estimates of recurrence risk suggest a
1% rate of recurrence if one previous sibling has been affected
and a 3% rate of recurrence if two siblings have been affected
(Nora and Nora, 1988).
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47
CHAPTER

Hypoplastic Right
Ventricle

Key Points

■ Hypoplastic right ventricle is considerably rarer
than hypoplastic left heart syndrome.

■ It is a complex cardiac malformation with a wide
spectrum of presentations, the most serious of
which frequently results in a single-ventricle
functionality.

■ Prenatal sonographic features include pulmonary
atresia with an intact ventricular septum, varying
degrees of tricuspid atresia and tricuspid
regurgitation, and varying degrees of hypoplasia
of the right ventricular walls.
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Key Points (cont.)

■ Neonates will be ductal-dependent and therefore
delivery should be carefully coordinated in a
center that can provide immediate pediatric
cardiology intervention, prostaglandin infusion to
maintain a patent ductus arteriosus, and ability to
provide prompt catheter-based interventions such
as pulmonary valvotomy, ductus arteriosus
stenting, and balloon atrial septostomy.

■ Optimal management is individualized between
catheter-based approaches that allow blood flow
from right to left sides of the heart, together with
open surgical systemic-pulmonary shunting.

■ Long-term outcome depends on whether a
biventricular or univentricular repair is achieved.

CONDITION

Hypoplastic right ventricle (HRV) is also known as pul-
monary atresia with intact ventricular septum (PA:IVS). The
normally formed right ventricle becomes hypoplastic, in as-
sociation with pulmonary atresia, and occasionally tricuspid
atresia. The competence of the tricuspid valve determines the
size of the right ventricle, with type I HRV being associated
with a competent valve and small ventricle and type II HRV
being associated with an incompetent valve and normal or
large right ventricle (Romero et al., 1988). Another classi-
fication system is based on the degree of severity of right
ventricular hypoplasia (Alwi, 2006). Group A patients have
onlymild right ventricular hypoplasia, with a well-developed
infundibulum, beyondwhich the pulmonary arterial outflow
tract is atretic. Group C patients have severe right ventricular
hypoplasia, with an atretic infundibulum. Group B patients
have a moderately HRV, but may have a reasonably well-
developed infundibulum. Patients in Group C tend to have
poor prognosis with long-term outcome being dependent on
a single-ventricle repair.

In the setting of right ventricular hypoplasia, blood
flows from the right to the left atria through the foramen
ovale, and the left ventricle supplies both systemic and pul-
monary circulations, the latter by retrograde flow through the
ductus arteriosus.Additional cardiacmalformations thatmay
coexist include atrial and ventricular septal defects and trans-
position of the great vessels. Additionally, coronary arterial
anatomy is frequently abnormal, and there may be varying
degrees of tricuspid regurgitation or Ebstein malformation
(see Chapter 46) (Daubney et al., 2002).

INCIDENCE

HRV is extremely rare, accounting for less than 3% of all
cases of congenital heart disease diagnosed during the first
year of life (Fyler et al., 1980). The overall population inci-
dence is likely to be 1 to 2 per 10,000 livebirths (Hoffman and
Kaplan, 2002). In another series, the livebirth prevalence was
estimated at 4.1 per 100,000 livebirths (Daubney et al., 1998).

SONOGRAPHIC FINDINGS

Prenatal diagnosis ofHRV is relatively straightforward if there
is a significant disproportion in size between the two ventric-
ular cavities (Figure 47-1) (McGahan et al., 1991). However,
if the right ventricle is normal in size (due to an incompetent
tricuspid valve) prenatal diagnosis may be extremely diffi-
cult andmay depend on identification of isolated pulmonary
atresia (Romero et al., 1988). While the right ventricular cav-
ity is usually very small, the right ventricular wall is often
hypertrophied (Grundy et al., 1987). Although adequate vi-
sualization of the right ventricular outflow tract may be dif-
ficult, Doppler echocardiography may demonstrate absence

Figure 47-1 Axial image demonstrating ventricular dispropor-
tion with hypoplastic right ventricle.
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Figure 47-2 Power Doppler showing lack of filling of the hy-
poplastic right ventricle.

of flow across the pulmonary valve (Figure 47-2). As with
hypoplastic left heart syndrome (see Chapter 48), the diag-
nosis of HRV may not be clear at an initial second trimester
ultrasound examination, but insteadmay evolve over time so
that true hypoplasia may not be visible until late in the third
trimester (Hornberger et al., 1996). At fetal echocardiogra-
phy, detailed evaluation of tricuspid valve annulus size, ratio
of right to left ventricular size, and presence or absence of
tricuspid regurgitation are essential.

DIFFERENTIAL DIAGNOSIS

Whenonly one ventricle is clearly visible during fetal echocar-
diography, the differential diagnosis is similar to that for hy-
poplastic left heart syndrome and includes right-sided car-
diac masses, pulmonary stenosis, and univentricular heart.
Doppler echocardiography may be helpful in demonstrat-
ing absence of antegrade flow through the pulmonary valve,
therefore confirming the presence of complete pulmonary
atresia.

ANTENATAL NATURAL HISTORY

Congestive heart failure can often develop in utero with HRV
because of significant tricuspid regurgitation. In one series
of 28 cases of prenatally diagnosed pulmonary atresia with
intact ventricular septum, antenatal predictors of poor out-
come included a small tricuspid valve annulus (<5 cm) after
30 weeks’ gestation, a ratio of right to left ventricular length
or width of less than 0.5, and absence of tricuspid regurgita-
tion (Peterson et al., 2006). Growth of the fetal tricuspid valve
during gestation, and calculation of tricuspid valve z scores
may also be useful for predicting outcome and which infants
will ultimately survive with a biventricular anatomy (Salvin
et al., 2006).

FETAL INTERVENTION

No fetal intervention has been described for themanagement
of HRV.

MANAGEMENT OF PREGNANCY

Following the prenatal diagnosis of HRV, a careful sono-
graphic fetal anatomy survey is recommended to exclude
additional cardiac and extracardiac malformations. Fetal
echocardiography should be performed by an appropriately
trained specialist to confirm the diagnosis and to exclude
other cardiac malformations. Particular attention should be
paid to morphology of the tricuspid and pulmonary valves,
and growth of the tricuspid valve should be monitored
throughout gestation. It is unclear if invasive fetal testing
for karyotype analysis is needed, because in one series of
48 cases of tricuspid or pulmonary atresia therewere no chro-
mosomal abnormalities (Ferencz et al., 1987). There may be
a higher prevalence of chromosomal abnormalities in fetuses
with prenatally diagnosed right ventricular hypoplasia, al-
though minimal data are available to confirm the need for
karyotype analysis.

Referral for prenatal consultation with a pediatric car-
diologist and cardiothoracic surgeon is also recommended.
If the diagnosis is made prior to fetal viability, termination of
pregnancy may be offered because of the significant neonatal
mortality and surgical morbidity. If expectant management
is desired, sonographic surveillance to confirm appropriate
fetal growth and to evaluate for the development of fetal hy-
drops is recommended. If fetal hydrops occurs, the prognosis
deteriorates further, and the optimal management of such
pregnancies is uncertain. In the absence of tricuspid regur-
gitation, or if the tricuspid valve is small, prognosis worsens
with likely outcome being a single-ventricle repair (Peterson
et al., 2006; Salvin et al., 2006). Delivery should occur at a
tertiary care center, with the immediate availability of a
neonatologist, pediatric cardiologist, and cardiothoracic sur-
geon. There is no indication to alter the timing or method of
delivery based on the prenatal diagnosis of HRV.

TREATMENT OF THE NEWBORN

The infant should be transported to a neonatal intensive care
unit, and prostaglandin E1 infusion should be started as soon
as possible to maintain blood flow across the ductus arterio-
sus. Care should be taken with the administration of supple-
mental oxygen toan infantwithHRV, soas to avoid significant
reduction in pulmonary vascular resistance, which may de-
crease the amount of blood shunted across the ductus arterio-
sus. Consultation with a pediatric cardiologist should be ob-
tained promptly, and echocardiography should be performed
to confirm the prenatal diagnosis and to exclude additional
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cardiac malformations. Echocardiography should document
patency of the ductus, size of the right ventricular cavity, and
size of the tricuspid annulus. If inadequate atrial communica-
tion ispresent, balloonatrial septostomymaybeconsidered to
maximize cardiac output during the initial treatment phase.
Consultation with a pediatric cardiothoracic surgeon should
be obtained to decide on timing and method of surgical in-
tervention.

Initial management of infants with pulmonary atresia
and intact ventricular septum has moved toward prompt in-
tervention with catheter-based therapies to allow blood flow
from the right to the left sides of the heart (McLean and Pearl,
2006). Pulmonary valvotomy (laser assisted) andballoonpul-
monary valvuloplasty are becoming increasingly common for
the initial management of select patients (Mi et al., 2005).

SURGICAL TREATMENT

The choice of surgical procedure for right ventricular hy-
poplasia depends on the size of the tricuspid valve, the sever-
ity of outflow tract/infundibular atresia, and the presence of
right ventricular-dependent coronary circulation. Because of
the significant anatomic variation between patients, there is
no agreement on a single best surgical approach to right ven-
tricular hypoplasia. Management should be individualized
for each infant depending on size and function of the right
ventricle as well as on the presence of other abnormalities.

GroupApatients, inwhich right ventricular hypoplasia
is mild and membranous pulmonary atresia is present, are
usually managed primarily with a catheter-based approach
such as laser-assisted valvotomy and balloon pulmonary
valvuloplasty (Mi et al., 2005; Alwi, 2006). In contrast, Group
C patients, in which ventricular hypoplasia is severe and the
infundibulum is almost completely atretic, are not candidates
for the more conservative catheter-based approaches. Such
patients will also likely havemajor right ventricular-coronary
arterial connections and should be managed as a univentric-
ular heart. These infants are ductal-dependent, may require
prolonged prostaglandin infusion, andwill likely need an ini-
tial systemic-pulmonary shunt during the neonatal period
(Alwi, 2006). Options in such cases may include patent duc-
tus arteriosus (PDA) stenting or modified Blalock–Taussig
(BT) shunt (Armstrong, 1995). While further surgical inter-
vention is uncommon for patients in Group A, most patients
in Group C with severe hypoplasia will require multiple fur-
ther interventions.

Patients with moderate right ventricular hypoplasia,
(Group B), generally have individualized surgical interven-
tion depending on the degree of infundibular hypoplasia
and extent of right ventricular-coronary arterial connections.
Such patients may do well with pulmonary valvotomy (laser
assistedor radiofrequency), togetherwith stentingof thePDA
and balloon atrial septostomy (Alwi, 2006).

Depending on the anatomic variation with right ven-
tricular hypoplasia, the operative mortality may range from

27%to50%(DeLeval et al., 1982). Inone series of 25neonates
with pulmonary atresiawith intact ventricular septum, initial
catheter-based intervention occurred at a mean of 3 days of
life, but the majority of these required subsequent open sur-
gical intervention within further 8 days (McLean and Pearl,
2006).

LONG-TERM OUTCOME

Data on long-term outcome following surgery for HRV are
conflicting. In one series of 17 infants who were treated with
both pulmonary valvotomy and systemic-pulmonary shunt,
the long-term survival rate was 53% (Moulton et al., 1979).
In another series of 60 patients with HRV, 5-year actuarial
survival was only 36% (DeLeval et al., 1982). However, more
recent data are more encouraging. In a series of 106 pateints
with pulmonary atresia and intact ventricular septum man-
aged at a single center in Los Angeles from 1982 to 2001, the
10-year actuarial survival was 86% (Odim et al., 2006). Over
half of these patients underwent a biventricular repair, with
initial severity of the ventricular hypoplasia being the best
predictor for such a good outcome.

GENETICS AND RECURRENCE RISK

HRV occurs in a sporadic pattern. No recurrence risk data
are available for counseling parents with a previously affected
infant.
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CHAPTER

Hypoplastic Left Ventricle

Key Points

■ Hypoplastic left heart syndrome (HLHS) is a
spectrum of disorders involving aortic atresia with
or without mitral atresia or stenosis.

■ The condition may be diagnosed as severe
ventricular hypoplasia before 20 weeks’ gestation,
or it may evolve from aortic stenosis to HLHS
during the second half of pregnancy.

■ Prenatal diagnosis of classic HLHS is
straightforward as the ventricular disproportion is
obvious, leading to prenatal detection rates as
high as 85%.

■ Delivery needs to be carefully planned to optimize
the availability of pediatric specialists, and will
include immediate prostaglandin infusion and
referral to cardiothoracic surgeons for initial
palliation.

■ Surgical management includes a choice between
traditional three-stage Norwood procedure
leading ultimately to a single ventricle repair,
versus hybrid palliation involving open surgical
and interventional catheterization until cardiac
transplantation is available.

CONDITION

Hypoplastic left heart syndrome (HLHS) represents a spec-
trumof abnormalities in which there is underdevelopment of
the left-sided cardiac structures, such as the left ventricle, the
mitral valve, and aortic valve, such that the systemic circula-
tion cannot be adequately supported (Rychik, 2005). Classic
HLHS involves both aortic valve atresia, and either atresia or
stenosis of the mitral valve (Simpson, 2000).

The spectrum of malformations can include congeni-
tal hypoplasia of the left ventricular wall, atresia of the aortic
and/or mitral valves, and coarctation or hypoplasia of the

aortic arch. Critical aortic stenosis can evolve into HLHS (see
Chapter 50), and unbalanced atrioventricular canal defects
(see Chapter 45) in which the left ventricle is quite under-
developed and can also behave similar to HLHS (Simpson,
2000). Each of the components of HLHS may occur with
varying degrees of severity, ranging from aortic stenosis with
a small left ventricle to complete aortic and mitral atre-
sia with a slit-like left ventricular remnant. Hypoplastic left
ventricle and mitral atresia may also occur without aortic
atresia, but such an anomaly is rare (Kiel, 1990). The cause
of HLHS is unknown, but it may be due to abnormal in-
tracardiac streaming during weeks 5 to 8 of embryonic life
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(Harh et al., 1973). HLHS may also evolve during prena-
tal life from isolated severe aortic stenosis (see Chapter 50),
whichmay result in decreased right-to-left shunting between
the atria, and subsequent hypoplasia of the left ventricle
(Sharland et al., 1991).

Postnatally, left-to-right shunting occurs in the new-
born, returning oxygenated blood from the pulmonary veins
through a patent foramen ovale into the right atrium. The
right ventricle provides both pulmonary and systemic cir-
culations, the latter through a patent ductus arteriosus with
retrograde flow to the aortic arch and coronary vessels. The
mitral valve is hypoplastic; the tricuspid valve is often large
and regurgitant. The aortic outflow tract may end blindly
below the coronary arteries, and the aortic valve and arch
may be hypoplastic. Associated cardiac anomalies are com-
monwithHLHS. Other associated cardiac anomalies include
ventricular septal defect, aortic-arch interruption, and trans-
position of the great vessels (Kiel, 1990). Central nervous
system abnormalities have also been described in association
withHLHS, includingmicrocephaly, holoprosencephaly, and
agenesis of the corpus callosum (Sanders et al., 1996).

INCIDENCE

HLHS accounts for up to 9% of all cases of congenital heart
disease, with an incidence of 1 to 2 per 10,000 livebirths (Kiel,
1990; Hoffman and Kaplan, 2002). Twice as many males as
females may be affected.

SONOGRAPHIC FINDINGS

HLHS is generally easy to detect prenatally by means of the
standard four-chamber cardiac view. This should demon-
strate an inequality in ventricle size, with the left ventricular
cavity often appearing as a small remnant to the left of the
right ventricle (Figure 48-1) (Silverman et al., 1984). The
left ventricular wall may be hypocontractile or immobile and
may also appear echogenic (Kluckow et al., 1993). The apex
of the left ventricle will usually endmore proximally than the
right ventricular apex, and the ventricular cavity may be in a
globular shape rather than in the normal elliptical shape. The
right ventricular cavity is often enlarged, and the left atrium
is usually small, with left-to-right bowing of the interatrial
septum (Sanders et al., 1996). The aortic outflow tract may
be atretic, with hypoplasia of the ascending aorta. However,
the aortic arch anddescending aorta shouldbe visible because
of retrograde filling through the ductus arteriosus. Doppler
echocardiography may also be helpful in demonstrating a
lack of antegrade flow into the left ventricle, abnormal flow
through the foramen ovale, and retrograde flow in the as-
cending aorta (Figure 48-2) (Blake et al., 1991).

Even though thesefindings shouldbedetectable at 18 to
20weeks of gestation, it is possible that isolated aortic stenosis
(see Chapter 50)may evolve over time intoHLHS, so that the

Figure 48-1 Axial image through fetal chest demonstrating ven-
tricular disproportion and small left ventricle consistent with hy-
poplastic left heart syndrome.

typical features ofHLHSmaynot become visible until the late
second trimester or the third trimester (Sharland et al., 1991).
The detection rate of prenatal ultrasonography for HLHS is
unclear in thegeneral population,withonly28%of all casesof
HLHS being detected prenatally in one series (Montana et al.,
1996). However, as sonographer experience has improved
over the past decades, it is likely that a much higher prenatal
detection rate is now possible. In another population-based
study fromAustralia, 66 of 78 cases (85%) ofHLHSwere cor-
rectly diagnosed antenatally (Chew et al., 2007). Additionally,

Figure 48-2 Axial image with color Doppler demonstrating ab-
sence of forward flow across mitral valve consistent with hy-
poplastic left heart syndrome.
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the positive predictive value of prenatal ultrasonography for
HLHS is high, with up to 95% of cases of prenatally diag-
nosed HLHS confirmed on postnatal examination (Chang
et al., 1991).

DIFFERENTIAL DIAGNOSIS

Other conditions that should be included in the differential
diagnosis of HLHS include left-sided cardiac masses, aortic
stenosis, anduniventricular heart (Sanders et al., 1996). Large
cardiacmasses, such as rhabdomyomas (seeChapter 58),may
completely obliterate the left ventricular cavity, thusmimick-
ing the sonographic appearance of HLHS. However, normal
ventricular dimensionswill be present, andDoppler echocar-
diography should demonstrate normal flow through the mi-
tral and aortic valves. Severe aortic stenosismay be difficult to
differentiate fromHLHSbecause complete obliteration of the
left ventricle may occur as the stenosis worsens (see Chapter
50). It is possible that aortic stenosis in early fetal life may
progress to hypoplastic left ventricle as gestation advances
(Sharland et al., 1991; Wilkins-Haug et al., 2005). Differenti-
ation should be possible based onDoppler echocardiography
demonstrating antegrade flow in the ascending aorta with
aortic stenosis, as compared with retrograde flow in HLHS.
Univentricular heart is a condition in which the entire atri-
oventricular junction is connected to a single ventricle. There
is little agreement on the precise definition of univentricular
heart, which makes prenatal differentiation difficult.

ANTENATAL NATURAL HISTORY

HLHS may evolve in utero from critical aortic stenosis
(Sharland et al., 1991; Kluckow et al., 1993; Wilkins-Haug
et al., 2005). The precise antenatal natural history of HLHS is
therefore very variable.Thismalformationhas several degrees
of severity, ranging from critical aortic stenosis with normal
left ventricular size to complete atresia of the aortic and mi-
tral valves with near absence of the left ventricle. Previously,
because of the lack of adequate pediatric surgical interven-
tion, the vast majority of cases diagnosed prior to 24 weeks of
gestation resulted in termination of pregnancy. In a series of
77 cases of HLHS diagnosed prior to 24 weeks, 72 resulted in
termination of the pregnancy (Allan et al., 1991). However, as
pediatric surgical management options have improved over
the last 20 years and as the potential for in utero interven-
tion has appeared, it is likely that the voluntary pregnancy
termination rate may be significantly less in contemporary
practice.

Expectant management of prenatally diagnosed HLHS
is associated with a poor prognosis. In one series of 20 cases
of prenatally diagnosed HLHS, 9 pregnancies were termi-
nated (Blake et al., 1991). Four of the 11 expectantlymanaged

pregnancies resulted in intrauterine fetal death, 7 resulted in
livebirths, and 5 of these 7 infants died within 1 week of
birth. Intrauterine congestive heart failure may occur with
HLHS because of right ventricular overload. In another se-
ries, nonimmune hydrops developed in 4 of 20 cases of pre-
natally diagnosed HLHS. Only one of these cases resulted in
a liveborn infant, following administration of digoxin to the
mother (Blake et al., 1991).

When classic HLHS is diagnosed before 24 weeks’ ges-
tation, little in utero change is likely to occur to the already ex-
tremely hypoplastic left ventricle. However, in cases in which
aortic outflow tract restriction is diagnosed before 24 weeks’
gestation, it is possible that the left ventricle may not yet be
hypoplastic, and this may evolve over subsequent months in
utero (Wilkins-Haug et al., 2005). The rate of growth of left
ventricular dimensions may be quite slow, and there may be
limited growth of aortic and mitral valves. Additionally, re-
versed flow across the foramen ovale (from left to right) and
retrograde flow in the aortic arch are predictors of subsequent
severe HLHS that will unlikely support systemic circulation
in postnatal life (Hornberger et al., 1996;Wilkins-Haug et al.,
2005).

FETAL INTERVENTION

The only fetal intervention that has been described for HLHS
is in utero balloon dilation for critical aortic stenosis (see
Chapter 50), but if the stenosis has progressed to the de-
velopment of HLHS it is unlikely that such an intervention
will be of any benefit. Recently, attempts have been made
to identify fetuses with hallmarks of potential HLHS at a
sufficiently early gestational age to warrant in utero interven-
tion in an attempt to optimize postnatal outcome. Prevention
of in utero evolution of HLHS such that a biventricular re-
pair is possible would represent a significant step forward
in our management of this condition. The largest series of
such interventions, by means of in utero balloon dilation of
the aortic valve, is from the Children’s Hospital, Boston. In
a series of 20 cases operated on at a mean gestational age of
24 weeks, technical success was achieved in 14, and of these
9 resulted in either fetal loss or subsequent development of
classic HLHS (Tworetzky et al., 2004). Overall, only 5 of the
original 20 cases resulted in postnatal survival with a two-
ventricle circulation. This study underlines the challenges in
prenatal selection of cases in which the natural history can be
modified. Currently, in utero balloon aortic dilation should
be considered an unproven experimental intervention for the
prevention of HLHS.

MANAGEMENT OF PREGNANCY

Following prenatal diagnosis of HLHS, a careful sonographic
fetal anatomy survey is recommended to exclude additional
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cardiac and extracardiac malformations. This evaluation
should include a search for sonographic markers of Turner
syndrome and trisomies 13, 18, and 21. Invasive fetal test-
ing for karyotype analysis is recommended because of the
association betweenHLHS and chromosomal abnormalities.
Chromosomal abnormalities were found in 2 of 85 cases of
HLHS in infants in one study (Ferencz et al., 1987) and in
9 of 83 cases in a later study, including trisomies 13, 18, and
21 (Natowicz et al., 1988). In a series of 20 cases of HLHS
diagnosed prenatally, 1 fetus also had trisomy 13 and 2 had
Turner syndrome (Blake et al., 1991). The incidence of kary-
otypic abnormalities is likely dependent on the exact form
of HLHS diagnosed, as there appears to be a higher inci-
dence in the setting of coarctation or unbalanced atrioven-
tricular canal defect, compared with isolated aortic stenosis
(Simpson, 2000). A detailed sonographic survey of the fetal
anatomy should be performed to exclude extracardiac abnor-
malities, and fetal echocardiography should be performed by
an appropriately trained specialist to confirm the diagnosis.
Referral forprenatal consultationwithapediatric cardiologist
and cardiothoracic surgeon is also recommended.

If the diagnosis is made prior to fetal viability, termi-
nation of pregnancy may be offered because of the signifi-
cant neonatal mortality and surgical morbidity. If expectant
management is desired, sonographic surveillance to confirm
appropriate fetal growth and to evaluate for the development
of fetal hydrops is recommended. If fetal hydrops occurs, the
prognosis deteriorates further and the optimal management
of such pregnancies is uncertain. Delivery should occur at
a tertiary care center, with the immediate availability of a
neonatologist, pediatric cardiologist, and cardiothoracic sur-
geon. There is no indication to alter the timing or method
of delivery based on the prenatal diagnosis of HLHS. In one
series of 13 cases of HLHS, all spontaneous or induced labors
resulted in normal vaginal deliveries and there was only one
case of an abnormal fetal heart rate pattern (Jackson et al.,
1991). Routine labormanagement therefore does not need to
be modified when the fetus has HLHS.

TREATMENT OF THE NEWBORN

All infants with HLHS will die soon after birth without sur-
gical intervention. For many years the options for surgery
were limited and, when available, the outcome from surgical
intervention was very poor. Because of this poor prognosis,
comfort care without aggressive resuscitation efforts was a
common method of treatment for infants with HLHS. The
provision of comfort measures only has been challenged re-
cently as more centers become skilled in surgical palliation
of HLHS and as survival from such surgery has improved
(O’Kelly and Bove, 1997). Decisions regarding the aggres-
siveness of treatment for newborns with HLHS should be
made during the antenatal period, and, depending on the
results from the local pediatric cardiothoracic surgery cen-

ter, such decisions should include options for surgical inter-
vention and provision of only comfort care (Thwaites, 1997;
Simpson, 2000).

Followingdeliveryof an infantwithHLHS, supplemen-
tal oxygen should be administered judiciously so as to avoid
significant reduction inpulmonary vascular resistance,which
may decrease the amount of blood shunted across the ductus
arteriosus. The infant should be transported to a neonatal
intensive care unit, and prostaglandin E1 infusion should be
started as soon as feasible to maintain patency of the ductus
arteriosus. Other supportive measures that are essential in-
clude correction of metabolic acidosis and use of inotropic
agents, such as dopamine, to maintain adequate cardiac out-
put. If inadequate atrial communication is present, efforts to
maximize cardiac output by balloon atrial septostomymay be
considered during the initial resuscitative efforts (Kiel, 1990;
Theilen and Shekerdemian, 2005).

Postnatal consultation with a pediatric cardiologist
should be obtained promptly, and echocardiography should
beperformed toconfirmtheprenataldiagnosis and toexclude
additional cardiac malformations. Echocardiography should
document patency of the ductus, presence of coarctation, size
of an atrial septal defect, and presence of significant tricus-
pid regurgitation (Sanders et al., 1996). Consultation with a
pediatric cardiothoracic surgeon should then be obtained to
decide on timing and method of surgical intervention.

SURGICAL TREATMENT

All infants with HLHS will require surgical intervention to
permit postnatal survival. Contraindications to surgery in-
clude a decision by parents to receive comfort care only or
the presence of significant hemodynamic instability, such as
severe hypoperfusion, metabolic acidosis, or coagulopathy.
These conditions should be aggressively corrected prior to
surgical intervention. Two surgical choices are present for in-
fants with HLHS: the Norwood three-stage procedure and
neonatal cardiac transplantation.

The Norwood procedure is a complex operation, the
precise surgical details of which are beyond the scope of this
chapter (Simpson, 2000; Rychik, 2005; Alsoufi et al., 2007).
Stage 1 is usually performed within the first week of life.
It involves connecting the systemic circulation to the pul-
monary circulation to maintain adequate pulmonary flow,
together with an atrial septectomy to allow adequate mix-
ing of pulmonary venous and systemic venous blood flows.
Stage 2 is performed at 6 months of age. It involves con-
necting the superior vena cava to the pulmonary arteries in
an effort to reduce ventricular volume overload. The final
stage 3 procedure is performed at 2 years of age, and involves
connecting the inferior vena cava to the pulmonary arter-
ies, further reducing ventricular volumeoverload.Ultimately,
this staged Norwood palliation treatment results in systemic
venous return passing directly to the pulmonary arteries;
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oxygenated pulmonary venous blood is then returned to the
single ventricle and is pumped around the body through
a reconstructed aortic arch (Simpson, 2000; Alsoufi et al.,
2007).

Stage 1 is performed as soon as possible after birth and
after initial medical stabilization. While pulmonary blood
flow is generally controlled by a modified Blalock–Taussig
shunt (which anastomoses the subclavian to the pulmonary
arteries), more recent modifications have suggested use of
a direct conduit from the right ventricle to the pulmonary
artery (Ohye et al., 2007). It is unclear at this stage whether
this so-called Sano modification to the stage 1 procedure is
preferential to themore traditionalmodified Blalock–Taussig
shunt.

The results for the Norwood procedure are variable,
depending on the institution, operator experience, andmod-
ifications to the procedure to account for anatomic varia-
tions. The greatest surgical mortality seems to be related to
the first stage of the Norwood procedure, with recent surgi-
cal mortality rates typically exceeding 70% for this first stage
(Alsoufi et al., 2007).While interimmortality remains signif-
icant, once survivors become candidates for the second stage
of the Norwood procedure, prognosis improves significantly.
For example, among 23 patients who completed the second
stage of the Norwood procedure, there was only 1 death, and
among 12 patients who completed the third stage there was
1 further death (Kern et al., 1997). In one of the largest series
from a single center, 120 of 158 patients survived the first
stage of surgery, 103 of 106 patients subsequently survived
the second stage, and 53 of 62 survived the final stage of the
Norwood procedure (Bove and Lloyd, 1996).

It is now recognized that a major contributor to op-
erative mortality and surgical morbidity is the requirement
for cardiopulmonary bypass to complete the Norwood pro-
cedures. An alternativemanagement has recently evolved that
is known as the “hybrid” strategy, which avoids the need for
cardiopulmonary bypass. This uses a combination of more
limited surgery together with interventional catheterization
to achieve HLHS palliation until a suitable donor heart for
transplantation is obtained. With this approach, both pul-
monary arteries are banded to control pulmonary bloodflow,
a stent is placed in the ductus arteriosus, and an atrial sep-
tal defect is created (Alsoufi et al., 2007). Initial results have
suggested results comparable to those with the traditional
Norwood procedure.

The alternative surgical management for HLHS is
neonatal cardiac transplantation. As discussed above, this
option will almost certainly require an initial interventional
procedure to stent the ductus arteriosus or to enlarge the in-
teratrial communication as a palliative step until a suitable
donor heart is found. In a large series of cardiac transplan-
tations as a primary treatment for HLHS, 176 infants were
listed for transplantation, 34 of whom (19%) died during
the waiting period (Razzouk et al., 1996). Of the 142 infants
who underwent successful transplantation in this series, the
median age at surgery was 26 days and there was a 9% oper-
ative mortality rate. Overall, transplant waiting list mortality

is approximately 20% to 25%, and operative mortality is ap-
proximately 10% (Alsoufi et al., 2007).

LONG-TERM OUTCOME

The long-term outcome for infants with HLHS has im-
proved in recent years, with the modifications to the original
Norwood procedure as described above. In one series of
53 infants operated on from 1990 to 1996 the 5-year actuarial
survivalwas 61%(Kernet al., 1997). Inoneof the largest series
of Norwood procedures from a single center, 5-year actuarial
survival was 58% from an initial cohort of 158 infants (Bove
and Lloyd, 1996). The 5-year actuarial survival for primary
neonatal cardiac transplantation was 76% from another ini-
tial cohort of 176 infants with HLHS (Razzouk et al., 1996).
However, in this cohort, half of these late deaths were due to
organ rejection, and approximately 4% required retransplan-
tation. Although long-term outcome may appear better after
transplantation compared with the Norwood procedure, this
is tempered by the short supply of suitable neonatal donor
hearts and the long-term need for medications to manage
organ rejection.

Both survival and long-term outcome data for infants
withHLHS should include neurodevelopmental information
and quality-of-life outcomes. In one series of 11 survivors of
staged repair of HLHS, 64% had major developmental dis-
abilities (Rogers et al., 1995). Conversely, in another series of
14 survivors of pediatric heart transplantation for HLHS or
cardiomyopathy, only 1 had a significant neurologic deficit
(Lynch et al., 1994). More data are needed to adequately as-
sess the long-termneurologic and quality-of-life outcome for
infants following surgicalmanagement ofHLHS.However, as
modifications to palliation improve, including options that
avoid cardiopulmonary bypass (such as the “hybrid” strat-
egy, it is likely that neurologic deficits can be minimized. The
majority of HLHS survivors will demonstrate long-term ex-
ercise intolerance, up to 50%will have arrhythmias, and there
is a 10% ongoing risk of thromboembolism (Rychik, 2005).
Overall incidence of neurocognitive disabilities, ranging from
learningdifficulties to attentiondeficit hyperactivitydisorder,
may range from 10% to 70% (Rychik, 2005).

GENETICS AND RECURRENCE RISK

The inheritance pattern for HLHS is not clear, and in thema-
jority of cases it occurs sporadically. HLHS has been reported
as an autosomal recessive condition, which would imply a
recurrence risk as high as 25% (Shokeir, 1971; Grobman and
Pergament, 1996). Other reports suggest HLHS is inherited
in a polygenic pattern, with a recurrence risk of only 2%
if one previous sibling was affected (Brownell and Shokeir,
1976). The recurrence risk increases to 6% if twoprevious sib-
lings have been affected by HLHS (Nora and Nora, 1988). In
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another series, a recurrence risk of 13.5%has been quoted for
HLHS (Boughman et al., 1987). It is possible that different
subsets of HLHS may have different patterns of inheritance,
which may explain the wide range of recurrence risks quoted
for HLHS (Brenner et al., 1989). If a chromosome abnor-
mality is documented, the recurrence risks are related to the
chromosomal findings.
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CHAPTER

Pulmonary Stenosis
and Atresia

Key Points

■ Pulmonary stenosis and atresia refer to congenital
narrowing or complete occlusion of the right
ventricular outflow tract respectively.

■ It may occur in isolation or as part of Williams or
Noonan syndrome, or secondary to teratogenic
exposure such as congenital rubella syndrome.

■ Prenatal diagnosis relies upon identification of
asymmetry in ventricular size, right atrial
enlargement, thickening of the pulmonary valve
and Doppler abnormalities across the pulmonary
valve.

■ Obstetric management generally does not need to
be changed following this diagnosis, although in
cases of critical pulmonary stenosis or atresia,

delivery should occur in a controlled manner in a
center with pediatric cardiology backup and ability
to provide prostaglandin infusion.

■ Neonatal management depends on the pressure
gradient across the pulmonary valve, with invasive
intervention reserved generally for those cases
with pressure gradients greater than 30 to
50 mm Hg.

■ While open surgical valvotomy or valve
replacement represents definitive treatment,
contemporary management is moving toward
percutaneous approaches using balloon
valvuloplasty and valve replacement.

CONDITION

The term pulmonary stenosis refers to narrowing of the right
ventricular outflow tract; pulmonary atresia implies complete
occlusion of the right ventricular outflow tract. Pulmonary
atresia, when associated with an intact ventricular septum,
is also considered as a hypoplastic right ventricle and is de-
scribed in detail in Chapter 47. Pulmonary atresia with coex-
istent ventricular septal defect is generally considered part of
the spectrum of tetralogy of Fallot and is described in detail
in Chapter 52. Pulmonary stenosis usually results from fu-
sion of the three cusps of the pulmonary valve. Other causes
of pulmonary stenosis include narrowing of the infundibular
portion of the right ventricular outflow tract, hypoplasia of
the pulmonary artery, or pulmonary valve dysplasia, inwhich
the valve leaflets are thickened and immobile. Pulmonary
artery hypoplasia and supravalvar pulmonary stenosis may
occur in associationwithWilliams syndromeorwith congen-
ital rubella or toxoplasmosis (Gutgesell, 1990; Rhodes et al.,
2008). Supravalvar pulmonary valve stenosis may also occur
inassociationwithNoonansyndrome,whichhasaphenotype
similar toTurner syndrome, but anormal karyotype (Mendez

and Opitz, 1985; Rhodes et al., 2008). Approximately 60% of
cases of Noonan syndrome will have a dysplastic pulmonary
valve (Bashore, 2007).

Pulmonary stenosis may lead to right ventricular hy-
pertrophy, a decrease in right ventricular chamber size, and
poststenotic dilation of the pulmonary artery (Romero et al.,
1988). Poststenotic dilation of the pulmonary artery is rarely
present in utero and usually takes several months of neonatal
life todevelop(Gutgesell, 1990). Incasesof criticalpulmonary
stenosis, hypoplasia of the right ventricular cavity may occur
togetherwith hypertrophy of the ventricularwall anddilation
of the right atrium. In such cases, neonates usually have an
interatrial communication through either a patent foramen
ovale or a secundumatrial septal defect. Other associated car-
diac defects thatmaybe seenwithpulmonary stenosis include
ventricular septal defect, total anomalous pulmonary venous
return, and aortic stenosis (Romero et al., 1988).

Congenital pulmonary stenosismay be subdivided into
three anatomical types: (1) a dome-shaped pulmonary valve
with a narrow opening but preservation of mobile valve
leaflets, (2) a dysplastic thickened pulmonary valve with
a narrow outflow tract, and (3) a unicuspid or bicuspid
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pulmonary valve (Bashore, 2007). Differentiation of these
types by prenatal sonography is quite limited.

INCIDENCE

Pulmonary stenosis is a relatively common congenital car-
diac defect, and in many mild forms the diagnosis may not
be made until late in childhood. The incidence of congeni-
tal pulmonary stenosis is approximately 1 in 1500 livebirths,
while pulmonary atresia occurs in approximately 1 in 10,000
livebirths (Hoffman and Kaplan, 2002). Pulmonary stenosis
mayaccount for 5%to10%of all pediatric cardiologypatients
at tertiary care centers (Gutgesell, 1990).

SONOGRAPHIC FINDINGS

Prenatal sonographic features of congenital pulmonary
stenosis include decreased size of the right ventricular cham-
ber, thickening of the right ventricular walls, right atrial
enlargement, increased diameter of the pulmonary artery,
thickening of the pulmonary valve, and incomplete valvular
opening (Figure 49-1).However, several of these featuresmay
be extremely difficult, if not impossible, to demonstrate re-
liably with two-dimensional echocardiography in the fetus.
Duplex and color flow Doppler sonography may be used in
the prenatal diagnosis of pulmonary stenosis to demonstrate
poststenotic turbulence of flow in the pulmonary artery as
well as significant tricuspid regurgitation.Thedemonstration
of reversed flow across the ductus arteriosus is also suggestive
of severe pulmonary stenosis or atresia and in one study was
found in all seven fetuses with this prenatal diagnosis (Mielke
et al., 1997).

The ability of routine prenatal sonography to detect
pulmonary stenosis or atresia in unselected populations

Figure 49-1 Short axis view of the right ventricular outflow tract
demonstrating a thickened pulmonic valve and post stenotic di-
lation of the pulmonary artery in a fetus with pulmonic stenosis.

seems limited. In the largest study evaluating the prenatal
detection rates for various congenital cardiacmalformations,
only 9 of 180 cases of pulmonary stenosis or atresia were de-
tected prenatally (Montana et al., 1996). In another series of
11,984 fetuses examined by prenatal sonography, there were
19 cases of pulmonary stenosis or atresia of varying severity,
only two of which were detected prenatally (Tegnander et al.,
1995). However, if the diagnosis of pulmonary stenosis or
atresia is made by targeted prenatal sonography, it appears
to be accurate, with all seven cases in one series confirmed
on postnatal examination (Mielke et al., 1997). In another
series of 12 cases of prenatally diagnosed pulmonary stenosis
or atresia, the four-chamber view was abnormal in all cases,
and 10 of the 12 cases were confirmed on postnatal examina-
tion (Hornberger et al., 1994). Another problem in prenatal
diagnosis of pulmonary stenosis is the possibility of late ap-
pearance of the typical sonographic features, which may lead
to the diagnosis being missed during a second trimester sur-
vey of fetal anatomy (Todros et al., 1988).

DIFFERENTIAL DIAGNOSIS

Differentiation of pulmonary stenosis from pulmonary atre-
sia through the use of prenatal sonography is difficult, with
the only reliable feature allowing differentiation being the
presence of antegrade pulmonary blood flow in pulmonary
stenosis. In cases of pulmonary stenosis without documented
antegrade pulmonary flow, it may be impossible to differ-
entiate prenatally between stenosis and atresia (Hornberger
et al., 1994). Tetralogy of Fallot should be considered in the
differential diagnosis of all cases of pulmonary stenosis or
atresia. Hypertrophy of the right ventricular walls is almost
always present in both isolatedpulmonary stenosis and tetral-
ogy of Fallot. The presence of a ventricular septal defect and
an overriding aorta, together with the sonographic features
of pulmonary stenosis should be sufficient to lead to the di-
agnosis of tetralogy of Fallot (see Chapter 52). Pulmonary
atresia with intact ventricular septum should be considered
as part of hypoplastic right ventricle (see Chapter 47).

ANTENATAL NATURAL HISTORY

Pulmonary stenosismayevolve inutero, leading tohypoplasia
of the right ventricle or to worsening tricuspid regurgitation
and congestive heart failure or hydrops (Romero et al., 1988).
Fewdata are available describing the antenatal natural history
of pulmonary stenosis or atresia. In a series of 222 cases of
prenatally diagnosed cardiac malformations that were man-
aged expectantly, there were 4 cases of pulmonary stenosis
and 9 cases of pulmonary atresia (Sharland et al., 1990). All 4
fetuses with pulmonary stenosis survived through the neona-
tal period. However, 2 of the 9 fetuses with pulmonary atresia
died in utero, and 2 more died during the neonatal period.
In another series of 3 fetuses with pulmonary stenosis and
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3 with pulmonary atresia managed expectantly, 1 fetus with
pulmonary atresia died in utero (Smythe et al., 1992).

MANAGEMENT OF PREGNANCY

Following prenatal diagnosis of pulmonary stenosis or atre-
sia, careful assessment of the remainder of the fetal anatomy is
recommended to rule out associated cardiac and noncardiac
malformations. Fetal echocardiography should be performed
by an appropriately trained specialist to confirm the prenatal
diagnosis and to exclude additional cardiac malformations
such as ventricular septal defect, total anomalous pulmonary
venous return, and aortic stenosis. Referral for prenatal con-
sultation with a pediatric cardiologist and neonatologist is
recommended.

Invasive testing to evaluate the fetal karyotype is gen-
erally recommended for most cases of prenatally diagnosed
cardiacmalformations, although the incidence of chromoso-
mal abnormalitieswith isolated pulmonary stenosis or atresia
is low. In 1 series of 105 infants with pulmonary stenosis there
was only 1 abnormal karyotype (Ferencz et al., 1987). In an-
other series of 7 fetuses with pulmonary stenosis or atresia,
1 fetus had a balanced translocation that was also present
in the mother (Mielke et al., 1997). In a further series of
3 fetuseswithpulmonary atresia andventricular septal defect,
1 fetus had trisomy 13 (Paladini et al., 1996). Additionally,
pulmonary stenosis is found in only a small percentage of
cases with the DiGeorge 22q11 deletion (Bashore, 2007).

Following confirmation of diagnosis, termination of
pregnancy may be considered for eligible patients. For ex-
pectantly managed patients, the fetus should be monitored
with serial ultrasound examinations to confirm appropriate
fetal growth and to detect early signs of hydrops. There is no
reason to alter timing or mode of delivery based on a pre-

natal diagnosis of isolated pulmonary stenosis; therefore, in
these cases the delivery plan should be for standard obstet-
ric indications. Delivery of fetuses with critical pulmonary
stenosis or pulmonary atresia should occur at a tertiary care
center, with the immediate availability of a neonatologist and
pediatric cardiologist.

FETAL INTERVENTION

Unlike aortic stenosis (see Chapter 50), no fetal intervention
has been described following the prenatal diagnosis of pul-
monary stenosis or atresia.

TREATMENT OF THE NEWBORN

Most infants with mild-to-moderate pulmonary stenosis are
asymptomatic during the newborn period. Those with se-
vere stenosis or atresia present with congestive heart failure,
cyanosis, and severe hypoxia (Figure 49-2). If critical pul-
monary stenosis or pulmonary atresia has been diagnosed
during the antenatal period, maintenance of a patent duc-
tus arteriosus may be achieved by starting a prostaglandin E1

infusion and limiting oxygen supplementation to maintain
reasonably normal perfusion. Immediately followingdelivery
the neonate should be evaluated by a pediatric cardiologist.
Echocardiography should be performed to confirm the diag-
nosis, assess the severity of stenosis, and rule out additional
cardiacmalformations.Medical stabilizationmay require the
use of diuretics and digoxin.

Newborns with critical pulmonary stenosis may be
treated with right-sided cardiac catheterization and balloon
pulmonary valvuloplasty. By positioning a balloon across the

Figure 49-2 Lateral projection of a right ven-
tricular angiogram in a symptomatic 1-day-
old newborn with severe pulmonary valve
stenosis. Arrow indicates the narrowed valve.
(Courtesy of Ziyad Hijazi, MD.)
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pulmonary valve and inflating to 100 lb per square inch (psi)
for 10 seconds, a significant decrease in pressure gradient
across the valve canbe achieved (Lababidi, 1990). In a series of
23 infantswithpulmonary stenosis good short- andmedium-
term relief of stenosis was achieved (Sullivan et al., 1985). In
that series of 23 infants and childrenwithpulmonary stenosis,
repeat pulmonary-valve dilation was required on only four
occasions. However, there are insufficient data to determine
precisely which infants are treated best by balloon valvulo-
plasty and which infants will require surgical valvotomy.

Decisions on intervention for pulmonary stenosis de-
pend on the gradient across the pulmonary valve. The latest
recommendations from the AmericanCollege of Cardiology/
American Heart Association Task Force suggest that the vast
majority of cases with a gradient of <30 mmHg do not re-
quire any intervention (Bonow et al., 1998; Bashore, 2007).

SURGICAL TREATMENT

Surgical approaches to critical pulmonary stenosis include
transarterial pulmonary valvotomy, closed transventricu-
lar pulmonary valvotomy, and open pulmonary valvotomy
using cardiopulmonary bypass. The need for surgical treat-
ment of pulmonary stenosis depends on the pressure gradi-
ent across the pulmonary valve. With gradients of less than
25 mmHg, 5% of children require surgery; 20% of those
with gradients of 25 to 49mmHg and 76% of those with gra-
dients of 50 to 79 mmHg require surgical treatment (Hayes
et al., 1993).Catheter-based approaches using a percutaneous
balloon valvuloplasty have also evolved such that this is now
considered bymany to be a viable alternative to open surgical
valvotomy (Bashore, 2007).

The most commonly performed surgical procedure
is a closed transventricular pulmonary valvotomy, with or
without a modified Blalock–Taussig shunt from the subcla-
vian to the pulmonary artery (Coles and Trusler, 1990). Fol-
lowing thoracotomy or sternotomy, a stab incision is made
in the right ventricular wall and a valvulotome, or Hegar
dilator, is inserted to open the pulmonary valve. In one series
of 16 infants younger than 3 months of age who had critical
pulmonary stenosis, 14 survived following closed transven-
tricular valvotomy, and all survivors demonstrated clinical
improvement (Srinivasan et al., 1982).

Presence of a dysplastic pulmonary valve, or signif-
icant pulmonary insufficiency, usually requires complete
pulmonary valve replacement. Replacement is typically with
a bioprosthetic valve or pulmonary homograft, rather than a
mechanical valve (Bashore, 2007).

LONG-TERM OUTCOME

Late results after treatment of pulmonary stenosis seem favor-
able. Estimates of 25-year actuarial survival range from 90%

to 95% (Morris and Menashe, 1991; Hayes et al., 1993). In a
series of 14 infants who survived closed transventricular pul-
monary valvotomy for critical pulmonary stenosis, 2 required
repeat surgery with 1 needing open valvotomy for resteno-
sis and 1 needing closure of a secundum atrial septal defect
(Srinivasan et al., 1982). It seems that in the majority of pa-
tients, adequate growth of the right ventricle and pulmonary
annulus occurs following surgical repair. If the infundibular
portion of the right ventricular outflow tract is hypoplastic
on initial evaluation, the requirement for late reoperation to
repair residual stenosis increases significantly and may be as
high as 50% at 10 years postoperatively (Coles and Trusler,
1990).

Comparison of balloon valvuloplasty versus open sur-
gical valvotomy for pulmonary stenosis suggests similar long-
term outcome, with perhaps higher rates of pulmonary
insufficiency among the surgical group (Peterson et al., 2003;
Bashore, 2007). Pulmonary valve replacement is now also
possible as a percutaneous catheter-based technique, rais-
ing the possibility of hybrid approaches in the treatment of
congenital heart disease in which interventional cardiologists
and cardiothoracic surgeons jointly repair a range of defects
(Holzer and Hijazi, 2004).

GENETICS AND RECURRENCE RISK

Pulmonary stenosismay occur as part ofWilliams syndrome,
which may also involve supravalvular aortic stenosis, devel-
opmental delay, and unusual facies. Williams syndrome is
due to the deletion of one copy of the elastin gene on chro-
mosome 7. Pulmonary stenosis may also occur as part of
Noonan syndrome. Noonan syndrome is autosomal dom-
inant and appears to be associated with mutations in the
PTPN11 gene in 45% to 60% of cases (Tartaglia et al., 2002).
At least one case report describing familial clustering of cases
of pulmonary stenosis has also been reported (Manetti et al.,
1990). Without a history suggestive of a mendelian or chro-
mosomal disorder, the recurrence risk for a couple with
one previously affected child having another child with pul-
monary stenosis is 2% but is increased to 6% if two previ-
ous children have been affected (Nora and Nora, 1988). The
chance of having an affected infant if the mother has pul-
monary stenosis is 4% to 6.5%, but if the father is affected, it
is only 2% (Nora and Nora, 1988).
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50
CHAPTER

Aortic Stenosis

Key Points

■ Prenatal diagnosis of aortic stenosis is unreliable.

■ Aortic stenosis should be suspected whenever
there is asymmetry of the cardiac ventricles
including either left ventricular enlargement or left
ventricular hypoplasia.

■ Evaluation with serial fetal echocardiography
should include consideration of coarctation of the
aorta and the possibility of progression to
hypoplastic left heart syndrome.

■ In utero balloon dilation of the aortic valve has
been described but is of questionable value.

■ While pediatric balloon valvuloplasty is very
successful, the high rate of reintervention required
suggests that definitive surgical repair leads to
best long-term outcome.
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CONDITION

Aortic stenosis is the congenital obstructionof the left ventric-
ular outflow tract of the heart. Stenosis can occur at, above,
or below the aortic valve (Becker and Anderson, 1981). Sub-
valvular aortic stenosis can be either fixed or dynamic. Fixed
aortic stenosis is due to the presence of a discrete membra-
nous diaphragm or a diffuse fibromuscular ring below the
valve. Dynamic subvalvular aortic stenosis demonstrates a
constantly changing pressure gradient across the valve and is
most commonly due to muscular thickening of the septum.
This form of subvalvular aortic stenosis is often called “asym-
metric septal hypertrophy” (ASH), “idiopathic hypertrophic
subaortic stenosis” (IHSS), or “hypertrophic obstructive car-
diomyopathy” (HOCM). A transient form of dynamic sub-
valvular aortic stenosis has also been described, secondary to
fetal hyperglycemia (Gutgesell et al., 1976).

Valvular aortic stenosis occurs secondary to abnormal-
ities of the cusps of the aortic valve. Congenital unicuspid or
bicuspid aortic valves may be stenotic at birth or they may
become stenotic later in adult life. Other causes of valvular
aortic stenosis include dysplastic or thickened cusps and
fusion of the commissures that separate the cusps.

Supravalvular aortic stenosis can occur secondary to a
localized narrowing of the ascending aorta, the presence of a
membrane just superior to the origin of the coronary arteries,
or a diffuse narrowing of the aortic arch and great arteries.
Because the obstruction occurs above the origin of the coro-
nary arteries at the sinuses of Valsalva, the coronary arteries
are also exposed to the elevated left ventricular pressures.

With all types of congenital aortic stenosis, if the steno-
sis becomes severe, secondary endocardial fibroelastosis can
occur, leading to thickening of the endocardium and subse-
quentmitral insufficiency or cardiomyopathy. Aortic stenosis
diagnosed early in gestation may evolve over time into hypo-
plastic left heart syndrome (Sharland et al., 1991).

INCIDENCE

The overall incidence of congenital heart disease is 4 in 1000
to 10 in 1000 livebirths (Hoffman, 1990). Aortic stenosis ac-
counts for 3% to 6% of all congenital cardiovascular mal-
formations, although it makes up 1% to 3% of all cardiac
lesions in newborns presenting with significant cardiac de-
fects (Rowe et al., 1981; Kitchener et al., 1993). It occurs up
to four times more commonly in males than in females, al-
though this sexpredominancemaybe lessmarked innewborn
populations. Overall, aortic stenosis has an incidence of 3.5
in 10,000 livebirths, while congenital bicuspid aortic valve
may be as common as 1 in 100 livebirths.

SONOGRAPHIC FINDINGS

Prenatal diagnosis of aortic stenosis is unreliable. Because
supravalvular and subvalvular forms of aortic stenosis are

Figure 50-1 Long-axis view of the left ventricular outflow tract
demonstrating a thickened and echogenic aortic valve consistent
with aortic stenosis.

usually not clinically apparent during the newborn period,
prenatal diagnosis of these conditions is rarely successful.
Prenatal sonographic features suspicious for aortic stenosis
include enlargement or hypoplasia of the left ventricle. How-
ever, it is important to realize that left ventricular size can also
be normal despite the presence of significant aortic stenosis.
The right ventricle is also usually dilated with critical aortic
stenosis, as blood flow is redistributed to the right ventricle
and through the ductus arteriosus. In addition, critical aor-
tic stenosis is usually associated with poststenotic aortic root
dilation.

Incomplete opening of the aortic valve and increased
aortic turbulence on Doppler echocardiography are both
sonographic signs consistent with aortic stenosis during
the newborn period (Figures 50-1 and 50-2), but prenatal

Figure 50-2 Color Doppler demonstrating high-velocity flow
through the narrow aortic valve in a fetus with aortic stenosis.
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visualization of these signs is extremely difficult because
of the small size of the fetal aortic root. Prenatal diagno-
sis of a significant pressure drop (more than 50 mmHg)
across the valve is also suggestive of aortic stenosis (Jouk and
Rambaud, 1991). Prenatal visualization of abnormal thicken-
ing of the interventricular septum in aortic stenosis has been
documented (Stewart et al., 1986). In severe cases of congen-
ital aortic stenosis, antenatal Doppler studies may demon-
strate significant mitral regurgitation. Aortic stenosis may
also be the underlying cause of some cases of hydrops fetalis
or intrauterine growth restriction, and therefore aortic steno-
sis should be considered during the sonographic assessment
of these conditions.

DIFFERENTIAL DIAGNOSIS

Themain alternatives thatmust be considered in the prenatal
diagnosis of aortic stenosis include primary cardiomyopathy
(see Chapter 57) and hypoplastic left heart (see Chapter 48)
(Huhta et al., 1987). In addition, coarctationof the aortamust
be considered, but the prenatal diagnosis of this condition
is also very limited (see Chapter 51). Unlike aortic stenosis,
primary cardiomyopathy is usually associated with a normal
aortic valve and no evidence of poststenotic dilation. Such
primary cardiomyopathies may be secondary to endocardial
fibroelastosis, viral or bacterialmyocarditis, or some glycogen
storage diseases.

Hypoplastic left heart syndrome is usually associated
with bothmitral- and aortic-valve atresia. In addition, the hy-
poplastic left ventricle may be globular in shape, rather than
ellipsoid, which can be demonstrated on a four-chamber car-
diac view by the left ventricle failing to reach the apex of the
heart. In some cases, differentiation of aortic stenosis from
hypoplastic left heart syndrome can be difficult because the
enlargedrightventricle seenwithaortic stenosismaymake the
left ventricle appear small or even hypoplastic. Other features
that aid in differentiating aortic stenosis fromhypoplastic left
heart syndrome include failure of growth in left ventricular,
aortic, ormitral dimensions on serial examinations, as well as
severe restriction of interatrial shunting in cases of hypoplas-
tic left heart syndrome (McCaffrey and Sherman, 1997). Of
note, aortic stenosis and hypoplastic left heart syndrome are
now considered part of a clinical spectrum with many cases
of early fetal aortic stenosis evolving as gestation advances
into the classic hypoplastic left heart syndrome. Therefore,
attempts to differentiate between these two clinical condi-
tions in utero may be purely academic (Hornberger et al.,
1995).

ANTENATAL NATURAL HISTORY

The antenatal natural history of congenital aortic stenosis
can be quite varied, with almost all cases of subvalvular

and supravalvular aortic stenosis resulting in no fetal com-
promise, while critical valvular aortic stenosis can lead to
intrauterine growth restriction, hydrops fetalis, and severe
hemodynamic compromise during the early newbornperiod.
The presence of hydrops with a structural cardiac malforma-
tion is usually considered an ominous finding.

Left ventricular pressure overloadmay lead to ventricu-
lar enlargement, relative coronary hypoperfusion, subendo-
cardial ischemia, and consequently, significant impairment
of cardiac function. This can result in severe metabolic aci-
dosis, leading to death in a significant number of cases, either
before or soon after birth (Sharland et al., 1991). Sustained
elevated left ventricular pressure secondary to outflow tract
obstruction can also lead to the intrauterine development of
endocardial fibroelastosis and subsequent cardiomyopathy,
which also increases the mortality rate for congenital aortic
stenosis. In cases of aortic stenosis diagnosed prenatally, left
ventricular volume and aortic root dimensions tend to fall off
from the normal percentiles as gestation progresses, and this
informationmay be useful in predicting the appropriate form
of repair during the newborn period (Simpson and Sharland,
1997).

Inone series of 30 cases of prenatally diagnosed left ven-
tricular dysfunction, an initial appearance of aortic stenosis
evolved over time into complete hypoplastic left heart syn-
drome in five cases (Sharland et al., 1991). There may be a
spectrum of diseases in the fetus, involving primary left ven-
tricular endocardial fibroelastosis, critical aortic stenosis, and
hypoplastic left heart syndrome. Therefore, if screening takes
place early enough, an initial clinical presentation of aortic
stenosis may evolve over time into hypoplastic left heart syn-
drome (Sharland et al., 1991). For this reason, it is important
to evaluate the appearance of the fetal heart whenever obstet-
ric ultrasound examinations are performed in gestation.

MANAGEMENT OF PREGNANCY

Following the prenatal diagnosis of aortic stenosis, careful as-
sessment of the remainder of the fetal anatomy is mandatory
toruleoutassociatedcardiacandnoncardiacabnormalities.A
referral for prenatal consultationwith a pediatric cardiologist
and neonatologist is recommended. Fetal echocardiography
should be performed by an appropriately trained specialist if
it has not already been done, as associated defects that may
also be present include coarctation of the aorta, ventricular
septal defect, and endocardial fibroelastosis. Karyotyping is
also recommended because of the association between aortic
stenosis and chromosomal abnormalities such as Turner syn-
drome. The fetus should bemonitored with serial ultrasound
examinations to detect early signs of congestive heart failure
orhydrops fetalis. If hydropsdevelops, theprognosis isusually
poor, although there are insufficient data at present to rec-
ommend changes in obstetric management. While it may be
reasonable to offer early delivery in the setting of aortic steno-
siswith hydrops, it is as yet unclear if such an interventionwill
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change the already poor fetal prognosis. As described in the
section on fetal intervention, there has been growing interest
in balloon dilation of the aortic valve in utero in an attempt
to improve the in utero natural history of this condition.

In the absence of hydrops, continued sonographic
surveillance is recommended, followed by delivery for stan-
dard obstetric reasons in a tertiary care facility, with the
immediate availability of a pediatric cardiologist and cardio-
thoracic surgeon. Although some pediatric specialists have
recommended elective cesarean delivery in the presence of
critical aortic stenosis (Robertson et al., 1989), there are in-
sufficient data at present to support routine cesarean delivery
in this setting.

FETAL INTERVENTION

Because of the high neonatal mortality rate associated with
critical aortic stenosis, invasive attempts have been made in
utero to correct the underlying valve abnormality. In one case
report, a 16-gauge needle was placed transabdominally at
27 weeks of gestation and then inserted through the apex
of the fetal heart, followed by a balloon catheter, which was
threaded through the left ventricle into the ascending aorta
(Lopes et al., 1996). Inflation of the balloon reportedly im-
provedflow through the aortic valve, resulting in sonographic
resolution of hydrops. The fetus was delivered by cesarean
section but died from recurrent ventricular fibrillation soon
after birth. In another case report, in utero balloon dilation
for aortic stenosis was technically successful in one of two
fetuses, but didnot affect fetal outcome (Maxwell et al., 1991).
One survivor has been described following in utero balloon
dilation of a stenotic aortic valve (Allan et al., 1995).

The largest series of fetal aortic balloon valvuloplasties
described to date has been from the Children’s Hospital of
Boston. In 20 fetuses with severe aortic stenosis and left ven-
tricular dysfunction ranging from 21 to 29 weeks’ gestation,
technically successful aortic valve dilation was achieved in
14 cases (70%) (Tworetzky et al., 2004). Balloon insufflation
with anoversizedballoon seemed toprovidemore reliable de-
greeof aortic regurgitation,with the goal being to improve left
ventricular blood flow, thereby allowing the left ventricle to
grow (Marshall et al., 2005). In their most recently updated
series of 26 attempted valvuloplasties, 4 of 21 (19%) live-
born infants maintained a two-ventricle circulation postna-
tally (Marshall et al., 2005). It is, of course, uncertain whether
these four cases would have had a two-ventricle repair post-
natally if they were managed expectantly. Of note, in almost
50% of their cases maternal laparotomy was required to op-
timize fetal positioning following failed percutaneous access
to the apex of the fetal heart.

The criteria to select appropriate fetal candidates for
in utero intervention are not yet clear, although the pres-
ence of endocardial fibroelastosis may contraindicate inter-
vention. The Boston group has suggested that cases of fetal
aortic stenosis in which significant left ventricular dysfunc-

tion is present in the second trimester and in which retro-
grade flow is noted in the transverse aortic arch may be the
best candidates for consideration for intervention as such
fetuses almost invariably progress to hypoplastic left heart
syndrome (Makikallio et al., 2006). The ethical challenges
with this approach are also significant as potential morbidity
to the mother needs to be balanced against an experimental
procedure in which perhaps only 20% of fetuses gain signifi-
cant benefit. Fetal intervention by means of in utero balloon
dilation should therefore be considered experimental at this
time, and should be limited to situations in which nondi-
rective counseling is provided by a number of independent
specialists in this area.

In addition to balloon dilation, the only other form of
in utero intervention described for aortic stenosis is digoxin
therapy for the mother, which was reported in two cases of
hydrops fetalis secondary to severe aortic stenosis, followed
by postnatal balloon valvuloplasty (Bitar et al., 1997).

TREATMENT OF THE NEWBORN

The initial treatment of newborns with congenital aortic
stenosis involves diagnosing the severity of the condition fol-
lowed by medical stabilization. Postnatal echocardiography
should be performed promptly to confirm the diagnosis, es-
tablish its severity, and rule out other associated cardiac mal-
formations. Echocardiography with Doppler studies should
be sufficient to obtain this information without having to
perform cardiac catheterization (Figure 50-3) (Huhta et al.,
1987).

Medical management of aortic stenosis centers around
stabilizing the infant while awaiting surgical intervention.
Supplemental oxygen therapy, with or without mechanical

Figure 50-3 Color Doppler studies in a newborn with aortic
stenosis, pulmonic atresia, and intact ventricular septum.
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ventilation, correction of metabolic acidosis, maintenance of
normal hematocrit, inotropic support with digoxin, and cau-
tious use of diuretics to alleviate pulmonary edema are all
recommended (Kiel, 1990). Prostaglandin E1 infusion is rec-
ommended to maintain patency of the ductus arteriosus and
improve tissue perfusion (Leoni et al., 1984). Balloon valvu-
loplasty via the umbilical artery may be useful as either a pal-
liative procedure until definitive surgical repair takes place or
as the primary repair procedure (Kiel, 1990).

Definitive therapeutic options for the repair of criti-
cal aortic stenosis include biventricular repair, univentric-
ular repair, or cardiac transplantation. Biventricular repair
involves aortic valvulotomy (either open surgical or percuta-
neous balloon approaches).Univentricular repair is bymeans
of a Norwood-type surgical procedure (anastomosis of the
main pulmonary artery to the aorta followed later by cre-
ation of an atriopulmonary connection). Often within hours
or days of birth the physician must decide which of these
therapeutic options to follow. The presence of multiple small
left heart structures may suggest improved survival following
a Norwood-type repair rather than a valvulotomy (Rhodes
et al., 1991). Aortic valvulotomy may yield better results
when the aortic root measures 5 mm or greater (Turley et al.,
1990).

SURGICAL TREATMENT

Aortic valvulotomy is indicated when congestive heart fail-
ure is present or when the valve area is less than 0.5 cm2 per
square meter. Valvulotomy can be successfully performed via
a closed, percutaneous approach, using a no. 5 Cook balloon
catheter, which avoids the need for open surgery and car-
diopulmonary bypass (Lababidi et al., 1984). In one series of
87 cases, balloon dilation of aortic stenosis is highly success-
ful with a 98% technical success rate of reducing the pressure
gradient across the valve being described (Pedra et al., 2004).
However, repeat intervention may be required in more than
40%of these cases,withmanyrequiring reinterventionwithin
6 months of the original balloon dilation.

Alternatively, an open surgical approach can be per-
formed with the aid of hypothermia and cardiopulmonary
bypass. This approach involves making of commissural in-
cisions in the stenotic valve, relieving stenosis but avoiding
aortic incompetence. The disadvantage of this surgical ap-
proach is the need for cardiopulmonary bypass, which can
significantly add to the morbidity for an already critically ill
infant (Beeman and Hammon, 1990). An alternative surgi-
cal approach involves closed valvulotomy through a median
sternotomy with insertion of a valvulotome through a left
ventricular stab wound. The Norwood-type surgical repair
is described in more detail in the chapter on hypoplastic left
ventricle (see Chapter 48). More detailed description of sur-
gical techniques for repair of congenital aortic stenosis is be-
yond the scope of this textbook, but is readily available in the
literature (Gaynor and Elliott, 1993).

Operative mortality for aortic stenosis typically occurs
within 48 hours of surgery. The operative mortality rate for
corrective surgery has been given as 1.9% for valuvar steno-
sis, 6% for fixed subvalvular stenosis, and 5.5% for dynamic
subvalvular stenosis (Jones et al., 1982). An overall operative
mortality of 9% to 18% has been quoted for valvulotomy in
cases of severe neonatal aortic stenosis (Messina et al., 1984;
Gildein et al., 1996).

LONG-TERM OUTCOME

Without treatment, almost all clinically significant cases of
congenital aortic stenosis result in death. Even when aortic
stenosis is mild at presentation, it may become progressive,
eventually requiring surgery (Kitchener et al., 1993). Later
complications after repair include aortic incompetence or re-
gurgitation and bacterial endocarditis. The long-term mor-
tality rate from aortic stenosis is 23% during the first year of
life and falls to 1.2% during the first two decades, 3% in the
third, 3.5% in the fourth, 6% in the fifth, and 8.5% in the sixth
decade of life (Campbell, 1968). In a more recent series, sur-
vival was 90% at age 10 years and 73% at age 25 years (Elkins
et al., 1997). Twenty-five-year survival for aortic stenosis is
76% (Morris and Menashe, 1991).

Long-term outcomes described from a series of 87 bal-
loon valvuloplasties demonstrated freedom from reinterven-
tion in 86% at 1 year, 67% at 5 years, and 46% at 12 years
(Pedra et al., 2004). Approximately 50% to 70% of neonates
whohad surgical correction of aortic stenosis had satisfactory
results when evaluated 5 to 14 years postoperatively (Jones
et al., 1982). Almost one-third of patients will require repeat
aortic valve repair within 15 to 20 years of the original oper-
ation (Beeman and Hammon, 1990; Gaynor et al., 1995). In
another series, there was a 28% reoperation rate after a me-
dian duration of 8.7 years (Kitchener et al., 1993). A further
5% of patients may require a third operation later in child-
hood for aortic valve stenosis (Wheller et al., 1988). Sudden
deaths comprisemore thanone-third of all late cardiac deaths
for aortic stenosis (Morris and Menashe, 1991). One of the
longest follow-up series of aggressive management of con-
genital aortic stenosis followed 88 cases and reported a 76%
12-year reoperation-free survival (Erentug et al., 2005).

GENETICS AND RECURRENCE RISK

Between 5% and 8% of all cases of congenital heart disease
involve a chromosomal abnormality, usually trisomy 21, and
therefore the recurrence risk is that of the chromosomal de-
fect itself (Hoffman, 1990). Only a minority of cases of con-
genital heart disease (approximately 3%) are inherited in a
classical Mendelian pattern. The dynamic form of subvalvu-
lar aortic stenosis (IHSS orHOCM) ismost often inherited in
an autosomal dominant pattern. Subvalvular aortic stenosis
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may also occur as part of Turner and Noonan syndromes.
Noonan syndrome is inherited as an autosomal dominant
gene, and Turner syndrome is most commonly sporadic. Iso-
lated supravalvular aortic stenosis may be inherited in an au-
tosomal dominant pattern. Supravalvular aortic stenosismay
also occur as part of Williams syndrome, together with de-
velopmental delay and an unusual facies. Williams syndrome
is due to the deletion of one copy of the elastin gene and may
be diagnosed using a fluorescence in situ hybridization probe
that maps to the elastin gene on chromosome 7.

Without a history suggestive of a Mendelian or chro-
mosomal disorder, the recurrence risk for a couple with one
previously affected child with aortic stenosis is 2%. If there
have been two affected children, the risk is 6%. Interestingly,
the chance of having an affected infant if the mother has aor-
tic stenosis is 13% to 18%, but if the father is affected, it is
only 3% (Nora and Nora, 1988).
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51
CHAPTER

Coarctation of the Aorta

Key Points

■ Coarctation of the aorta refers to a congenital
narrowing of the aorta and is relatively common,
accounting for 7% of cases of congenital heart
disease.

■ Prenatal diagnosis is generally possible following
the discovery of asymmetry of the ventricles and
outflow tracts.

■ There is a strong association with chromosomal
abnormalities, particularly Turner syndrome, as
well as other cardiac and extracardiac
malformations.

■ Prenatal diagnosis is critical, as it leads to
significantly improved neonatal morbidity and
mortality.

■ Following prenatal diagnosis, the infant should be
delivered under controlled circumstances with
prompt pediatric cardiology backup and the ability
to start a prostaglandin infusion.

■ Definitive therapy in infancy involves surgical
correction by means of aortic resection and
end-to-end anastomosis, although there is a
growing role for catheter-based therapy with a
combination of balloon dilation and stent
placement.

CONDITION

Coarctation of the aorta refers to narrowing of a segment of
the aorta along the aortic arch, usually near the origin of the
ductus arteriosus (Figure 51-1A and 51-1B). The narrowed
segmentof the aorta canbeof any lengthandcanbepreductal,
juxtaductal, or postductal in location. The area of narrowing
can be caused by a discrete soft tissue shelf, or can be due
to hypoplasia of a segment of the arch, leading to complete
aortic arch interruption. Previously, coarctation was divided
into infantile and adult forms. The infantile form classically
occurred in a preductal location, was associated with other
cardiac malformations, and was more likely to be associated
with neonatal congestive heart failure. The adult form classi-
cally occurred in juxtaductal or postductal locations and was
associatedwithabetterprognosis.Thisdistinctionnowseems
to be imprecise and is of little relevance, with both forms of
coarctation presenting at various ages.

The pathogenesis of coarctation is unclear. It may be
due to a developmental defect of the aortic arch, possibly be-
causeof failureof connectionof the fourthand sixthbranchial
arches to the descending aorta. Another possible mechanism
is the development of abnormal blood flow patterns in utero,

leading todecreasedaortic-archflowand increasedflow in the
pulmonary artery and ductus arteriosus. The consequence of
this imbalance in flow may be the development of relative
hypoplasia of the aortic arch. A third possible mechanism
for the pathogenesis of coarctation is the presence of aber-
rant ductal tissue in the arch, leading to narrowing of the
aortic arch after closure of the ductus (Whitley and Perry,
1990).

Associated cardiac malformations are present in up to
90% of cases of coarctation, including bicuspid aortic valve,
aortic stenosis (seeChapter 50) or insufficiency, septal defects
(seeChapters43and44), transpositionof thegreat vessels (see
Chapter 55), double outlet right ventricle (see Chapter 53),
postnatal patent ductus arteriosus, and truncus arteriosus
(seeChapter54) (Romeroet al., 1988). Inone seriesof 68cases
of prenatally diagnosed coarctation of the aorta, 43% had a
ventricular septal defect, and 15% had a bicuspid aortic valve
(Paladini et al., 2004). Additional noncardiac malformations
are present in 40% of cases (Paladini et al., 2004). A strong
association exists between Turner syndrome and coarctation,
with 10% of Turner syndrome patients being affected (see
Chapter 134). Overall, 35% of cases of aortic coarctation will
have an abnormal karyotype (Paladini et al., 2004).
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A B

Figure 51-1 A. Parasagittal image of a normal aortic arch; B. Parasagittal view of the aortic arch demonstrating nar-
rowing in the distal portion of the transverse arch consistent with coarctation of the aorta.

INCIDENCE

Coarctation of the aorta is present in approximately 2.5 per
1000, or 4 per 10,000, livebirths (Hoffman andKaplan, 2002).
While there is a significant male preponderance for coarcta-
tion in the entire population, there appears to be an equal
incidence in both genders at birth. Coarctation accounts for
up to 8% of all cases of congenital heart disease.

SONOGRAPHIC FINDINGS

Prenatal diagnosis of coarctation of the aorta using ultra-
sound examination is controversial. Some believe that it can-
not be reliably diagnosed prenatally because in most cases
the hemodynamic complications depend on closure of the
ductus. Although it is true that coarctation of the aorta can
be entirely a postnatal event, several series of prenatally diag-
nosedcasesof coarctationhavebeendocumented (Allanet al.,
1988; Sharland et al., 1994). However, in a population-based
study of prenatal diagnosis of congenital heart disease from
Australia, correct identification of coarctation prenatally was
possible in only 26% of cases (Chew et al., 2007). This study
ranked coarctation as the second most difficult form of con-
genital heart disease to accurately diagnose prenatally, after
simple transposition of the great arteries (see Chapter 55).

An increased nuchal translucency measurement may
be an early marker for aortic coarctation (Moselhi and

Thilaganathan, 1996). Pathologic examinationof fetuseswith
increased nuchal translucency thickness has demonstrated a
high prevalence of cardiac defects and abnormalities of the
great arteries. This has been shown in both trisomic and
chromosomally normal fetuses (Hyett et al., 1995, 1996). In
fetuses with trisomy 21, the aortic valve and ascending aorta
are wider than in normal fetuses, while the aortic isthmus
is narrower. In chromosomally normal fetuses, the aorta is
narrowed at both the level of the isthmus and immediately
above the aortic valve.

Later in gestation, prenatal visualization of a shelf or
discrete area of narrowing in the aortic arch is extremely dif-
ficult. However, if there is complete hypoplasia or arch inter-
ruption, Doppler evaluation may demonstrate a disturbance
of flow (Figure 51-2). Prestenotic or poststenotic dilation of
the aortic arch may also be present. Growth curves for the
transverse aortic arch at various gestational ages have been
published, with the suggestion that cases of coarctation are
associatedwithmeasurements at or below the third percentile
(Hornberger et al., 1992). However, no data are available on
the reliabilityor sensitivityof these techniques for theprenatal
diagnosis of coarctation.

Relative enlargement of the right ventricle and pul-
monary artery, when compared with the left ventricle and
aorta, may be more easily detectable signs consistent with
coarctation. The combination of ventricular disproportion
and great vessel disproportion probably represents a more
sensitive marker for coarctation (Rosenthal, 2005). In one
series of prenatally diagnosed dilation of the right ventricle
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Figure 51-2 Color Doppler image of the same fetus showing tur-
bulent flow in distal portion of the transverse aortic arch.

and pulmonary artery, 18 of 24 fetuses had coarctation (Allan
et al., 1988). Doppler visualization of reduced aortic blood
flow was present in most cases of coarctation, but was also
present in some normal fetuses. Discrepancy in the size of
the ventricles, caused by relative hypoplasia of the left heart
structures, has a poor positive predictive value for coarcta-
tion, with the false-positive rate being higher after 34weeks of
gestation (Brown et al., 1997). Overall, 62% of cases of coarc-
tationmay have ventricular discrepancy recognizable on fetal
echocardiograms. The higher false-positive rate at later gesta-
tional agesmay be due to the normal relative increase in right
heart size as gestation advances (Sharland and Allan, 1992).
At present, no prenatal sonographic signs—taken either in-
dividually or in combination—can reliably distinguish true
casesof coarctation fromfalse-positive results (Sharlandet al.,
1994).

DIFFERENTIAL DIAGNOSIS

The main differential diagnosis for isolated coarctation of
the aorta diagnosed prenatally is pulmonic stenosis, which
may also present with a dilated right ventricle. However, in
cases of pulmonic stenosis the pulmonary artery is small or
hypoplastic as compared with the typical dilation of the pul-
monary arterial dilation seen with coarctation. Other cardiac
malformations commonly coexist with coarctation, so their
presence cannot exclude coarctation.

ANTENATAL NATURAL HISTORY

The antenatal course of fetuseswith coarctation of the aorta is
usually benign, since the presence of an open ductus arterio-
sus carries blood supply from the heart to the aorta. However,
in cases of severe coarctation or arch hypoplasia, progressive

dilation of the right ventricle may result in right ventricular
hypertrophy. The antenatal course may also be influenced by
the presence of additional cardiac and noncardiac malfor-
mations, which frequently coexist with coarctation. As preg-
nancy advances, it is possible that isolated coarctation initially
caused by a discrete shelf in early gestation may progress into
complete arch hypoplasia (Allan et al., 1984). The progno-
sis for an individual fetus may therefore change as pregnancy
progresses and thearchabnormality evolves.Congestiveheart
failure may occur early during the newborn period follow-
ing closure of the ductus, especially in infants with an intact
ventricular septum.

In one series of 68 cases of prenatally diagnosed coarc-
tation of the aorta, the only independent predictor of poor
outcome was the coexistence of fetal growth restriction
(Paladini et al., 2004). It appears as if prenataldiagnosisof aor-
tic coarctation confers a significant advantage on the infant.
In one series of 10 cases of prenatally diagnosed cases of aor-
tic coarctation, which were compared with 22 cases in which
the diagnosis was not made until postnatal life, there was
a significant improvement in neonatal mortality and mor-
bidity amongst prenatally diagnosed cases (Franklin et al.,
2002).

MANAGEMENT OF PREGNANCY

If the diagnosis of coarctation is suspected on obstetric ul-
trasound evaluation, fetal echocardiography should be per-
formed by an appropriately trained specialist to confirm the
diagnosis and to evaluate for the presence of additional car-
diacmalformations. In addition, careful sonographic evalua-
tion shouldbeperformed forothernoncardiac abnormalities,
such as diaphragmatic hernia or sonographic signs of Turner
or DiGeorge syndrome. Because of the significant associa-
tion (up to 35%) with chromosomal abnormalities, kary-
otype evaluation should be offered, including fluorescence
in situ hybridization analysis for chromosome 22 deletions
(Paladini et al., 2004). Pediatric cardiology and neonatology
consultations should also be arranged to facilitate neonatal
treatment.

Serial ultrasound evaluation during pregnancy is rec-
ommended because the appearance and severity of the coarc-
tation may change as pregnancy advances. Progressive ob-
struction will be evidenced by increasing right ventricular
dilation with hypertrophy and possibly congestive cardiac
failure. Additionally, the development of fetal growth re-
striction may be an independent marker for poor prognosis
(Paladini et al., 2004). It is rare for coarctation to require
early delivery, as the presence of an open ductus during in-
trauterine life usually delays significant hemodynamic dis-
turbances until after birth. Because there is no absolute indi-
cation for cesarean delivery with coarctation, the mode of
delivery should be dictated by standard obstetric circum-
stances. Delivery should occur at a tertiary care center, with
the immediate availability of a pediatric cardiologist.
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FETAL INTERVENTION

No fetal intervention has been described for isolated coarcta-
tion of the aorta.

TREATMENT OF NEWBORN

Immediate neonatal resuscitation is essential in the manage-
mentof significant aortic coarctation.This is evidencedby the
significantly higher morbidity and mortality amongst cases
of aortic coarctation in which the correct diagnosis is not
made prenatally (Franklin et al., 2002). Medical stability de-
pends on the presence of continued patency of the ductus
arteriosus with a right-to-left shunt supporting systemic per-
fusion. Because hyperventilation and supplemental oxygen
therapy reduce pulmonary vascular resistance, these inter-
ventions may reduce the right-to-left shunt, thereby reduc-
ing systemic perfusion. Supplemental oxygen therapy should
therefore be avoided unless absolutely necessary and, when
used, should be limited to 40% to 60% maximum fractional
inspired oxygen (Fio2).

ProstaglandinE1 infusion shouldbe started tomaintain
patencyof theductus in severe casesof aortic coarctation.This
will improve perfusion of the lower body, increase urinary
output, and improve metabolic acidosis (Whitley and Perry,
1990). Prostaglandin E1 infusion has been shown to improve
surgical survival in left-sided obstructive congenital cardiac
disease (Leoni et al., 1984). Diuresis and inotropic support
with dopamine or dobutamine may be necessary if severe
congestive cardiac failure develops.

Additional treatmentof thenewborn includescomplete
echocardiographic evaluation to confirm the diagnosis, to
evaluate the severity of the coarctation, and to exclude any ad-
ditional coexisting cardiac malformations. The involvement
of a pediatric cardiologist and pediatric cardiac surgeon is
essential.

The definitive neonatal treatment of coarctation is pri-
mary surgical repair. Balloon angioplasty has been advocated
as an alternative to surgical repair, but it is associated with
increased risks of restenosis at the site of coarctation. In one
randomized comparison of balloon dilation with surgical re-
pair of coarctation, subsequent aortic aneurysm occurred in
none of those undergoing surgery, compared with 20% of
those having balloon dilation (Shaddy et al., 1993). Long-
term follow-up of these cases also revealed that significantly
more of the patients who underwent surgery were symptom-
free compared to those having balloon dilation (Cowley et al.,
2005). In addition, since most cases of coarctation present-
ing during the newborn period are complex, or demonstrate
aortic hypoplasia, balloon angioplasty is often not possible
(Whitley and Perry, 1990). Isolated coarctation that is not
symptomaticmaybemanaged expectantly,with close surveil-
lance of Doppler gradients across the area of narrowing or
examination of the femoral pulse.

More recently, the development of endovascular stents
appears to have improved the success of catheter-based in-
terventions for coarctation. Balloon dilation of the area of
coarctation need not be as extensive if a stent can be subse-
quently placed. This has resulted in balloon dilation and stent
placement taking a more prominent first-line role for aortic
coarctation in some centers, especially after the first year of
life (Rosenthal, 2005; Wong et al., 2008).

SURGICAL TREATMENT

Surgical repair of symptomatic isolated coarctation of the
aorta is generally delayed until at least 6months of age, unless
there is complete interruption of the aortic arch, which re-
quires urgent correction (Beeman and Hammon, 1990). The
presence of poorperipheral perfusionor congestive heart fail-
ure refractory to initial medical therapy may prompt earlier
primary surgical repair. The timing of surgery also depends
on the diagnosis of additional cardiac malformations, with
the presence of a coexisting ventricular septal defect often
considered an indication for immediate operation.

The most common surgical procedure used to repair
isolated coarctation of the aorta is resection with an end-to-
end anastomosis (Rosenthal, 2005; Abbruzzese and Aidala,
2007). Alternative surgical approaches include subclavian
flap aortoplasty, and patching with a Dacron or pericardial
patch (Beeman andHammon, 1990; Rosenthal, 2005). These
approaches are generally performed through a left thoraco-
tomy. The main complications associated with patch repairs
and subclavian flap aortoplasty are aneurysm formations at
the flap site and weakening of the left arm with subclavian
steal symptoms, respectively. For cases of aortic arch inter-
ruption, direct end-to-end anastomosis of the two aortic ends
is performed using an endogenous vessel or graft.

Operative mortality for primary repair of isolated
coarctation is less than 5% and probably approaches zero
(Beeman and Hammon, 1990; Rosenthal, 2005). Mortality
increases with the presence of additional complex cardiac
malformations and the presence of medical complications
such as congestive heart failure, metabolic acidosis, and pro-
longed preoperative ventilation.

LONG-TERM OUTCOME

Long-term survival after coarctation of the aorta depends on
thepresenceof additional cardiacmalformations. For isolated
coarctation, 92% of patients are alive 15 years after repair, as
compared with 81%with coexisting ventricular septal defect;
41% are alive at 3 years with more complex cardiac malfor-
mations (Kirklin and Barratt-Boyes, 1986). Survival 25 years
after repair has been estimated at 79% of affected individuals
(Morris and Menashe, 1991). Restenosis at the site of coarc-
tation repair may occur in up to 50% of cases, depending on
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the type of correction (Beekman et al., 1981). However, some
centers have reported extremely low rates of recurrence of the
coarctation following subclavian flap aortoplasty (Moulton
et al., 1984). Aortic stenosis may also occur in up to 7% of
cases following repair in infancy (Kirklin and Barratt-Boyes,
1986). Additionally, as many as 70% of survivors face long-
term problems with chronic hypertension (Rosenthal, 2005).
Other long-term problems include aortic dilation, dissection
and rupture, which may occur in up to 16% of survivors
(Oliver et al., 2004).

GENETICS AND RECURRENCE RISK

There is a strongassociationbetweenTurner syndrome(45,X)
and coarctation of the aorta, with 10% of patients with this
syndrome also having coarctation. The occurrence of Turner
syndrome is generally sporadic (see Chapter 134). In addi-
tion, coarctation has been described as part of the DiGeorge
sequence (see Chapter 139). Inheritance patterns for most
cases of coarctation of the aorta are considered polygenic.
Estimates of recurrence risk for children with one parent di-
agnosed with coarctation range from 2.7% to 4.4%. The re-
currence risk for siblings of an affected child is 2% (Nora
and Nora, 1988; Whitley and Perry, 1990). The recurrence
risk if two siblings are affected is 6% (Nora and Nora, 1988).
At least one familial cluster of coarctation of the aorta, pos-
sibly consistent with autosomal dominant inheritance, has
also been described (Gerboni et al., 1993). In this family, four
members of three generations had mild or severe coarcta-
tion of the aorta, either isolated or in association with other
congenital heart defects. Prenatal diagnosis was successfully
performed in this family using fetal echocardiography, which
at 26 weeks of gestation demonstrated severe narrowing of
the aortic isthmus and hypoplastic left heart.
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52
CHAPTER

Tetralogy of Fallot

Key Points

■ Tetralogy of Fallot is a complex congenital cardiac
malformation consisting of varying degrees of
right ventricular outflow tract obstruction,
ventricular septal defect, overriding aorta and right
ventricular hypertrophy (although the latter is
generally not present in fetal life).

■ Prenatal diagnosis generally requires careful
evaluation of cardiac outflow tracts, including
discontinuity between ventricular septum and
aortic outflow, as well as a relatively small
pulmonary outflow.

■ Testing for fetal karyotype and 22q11 deletion is
recommended.

■ Infants should be delivered in a controlled setting
with ability to provide prostaglandin infusion and
prompt pediatric cardiology availability.

■ While initial palliation with a
systemic-to-pulmonary arterial shunt may be
required, many centers today perform definitive
complete surgical correction within the first
6 months of life.

CONDITION

Tetralogy of Fallot is a cardiacmalformation comprising ven-
tricular septal defect (VSD), right ventricular outflow tract
obstruction, aorta overriding the interventricular septum,
and right ventricular hypertrophy. This malformation pre-
sumably occurs because of unequal division of the conotrun-
cus or incorrect alignment of the ascending aorta during
embryogenesis (Romero et al., 1988). A wide spectrum of
severity exists for this condition, ranging from mild right
ventricular outflow tract obstruction to complete pulmonary
atresia, and aortic override ranging from minimal to 75%
(Pinsky and Arciniegas, 1990). In addition, the hypoplasia
may involve simply the infundibulumof the right ventricle or
it may also involve the pulmonary valve or pulmonary arter-
ies. Tetralogy may therefore also include pulmonary stenosis,
pulmonary atresia or absent pulmonary valve, with this de-
gree of right ventricular tract obstruction determining the
amount of right-to-left shunting and cyanosis in infancy
(Bashore, 2007).Approximately3%to6%ofall casesof tetral-
ogy will present with absent pulmonary valve (Shinebourne
et al., 2006). TheVSD ismost often in a superior or perimem-
branous location, and it is usually large and nonrestrictive.
The diameter of the aortic root is generally inversely pro-
portional to that of the pulmonary artery, so that in cases
of pulmonary atresia the aorta is very wide, with more than

50%committed to the right ventricle (GrahamandGutgesell,
1990).

In general, tetralogy of Fallot does not cause signif-
icant intrauterine hemodynamic compromise for the fetus
because of similarities in the pressure between the systemic
andpulmonary circulations. Right ventricular hypertrophy is
thereforeusuallynot seenuntil afterbirth. Incasesof tetralogy
with complete absence of the pulmonary valve, significant re-
gurgitation may cause congestive cardiac failure in utero and
ultimately, hydrops (Romero et al., 1988). Following birth,
the closure of the ductus arteriosus, together with the nar-
rowed right ventricular outflow tract, results in development
of a significant right-to-left shunt. This leads to blood flow
bypassing the pulmonary bed, resulting in hypoxemia in the
systemic circulation. Because the right ventricular outflow-
tract obstruction is fixed, the degree of right-to-left shunt is
almost entirely dependent on the systemic vascular resistance
(Graham andGutgesell, 1990). In times of low systemic resis-
tance, such as during exercise, fever, or following feeding, the
right-to-left shunt becomesmorepronounced,which leads to
cyanotic spells in the child.These canbe treatedbyknee–chest
positioning and by the use of peripheral vasoconstrictors.

Additional abnormalities that may coexist with tetral-
ogy of Fallot include chromosomal abnormalities (such as
trisomies 13, 18, and 21), syndromes (such as velocardio-
facial), and associations (such as CHARGE and VATER)
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(Sanders et al., 1996). In one series, 3 of 6 cases (50%) of
prenatally diagnosed tetralogy were associated with trisomy
18 (Crawford et al., 1988). In another series of prenatally
diagnosed cardiac malformations, 3 of the 18 fetuses (17%)
with tetralogy andknownkaryotype had trisomy13 (Paladini
et al., 1996). In a series of 138 liveborn infants with tetral-
ogy, 17 (12%) had chromosomal abnormalities (Ferencz
et al., 1987).

INCIDENCE

Tetralogy of Fallot is one of the most common congenital
cardiacmalformations, occurring in approximately 2 to 3 per
10,000 livebirths (Hoffman andKaplan, 2002). It accounts for
5% to10%of congenital cardiac defects diagnosed in liveborn
infants (Fyler et al., 1980; Ferencz et al., 1987).

SONOGRAPHIC FINDINGS

Because right ventricular hypertrophy does not generally de-
velop in utero and visualization of fetal right ventricular
outflow tract obstruction is difficult, the prenatal diagnosis
of tetralogy of Fallot relies on the demonstration of the aortic
outflow tract overriding aVSD at the interventricular septum
(Figures 52-1 and 52-2) (Romero et al., 1988). The demon-
stration of a VSD with overriding aorta may be performed
as early as 14 weeks of gestation with the aid of transvaginal
sonography (Bronshtein et al., 1990). Because of the difficul-
ties in visualizing small perimembranous VSDs with prena-
tal sonography, the diagnosis of tetralogy may be missed on

Figure 52-1 Four-chamber view demonstrating a ventricular
septal defect in a fetus with tetralogy of Fallot.

Figure 52-2 Axial image through the chest of a fetus with tetral-
ogy of Fallot. Note the aorta overriding the ventricular septal
defect.

a standard four-chamber view of the heart. This emphasizes
the importance of careful visualization of the cardiac outflow
tracts during prenatal sonography (Shinebourne et al., 2006).
In one series of 22 fetuses with tetralogy, the four-chamber
view was abnormal in only 1 case (Paladini et al., 1996). The
VSD is best imaged by a demonstration of discontinuity be-
tween the interventricular septumand theaorticoutflowtract
in the left parasternal long-axis view rather than by a stan-
dard four-chamber cardiac view (DeVore et al., 1988). Color
Doppler sonography may also be helpful in demonstrating
flow from the right ventricle, across the VSD, and into a di-
lated aortic root (Anderson et al., 1994).

Additional features that may assist in the prenatal diag-
nosis of tetralogy include the right ventricle being slightly
larger than the left, a relatively small pulmonary artery
(Figure 52-3), a dilated aortic root, and axis deviation
(Sanders et al., 1996). In fetuses with tetralogy, the aortic-
root diameter is increased as compared with other biomet-
ric parameters, such as the biventricular diameter (DeVore
et al., 1988). However, the presence of a normal pulmonary
artery:aorta ratiodoesnotexclude tetralogy; inmanycases the
pulmonary artery narrowingmay not become apparent until
late in gestation (Lee et al., 1995). In some cases of tetralogy
with absence of the pulmonary valve, the pulmonary outflow
tract may even appear massively dilated (Liang et al., 1997).
Polyhydramniosmay also be present in cases of tetralogywith
absent pulmonary valve, as the massively dilated pulmonary
artery may cause tracheobronchial and esophageal compres-
sion that lead to impaired fetal swallowing and an increase in
amniotic fluid volume (Callan and Kan, 1991).

The usefulness of screening ultrasonography for pre-
natal detection of tetralogy is unclear. In one study, 13 of
the 20 cases (65%) of tetralogy were detected prenatally
when careful screening obstetric sonography was performed
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Figure 52-3 Narrow right ventricular outflow tract in a fetus with
tetralogy of Fallot.

(Kirk et al., 1997). By contrast, in another study only 9 of
66 cases (14%) of tetralogy were detected using fetal echocar-
diography (Montana et al., 1996). In a population-based
screening study from Australia, the prenatal detection rate
for tetralogy was 43% (Chew et al., 2007).

DIFFERENTIAL DIAGNOSIS

Cardiac malformations that should be included in the dif-
ferential diagnosis of tetralogy of Fallot include pulmonary
atresia with a VSD (see Chapter 49), truncus arteriosus (see
Chapter 54), and double outlet right ventricle (see Chapter
53). Doppler echocardiographymay be helpful in confirming
the presence of pulmonary atresia as opposed to narrowing
of the right ventricular outflow tract, which is more typically
seen with tetralogy. The differentiation of truncus arterio-
sus from tetralogy with coexisting pulmonary atresia is very
difficult, with both having almost identical antenatal sono-
graphic appearances. Visualization ofmore than three leaflets
in a truncal valve may help differentiate these two conditions
(see Chapter 54). It may be necessary to base differentiation
of tetralogy from some cases of double outlet right ventricle
solely on the relative area of the aortic outflow tract that arises
from the right ventricle (see Chapter 53).

ANTENATAL NATURAL HISTORY

In general, since the pressures in the pulmonary and systemic
circulations are similar, tetralogy of Fallot does not cause in-
trauterine hemodynamic instability. Given that right- and
left-sided afterloads are similar, ventricular hypertrophy gen-

erally does not occur in the prenatal period (Shinebourne
et al., 2006). An exception would be tetralogy with absent
pulmonary valve, in which significant regurgitationmay lead
to hydrops (Romero et al., 1988). In addition, if amajor chro-
mosomal abnormality is also present, such as trisomy 13 or
18, there will be a considerably increased risk of intrauter-
ine death. As a general rule, the antenatal natural history
of isolated tetralogy of Fallot is relatively uneventful. How-
ever, there have been reports of progression of the degree
of pulmonary stenosis associated with tetralogy as gestation
progresses, which would suggest that fetuses diagnosed with
tetralogy should be followed serially as pregnancy continues
(Hornberger et al., 1995).

In one series of 22 cases of prenatally diagnosed tetral-
ogy of Fallot, 9 pregnancies (41%) were terminated, no cases
resulted in intrauterinedeath, 6 infants (27%)diedduring the
neonatal period, and 7 infants (32%) survived (Paladini et al.,
1996). In another series of 11 cases of prenatally diagnosed
tetralogy, 2 pregnancies (18%) were terminated, no cases
resulted in intrauterine death, 6 infants (55%) died during
the postnatal period, and 3 infants (27%) survived (Smythe
et al., 1992).

MANAGEMENT OF PREGNANCY

Following prenatal diagnosis of tetralogy of Fallot, a care-
ful fetal echocardiogram is recommended to exclude ad-
ditional complex cardiac malformations, such as absence
of the pulmonary valve, which is seen in 3% to 6% of
cases (Shinebourne et al., 2006). In addition, a detailed fe-
tal anatomic survey is recommended to exclude extracar-
diac malformations. In particular, malformations associated
with themajor autosomal trisomies,DiGeorge syndrome (see
Chapter 139), and VATER should be excluded (Sanders et al.,
1996).

Invasive fetal testing for karyotype analysis is recom-
mended following the prenatal diagnosis of tetralogy, because
in reported series the incidence of chromosomal abnormali-
ties ranges from 12% to 50% (Ferencz et al., 1987; Crawford
et al., 1988). If a karyotype is performed, additional fluores-
cence in situ hybridization (FISH) studies for chromosome
22q11microdeletions that comprise the DiGeorge syndrome
(see Chapter 139) should also be performed (Trainer et al.,
1996). Referrals for prenatal consultationwith apediatric car-
diologist and cardiothoracic surgeon are also recommended.

If the diagnosis is made before fetal viability, termina-
tionofpregnancymaybeofferedbecauseof theneonatalmor-
tality and surgicalmorbidity associatedwith this condition. If
expectant management is desired, sonographic surveillance
to confirm appropriate fetal growth and to evaluate for the
development of fetal hydrops is recommended, especially if
additional cardiac malformations such as absence of the pul-
monary valve are present. If fetal hydrops occurs, the prog-
nosis is poor; the optimal management of such pregnancies
is unknown. Delivery should occur at a tertiary care center,
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with the immediate availability of a neonatologist, pediatric
cardiologist, and cardiothoracic surgeon. There is no indica-
tion to alter the timing or method of delivery based on the
prenatal diagnosis of tetralogy of Fallot.

FETAL INTERVENTION

No fetal intervention has been described for tetralogy of
Fallot.

TREATMENT OF THE NEWBORN

Initial clinical presentation of neonates with tetralogy is quite
variable. The presence of cyanosis in a newborn with tetral-
ogy suggests that significant right ventricular outflow tract
obstruction is present. In such cases, or if there is any other
reason to suspect ductal dependence, prostaglandin E1 in-
fusion should be started to maintain patency of the ductus
arteriosus. The infant should be transported to a neonatal
intensive care unit as soon as possible.

Consultation with a pediatric cardiologist should be
obtained promptly and echocardiography performed to con-
firm the prenatal diagnosis and to exclude additional cardiac
malformations. The degree of pulmonary arterial obstruc-
tion should be assessed, which may require the use of cardiac
catheterization. Cardiac catheterization is useful in delineat-
ing the anatomy of the coronary arteries, the degree of pul-
monary artery narrowing, the anatomy of the pulmonary
arterial branches and aorta, and the extent of the VSD
(GrahamandGutgesell, 1990). Furthermedicalmanagement
in the neonatal intensive care unit will include maintenance
of adequate oxygenation and treatment of metabolic acido-
sis and congestive heart failure. If assisted ventilation, oxy-
gen supplementation, and prostaglandin E1 infusion cannot
maintain adequate oxygenation, consultation with a pedi-
atric cardiothoracic surgeon should be obtained to decide on
timing and method of surgical intervention, such as a pal-
liative shunt procedure or definitive repair (Sanders et al.,
1996). Optimal age for complete surgical correction of tetral-
ogyhasbeen falling and isnowconsidered tobebetween3and
12 months of age, but is individualized in all cases
(Shinebourne et al., 2006).

Some neonates with tetralogy of Fallot do not have
significant cyanosis, may have minimal right ventricular
outflow tract obstruction, and may not be dependent on a
patent ductus arteriosus. Such infants generally do not re-
quire prostaglandin E1 infusion, provided they can main-
tain adequate oxygenation, even after spontaneous closure of
the ductus arteriosus. In such cases, cyanosis may only be
visible intermittently, for example after crying (Shinebourne
et al., 2006). Eventually however, all children with tetralogy
will present with “tet spells” as the degree of pulmonary vas-
cular resistance increases leading to a significant right-to-left

shunt. In such mild cases, cardiac catheterization can gener-
ally be delayed until 3 to 6months of age, with surgical repair
planned for soon after onset of symptoms or electively at
18 to 24 months of age (Pinsky and Arciniegas, 1990). How-
ever, in more than 70% of infants with tetralogy, symptoms
sufficient to warrant surgical intervention develop within the
first year of life (Castaneda and Jonas, 1990).

SURGICAL TREATMENT

Debate still exists on the timing of surgical repair for tetral-
ogy of Fallot and the role of palliative shunting procedures
prior todefinitive correction. Infantswith isolated tetralogyof
Fallot and favorable anatomy generally receive complete pri-
mary repair soon after the onset of symptoms or within the
first year of life. Infants with more complex tetralogy, such
as hypoplasia of the pulmonary arteries or anomalous coro-
nary arterial anatomy, are initially treated with a systemic-to-
pulmonary shunt followed by final repair at 18 to 24 months
of age (PinskyandArciniegas, 1990;DerbyandPizarro, 2005).
As surgical techniques advance, the age atwhich completepri-
mary repair is performed continues to decrease (Castaneda
and Jonas, 1990).

Primary repair of tetralogy of Fallot requires car-
diopulmonary bypass and a median sternotomy approach
(Castaneda and Jonas, 1990). The infundibulum of the right
ventricular outflow tract is incised, and the incision is carried
up to the bifurcation of the pulmonary artery. Thickened
or dysplastic pulmonary valve leaflets are usually excised. A
Dacron patch is used to close the VSD and a patch of peri-
cardium isused to augment the right ventricular outflow tract
and pulmonary artery. If a patent foramen ovale or patent
ductus arteriosus is present, these are also closed at this time.
For the few patients who are not candidates for complete pri-
mary repair, the most commonly performed palliative pro-
cedure is a Blalock–Taussig systemic-to-pulmonary shunt, in
which the subclavian artery is anastomosed to the pulmonary
artery.

Theoperativemortality rate forprimaryrepairof tetral-
ogy of Fallot during infancy has improved, with mortality
quoted as 14% in 1979 but subsequently improved to as
low as 3% more recently (Tucker et al., 1979; Touati et al.,
1990; Bashore, 2007). At one center, of 467 infants who un-
derwent surgery for tetralogy of Fallot, there were only 16
(3.4%) early postoperative deaths (Pinsky and Arciniegas,
1990). In another series of 366 infants who had complete cor-
rection of tetralogy, one center reported an operative mortal-
ity rate of only 0.5% when using a 6- to 8-kg weight cutoff
for surgical eligibility (Karl et al., 1992). Recent national out-
come data from the United Kingdom suggests a 97% survival
rate 1 year postoperatively (Shinebourne et al., 2006). Oper-
ative mortality now appears to be most affected by the pres-
ence of complex cardiac anatomy or an abnormal metabolic
state, rather than infant age or weight (Castaneda and Jonas,
1990).
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LONG-TERM OUTCOME

A study of the long-term outcome of 163 patients who sur-
vived complete repair of tetralogy of Fallot demonstrated a
90% 30-year actuarial survival rate, with 94% of survivors
being in either New York Heart Association functional class
I or II (Murphy et al., 1993). However, up to 12% of patients
who survive surgical correction may have unsatisfactory re-
sults, and reoperationmay be required for thosewith residual
right ventricular outflow tract obstruction or residual VSD
(Pinsky and Arciniegas, 1990). Other long-term compli-
cations include the development of pulmonary valve in-
sufficiency and arrhythmias, possibly leading to sudden
death.

GENETICS AND RECURRENCE RISK

Tetralogy of Fallot has been described with velocardiofa-
cial syndrome, DiGeorge syndrome (see Chapter 139), and
the VATER associations (Sanders et al., 1996). In addition,
tetralogy has been described with trisomies 13, 18, and 21.
Chromosome 22q11 microdeletions that are seen as part of
theDiGeorge syndromehavebeennoted inmany infantswith
tetralogy, being present in 21% of infants with tetralogy in
one series (Trainer et al., 1996).

The recurrence risk for tetralogy of Fallot is 2.5% if one
previous sibling has been affected and increases to 8% if two
previous siblings have been affected (Nora andNora, 1988). If
themother has tetralogy, the recurrence risk for her offspring
is 2.5%. If the father is affected, the recurrence risk for his
offspring is 1.5% (Nora and Nora, 1988).
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53
CHAPTER

Double Outlet
Right Ventricle

Key Points

■ Double outlet right ventricle (DORV) is a complex
cardiac malformation in which the majority of both
pulmonary and aortic trunks arise from the right
ventricle, typically coexisting with a VSD.

■ While DORV represents a heterogeneous group of
abnormalities with various classification systems, a
combined anatomic-surgical classification system
is now used as it predicts optimal surgical
intervention.

■ Prenatal diagnosis depends on accurate
delineation of the outflow tract paths, including
localizing the VSD.

■ The majority of cases have associated cardiac
malformations, abnormalities of organ situs, or
chromosomal abnormalities.

■ Because of the variable clinical presentation at
birth, delivery should occur in controlled
circumstances at a center with pediatric cardiology
backup available, and the ability to begin a
prostaglandin infusion.

■ Definitive surgical correction should occur during
the first year of life, with most cases achieving a
biventricular repair using an intraventricular
tunnel.

CONDITION

Double outlet right ventricle (DORV) refers to a congenital
cardiacmalformation in whichmost of the pulmonary artery
and the aorta arise from the right ventricle, one subtype of
which is known as the Taussig–Bing heart. Such an abnor-
mality is generally compatible with life only when there is
an additional malformation that allows blood flow from one
side of the heart to the other, most commonly a ventricular
septal defect (VSD).

Attempts have been made to define the malformation
basedon the relativeareaof eachoutflowtract arising fromthe
rightventricle,withananatomic thresholdof50%beingused.
The surgical definition of DORV requires that at least 90% of
theareaof theoutflowtracts arise fromthe right ventricle.The
most commonly used definition requires one great artery to
arise fully over the right ventricle and at least 50%of the other
great artery to also originate from the right ventricle (Aoki
et al., 1994).Therefore, casesof tetralogyofFallot (seeChapter
52) in which the majority of the aortic outflow tract arises
from the right ventricle could also be defined as DORV. Such
anomalies may arise because of arrest of normal rotation of
the outflow tracts (Bostrom and Hutchins, 1988). DORV has
also been classified based on the relationship of the outflow
tracts. The most common is where the aortic outflow tract

is situated posterior to the pulmonary outflow tract, each
spiraling around the other as they exit the heart (Romero
et al., 1988). The Taussig–Bing heart is a subtype of DORV
in which the aortic outflow tract ascends posterior to the
pulmonary outflow tract in a parallel fashion. In the third
type of DORV, the aortic outflow tract ascends anterior to
the pulmonary outflow tract in a parallel fashion. DORVmay
also be classified based on the location of the VSD, either
subaortic or subpulmonary; in the Taussig–Bing heart the
VSD is subpulmonary (Bashore, 2007).

Because of this confusion in classification of DORV
anatomically, the Society of Thoracic Surgeons (STS) and the
European Association of Cardiothoracic Surgery (EACTS)
have agreed a new classification system based on clinical pre-
sentation and surgical management (Walters et al., 2000).
The four types are: (1) VSD-type, (2) tetralogy of Fallot-type,
(3) transposition of great arteries-type (Taussig–Bing), and
(4) DORV with noncommitted VSD. Patients with a subaor-
tic VSD present clinically very similar to tetralogy of Fallot
(Bashore, 2007).

Additional cardiac malformations are almost always
present, with the most common being a VSD. Other
coexisting cardiac malformations include atrial septal defect,
atrioventricular canal defect, pulmonary stenosis, coarcta-
tion of the aorta, and anomalous venous return. Noncardiac
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malformations may also be present, including chromosomal
abnormalities, such as trisomy 18 or 13, tracheoesophageal
fistula, cardiosplenic syndrome, and orofacial clefting (Rowe
et al., 1981; Wladimiroff et al., 1989; Kim et al., 2006).

INCIDENCE

DORV is rare and accounts for approximately 1% of all con-
genital cardiac malformations. However, this incidence may
be higher if cases of tetralogy of Fallot that can also be de-
fined asDORVare included. In onemulticenter series,DORV
accounted for 4.1% of all cases of prenatally diagnosed con-
genital heart disease (Paladini et al., 1996). The presence of
pre-existing maternal diabetes mellitus seems to be a signifi-
cant risk factor for the development of DORV, with an odds
ratio of 21.3 (Ferencz et al., 1990). The incidence of DORV
is approximately 1 to 2 per 10,000 livebirths (Hoffman and
Kaplan, 2002).

SONOGRAPHIC FINDINGS

Definitive prenatal sonographic diagnosis of DORV is diffi-
cult, as successful prenatal diagnosis requires careful exami-
nation of both the four-chamber view and the outflow tracts.
On the four-chamber view, a VSD is almost always present,
either in a subpulmonary or a subaortic location. In DORV,
both outflow tracts are visible arising from the right ventricle
and are often in a side-by-side, or parallel position (Figures
53-1 to 53-3) (Stewart et al., 1985).

Figure 53-1 Prenatal sonographic image from a fetus with
DORV, demonstrating parallel outflow tracts emanating from the
right ventricle. RV = right ventricle; OT = outflow tract.

Figure 53-2 Subxiphoid long-axis transthoracic echocardio-
graphic view of an infant with a variant of DORV. Both great
vessels arise from the right ventricle in a side-by-side arrange-
ment. RA = right atrium; LV = left ventricle; RV = right ventricle;
Ao = aorta. (Image courtesy of Dr. Jonathan Rhodes.)

In one series of 24 fetuses with parallel outflow tracts,
7 were found to have transposition of the great arteries, while
the remaining 17 had DORV (Allan, 1997). In that series,
most of the mothers were referred for fetal echocardiogra-
phy because of an initial abnormal four-chamber cardiac
view. In another series, 13 cases of DORV were correctly di-
agnosed by fetal echocardiography, 5 of which had an ab-
normal four-chamber cardiac view (Paladini et al., 1996).
A transverse three-vessel view through the upper fetal me-
diastinum, demonstrating the main pulmonary artery, as-
cending aorta, and superior vena cava, may also be helpful
in diagnosing DORV (Yoo et al., 1997). In a population-
based study from Australia, 54 of 73 (74%) cases of DORV
were correctly identified prenatally (Chew et al., 2007).When
DORVis suspectedprenatally, thediagnosiswill subsequently
be proven correct in approximately 75% of cases (Gelehrter
et al., 2007). It appears clear, therefore, thatmaximal prenatal
detection of DORV requires careful visualization of both the
four-chamber view and the cardiac outflow tracts.

DIFFERENTIAL DIAGNOSIS

Because DORV is almost always associated with additional
cardiac malformations, a final diagnosis is often not possi-
ble until postnatal life. The prenatal sonographic appearance
of DORV can be similar to that of tetralogy of Fallot (see
Chapter 52) and transposition of the great arteries with a
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Figure 53-3 A. Four-chamber view demonstrating apparently nor-
mal cardiac anatomy in a fetus with double outlet right ventri-
cle with transposition of the great arteries; B. Parallel outflow
tracts both arising from the anterior right ventricle; C. Bifurcation
of the pulmonary artery the posterior great vessel in this fetus
with double outlet right ventricle and transposition of the great
arteries.

coexisting VSD (see Chapter 55). Indeed, the differentiation
of some cases of DORV and tetralogy of Fallot may be based
solely on the relative area of the aortic outflow tract that arises
from the right ventricle. The appearance of parallel great ar-
teries, which is present in some subtypes of DORV, may aid
in differentiation from tetralogy of Fallot, but does not help
to differentiate from transposition of the great arteries.

ANTENATAL NATURAL HISTORY

The antenatal natural history of DORV depends on the pres-
ence andnature of any additional cardiac or extracardiacmal-
formations. For isolated DORV with a VSD, in utero devel-
opment should be normal, and should not lead to congestive
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heart failure. In postnatal life, however, congestive heart fail-
ure may develop because the right ventricle provides both
pulmonary and systemic circulation. In cases of DORV with
pulmonary stenosis, in utero cardiac failure and hydropsmay
develop, but this is much more likely to occur during post-
natal life as the ductus arteriosus closes.

In a series of 13 cases of DORV diagnosed prenatally, 7
resulted in elective termination of pregnancy, 3 in intrauter-
ine fetal death, and 3 in liveborn neonates (Paladini et al.,
1996). There were 5 cases of chromosomal abnormalities in
this series, 4 of which were trisomy 18 and 1 trisomy 16. Of
the 3 cases of intrauterine death, one fetus had extracardiac
malformations in addition to trisomy 18. In a series of 24
fetuses with parallel great vessels, 17 of which had DORV,
22 had additional cardiac malformations, 8 had extracardiac
anomalies, and 1 had trisomy 18 (Allan, 1997). This series
resulted in 6 terminations of pregnancy, 1 intrauterine fetal
death, and 17 liveborn neonates, 15 of whom required early
surgical intervention. More recently, in a series of 19 cases
of prenatally diagnosed DORV, 3 were terminated and the
16 remaining cases resulted in livebirths (Kim et al., 2006).
Among the 14 cases in which postnatal follow-up was avail-
able, all but 1 had additional cardiac malformations, and
8 had extracardiac malformations (including 2 cases of ane-
uploidy).

MANAGEMENT OF PREGNANCY

Following prenatal sonographic detection of DORV, fetal
echocardiography should be performed to confirm the di-
agnosis and assess for additional cardiac malformations. In
addition, a careful sonographic evaluation of extracardiac fe-
tal anatomy is required to exclude orofacial clefting, tracheo-
esophageal fistula, and cardiosplenic syndrome. In a series of
19 cases of prenatally diagnosed DORV there were 4 cases of
atrial isomerism, one case of situs inversus, andone case of as-
plenia (Kimet al., 2006). Because up to 40%of cases ofDORV
will have a chromosomal abnormality, most commonly tri-
somies 18 and 13, fetal karyotyping should also be offered.
Careful genetic counseling is required to provide parentswith
a complete set of options for management of the pregnancy.
Prenatal consultations with a neonatologist, geneticist, pedi-
atric cardiologist, and pediatric cardiac surgeon are recom-
mended to ensure timely and appropriate treatment during
the newborn period.

In the absence of hydrops, there is no indication to alter
management of the pregnancy, timing of delivery, or mode
of delivery. Serial sonographic assessment to confirm appro-
priate fetal growth and absence of hydrops is recommended.
The optimal management of the fetus with congenital heart
disease and secondary hydrops fetalis is unclear. Mortality in
such cases is usually very high (Kleinman et al., 1982), and it
is uncertain if either early delivery or cesarean delivery will
change the outcome. Delivery should occur in a tertiary care
center, with the immediate availability of a pediatric cardiol-
ogist and pediatric cardiac surgeon.

FETAL INTERVENTION

No data on fetal intervention for DORV are available.

TREATMENT OF NEWBORN

Initial care of the newborn with DORV depends on the pres-
ence of additional cardiac or extracardiacmalformations. For
example, if significant pulmonary stenosis is also present, a
duct-dependent situationmay exist, and the infantmaybene-
fit fromprostaglandin infusion tomaintain the patency of the
ductus arteriosus (Allan, 1997). In addition, initial treatment
requires prompt postnatal evaluation by a pediatric cardiolo-
gist, with echocardiography to confirm the prenatal diagnosis
and to assess for the presence of additional cardiac malfor-
mations.

The presence of a VSD should be categorized accord-
ing to the STS-EACTS classification described earlier as this
system suggests the optimal surgical approach (Walters et al.,
2000; Artrip et al., 2006). Coronary artery anatomy should be
defined, and tricuspid to pulmonary valve annular distance
should be measured, as these have implications for surgi-
cal repair (Sakata et al., 1988). The treatment of the new-
born with DORV requires early surgical intervention, which
today usually involves a single primary repair procedure
rather than an initial palliative procedure (Tchervenkov et al.,
1995).

SURGICAL TREATMENT

Contemporary data on operative mortality and reoperation
rates suggest that repair of DORV should be performed early
in infancy, thereby avoiding the need for additional pallia-
tion procedures (Aoki et al., 1994; Tchervenkov et al., 1995).
The main principles behind surgical repair of DORV are to
achieve an anatomic biventricular repair by connecting the
left ventricle to the systemic circulation and to repair all as-
sociated cardiac lesions simultaneously (Tchervenkov et al.,
1995; Walters et al., 2000).

Preoperative echocardiographic evaluation is crucial in
planning the surgical approach toDORV.When the tricuspid
to pulmonary valve annular distance is greater than the di-
ameter of the aortic annulus, intraventricular rerouting is the
surgical procedure of choice in the repair of DORVwith a co-
existing VSD, particularly if the VSD is subaortic in location
(Aoki et al., 1994). With this procedure, an intraventricular
tunnel is created to take blood flow directly from the VSD to
the aortic outflow tract, while maintaining the pre-existing
continuity of flow from the right ventricle to pulmonary out-
flow tract (Kirklin et al., 1964; Walters et al., 2000). A right
ventricular outflow patch may be required to direct blood
flow appropriately.

When the tricuspid to pulmonary valve annular dis-
tance is small, or if the anatomy otherwise prevents an intra-
ventricular reroutingprocedure, other surgical techniques are
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performed, such as an arterial switch procedure, with blood
flow taken directly from the VSD to the pulmonary outflow
tract. If significant pulmonary stenosis is also present, or if
coronary artery anatomy is abnormal, a conduit procedure
may be needed, in which blood flow is directed from the VSD
to the aortic outflow tract and a conduit is placed to channel
blood flow from the right ventricle to the pulmonary artery
(Rastelli-type procedure).

Immediate operative mortality following repair of
DORVranges from8%to11%(Aoki et al., 1994;Tchervenkov
et al., 1995). Risk factors for early mortality include the pres-
ence of multiple VSDs, or aortic-arch obstruction (Kleinert
et al., 1997). In a series of 50 cases of DORV with two viable
ventricles, the vast majority (44 of 50, 88%) successfully un-
derwent a biventricular repair, with surgery being performed
at a median age of 9 months (Artrip et al., 2006). Surgical
mortality was between 4% and 6% in this series.

LONG-TERM OUTCOME

Long-term survival following surgical repair of DORV has
been estimated to be from 73% to 88% at 5 to 8 years (Serraf
et al., 1991; Aoki et al., 1994; Tchervenkov et al., 1995). The
incidence of reoperation ranges from 26% to 42% (Serraf
et al., 1991; Aoki et al., 1994). Reasons for reoperation include
subaortic stenosis, subpulmonary stenosis, and the presence
of a significant residual VSD. In another series, the probabil-
ity of survival, free from reoperation, was calculated as 65%
at 10 years (Kleinert et al., 1997). The presence of a non-
committed VSD was a significant risk factor for reoperation,
while the presence of a subaortic VSD was protective against
reoperation (Aoki et al., 1994). In one series, 95% of long-
term survivors had no restriction on physical activities and
required no cardiac medications (Tchervenkov et al., 1995).

GENETICS AND RECURRENCE RISK

An association exists between DORV and both trisomies 13
and 18. The recurrence risk for these syndromes is extremely
low, unless one parent is a balanced translocation carrier.
In one consanguineous family, either tetralogy of Fallot or
DORV with subaortic VSD and pulmonary stenosis were
found in three of four offspring (Bindewald et al., 1994). This
implies the existence of a rare autosomal recessive syndrome
involving DORV.
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CHAPTER

Truncus Arteriosus

Key Points

■ Truncus arteriosus is a rare form of congenital
cardiac disease in which a single cardiac outflow
tract gives rise to the pulmonary, coronary, and
systemic circulations.

■ Prenatal diagnosis relies upon failure to visualize
three separate vessels in a transverse view through
the upper mediastinum, and failure to visualize the
normal branch pulmonary arteries and their origin
from the right ventricle.

■ Up to 40% of cases are associated with a 22q11
deletion and the DiGeorge syndrome, thereby
making amniocentesis a crucial part of the
prenatal diagnostic evaluation.

■ While timing and mode of delivery do not need to
be altered following the diagnosis, planned
delivery in a tertiary care setting with appropriate
pediatric cardiology backup is critical, as
congestive cardiac failure can occur in the
neonatal period.

■ Early definitive surgical repair is recommended,
typically by means of a homograft from the right
ventricle to the pulmonary artery, with closure of a
VSD.

■ Long-term survival rates of 80% can be expected.

CONDITION

Truncus arteriosus (also known as common aorticopul-
monary trunk, truncus arteriosus communis, and single-
outlet heart) refers to a single large ventricular outflow tract
arising from both right and left ventricles. This single large
outflow tract, or truncus, gives rise to the coronary arteries,
aorta, and pulmonary arteries.

In the original anatomic classification of Collett and
Edwards (1949), four subtypes were described:

Type I demonstrates a single pulmonary trunk arising
from the truncus, which then subdivides into right
and left pulmonary arteries.

Type II demonstrates two pulmonary arteries arising
directly from the posterior surface of the truncus.

Type III demonstrates two pulmonary arteries arising
from the lateral aspects of the truncus.

Type IV demonstrates absent pulmonary arteries, but
collateral arteries arising from the descending aorta
supply the pulmonary vasculature.

Van Praagh and Van Praagh (1965) subsequently de-
scribed a different classification system in which type A trun-
cus is associated with a ventricular septal defect (VSD) and

type B truncus is not associated with a VSD. Type A truncus
is divided further into four subtypes, which closely resemble
the classification of Collett and Edwards:

Type A1 demonstrates a partially separated pulmonary
trunk.

Type A2 demonstrates two pulmonary arteries arising
directly from the truncus.

TypeA3demonstratesa singlepulmonaryarteryarising
from the truncus together with further collaterals
arising from the descending aorta.

Type A4 demonstrates significant arch anomalies in as-
sociation with the truncus.

Additionally, The Society of Thoracic Surgeons has fur-
ther modified the classification by combining Types A1 and
A2 from the Van Praagh and Van Praagh classification system
(Jacobs, 2000).

Almost 60% of cases of truncus are type I, based on
the classification of Collett and Edwards, 35% are type II,
5% are type III, and a small minority are type IV (Bharati
et al., 1974). In 65% of cases, the single truncus seems to arise
predominantly from the right ventricle that maymake differ-
entiation from tetralogy of Fallot difficult. The truncus arises
entirely from the right ventricle in 15% of cases, straddles the



380

Part II Management of Fetal Conditions Diagnosed by Sonography

ventricular septum equally in a further 15% of cases, and
arises mostly from the left ventricle in less than 5% of cases
(Bharati et al., 1974). The single valve within the truncus
is known as the truncal valve, and it is tricuspid in more
than 65% of cases, although the number of leaflets may range
from one to six (Bashore, 2007). Truncal valve dysplasia is
very common, although significant truncal stenosis is rare,
occurring in only 5% of cases (Bharati et al., 1974). Truncal
valve regurgitation may be common, occurring in up to 40%
of cases (Di Donato et al., 1985).

Associated cardiac malformations are common with
truncus arteriosus; a VSD is present in the vast majority
of cases. Right-sided aortic arch, atrial septal defect, abnor-
mal origin of brachiocephalic vessels, aortic coarctation, atri-
oventricular canal defect, mitral atresia, and abnormal car-
diac situs have all been described in association with truncus
(Bharati et al., 1974).Approximately 50%ofpatientswill have
a patent ductus arteriosus in childhood, and approximately
20% will have an interrupted aortic arch (Bashore, 2007).
Extracardiac abnormalities include situs inversus, heterotaxy
syndrome (see Chapter 56), DiGeorge syndrome (see Chap-
ter 139), and genitourinary anomalies (Collett and Edwards,
1949; Bharati et al., 1974).

INCIDENCE

Truncus arteriosus is a rare form of congenital heart disease,
accounting for only 1.5% of all severe cardiac malformations
seen during infancy (Fyler et al., 1980). Its incidence is esti-
mated to be 1 in 10,000 livebirths and may be slightly more
frequent in females (Hoffman and Kaplan, 2002). Truncus
arteriosus likely accounts for only 7% to 10% of prenatally
diagnosed conotruncal malformations (Sivanandam et al.,
2006). The incidence of truncus arteriosus may be increased
12-fold in the presence of pregestational diabetes mellitus in
the mother (Ferencz et al., 1990).

SONOGRAPHIC FINDINGS

Prenatal diagnosis of truncus arteriosus is possible with ob-
stetric sonography and targeted fetal echocardiography. Vi-
sualization of the outflow tracts should demonstrate a single
large ventricular outflow tract, overriding a VSD (Romero
et al., 1988) (Figures 54-1 and 54-2). The right ventricu-
lar outflow tract should be absent, and pulmonary arterial
branches may be visible arising from the truncus or from the
descending aorta. A distended coronary sinus may also be
visible directly posterior to the left atrium (de Araujo et al.,
1987). Diagnosis in utero may also be aided by the identifi-
cation of additional anomalies, such as those involving the
aortic arch, as well as by Doppler identification of truncal-
valve regurgitation (Marasini et al., 1987). Truncus arteriosus
may also lead to the development of congestive heart failure in
utero, leading to the typical sonographic features of hydrops.

Figure 54-1 Axial image in a fetus with truncus arteriosus
demonstrating a large single outflow tract overriding the intra-
ventricular septum.

Atransverse view through theupper fetalmediastinum,
which normally contains themain pulmonary artery, ascend-
ing aorta, and superior vena cava, should demonstrate only
two vessels in cases of truncus arteriosus (Yoo et al., 1997).
The importance of visualization of the outflow tracts is evi-
dent from a series of six cases of prenatally diagnosed truncus
arteriosus in which only two of the six cases were detected

Figure 54-2 Color Doppler demonstrating presence of single
large outflow tract consistent with a diagnosis of truncus arterio-
sus.
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with the four-chamber cardiac view (Paladini et al., 1996).
The remaining four cases were detected using a combination
of four-chamber and outflow tract views.

In the hands of experienced fetal medicine and pedi-
atric cardiology specialists, accurate prenatal diagnosis of the
relationshipof the arterial outflow tracts is possible. In a series
of 113 consecutive fetuses with conotruncal malformations,
including 8 cases of truncus arteriosus, the great arterial spa-
tial relationship was correctly identified in 92% (Sivanandam
et al., 2006). In an Australian population database study of
prenatal detection of congenital heart defects, 18 of 27 cases
(67%) of truncus arteriosus were successfully identified pre-
natally (Chew et al., 2007).

DIFFERENTIAL DIAGNOSIS

Differentiation between truncus arteriosus and tetralogy of
Fallot (see Chapter 52) with coexisting pulmonary atresia
may be extremely difficult because both have virtually iden-
tical sonographic appearances. Visualization of pulmonary
arteries arising from the back of the truncus and the presence
of more than three leaflets in the truncal valve may aid in the
correct diagnosis (Houston et al., 1981). Truncus arteriosus
may also be difficult to differentiate from aorticopulmonary
window, in which the clinical features of truncus are present,
butwithout aVSDandwith anormal pulmonary valve (Riggs
and Paul, 1982; Graham and Gutgesell, 1990).

ANTENATAL NATURAL HISTORY

Few reports of the antenatal natural history of truncus arte-
riosus are available. In one series of six cases diagnosed prena-
tally, three pregnancies were terminated, two cases resulted in
neonatal death, and one fetus survived (Paladini et al., 1996).
The antenatal development of hydrops is rare with truncus
arteriosus, as the relatively high fetal pulmonary vascular re-
sistance prevents the development of significant ventricular
dysfunction. Immediately after delivery, however, the drop in
pulmonary vascular resistance leads to significantly increased
pulmonary flow, truncal valve insufficiency, and ventricular
dysfunction.Development of congestive heart failure in utero
is likelyonly if significant truncal-valvedysplasia andobstruc-
tion are present.

MANAGEMENT OF PREGNANCY

Once the diagnosis of truncus arteriosus is suspected on a
prenatal sonographic image, referral to a tertiary care center
is recommended for a thorough targeted sonographic evalu-
ation as well as fetal echocardiography by an appropriately
trained specialist. Prospective parents should meet with a
pediatric cardiologist. Attention should be paid to the po-

Figure 54-3 Fluorescence in situ hybridization studies using a
DNA probe specific to DiGeorge region. The long arrow indi-
cates chromosome 22 with distal flanking marker and presence of
DiGeorge probe. The short arrow indicates the other chro-
mosome 22 with distal flanking probe but absent DiGeorge
probe. This is diagnostic for a microdeletion of chromosome 22.
(Courtesy of Janet Cowan.)

tential presence of additional cardiac malformations, as well
as the possibility of heterotaxy syndrome (see Chapter 56).
Invasive testing for prenatal karyotype is recommended. Al-
thoughonly a small numberof fetuseswith truncus arteriosus
will be aneuploid (de Araujo et al., 1987; Ferencz et al., 1987;
Paladini et al., 1996), there is a strong association between
truncus arteriosus DiGeorge syndrome (see Chapter 139).
DiGeorge syndrome can be diagnosed prenatally by use of
a fluorescence in situ hybridization probe for chromosome
22q11 (Figure 54-3). All patients undergoing prenatal kary-
otyping shouldhavefluorescence in situhybridization studies
for the 22q11 microdeletion. If a chromosome abnormality
or DiGeorge syndrome is diagnosed, the prospective parents
should meet with a medical geneticist.

Afterprenataldiagnosis, serial evaluationwithobstetric
ultrasonography is recommended to confirm adequate fetal
growth and to exclude the development of congestive heart
failure. Infants with this condition can deteriorate rapidly
as pulmonary vascular resistance falls after birth. Therefore,
delivery of the fetus with truncus arteriosus should occur
at a tertiary care center, with the immediate availability of
a neonatologist, pediatric cardiologist, and pediatric cardio-
thoracic surgeon. The timing and route of delivery should not
be changed by the diagnosis of truncus arteriosus. The onset
of spontaneous labor should be awaited, and cesarean deliv-
ery should be reserved for standard obstetric indications. It
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is unclear if intervention with early or cesarean delivery is of
any benefit when the diagnosis is complicated by the presence
of hydrops. The prognosis in such cases is almost always poor,
irrespective of obstetric interventions (Romero et al., 1988).

FETAL INTERVENTION

No fetal intervention has been described following the pre-
natal diagnosis of truncus arteriosus.

TREATMENT OF THE NEWBORN

Immediately following delivery, the newborn with truncus
arteriosus should have an evaluation by a pediatric cardiolo-
gist, including an echocardiographic examination to confirm
the diagnosis and to exclude the presence of additional car-
diac malformations. If complete visualization of cardiac and
major-vessel anatomy is not obtained with echocardiogra-
phy, cardiac catheterization may be required, with particular
attention paid to the branching pattern of the pulmonary ar-
teries, the anatomy of the aorta, and the presence of truncal
insufficiency (Graham and Gutgesell, 1990). More recently,
cardiac magnetic resonance imaging is playing an important
role indelineationof cardiac anatomy, andmayenable cardiac
catheterization to be minimized (Dorfman and Geva, 2006).

Newborn infants with truncus arteriosus may initially
appear cyanotic at birth, but this usually improves as pul-
monary blood flow increases (Qu, 2004). Progressive con-
gestive heart failure may then occur soon after delivery be-
cause pulmonary vascular resistance falls, often as early as 1
or 2 weeks after birth. Coronary artery perfusionmay also be
compromised, which, in combination with increased post-
natal myocardial oxygen demand, may predispose to suben-
docardial ischemia (Graham and Gutgesell, 1990). To treat
congestive heart failure during the newborn period, aggres-
sivemedical therapy is required, including the use of diuretics
and digoxin. Medical therapy is often inadequate to prevent
further deterioration of cardiac failure in these patients. Early
intervention with definitive surgical repair may be the only
option to prevent worsening cardiac failure and also to pre-
vent the development of pulmonary hypertension secondary
to increased pulmonary flow. Delaying surgical repair may
also lead to the development of chronic ventricular dysfunc-
tion secondary to volume overload, which may compromise
later repair (Graham, 1982).

SURGICAL TREATMENT

Surgical palliation of truncus arteriosus by means of pul-
monary artery banding in an effort to reduce pulmonary flow
and prevent the development of irreversible pulmonary hy-
pertension has yielded disappointing results. In one series
of 15 cases of pulmonary artery banding for truncus arte-

riosus during infancy, the overall mortality rate was 73%
with all but one death occurring soon after surgery (Singh
et al., 1976). Early definitive surgical repair of truncus arte-
riosus now seems to be the treatment of choice (Graham and
Gutgesell, 1990; Bashore, 2007). In one series of 153 cases of
truncus arteriosus repair from 1986 to 2003, the median age
at surgery was 35 days (Henaine et al., 2008).

The standard surgical procedure for repair of truncus
arteriosus involves placing a homograft between the right
ventricle and the pulmonary artery and closing the VSD. This
leaves the left ventricle in continuity with the truncus leading
to the aorta. Hospital mortality for this procedure has been
quoted as almost 30%, although the reported series often
span a long period, include patients with many complicat-
ing factors, and use a valveless conduit (Spicer et al., 1984;
Di Donato et al., 1985). Today however, the procedure gen-
erally also uses a valved conduit, yielding much better results
with hospital mortality rates ranging from 11% to 17% of
cases (Ebert et al., 1984; Pearl et al., 1992). Increased mortal-
ity occurs if significant truncal valve insufficiency is present,
and in such cases a truncal valve replacement or truncal valve
repair is generally also performed (Elami et al., 1994). Other
risk factors for early death include the presence of coronary-
artery anomalies, interrupted aortic arch, and age greater
than 100 days at repair (Hanley et al., 1993). In a series of
infants with simple truncus arteriosus repaired within the
first 100 days of life, the operative mortality was 0% (Hanley
et al., 1993).

LONG-TERM OUTCOME

The long-term outcomes associated with truncus arteriosus
repair appear good. In one recent series of 153 cases, the
6-month survival ratewas 82%while the 18-year survival rate
was 79%(Henaine et al., 2008). Themost common long-term
complication following surgical repair of truncus arteriosus
is the requirement for replacement of the right ventricle–
pulmonary artery conduit because of body growth or devel-
opment of pseudointimal proliferation within the conduit.
Conduit replacement may be required in up to 60% of long-
term survivors (Ebert et al., 1984). Reoperation may be asso-
ciated with a further 4% to 7% risk of mortality (Pearl et al.,
1992). Late deaths following contemporary surgical repair are
uncommon, with only 3 late deaths in a series of 89 hospital
survivors following repair; 2 of these 3 deaths were unrelated
to the underlying cardiac condition (Ebert et al., 1984). The
quality of life following surgical repair appears to be excel-
lent, with 97% of patients in one series being very functional
(Di Donato et al., 1985).

GENETICS AND RECURRENCE RISK

Truncus arteriosus may occur as part of the spectrum of the
DiGeorge sequence. In a series of 26 infants with truncus
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arteriosus, a high prevalence of facial dysmorphism, aortic-
arch abnormalities, and immunodeficiency possibly consis-
tentwithDiGeorge sequencewasnoted (Radford et al., 1988).
Familial clustering of truncus arteriosus is rare, with one case
report of the abnormality recurring in a subsequent preg-
nancy and one case report of dizygotic twins concordant for
the abnormality (Lang et al., 1991; Ferry et al., 1994). Gener-
alized estimates of recurrence risk suggest a 1% rate of recur-
rence if one previous sibling has been affected and 3% if two
siblings have been affected (Nora and Nora, 1988). If chro-
mosomal analysis was not performed prenatally, it should be
performed postnatally with fluorescence in situ hybridiza-
tion studies for a microdeletion of chromosome 22q11. A
22q11 microdeletion will be found in up to 40% of cases of
truncus arteriosus (Momma et al., 1997; Goldmuntz et al.,
1998; Goldmuntz, 2005). In some cases, the microdeletion
is inherited from one of the parents, who may not have car-
diac disease. Diagnosis of DiGeorge syndrome in an infant
necessitates study of the parental karyotypes before accurate
recurrence risk counseling can be given.
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55
CHAPTER

Transposition of
Great Arteries

Key Points

■ Transposition of the great arteries is a relatively
rare congenital cardiac malformation that has
potential to cause major morbidity and mortality
in the neonatal period.

■ Complete TGA results in separation of the systemic
and pulmonary circulations, because of
ventriculoarterial discordance, and leads to severe
hypoxia in the early neonatal period.

■ Corrected TGA has both atrioventricular and
ventriculoarterial discordance, so that effectively
pulmonary and systemic circulations are normal,
thereby rarely resulting in pediatric morbidity.

■ Prenatal diagnosis of complete TGA is achieved by
noting a parallel path of the ventricular outflow
tracts, with lack of the normal crossover of these
vessels.

■ Prenatal recognition of complete TGA is critical, as
immediate pediatric cardiology intervention in the
early neonatal period will be required.

■ The surgical treatment of choice for complete TGA
has changed from the atrial switch to the arterial
switch procedure, and is associated with excellent
long-term survival.

CONDITION

Transposition of the great arteries (TGA) may be either
complete or corrected. Complete TGA is also known as
d-transposition, simple transposition, or atrioventricular
concordance with ventriculoarterial discordance. This
anomaly probably occurs because of failure of the aorticopul-
monary septum to follow a spiral course during embryoge-
nesis, resulting in the aorta arising from the right ventricle
and the pulmonary artery arising from the left ventricle (de la
Cruz et al., 1981). Atrial septal defect (ASD) and ventricular
septal defect (VSD) are commonly seen with complete TGA
and may also be associated with pulmonary artery obstruc-
tion. This is a potentially critical abnormality because, with-
out a persistent communication between right and lefts sides
of the heart, both the systemic and pulmonary circulations
will run in parallel thereby preventing adequate oxygenation.
Complete TGA usually causes no significant hemodynamic
compromise when the fetus is in utero, but rapid deteriora-
tion occurs soon after birth in those cases without sufficient
mixing of the right- and left-sided circulations.

In a cohort of 130 neonates delivered with TGA,
Jouannic et al. (2004) noted that 13 of 130 neonates
(10%) with TGA had profound hypoxemia (defined as a

Pao2 < 25 mmHg) and metabolic acidosis (pH < 7.15) in
the first 30 minutes of life (Jouannic et al., 2004). Fortu-
nately, concurrent cardiac structural anomalies such as VSDs
may allow for communication between right and left sides of
the heart to allow adequate mixing of blood. Even in infants
with an intact ventricular septum, a nonrestrictive foramen
ovale and patent ductus arteriosus may also allow for ade-
quate mixing of systemic circulation and oxygenated venous
return to avoid significant hypoxemia early in the neonatal
course. However, neonates with an intact ventricular septum
and either a restrictive foramen ovale or constricted ductus
arteriosusmay experience significant preoperativemorbidity
due to inadequate intracardiac mixing. In these cases, se-
vere hypoxemia may necessitate immediate balloon atriosep-
tostomy in order to prevent end organ damage from ongoing
hypoxemia.

In order to optimally plan for delivery and neonatal
management, efforts have been directed at identifying fe-
tal echocardiographic predictors of fetuses who will require
emergent atrial septoplasty at the time of birth. Jouannic
et al. (2004) retrospectively assessed the degree of antena-
tal restriction of the foramen ovale and/or constriction of
the ductus arteriosus in 119 fetuses (mean GA ∼ 36 weeks’
gestation). Twenty-four of 119 (20%) fetuses were noted to
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have at least one abnormal shunt on prenatal echocardiogra-
phy, and 4 (3.4%) had restriction of both the foramen ovale
and the ductus arteriosus. Although the specificity of prena-
tal echocardiography in predicting neonatal emergency was
high (84%), the sensitivity was only 54% and the authors
concluded that prenatal echocardiography cannot detect all
fetuses thatwill require required immediate balloon atriosep-
tostomy as neonates (Jouannic et al., 2004).

By contrast, corrected TGA refers to the connection of
the right atrium to themorphologic left ventricle, which con-
nects to the pulmonary artery, while the left atrium connects
to themorphologic right ventricle and then to the aorta. This
anomaly is also known as l-transposition, or atrioventricu-
lar discordance with ventriculoarterial discordance. Because
both right and left cardiac blood flow follow their intended
paths from systemic to pulmonary and back to systemic cir-
culations, this anomaly effectively cancels itself out (Romero
et al., 1988).While the right atriumempties into the anatomic
right ventricle, this ventricle is in fact the morphologic left
ventricle with a transposed pulmonary artery as its outflow
tract. Similarly the left atrium empties into the anatomic left
ventricle, which is in fact the morphologic right ventricle,
connected to a transposed aorta. Physiologically it might
be expected that this anomaly would not lead to hemody-
namic compromise; however, because of a frequent associa-
tionwithotherabnormalities suchasVSD,pulmonic stenosis,
conduction defects, and atrioventricular valve abnormali-
ties, significant neonatal morbidity and mortality may still
occur.

INCIDENCE

Earlier studies suggested that TGA may account for up to
10% of all infants born with congenital cardiac defects, rep-
resenting approximately 2 to 3 per 10,000 livebirths (Fyler
et al., 1980; Hoffman and Kaplan, 2002). In a more recent
birth defects registry from Australia covering 631,209 births
from 1993 to 2002, there were 4897 cases of congenital heart
disease, of which 47 were TGA (Chew et al., 2007). This rep-
resents a birth prevalence of 0.7 per 10,000 births, or 1% of
all cases of congenital heart disease.

SONOGRAPHIC FINDINGS

Complete TGA is recognized onprenatal sonography by care-
ful visualizationof the cardiac outflow tracts. Sonographic di-
agnosis relies on the demonstration of parallel outflow tracts,
with absence of the normal crossover (Morelli et al., 1996).
The normal crossover of the pulmonary artery and aorta is
not seen, and the outflow tracts appear to run parallel to each
other. Each outflow tract should be followed to its branches to
positively differentiate the pulmonary artery from the aorta
(McGahan et al., 2007) (Figures 55-1 and 55-2). The pul-

Figure 55-1 Sonographic image of a fetus with TGA demonstrat-
ing the parallel arrangement of the great arteries as they arise
from the ventricles.

monary trunk should be visible arising from the posterior
ventricle, bifurcating into the left and right pulmonary arter-
ies and ductus arteriosus. The aorta is visible arising anterior
to the pulmonary artery and connecting to the aortic arch
with brachiocephalic vessels. One of the most reliable pre-
natal diagnostic signs of complete TGA is the visualization
of a straight vessel arising from the left ventricle, and giving
off lateral branches, which represents the pulmonary artery
bifurcation (Vinals et al., 2006).

Prenatal sonographic diagnosis of corrected TGA is ex-
tremely difficult because the ventricular outflow tracts may
appear to arise correctly from the anatomic right and left
ventricles. In addition, the morphologic appearance of the
anatomic left ventricle is more suggestive of a right ventri-
cle, with amoderator band and triangular-shaped ventricular

Figure 55-2 Color Doppler image in a fetus with transposition of
the great arteries demonstrating the aorta arising from the ante-
rior right ventricle and the pulmonary trunk from the left ventri-
cle.
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cavity. A normal left ventricular cavity should not demon-
strate a moderator band and should be elliptical, rather than
triangular, in shape.

Prenatal sonography is an important means of diag-
nosing or excluding additional coexisting cardiac malforma-
tions. VSDmay be present in 50% of cases of TGA and, when
found, is commonly accompanied by subvalvular pulmonic
stenosis (Schiebler et al., 1961). As a result of interference
with the conduction apparatus of the heart, arrhythmias are
common, with complete heart block found in 4 of 21 fe-
tuses with corrected TGA (Gembruch et al., 1989). Other
cardiac malformations that may be detectable include ven-
tricular hypoplasia and coarctation of the aorta (Santoro
et al., 1997). The presence of situs inversus may also be found
in the presence of corrected TGA (Abossolo et al., 1996).
In a series of nine neonates with TGA, five were diagnosed
prenatally and four of these five had complex cardiac mal-
formations (McGahan et al., 2007). These complex cardiac
malformations that were amenable to prenatal diagnosis in-
cluded abnormal cardiac axis, abnormal ventricular size, and
VSDs.

The precision of sonography as a tool in the prenatal
diagnosis of TGA is unclear. In one series of screening sono-
grams of 11,894 fetuses, none of the 4 cases of TGA were de-
tected prenatally (Tegnander et al., 1995). In another series of
50 infants operated on for TGA, 17 (34%) were successfully
diagnosed prenatally through the use of obstetric sonogra-
phy (Lupoglazoff et al., 1997). In addition, in another re-
cent series of 111 congenital cardiac abnormalities, 5 of the
8 cases (63%) of TGA were detected on prenatal screening
sonography (Kirk et al., 1997). In a review of all congenital
cardiac malformations in one geographical area, only 5 of
the 80 cases (6%) of TGA were detected prenatally (Montana
et al., 1996).

It would appear that in the hands of expert sonologists
in a referral population, the accurate prenatal detection of
TGA is relatively high, but in general population screening,
the vast majority of such cases go undiagnosed. This is sup-
ported by a review of all livebirths in Victoria, Australia, from
1993 to 2002, when only 17% of TGA cases were correctly
identified prenatally (Chew et al., 2007). In fact, TGA was
the least likely major congenital cardiac malformation to be
diagnosed prenatally.

DIFFERENTIAL DIAGNOSIS

One of the most difficult congenital cardiac anomalies to
differentiate from TGA is double outlet right ventricle, es-
pecially when TGA is accompanied by a VSD (Sanders
et al., 1996). Careful attention should be paid to any poten-
tial straddling or overriding of atrioventricular valves. The
Taussig–Bing heart, a variant of double outlet right ventricle
in which the aortic and pulmonary outflow tracts ascend in
a parallel fashion, may mimic the appearance of TGA (see
Chapter 47).

ANTENATAL NATURAL HISTORY

In general, both complete and corrected forms of TGA are
well tolerated by the fetus in utero because both ventricles
pump into the systemic circulation. However, the presence of
additional cardiac malformations, such as VSD or pulmonic
stenosis, may alter the antenatal natural history, potentially
leading to the development of congestive heart failure, or
hydrops, in utero.

In a series of five fetuses with TGA diagnosed prena-
tally, one pregnancy was terminated, and the remaining five
resulted in livebirths; two of these infants died during the
neonatal period (Smythe et al., 1992). In another series eval-
uating the outcome of various prenatally diagnosed cardiac
malformations, all three fetuseswithTGA survived (Sharland
et al., 1990).More recently, in 23 cases of prenatally diagnosed
TGA, 6 pregnancies (26%) were terminated, 3 (13%) fetuses
died in utero, 8 (35%) died during the neonatal period, and
6 (26%) survived (Paladini et al., 1996).

MANAGEMENT OF PREGNANCY

Following prenatal diagnosis of TGA, a careful sonographic
fetal anatomy survey is recommended to exclude additional
cardiac malformations, such as VSD, pulmonic stenosis, aor-
tic coarctation, and arrhythmias. A sonographic search for
extracardiac malformations should also be performed, al-
though in general such abnormalities are rarely found with
TGA. Fetal echocardiography should be performed by an ap-
propriately trained specialist to confirm the diagnosis and
to exclude other cardiac malformations. Invasive fetal testing
for karyotype analysis is recommended following theprenatal
diagnosis of most cardiac malformations, although the inci-
dence of chromosomal abnormalities is likely to be very low.
In one series of 23 cases of prenatally diagnosed TGA, chro-
mosomal analysis was normal in the 21 cases in which kary-
otype was known (Paladini et al., 1996). Referral for prenatal
consultation with a pediatric cardiologist and cardiothoracic
surgeon is also recommended.

If the diagnosis of complete TGA is made prior to fetal
viability, termination of pregnancymay be offered because of
the significant neonatal mortality and surgical morbidity. If
expectant management is desired, sonographic surveillance
to confirm appropriate fetal growth and to evaluate for the
development of fetal hydrops is recommended, especially if
additional cardiacmalformations such as VSD and pulmonic
stenosis are present. If fetal hydrops occurs, the prognosis
deteriorates further; the optimal management of such preg-
nancies is uncertain.

Delivery should occur at a tertiary care center, with
the immediate availability of a neonatologist, pediatric car-
diologist, and cardiothoracic surgeon. In an effort to identify
fetuses that may require immediate balloon atrioseptostomy,
predelivery echocardiographymay be performed to assess for
restriction of the foramen ovale and/or the ductus arteriosus.
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For those fetuses noted to have restriction of either the fora-
men ovale and/or the ductus arteriosus, delivery plans should
be discussedwith neonatalogy and pediatric cardiology in or-
der to facilitate timely intervention if emergent balloon atrial
septostomy is needed.

FETAL INTERVENTION

No fetal intervention has been described for the obstetric or
prenatal management of TGA.

TREATMENT OF THE NEWBORN

The condition of most infants with isolated complete TGA
will deteriorate soon after birth, resulting in death, with-
out surgical intervention. Indeed, complete TGA is one of
the most common cyanotic defects seen in newborns, with
cyanosis presenting within hours of life if the ventricular sep-
tum is intact (Warnes, 2006). Following delivery, care should
be taken with the administration of supplemental oxygen so
as to avoid significant reduction in pulmonary vascular re-
sistance, which may decrease the amount of blood shunted
across theductus arteriosus.The infant shouldbe transported
to a neonatal intensive care unit and, if cyanosis is present,
prostaglandin E1 infusion should be started to maintain
patency of the ductus arteriosus (Sommer et al., 2008).

Consultation with a pediatric cardiologist should be
obtained promptly, and echocardiography should be per-
formed to confirm the prenatal diagnosis and to determine
the absence of additional cardiac malformations. Patency of
both ventricular outflow tracts should be assessed, and the
coronary-arterial anatomy should be mapped in preparation
for surgical repair. When an intact ventricular septum exists
and when inadequate atrial communication is present, bal-
loon atrial septostomymaybeneededduring the initial resus-
citation tomaximize oxygenation of systemic blood (Graham
and Gutgesell, 1990). Such balloon atrial septostomy may
be performed either during cardiac catheterization or using
echocardiographic guidance. This usually results in sufficient
bidirectional shunting of blood to improve the systemic oxy-
gen content. Occasionally, atrial septostomy is insufficient to
improve systemic oxygenation, which may be secondary to
inadequate atrial defect size, abnormal ventricular compli-
ance, elevated pulmonary vascular resistance, or left ventric-
ular outflow tract obstruction (Graham andGutgesell, 1990).
Consultation with a pediatric cardiothoracic surgeon should
thenbeobtained todecideon the timing andmethodof surgi-
cal intervention, such as surgical atrial septostomy or arterial
switch procedure.

Infants with TGA and a coexisting large VSD are usu-
ally stable initially, and then after a few weeks of life con-
gestive heart failure occurs. These infants account for less
than 25% of all cases of TGA. Such patients can usually be

treated medically, with digoxin and diuretics, before surgical
repair is considered. However, delay in surgical repair beyond
the end of the third month of life may lead to the develop-
ment of abnormal pulmonary vascular resistance, which oc-
curs earlier in infants with TGA and VSD as compared with
infants with left-to-right shunts without TGA (Graham and
Gutgesell, 1990).

SURGICAL TREATMENT

Surgical repair is indicated for all infants with complete
TGA and is generally best performed soon after birth, often
within the first 2 weeks of life. Initial procedures, such as the
Senning or the Mustard operation, were designed to physi-
ologically correct cardiac blood flow through the use of the
atrial septum or a baffle to redirect vena caval return to the
left ventricle and pulmonary venous return to the right ven-
tricle. However, such atrial repairs were associated with high
operative mortality as well as significant late complications
(Castaneda and Mayer, 1990). Such significant late com-
plications included bradyarrhythmias and tachyarrhythmias
(Warnes, 2006). Subsequently, an anatomic repair, known as
the arterial switch procedure, has been devised, and involves
dividing thepulmonaryarterywith reanastomosis to the right
ventricular outflow tract, and dividing the aorta with reanas-
tomosis to the left ventricular outflow tract. To be successful
this procedure must be done early in neonatal life, before the
left ventricle adapts to the lower pressure pulmonary circula-
tion that would prevent it being able to subsequently support
the systemic circulation.

Arterial switch repair is performed through a me-
dian sternotomy incision and with cardiopulmonary bypass
(Castaneda andMayer, 1990). The aorta is transected distal to
the origin of the coronary arteries. The coronary arteries are
then excised and transposed to the origin of the pulmonary
artery from the left ventricle (Warnes, 2006). The pulmonary
artery is then transected distal to this coronary artery connec-
tion but proximal to the bifurcation, and is reanastomosed to
the original right ventricular outflow tract stump. Similarly,
the aorta is reanastomosed to the left ventricular outflow tract
stump. This results in complete anatomic repair of the great
vessels and coronary arteries.

The operative mortality rate for the arterial switch re-
pair is between 5% and 8%, with a 1-month survival of 84%
(Kirklin et al., 1992; Qamar et al., 2007). Risk factors for
perioperative death include the presence of multiple VSDs,
anomalous coronary artery anatomy, additional cardiac mal-
formations, and long aortic cross-clamp time. In another se-
ries of 432 arterial switch procedures performed in a single
center at an average of 3 days of life, the operative mortal-
ity rate was 8%, with anomalous coronary artery anatomy
being the only identified risk factor for early death (Serraf
et al., 1993). A further series of 168 cases that underwent
arterial switch suggested that weight less than 2.5 kg, prema-
ture gestational age at delivery, andmore than 150minutes of
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cardiopulmonary bypass time as being associated with de-
creased hospital survival (Qamar et al., 2007). Complications
of the arterial switchprocedure include coronary stenosis that
may lead to sudden death or myocardial infarction (Warnes,
2006; Sommer et al., 2008).

One other surgical approach that may be considered
includes the Rastelli procedure, which is used when complete
TGA coexists with a large VSD and pulmonary stenosis. The
pulmonary valve is oversewn and a new valved conduit is
placed between the right ventricle and the pulmonary artery
(Warnes, 2006).

LONG-TERM OUTCOME

Overall long-term results for TGA suggest a 60% actuarial
survival at 15 years of age (Morris andMenashe, 1991). Long-
term results specifically for the atrial switch repair (Senning
orMustardprocedures) suggest that up to10%diewhilewait-
ing for surgery, but of those operated on, 80% are alive after
20 years (Kirklin et al., 1990). There seems to be a progres-
sive decline in the prevalence of normal sinus rhythm in
these patients, which may account for sudden late deaths.
Although atrial switch survivors can live normal active
lives, exercise testing is generally subnormal (Kirklin et al.,
1990).

Survival data on long-term outcome following the ar-
terial switch repair is as readily available because of relatively
short duration of use. Five-year survival following the arterial
switch repair was 82% in one multicenter series, with almost
all survivors in New York Heart Association functional class I
(Kirklin et al., 1992). In a series of 168 arterial switch proce-
dures, 3-year actuarial survival was 89% (Qamar et al., 2007).
In one of the largest series of long-term follow-up of cases of
arterial switch surgery, 224 patients were followed and re-
vealed 83% survival at 15 years after surgery (Wong et al.,
2008).

The long-term fate of the coronary arteries is unclear,
as there may be significant kinking or compression following
the arterial switch procedure. Surveillance with echocardiog-
raphyandmyocardial scintigraphy is therefore recommended
for survivors to detect early ventricular ischemia (Kaplan and
Allada, 1992). In one series of 58 children with coronary-
artery surveillance following the arterial switch procedure,
8% had evidence of late coronary artery complications
(Bonnet et al., 1996). Delayed repair of TGA may be as-
sociated with progressive impairment of cognitive function
(Newburger et al., 1984).

GENETICS AND RECURRENCE RISK

Almost all cases of TGA occur as isolated cardiac malforma-
tions with normal karyotype (Paladini et al., 1996). Risk of
recurrence has been estimated as 1.5% if 1 prior sibling has

been affected, and this may increase to 5% with 2 prior af-
fected siblings (Nora and Nora, 1988).
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56
CHAPTER

Heterotaxy Syndrome

Key Points

■ Heterotaxy is an abnormality of formation of the
left–right axis of the body.

■ Heterotaxy refers to any arrangement that deviates
from situs solitus or complete situs inversus.

■ Left atrial isomerism or polysplenia syndrome
usually has absent right-sided organs and
bilaterally placed left-sided organs with multiple
splenic masses along the greater curvature of the
stomach.

■ Right atrial isomerism or asplenia syndrome usually
has bilaterally trilobed lungs, globular central lines,
severe congenital heart defects, and absent spleen.

■ Fetal echocardiography is indicated in all
suspected cases of heterotaxy.

■ Delivery in a tertiary care center is recommended.

CONDITION

Heterotaxy is defined as any arrangement of the body organs
that deviates from complete situs solitus with levocardia and
dextrocardiac loop (the normal arrangement) or from com-
plete situs inversus with dextrocardia and a levocardiac loop.

During development there is a failure to form asymmetry
along the left–right axis in the heterotaxy syndrome. In nor-
mal development, this asymmetry is first manifested at 2 to
23 days of gestation, with looping of the cardiac tube to the
right (Gutgesell, 1990). During this same period, abdominal
situs is determined (Chandra, 1974; Gray et al., 1994). The
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270-degree counterclockwise rotation of the intestine about
the axis of the superior mesenteric artery is completed by
10 weeks. Because looping of the cardiac tube and intestinal
rotation both occur during the 4th week of gestation, defects
of the cardiac situs are frequently associated with abnormal
intestinal rotation. Because development of the heart is de-
pendent on the formation of a normal left–right relationship,
heterotaxy is associated with congenital heart disease in the
majority of cases (Chandra, 1974; Gutgesell, 1990; Cohen
et al., 2007).

There is a spectrum of defects in heterotaxy syndrome,
varying from isolated levocardia with abdominal situs inver-
sus or isolated dextrocardia with abdominal situs solitus to
total absenceof asymmetry along the left–right axis. Themost
significant forms of heterotaxy syndrome are seen in left iso-
merism (also known as the polysplenia syndrome) or right
isomerism (also known as asplenia syndrome). The term as-
plenia originated from Ivemark’s (1955) initial description
of cardiac malformations associated with congenital asple-
nia. Moller et al. (1967) subsequently reported another syn-
drome, also with cardiac and visceral abnormalities, but be-
cause it was associated with multiple splenic masses, it was
called “polysplenia syndrome.”

Sapire et al. (1986) further described these syndromes
in relation to anatomic features of the atria, such as right atrial
isomerism (asplenia syndrome) and left atrial isomerism
(polysplenia syndrome). This distinction was suggested be-
cause the anatomic features of the atria more reliably reflect
the visceral abnormalities than does the spleen.Usually asple-
nia occurs in right atrial isomerism and polysplenia occurs
in left atrial isomerism, but discrepancies have been reported
(Caruso and Becher, 1979). In addition, each condition has
been described with both the presence of a normal spleen
(Laman et al., 1967; Landing et al., 1971) and normal cardiac
anatomy (Peoples et al., 1983). Left atrial isomerism accounts
for most cases of “polysplenia syndrome” (Moller et al.,
1967; Van Mierop et al., 1972; Rose et al., 1975; Peo-
ples et al., 1983). Polysplenia is usually manifested as mul-
tiple splenic masses along the greater curvature of the
stomach. The combined weight of the splenic tissue is ap-
proximately equivalent to a normal spleen. Left atrial iso-
merism usually has absent right-sided organs and bilaterally
placed left-sided organs. Left atrial isomerism is usually asso-
ciated with less severe cardiac anomalies and better survival
than right atrial isomerism (Peoples et al., 1983; Sapire et al.,
1986).

Left Atrial Isomerism

The organs most involved in left atrial isomerism are the
lungs, liver, heart, and intestines. The lungs are symmetric
mirror images of the left lung with only two lobes. Each side
has left-sidedrelationshipsbetween thepulmonaryarteryand
the mainstem bronchi (Moller et al., 1967). The pulmonary
artery courses over and behind the mainstem bronchus on
both sides, as in a normal left lung. The bronchi branch in
a pattern similar to the left tracheobronchial tree and there

is no horizontal minor fissure on the right because there are
only two lobes.

The liver usually is abnormal in shape and position and
typically has a central globular appearance, as it is symmetric.
The gallbladder may be midline, hypoplastic, or absent. In
10%of the cases, biliary anomalies can alsobe seen (Peoples et
al., 1983). Several cases of biliary atresia have been reported in
left atrial isomerism (Mayo et al., 1949; Teichberg et al., 1982).

The intestines demonstrate nonrotation or reverse ro-
tation of themidgut loop. The initial 90-degree counterclock-
wise rotation occurs, but the final 180-degree rotation about
the superior mesenteric artery does not occur. The result is
that the small intestine is on the right side of the abdomen
and the colon is on the left. In severe reverse rotation, the
midgut rotates clockwise instead of counterclockwise. The
result is that the duodenum lies inferior to the superior
mesenteric artery and the transverse colon behind it. These
rotational abnormalities are prone to proximal intestinal
obstruction or midgut volvulus.

Cardiac anomalies in the left atrial isomerismcanoccur
at every level of the heart (Moller et al., 1967; Van Mierop
et al., 1972; Rose et al., 1975; Tommasi et al., 1981; Peoples
et al., 1983). In 50%of the cases, there are bilateral venae cavae
connecting to the superior posterior aspect of the ipsilateral
atrium. In rare cases, a single superior vena cava (SVC) con-
nects to the coronary sinus, but the coronary sinus is usually
absent. In 65%of the cases, the intrahepatic inferior vena cava
(IVC) is interrupted. The IVC above the renal veins connects
to the azygous system. The hepatic veins connect directly to
the floor of the atrium. Anomalous pulmonary venous re-
turn occurs in 40% of the patients (Ware et al., 2004). This
is usually partial, with the veins from each lung entering the
ipsilateral atrium on the opposite sides of the midline. The
atria each show features of the left atrium with a long narrow
atrial appendage. The atrial septum is usually absent, with an
ostium primum defect in 65% of the cases.

Peoples et al. (1983) reviewed the ventricular anatomy
of 127 cases of left atrial isomerism and found that in 38 the
ventricular septumwas intact, in 80 a ventricular septal defect
(VSD) was present, and in 9 there was a univentricular heart.
The VSD was either a form of endocardial cushion defect or
a VSD in one of the typical locations. The atrioventricular
connection is ambiguous through either a common or two-
leaflet valve (Tommasi et al., 1981). In a univentricular heart,
there is usually a double inlet ventricle to a chamber of right
or left ventricular morphology.

The great vessels in the left atrial isomerism are concor-
dant in 69% (Peoples et al., 1983). The remainder are equally
divided between discordant atrioventricular connection
and double outlet ventricle (usually of the right, but some-
times double outlet left ventricle can be seen). In 20% of the
cases, the side of the aortic arch is opposite the side of the
cardiac apex.

The pulmonary valve of the right ventricular outflow
area is normal in 65% of the cases. In the remaining cases,
the pulmonic valve is stenotic (20%) or atretic (10%) with
isolated subpulmonic stenosis in the remainder. In the left side
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of the heart, Peoples et al. (1983) found obstructive lesions in
22% of cases. These included valvular or subvalvular aortic
stenosis (11 cases), coarctation of the aorta (7), hypoplastic
left heart, hypoplastic left ventricle (6), mitral stenosis (3),
and cor triatriatum (1).

Right Atrial Isomerism

The asplenia syndrome is now best described, in terms of the
visceral asymmetry, as right atrial isomerism. Althoughmost
patients will lack a spleen, some patients will have a normal
spleen ormultiple spleens. These patients usually come to the
attention of a pediatric cardiologist early in life, secondary to
severe associated congenital heart disease. Although histor-
ically 90% of the patients with the asplenia syndrome died
by 1 year of age, survival has significantly improved due to
advances in cardiac diagnosis, the use of prostaglandin E1 in
duct-dependent lesions, and improvements incardiac surgery
(Ivemark, 1955; Van Mierop et al., 1972; Chang et al., 1993).

In right atrial isomerism, there are multiple visceral
abnormalities that affect the heart, lungs, liver, and gastroin-
testinal tract. The lungs are both trilobed and the pulmonary
arterial relationships with the tracheobronchial tree may be
obscured by proximal pulmonary atresia. The lungs often
derive significant blood flow from systemic vessels. The liver
occupies a central position in the upper abdomen with the
globular transverse lie.

Some take exception to the concept of atrial isomerism
in heterotaxy (VanPraagh, 1985; VanPraagh andVanPraagh,
1990). Van Praagh has written that the concept of atrial iso-
merism is conceptually and anatomically flawed, as the atrial
appendages are not mirror images of each other. The heart is
organized initially as a cephalocaudally oriented blood vessel.
In contrast to other viscera, in the heart left–right organiza-
tion is not initially present in the embryo but is acquired later
in development. This group suggested criteria to define the
morphologic right atrium as one that receives: (1) all of the
systemic veins, while a separate atrium receives all of the pul-
monary veins; or (2) all of the systemic veins and some or all
of the pulmonary veins, without losing a common atriumbe-
cause a second atrium is present; or (3) the orifice of a normal
coronary sinus. In contrast, the morphologically left atrium
can be defined as the atrium that receives: (1) all or half of the
pulmonary veins, but none of the systemic veins (except for a
persistent SVC associated with an unroofed coronary sinus in
cases with bilateral SVC); or (2) none of the pulmonary veins
and none of the systemic veins. In addition, the left atrial ap-
pendage is usually smaller and more posterior than the right
atrial appendage.

INCIDENCE

It is difficult to estimate the incidence of heterotaxy, because
birth defect registries track each anomaly separately. A recent
study with strict diagnostic criteria estimated the prevalence

of heterotaxy to be 1 in 10,000 birth (Lin et al., 2000). The
observed male-to-female ratio is 2 to 1. Overall, heterotaxy
account for 3% of cases of congenital heart disease (Ware
et al., 2004).

SONOGRAPHIC FINDINGS

Accurate prenatal diagnosis in heterotaxy is not only possible
but offers the advantage of assisting postnatal management
(Allan et al., 1994; Copel et al., 1997; Lin et al., 2002; Taketazu
et al., 2006).

The determination of visceral situs may be quite chal-
lenging for the ultrasonographer. Often, abnormal cardiac si-
tus anda structural defect aredetected simultaneously, raising
the suspicion of heterotaxy. Certain cardiac defects are more
commonly associated with asplenia syndrome. These include
total anomalous pulmonary venous return, VSD, single ven-
tricle, transposition of the great arteries, and dextrocardia. In
polysplenia, bilateral SVC, absent or interrupted IVC, anoma-
lous pulmonary venous return, dextrocardia, atrioventricu-
lar septal defect, transposition of great arteries, and double
outlet right ventricle are typical anomalies (Van Mierop
et al., 1972). The sonographic findings that distinguish be-
tweenpolysplenia and asplenia are summarized inTable 56-1.

Detection of visceral situs can be difficult, as the liver
may have a central position and the stomach bubble location
maybe right, left, or central (Figure 56-1). In the asplenia syn-
drome, the relationship between the IVC and aorta is helpful
in diagnosing heterotaxy. Huhta et al. (1982) noted in new-
borns that in asplenia syndrome the descending aorta and the
IVC run on the same side of the spine, either to the right or
left. The aorta is usually positioned posterior to the IVC. This
relationship is best appreciated in a transverse cross section
of the fetal abdomen below the diaphragm (Figure 56-2).
The IVC and aorta should then be followed proximally to
the right atrium and descending thoracic aorta, respectively.
The IVC is often interrupted in the polysplenia syndrome,
with blood flow continued via communication though the
azygos vein on either the left or right side of the spine. The
aorta usually courses anterior to the spine in the midline.
There is a good deal of overlap between these conditions,
and identification of IVC and aorta on the same side of the
spine has been described in both asplenia and polysplenia
syndromes.

Echocardiographic assessment should attempt to iden-
tify the presence of right, left, or bilateral SVC and its con-
nection to the atria. In bilateral SVCs, the left may connect
to the coronary sinus or the left atrium. An attempt should
be made to identify the pulmonary veins. In total anoma-
lous pulmonary veins, if a venous connection is seen with
situs ambiguous, then right atrial isomerism should be sus-
pected. In contrast, partial anomalous venous connection to
the right atriumsuggests left atrial isomerism. In addition, the
atrioventricular connection and ventriculoatrial connection
should be determined.
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Table 56-1

Prenatal Sonographic Findings in Heterotaxy Syndromes

Finding Polysplenia Asplenia

Sidedness Left Right

Spleen Present (multiple) Absent

Gallbladder Absent Present

Liver Left or right side Midline

Heart malformations ASD, AVC, TGA, DORV AVC, single ventricle, TGA, PS

Vena cava Interrupted IVC Same side as aorta
Bilateral SVC Bilateral SVC

Anomalous pulmonary 70% of cases 100% of cases

Venous return

Sex ratio Equal in males and females 2 females : 1 male

KEY: ASD = atrial septal defect; AVC = atrioventricular canal defect; DORV = double outlet right ventricle; IVC = inferior vena cava; PS = pulmonic stenosis;
SVC = superior vena cava; TGA = transportation of great arteries.

ANTENATAL NATURAL HISTORY

Little is known of the antenatal natural history of heterotaxy
because it has been recognized prenatally only relatively re-
cently (Berg et al., 2003; Cohen, 2006). Abnormal situs does
not in itself pose adverse consequences for the fetus, with two
notable exceptions. The prenatal as well as postnatal courses
are thought to be determined primarily by the severity of the
cardiac defect. Most structural heart defects associated with
heterotaxy are well tolerated in utero. Because most cases

Figure 56-1 Antenatal sonographic image demonstrating the
presence of the fetal stomach in the right upper quadrant.

of right atrial isomerism have pulmonary stenosis or atresia
and total anomalous pulmonary venous return, theywill usu-
ally need palliative treatment early in postnatal life (Masood
et al., 1996;Wuet al., 1998). Patientswith left atrial isomerism
tend to have less complex cardiac anomalies and in general
a better prognosis than patients with right atrial isomerism
(Rose et al., 1975; Van Praagh et al., 1992). Exceptions to this
are cases of left atrial isomerism associated with heart block,
which result in nonimmune hydrops (Phoon et al., 1996).

Figure 56-2 Transverse section through the abdomen of a fetus
with total sinus inversus. The fetal right side is superior in this pic-
ture. Ao = aorta; IVC = inferior vena cava. (Courtesy of Dr. Marjorie
Treadwell.)
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Prenatal mortality in left atrial isomerism may be as high at
31%due to heart block and extracardiac pathology (Taketazu
et al., 2006).

In cases in which heterotaxy results in intestinal malro-
tation, the risk of midgut volvulus exists. However, no case of
prenatalmidgut volvulus due to heterotaxy has been reported
to date. The presence of biliary atresia or intestinal obstruc-
tion is more frequently identified in nonsurvivors (Taketazu
et al., 2006). The presence of biliary atresia or other gastroin-
testinal malformations is associated with 2- and 2.5-fold in-
creased risk of mortality, respectively (Gilljam et al., 2000).

MANAGEMENT OF PREGNANCY

In cases of suspected heterotaxy, obstetric management
should include a detailed sonographic evaluation to delineate
the situs and extent of visceral abnormalities. Fetal echocar-
diography should be performed in all cases to determine
the nature and severity of associated cardiac defects. Chro-
mosome abnormalities are associated with major congeni-
tal heart defects, but they are not typically associated with
heterotaxy (Lin et al., 2000). Nonetheless, if a cardiovascu-
lar malformation is present with heterotaxy, amniocentesis is
warranted. The prospective parents shouldmeet with a med-
ical geneticist to review the family history and discuss DNA
mutation testing.

There is no indication for changing the mode or tim-
ing of delivery except for standard obstetrical indications.
However, because of the potential for severe structural heart
disease, referral for delivery in a tertiary care center with
neonatologists, pediatric cardiologists, and pediatric cardiac
surgeons available is recommended.

FETAL INTERVENTION

There is no fetal intervention for heterotaxy. However, in
cases of left atrial isomerism, heart block may result in hy-
drops and fetal mortality. Complete heart block complicates
asmany as 15%of left isomerism cases (Taketazu et al., 2006).
If caught early in the progression to hydrops, fetal cardiac
pacemaker placement may be an option to salvage fetuses
with correctable cardiac anomalies.

TREATMENT OF THE NEWBORN

Much of the initial treatment of the infant with heterotaxy
will be dictated by the specific associated cardiac defect. The
reader is referred to the individual chaptersonstructuralheart
disease (see Chapters 43–55). The newborn with heterotaxy
shouldundergoplain abdominal radiographyof the chest and
abdomen to confirm the diagnosis of heterotaxy. Postnatal
echocardiography should be performed to confirm prenatal

Figure 56-3 Postnatal contrast study in an infant with hetero-
taxy. Note that there is dextrocardia, vascular congestion, and si-
tus ambiguous with the stomach lying centrally. The stomach is
small and the liver fills the upper abdomen. (Courtesy of Dr. Roy
McCauley.)

echocardiographic assessment and to define the anatomic de-
fect. When the infant is stable for transport to the radiology
suite, anupper gastrointestinal series and small-bowel follow-
through should be performed to evaluate abnormalities in
intestinal fixation that may predispose to midgut volvulus
(Figure 56-3). In cases of asplenia, the newborn should be
maintained on prophylactic penicillin and receive the pneu-
mococcal vaccine.

LONG-TERM OUTCOME

The long-term outcome of children with heterotaxy is di-
rectly related to the severity of the associated cardiac anomaly
and/or the presence of biliary atresia (Zhu et al., 2006).

GENETICS AND RECURRENCE RISK

There is evidence to support multiple patterns of inher-
itance of heterotaxy. Most cases of heterotaxy are single
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occurrences in a family. Approximately 10% of infants with
heterotaxy, however, have a family history of a close relative
with congenital heart defects (Belmont et al., 2004). Anal-
ysis of the Baltimore-Washington Infant Study data from
1980 to 1989 suggests the potential importance of a posi-
tive family history of cardiac malformations (odds ratio 5.1;
95%CI, 2.0–12.9),maternal diabetes (odds ratio 5.5; 95%CI,
1.6–19.1), and parental cocaine use (odds ratio 3.7; 95% CI,
1.3–10.7) as risk factors for heterotaxy (Kuehl and Loffredo,
2003).

Heterotaxy occasionally occurs in families in a recur-
ring pattern, suggestive of autosomal recessive, X-linked, or
autosomal dominant inheritance. Alonso et al. (1995) re-
ported six families with a pattern of recurrence suggestive
of an autosomal dominant inheritance. Ferraro et al. (1997)
studied a large family in which a gene for heterotaxy (HTX-1)
was mapped to Xq26.2.

There is a growing body of evidence that supports the
role of single-gene mutations in heterotaxy. The occurrence
of families with X-linked inheritance has been demonstrated
by linkage analysis (HTX1, Xq26.2) and confirmed by mu-
tations in the gene ZIC3. ZIC3 is a zinc finger protein that
localizes to the nucleus with potential DNA binding activity.
The 5 zinc finger motifs in ZIC3 share sequence similarities
with the GL1 family of transcription factors. Mutations in
ZIC3 may result in absent or abnormal transcriptional acti-
vator function (Ware et al., 2004). There have been several
reports of deletion nonsense, frameshift, and missense mu-
tations in ZIC3. Some of these mutations have occurred in
phenotypically normal subjects, and individuals with situs
inversus without congenital heart defects, or with congenital
heart defects such as hypoplastic left heart syndrome, which
would not usually be considered in the spectrum of left–right
patterning defects. Mutations in ZIC3 account for 1% of all
cases of heterotaxy (Belmont et al., 2004; Ware et al., 2004).
Commercial DNA testing is available for ZIC3 mutations. If
consultation with a medical geneticist was not obtained pre-
natally, it should be obtained postnatally to take a complete
family history, consider DNA testing options, and to discuss
recurrence risk. Studies inmodelorganisms suggest thatmore
than 80 genes must function to develop normal asymmetric
left–right organs (Zhu et al., 2006).

In the Zic3-deficient mouse, there is improper nodal
expression (Purandare et al., 2002). The node is a transient
midline structure that forms during gastrulation and is crit-
ical for decisions regarding laterality. In null mutations in
ActRIIB and Cryptic/EFG-CFC there is a failure of nodal sig-
naling and right atrial isomerism. Null mutations in lefty-1
result in left isomerism due to failure of nodal signaling re-
stricted to the left. Humanmutations do not replicate exactly
the mouse phenotype. For example, the phenotype of pa-
tients with mutations in LEFTYA, the human homolog of
mouse lefty-1 is not characterized as left or right patterning
failure (Kosaki et al., 1999). There are numerous possible rea-
sons that may account for discrepancies betweenmurine and
humanphenotypeswhich include, but arenot limited to,hap-
loinsufficiency versus null mutations, deficiencies in NODAL

functions between mouse and human alternative roles for
CRYPTIC or ACVR2B, or differential role of modifier genes
(Belmont et al., 2004). The differences between the mouse
and human phenotypes highlight the complexities involved
in left–right patterning at the level of signaling pathways
and regulatory interaction, even when the mutations are the
same.
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57
CHAPTER

Cardiomyopathy

Key Points

■ Generally classified as dilated or hypertrophic
cardiomyopathy.

■ Incidence is 1.2 per 100,000. Higher in males due to
X-linked conditions.

■ Most common causes of hypertrophic
cardiomyopathy are maternal diabetes, twin–twin
transfusion, Noonan syndrome, inborn error of
metabolism, and familial single-gene disorder.

■ Most common causes of dilated cardiomyopathy
are infection, endocardial fibroelastosis,
dysrhythmia, carnitine deficiency, and familial
single-gene disorder.

■ Associated with high incidence of antenatal
cardiac dysfunction and in utero mortality (except
if due to maternal diabetes).

■ Twenty percent of cases are familial. Obtain a
family history and consider evaluating both
parents.

■ As many as 40% of cases require postnatal heart
transplant.

■ Increasing numbers of causative mutations in
genes for sarcomeric and cytoskeletal proteins
have been identified. Most are inherited as
autosomal dominant disorders with variable
penetrance.
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CONDITION

Cardiomyopathy refers to cardiac hypertrophy manifested by
an increased interventricular septal size and/or free ventric-
ular wall size in the absence of an increased cardiac load, ac-
companied by decreased cardiac function and by ventricular
dilation (Michels et al., 1992). More broadly, cardiomyopa-
thy is defined as a disease of themyocardium characterized by
the presence of systolic or diastolic dysfunction or abnormal
myocardial structure (Schwartz et al., 1996). The condition is
rarely observed during fetal life. Cardiomyopathy is generally
classified as dilated or hypertrophic.

INCIDENCE

The incidence of fetal cardiomyopathy is not precisely known,
but it is rare. In one study, dilated cardiomyopathy was
present in approximately 2% of fetal cardiac abnormalities
(Sivasankaran et al., 2005).

Relatively recently, two large-scale population-based
cohort studies of cardiomyopathy in childrenwere published.
Onewas performed inAustralia (Nugent et al., 2003) and one
involved American children in New England and the Central
Southwest (Lipshultz et al., 2003). In the Australian study, the
incidence of cardiomyopathy was 1.24 per 100,000. Of these,
58.6% had dilated cardiomyopathy, 25.5% had hypertrophic
cardiomyopathy, 9.2% had cardiomyopathy due to noncom-
paction of the left ventricle, and 2.5%of caseswere restrictive.
There was a large familial component (19.8% of cases). In-
digenous children had a 2.67-fold relative risk of having the
disease compared to nonindigenous children. The American
study showed a similar incidence (1.13 per 100,000) and iden-
tified a peak incidence in the first year of life. In this study,
51% of cases were due to dilated cardiomyopathy, 42% to
hypertrophic, 3% to restrictive, and 4% to unspecified. The
American study noted a higher incidence in black children.
Both studies documented a higher incidence in males, pre-
sumably due to the X-linked conditions that are associated
with cardiomyopathy, such as Duchenne, Becker, and Barth
syndromes.

SONOGRAPHIC FINDINGS

Relatively few reports of the prenatal diagnosis of fetal car-
diomyopathy exist. One of the most comprehensive encom-
passes a 9-year retrospective review of fetuses studied in
the Fetal Cardiac Program at the Hospital for Sick Chil-
dren in Toronto (Pedra et al., 2002). This study reported
on 55 affected fetuses. Evaluation included a complete two-
dimensional study, spectralDoppler, andcolorflowmapping.
The authorsmeasured cardiothoracic ratio, left and right ven-
tricular end-systolic and end-diastolic diameters, and wall
thickness. Measurements in affected pregnancies were com-
pared with values obtained in 55 normal fetuses. Ventricu-

lar systolic and diastolic function was assessed. Dilated car-
diomyopathy was diagnosed in the presence of systolic dys-
function with or without significant chamber enlargement
but without wall thickening. Hypertrophic cardiomyopathy
was diagnosed when the ventricular wall thickness was ≥2
SD above the normal mean for gestational age, with or with-
out ventricular systolic or diastolic dysfunction (Pedra et al.,
2002).

Although the incidence of hypertrophic cardiomyopa-
thy in the Pedra et al. (2002) study was higher than dilated
cardiomyopathy, the numbers are affected by two reason-
ably common conditions, maternal diabetes and twin–twin
transfusion syndrome (see Chapter 119). A significant body
of literature exists on the fetal heart in the offspring of the
diabetic mother. Gutgesell et al. (1980), studied 47 infants of
diabeticmothers by echocardiography. In this study, 24 of the
infants were clinically symptomatic. Five had marked septal
hypertrophy with echocardiographic features that suggested
left ventricular outflow obstruction. Five infants had hyper-
trophy of the right ventricular free wall. One symptomatic
infant died from an unrelated bacterial infection. In the clin-
ically asymptomatic infants, three were shown to have septal
hypertrophy, two had right ventricular free wall hypertro-
phy and no patients had left ventricular outflow obstruction.
None of the patients in the entire study had evidence of di-
lated or congestive cardiomyopathy, and all patients had res-
olution of their echocardiographic abnormalities during the
first 6 months of life. This was the first report to suggest the
use of echocardiography to follow cardiac changes occurring
in infants of diabetic mothers. The alterations in the hearts
of infants of diabetic mothers were shown to be due to an in-
creased mass of myocardial nuclei and sarcoplasm, but they
were self-limited.

Subsequently, fetuses in mothers who had well-
controlled type I insulin-dependent diabetes were studied
at 4-week intervals between 20 and 30 weeks of gestation by
M-modeandDoppler echocardiographic studies (Rizzo et al.,
1992). These investigators measured intraventricular septal
thickness, left and right ventricular wall thickness, and the
ratio between the peak velocities during the early passive
ventricular filling and active atrial filling at the level of the
atrioventricular valves. They also studied peak velocities and
time to peak velocity at the level of the ascending aorta and
pulmonary artery. The findings in the 14 fetuses of diabetic
mothers were compared with those in 10 normal control
fetuses. This study revealed that all indices investigated in-
creased linearly with advancing gestation. The fetuses of the
diabetic mothers showed an accelerated increase in cardiac
size occurring during the late second trimester, manifested
by progressive thickening of the intraventricular septum and
ventricularwalls. These investigators demonstrated that strict
control of maternal diabetes did not prevent the accelerated
fetal cardiac growth and abnormal development of cardiac
function, which was mainly manifested by impaired diastolic
function (Rizzo et al., 1992). The study was followed by a
related report that compared fetal echocardiographic indices
in fetuses of mothers with well-controlled insulin-dependent
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diabetes to normal fetuses during the second and third
trimester (Gandhi et al., 1995). An increase in right ven-
tricular shortening fraction was associated with global car-
diac enlargement, which did not adversely affect myocardial
contractility. These authors hypothesized that metabolically
stable maternal diabetes may be associated with a mild but
definite myocardial hypertrophy that affects the growth of
the ventricular and septal walls (Gandhi et al., 1995). The
echocardiographic changes associatedwithmaternal diabetes
are not, strictly speaking, a cardiomyopathy, but rather a self-
limitedcardiachypertrophy.Only inextremely rare casesdoes
thematernal diabetes result in systolic ordiastolic cardiacdys-
function, progressing to congenital heart failure.

Prenatal sonographic manifestations of familial hyper-
trophic cardiomyopathy are increasingly being appreciated.
In one report, a 25-year-old primigravida was described with
hypertrophic apical cardiomyopathy whose fetus had normal
echocardiographic examinations at 19 and 21 weeks of gesta-
tion. At 27weeks of gestation, two-dimensional andM-mode
echocardiograms revealed a generalized fetal cardiac hyper-
trophy with a markedly thickened intraventricular septum.
This was confirmed at 32 and 36 weeks of gestation but did
not worsen throughout the rest of the pregnancy. The patient
was studied postnatally and followed to age 15months, when
stable cardiachypertrophywasobserved (Stewart et al., 1986).

Genetic syndromes, such as Noonan syndrome, can
present with hypertrophic cardiomyopathy. In one case re-
port, a fetus with cystic hygroma and a normal karyotype,
diagnosed postnatally with Noonan syndrome, was referred
for fetal echocardiography at 23 weeks of gestation. A small
primumatrial septal defect, increased echogenicity of themi-
tral valve, and modest hypertrophy of both ventricles were
observed (Sonesson et al., 1992). In the same fetus, observed
serially at 35 weeks of gestation, prominent hypertrophy of
both ventricles was demonstrated. Retrospectively, these au-
thors noted that the first sign of myocardial abnormality was
observed in the diastolic filling of both ventricles. However,
this may be a subtle finding, as all fetuses have different dias-
tolic filling velocities compared with newborn infants.

In a retrospective review of six cases of fetal dilated car-
diomyopathy, Schmidt et al. (1989)made a sonographic diag-
nosis by numerous approaches, including the four-chamber,
long-axis, short-axis, and aortic-arch views. Prenatal sono-
graphic imaging was complemented by M-mode echocar-
diography for better definition of the motion patterns of the
atrioventricular and semilunar valves (Schmidt et al., 1989).
This group defined the right and left ventricular fractional
shortening (FS) index as:

FS = (EDD − ESD) × 100/EDD,

where EDD is the end-diastolic diameter of the ventricle and
ESD the end-systolic diameter of the ventricle. These inves-
tigators demonstrated that in five of the affected fetuses, the
right ventricular FS index was less than 2 SD below the nor-
mal mean for gestational age, and in four, the left ventricular
FS index was less than 2 SD below the normal mean. In ad-

dition, they observed significantly larger mean end-diastolic
diameters. In affected fetuses, the FS decreased progressively
during gestation while the chamber enlargement increased
(Schmidt et al., 1989).

DIFFERENTIAL DIAGNOSIS

The most important consideration in the differential diag-
nosis is to determine whether the cardiomyopathy is dilated
or hypertrophic (Table 57-1). In dilated cardiomyopathy, the
ventricle is thin-walled and dilated; mitral and or tricuspid
regurgitation is also present (Figures 57-1 and 57-2). In the
study performed at the Hospital for Sick Children (Pedra et
al., 2002) 22/55 fetuses had dilated cardiomyopathy and 33
hadhypertrophic.Thevarious causesof thedilated cardiomy-
opathy were endocardial fibroelastosis (6 cases), familial (5),
cytomegalovirus infection (2), and idiopathic (9). Theunder-
lying diagnosis in the hypertrophic cases included: twin–twin
transfusion (18 cases) (Figure 57-3), maternal diabetes (7),
Noonan syndrome (2), alpha thalassemia (2), familial (1),
and idiopathic (3).

The important potentially treatable conditions to be
ruled out include dysrhythmias, infection, endocardial fi-
broelastosis due to maternal antibodies, and severe anemia
(usually accompanied by hydrops fetalis). Viruses potentially
involved in fetal cardiomyopathy include cytomegalovirus,
group B Coxsackie, echovirus, rubella, and herpes (Boston
et al., 1994). Carnitine deficiency, although not directly diag-
nosable prenatally, should be considered, because postnatal
treatment exists.

Inborn errors of metabolism associated with infan-
tile cardiomyopathy are listed in Table 57-2. These include
storage disorders, such as Pompe disease (glycogen storage

Table 57-1

Differential Diagnosis of Fetal
Cardiomyopathy

Hypertrophic
Maternal diabetes
Twin to twin transfusion
Noonan syndrome
Inborn error of metabolism
Familial single-gene disorder
Alpha thalassemia

Dilated
Infection (most commonly, cytomegalovirus)
Endocardial fibroelastosis
Dysrhythmia
Familial single-gene disorder
Carnitine deficiency
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Figure 57-1 Antenatal four-chamber view of
a fetal heart, demonstrating dilation of all four
chambers. Arrows indicate the presence of a
pericardial effusion.

disease, type II). This autosomal recessive condition results
in symmetricmassivehypertrophyof individualmusclefibers
due to infiltration with glycogen. Pompe disease is diagnosed
histochemically by the presence of vacuolar myopathy with
positive periodic acid Schiff (PAS) staining and fiber reac-
tivity for acid phosphatase. Frozen sections of liver reveal
the absence of lysosomal acid α-glucosidase (Cottrill et al.,
1987). For the sake of completeness, inborn errors of enzymes
or transport proteins involved in mitochondrial β-oxidation
of fatty acids are included in Table 57-2. Disorders of fatty
acid oxidation are among the most common metabolic dis-
eases known, with an incidence of 1 in 10,000 to 1 in 15,000
livebirths (Kelly and Strauss, 1994). However, they generally
become apparent only during a fasting episode associated
with infection and are unlikely to be recognized during fetal
life.

Single-genedisorders associatedwithhypertrophic car-
diomyopathy include neurofibromatosis, Friedreich ataxia,
LEOPARD syndrome (lentigines, echocardiographic abnor-
malities, ocular hypertelorism, pulmonary stenosis, abnor-
mal genitalia, restriction of growth, deafness), and Noonan
syndrome (Schwartz et al., 1996). Of these, Noonan syn-
drome is the only one that has been described during fetal life
(Battiste et al., 1977; Sonesson et al., 1992).

ANTENATAL NATURAL HISTORY

There is a high incidence of cardiac dysfunction and in
utero mortality when fetal cardiomyopathy is observed, ex-
cept in the setting of maternal diabetes. Pedra et al. (2002)

A B

Figure 57-2 A. Antenatal sonographic image of same fetus shown in Figure 57-1, demonstrating significant dilation
of the pulmonary outflow tract. B. Corresponding view of the left ventricular outflow tract, also showing dilation.
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Figure 57-3 Antenatal four-chamber view of a fetal heart,
demonstrating marked biventricular hypertrophy in a recipient
of twin–twin transfusion.

demonstrated that systolicdysfunctionwaspresent in all cases
of dilated cardiomyopathy and 15/33 cases of hypertrophic
cardiomyopathy. Eight of the fetuses in their study were hy-
dropic, and 23 had signs of early hydrops. The risk factors for
mortality in utero included evidence of systolic or diastolic
dysfunction, and significant atrioventricular valve dysfunc-
tion. Diastolic dysfunction was associated with the highest
risk of mortality.

In another study, Sivasankaran et al. (2005) reported
on outcome in 50 fetuses diagnosed with dilated cardiomy-
opathy. Two-thirds became hydropic at some point during
gestation. Ten fetuses were terminated. Of the 40 remaining
fetuses, only 25 survived to delivery, indicating a 37.5%mor-
tality in utero.

MANAGEMENT OF PREGNANCY

Fetuses in which cardiomyopathy is suspected should be re-
ferred to a center capable of performing fetal echocardiog-
raphy to rule out structural heart disease. Ideally, this center
should be able to serially monitor the fetal cardiac function,
including repeated measurement of the ventricular FS index
and cardiac chambers, and rule out dysrhythmias such as
supraventricular tachycardia and atrial flutter. It is impor-
tant to rule out dysrhythmias, because they are treatable. If
a high index of suspicion exists for an arrhythmia, 24-hour
monitoring of the pregnant patient and fetus in the hospital
is recommended. A targeted fetal sonographic study should
be performed to identify any additional anomalies that could
help in the diagnosis of a specific genetic syndrome. An at-
tempt should be made to identify whether the mother has
evidence of diabetes or infection. If the fetus has dilated car-
diomyopathy, some centers screen maternal blood for the

Table 57-2

Metabolic Causes of Cardiomyopathy
in Infancy

Storage Disorders
Glycogen storage disease, type II (Pompe disease)
Lysosomal glycogenosis without acid maltase deficiency
Glycogen storage disease, type III
Cardiac glycogenosis
GM1-gangliosidosis (β-galactosidase deficiency)
GM2-gangliosidosis (Sandhoff disease)
Ethanolaminosis
Familial steatosis

Inborn Errors of Fatty Acid Oxidation
Carnitine transport defect
Carnitine-acyl carnitine translocase defect
Carnitine palmitoyltransferase II defect
Long- and medium-chain acyl coenzyme A (COA)

dehydrogenase deficiencies
Long-chain 3-hydroxyacyl-coA dehydrogenase deficiency

Inborn Errors of Mitochondrial Oxidative
Phosphorylation

Lethal infantile cardiomyopathy
Benign infantile mitochondrial myopathy and

cardiomyopathy
Maternally inherited myopathy and cardiomyopathy
Inherited cardiomyopathy with multiple deletions of

mitochondrial DNA
Myoclonic epilepsy and ragged red fiber (MERRF) disease
Mitochondrial myopathy, encephalopathy, lactic acidosis,

and strokelike episodes (MELAS)
Kearns–Sayre syndrome

Modified from Kohlschütter A, Hausdorf G. Primary (genetic)
cardiomyopathy in infancy. Pediatrics. 1986;145;454-459 and Kelly DP,
Strauss AW. Inherited cardiomyopathies. N Engl J Med. 1994;330:913-919.

presence of anti-Ro (SS-A) and anti-La (SS-B) antibodies.
If positive, the pregnant woman can be treated with oral
dexamethasone.

It is important to obtain a complete family history,
with specific questions directed toward sudden death in fam-
ily members. Consideration should be given to performing
echocardiography on both parents due to the high incidence
of familial cases (Burkett and Hershberger, 2005).

FETAL INTERVENTION

If a dysrhythmia is diagnosed, medical treatment is indicated
(see Chapters 41 and 42).
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TREATMENT OF THE NEWBORN

Infants born after a fetal diagnosis of cardiomyopathy need
to be delivered in a center capable of newborn resuscita-
tion and aggressive cardiac management. Symptomatic in-
fants may have respiratory distress and require mechanical
ventilation with oxygen administration. A chest radiograph
should be obtained to demonstrate cardiomegaly. An electro-
cardiogram should also be obtained. Infants with cardiomy-
opathy may have left ventricular hypertrophy with or with-
out strain. If the electrocardiogram demonstrates giant QRS
complexes in all leads with a shortened P–R interval, glyco-
gen storage disorders may be considered (Kohlschütter and
Hausdorf, 1986). A complete physical examination is indi-
cated.Additional anomaliesordysmorphic faciesmay suggest
a particular genetic disorder, such asNoonan syndrome. If in-
born errors of metabolism are suspected, the infant should
be evaluated for evidence of enlargement of the liver, spleen,
or tongue, as well as clinical evidence of seizures, skeletal
changes, or corneal opacities. Work-up should also include
measurement of carnitine and acylcarnitine levels, as supple-
mentation with carnitine will result in clinical improvement
if a deficiency exists.

Further treatment for infants with dilated cardiomy-
opathy consists of administration of diuretics, together with
digoxin and afterload reduction if pulmonary edema devel-
ops. Hypertrophic cardiomyopathy is treated with calcium-
channel blockers and β-blockers to relax the heart. It is our
experience that infants ofmothers with diabetes almost never
require treatment, even when their hypertrophic cardiomy-
opathy is severe.

SURGICAL TREATMENT

Theonly surgical treatment for severedilatedcardiomyopathy
is heart transplantation, which may be needed in as many as
40% of cases (Lipshultz et al., 2003).

LONG-TERM OUTCOME

The postnatal natural history for 20 infants identified with
cardiomyopathyduring thefirst yearof life hasbeendescribed
(Maron et al., 1982). Fourteen of the infants presented with
a murmur that suggested evidence of outflow obstruction.
For all these infants, the initial diagnosis was a suspected
congenital cardiac malformation. Twelve of the 14 infants
who presented with a murmur underwent cardiac catheter-
ization, which demonstrated substantial left and right ven-
tricular outflow tract obstruction, asymmetric hypertrophy
of the ventricular septum relative to the left ventricular free
wall, and a thickened interventricular septum. This study in-
dicated that the onset of pulmonary edema during the first
year of life was an unfavorable prognostic sign, as 9 of the
11 infants who developed this finding died. Several patients

were treated with propranolol to decrease left ventricular
outflow tract obstruction, but the authors expressed caution
regarding the negative inotropic effect on ventricular con-
tractility, and recommended administration of diuretics as a
more conservative and safe regimen.

In Maron et al.’s report (1982), 6 of the 20 infants were
documented to have a family history of dilated cardiomyopa-
thy, as demonstrated by at least one of the parents having
echocardiographic evidence of asymmetric septal hypertro-
phy. Although this report is over two decades old, it does
emphasize that the familial and genetic contribution is prob-
ably greater than was originally appreciated.

In another report, the clinical course of 63 consecutive
infants and children who presented with idiopathic dilated
cardiomyopathy was described (Burch et al., 1994). The age
at diagnosis was 1 day to 15 years (median, 12 months), with
follow-up occurring through 1 day to 13 years of life (median,
19 months). The survival of this group from clinical presen-
tation onward was 79% at 1 year after diagnosis and 61%
at 5 years after diagnosis. Predictors of adverse outcome in
this group included the presence of a mural thrombus, a left
ventricular end-diastolic pressure of greater than 20 mmHg,
and an age at presentation of greater than 2 years. In 36 of
the 63 patients, left ventricular echocardiography showed a
decline or no improvement. Of these 36, 17 died, and 3 re-
quired cardiac transplantation. In 16 of 63 patients, partial
improvement was noted; 3 patients in this group died. In the
groupwhose left ventricular function returned to normal (11
of 63), all patients survived. These authors concluded that
with no documentation of improvement in left ventricular
echocardiographic dimensions or function, a poor prognosis
exists, and these infants or children should be considered for
cardiac transplantation.

GENETICS AND RECURRENCE RISK

Approximately 20% of cardiomyopathy cases are familial
(Michels et al., 1992; Nugent et al., 2003; Burkett and
Hershberger, 2005). The genetics of isolated cardiomyopa-
thy are increasingly being explained at the molecular level.
Some cases of familial dilated cardiomyopathy are inherited
as autosomal recessive or X-linked (Berko and Swift, 1987)
condition, but in the majority of families, the disease is in-
herited as an autosomal dominant disorder with age-related
penetrance (Krajinovic et al., 1995). X-linked conditions as-
sociated with dilated cardiomyopathy include Duchenne and
Becker muscular dystrophies, and Barth syndrome (dilated
cardiomyopathy, cyclic neutropenia, and skeletal myopathy).

Muchprogress has ensued regarding theunderstanding
of the molecular basis of the hypertrophic cardiomyopathies
(Table 57-3). Approximately 50% of familial hypertrophic
cardiomyopathies are due to mutations occurring in genes
on chromosomes 1, 14, and 15, although other disease loci
are known at chromosomes 11p13-q13, 7q3, and 9q13-q22
(Krajinovic et al., 1995;Watkins et al., 1995b). Approximately
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Table 57-3

Major Genes and Gene Products Involved
in Hereditary Cardiomyopathy

Hypertrophic (primarily involve sarcomeric problems)
Beta myosin heavy chain
Myosin-binding proteins
Troponin

Dilated (primarily involve cytoskeletal proteins)
Dystrophin (Duchenne and Becker syndromes; X-linked

dilated cardiomyopathy)
Beta myosin heavy chain
Lamin
Taffazin (Barth syndrome)
Desmin
Actin
Titin

Genes Involved in Metabolic Processes
Phospholamban (calcium metabolism)
Adenosine monophosphate-activated protein kinase
Carnitine transporter
Fatty acid oxidation enzymes
Respiratory chain oxidative phosphorylation pathway

30% of cases of familial hypertrophic cardiomyopathy and
some sporadic cases are due tomissensemutations in the car-
diac β-myosin heavy-chain gene on chromosome 14q11. All
thesemutations are single-nucleotide substitutions that result
in a change of a single amino acid in the globular head or the
head-rod junctionof themyosinheavy-chainmolecule.These
mutations are not null alleles. They act as dominant-negative
alleles, which means that they result in the production of an
alternativemolecule that impairs cross-bridge cycling and in-
terferes with the assembly of the sarcomere (Watkins et al.,
1995a). Approximately 15% of cases are due to mutations
occurring in the cardiac troponin T gene on chromosome
1q3. These mutations are associated with a poor prognosis
and a high incidence of sudden death before age 35 years
(Watkins et al., 1995a). Approximately 3% of cases of famil-
ial hypertrophic cardiomyopathy are due to mutations in the
α-tropomyosin gene on chromosome 15q2. All these loci are
important in specifying genes for a sarcomeric contractile
protein.

Because of the substantial progress being made in the
molecular mapping of genes that affect families with car-
diomyopathy, presymptomatic diagnosis is now possible,
although only a few cases of prenatal diagnosis using DNA
analysis have been published. In one family, a 24-year-old
manwasdiagnosedwithacardiacβ-myosinheavy-chaingene
mutation following identification of his affected sister. At the
time of his diagnosis, his partner was expecting a child. He
asked for DNA testing on his daughter shortly after her birth.

She was diagnosed as carrying the same mutation. An ethi-
cal debate ensued as to the wisdom of identifying a healthy
newborn infant as a carrier of this genemutation (Ryan et al.,
1995). The parents very strongly wanted this information so
that they would be able to redirect the child’s lifestyle to avoid
energetic activities and to ensure regular medical and cardiac
surveillance. Physicians argued against this diagnosis because
of the future stigmatization of the child with regard to em-
ployment, life insurance, and loans. In addition, the question
has been raised as to whether the presence of the mutation is
equivalent to having clinical evidence of the disease. For this
condition, the presence of the responsible gene is necessary
but not sufficient for the development of clinical symptoms
of cardiomyopathy.

In a French familywith a knownR403Lmutation in the
beta myosin heavy-chain gene (MYH7), prenatal diagnosis
was performed and demonstrated that the fetus was affected.
The couple elected to terminate the pregnancy, as the phe-
notype in their particular family was severe and they already
had one affected child (Charron et al., 2004). This family’s
experience is somewhat atypical. In another report, 22 cou-
ples with a family history of cardiomyopathy were seen in
one center for prenatal genetic counseling. In 15/22 families
the underlying molecular abnormality was known. During
the counseling session autosomal dominant inheritance was
explained, as well as the variability in the expression of the
disease. In other words, absence of the gene mutation means
that the child will not have cardiac disease, but presence of the
gene mutation could mean anything from no symptoms to
severe symptoms.Given this information, noneof the couples
counseled requestedprenatal diagnosis (Charronet al., 2002).
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CHAPTER

Intracardiac Tumors

Key Points

■ Intracardiac tumors are extremely rare in fetuses,
occurring in 0.11% to 0.14% of fetal
echocardiographic studies.

■ Most fetal intracardiac tumors (60%–80%) are due
to rhabdomyoma. Other causes (in order of
decreasing frequency) are teratoma, fibroma,
vascular tumors, and myxoma. If multiple tumors
are present, the diagnosis is almost always
rhabdomyoma.

■ Sixty to ninety-five percent of cases of
rhabdomyoma are due to tuberous sclerosis, an
autosomal dominant disorder.

■ Antenatal management includes evaluation of
fetal cardiac function and determining if
dysrhythmias are present.

■ Hydrops and dysrhythmias are associated with in
utero demise. Overall, there is a 66% survival rate
for fetuses with intracardiac tumors.

■ Genetic consultation, examination of parents and
siblings, fetal brain MRI, and level II sonography are
all indicated to rule in or rule out tuberous sclerosis.

■ Delivery should occur at a tertiary center.

■ Most tumors regress postnatally, but if surgical
removal is necessary, the postoperative prognosis
is excellent.

■ Tuberous sclerosis is associated with relatively
high rates of new mutation and gonadal
mosaicism, so the affected fetus/neonate should
undergo DNA testing to both confirm diagnosis
and provide a definitive means of prenatal
diagnosis in future pregnancies.
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CONDITION

The most common intracardiac tumors found in fetuses, in-
fants, and children are rhabdomyomas (Abushaban et al.,
1993; Holley et al., 1995). Rhabdomyomas can involve the
myocardium, endocardium, pericardium, papillary muscles,
cardiac valves, and the pulmonary and aortic outflow tracts
(Gava et al., 1990). Rhabdomyomas occur with equal fre-
quency in the right and left ventricles. In 30% of cases, one
or both atria are involved (Deeg et al., 1990).

Tuberous sclerosis is a neurocutaneous disorder result-
ing fromhamartomatousgrowths that canoccur inanyorgan.
Interestingly, there is anage-relatedpresentationof the lesions
in different organs in tuberous sclerosis (Kwiatkowski and
Short, 1994). Rhabdomyomas are primarily the fetal mani-
festation of tuberous sclerosis (Bader et al., 2003). The clas-
sic presentation of tuberous sclerosis, however, is later in life,
when thehallmarkfindings are facial angiofibromas, seizures,
and mental retardation.

INCIDENCE

Overall, intracardiac tumors are extremely rare in infants and
children. Inoneseriesof childrenpresenting toapediatric car-
diology referralunit, 0.08%hadan intracardiac tumoras their
referring symptom. Cardiac tumors are found in 0.0017% to
0.25% of pediatric autopsies (Groves et al., 1992). The most
likely diagnosis for an intracardiac tumor is rhabdomyoma.

The incidence of intracardiac tumors has been esti-
mated from antenatal sonographic studies. In a series of
794 congenital cardiac malformations derived from more
than 10,000 fetal scans, 11 cardiac tumors were identified

Figure 58-1 Antenatal sonographic image
of a large intracardiac echogenic mass,
which was postnatally diagnosed as a rhab-
domyoma. Arrow indicates tip of mass;
RV = right ventricle; LV = left ventricle.

(0.11%) (Groves et al., 1992). Similar numbers were reported
by Holley et al. (1995), who identified 19 fetuses with in-
tracardiac tumors in∼14,000 fetal echocardiographic reports
(=0.14%).

SONOGRAPHIC FINDINGS

In 1982, DeVore et al. was the first to describe an intracardiac
tumor. A fetus was identified at 26 weeks of gestation with
a dense, echogenic mass within the heart. On presentation,
however, these authors were not sure whether the mass was
extrinsic to the heart or within it. M-mode echocardiogra-
phy demonstrated that the mass was in the heart. This fetus
later became hydropic and died in utero. Subsequently there
have been multiple reports of fetuses with large echogenic
masses demonstrated clearly by prenatal sonography
(Figure 58-1). In many of these cases, the mother was known
to be affected with tuberous sclerosis. In other cases, the in
utero demonstration of a rhabdomyoma prompted further
assessment of both parents, with retrospective diagnosis of
one of the parents with tuberous sclerosis.

A consistent theme among many of these case reports
is that early sonographic examinations were negative for the
presence of intracardiac tumors (Brackley et al., 1999). The
tumors were found during the late second trimester but no
earlier than 22 weeks of gestation. For example, Green et al.
(1991) described a mother who was known to have tuberous
sclerosis, who had undergone left nephrectomy for multiple
angiomyolipomas of both kidneys, and who was known to
have subependymal periventricular lesions by her computed
tomographic (CT) scan. Sonographic examinations per-
formedonher fetus at 13 and 16weeks of gestationwere com-
pletely normal. At 33 weeks, however, multiple solid cardiac
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tumors were noted in the left ventricle and intraventricular
septum. The fetal central nervous system and renal exami-
nations were within normal limits. In another case reported
by Gava et al. (1990), cardiomegaly developed in a fetus with
normal sonographic examinations at 10 and 23 weeks of ges-
tation and an echodensemass in thewall of the right ventricle
and right atrium at 31 weeks. Over the remaining course of
pregnancy, new intracardiac tumors developed in this fetus.
The mother, who was previously thought to be healthy, was
subsequently diagnosed with a renal angiolipoma, consistent
with a diagnosis of tuberous sclerosis.

With increasing prenatal sonographic experience in the
diagnosis of intracardiac tumors, it is now clear that they
do not become apparent until around 20 weeks of gesta-
tion. They undergo their maximal growth between 22 and
32 weeks of gestation and rarely grow after 35 weeks of
gestation (Nir et al., 2001).

In fetuses identified with an intracardiac tumor, the
following sonographic findings should be noted: the pres-
ence or absence of hydrops, whether the tumor is single or
multiple, the morphology and characteristics of the intracar-
diac tumor(s), and the presence of or potential for obstruc-
tion of cardiac flow (Groves et al., 1992). The fetal cardiac
rhythm should also be observed, as these fetuses are at par-
ticular risk for the development of dysrhythmias. Because of
themultiple case reports documenting a normal sonographic
examination during the first and early second trimesters, all
women at high risk for a fetus with tuberous sclerosis (due to
a positive family history) should have sequential sonographic
examinations, beginning at 20 to 22 weeks of gestation
(Journel et al., 1986; Gava et al., 1990; Green et al., 1991;
Groves et al., 1992). Another potential intracardiac sono-
graphic finding is diffuse ventricular myocardial thickening
(Coates and McGahan, 1994).

Once an intracardiac tumor has been identified, a care-
ful search should be undertaken for associated malforma-
tions. The associated findings most likely to occur in the set-
ting of tuberous sclerosis include renal cysts and intracranial
abnormalities, such as subependymal nodules (Chen et al.,
2005a). Two fetuses have been described with tuberous scle-
rosis and agenesis of the corpus callosum (Barth et al., 1978;
van Oppen et al., 1991). It is unclear whether this finding is
related to tuberous sclerosis.

The fetal kidneys should be closely examined. Renal
lesions are extremely common inolder patientswith tuberous
sclerosis. For example, angiomyolipoma is found in 47% to
73% of affected patients (Blethyn et al., 1991). Renal cysts are
found in 18%to53%of adult patientswith tuberous sclerosis,
and both angiomyolipoma and renal cysts are found in 12%
to 27% of patients with tuberous sclerosis (Blethyn et al.,
1991). Thus, it would seem likely that some patients with
tuberous sclerosis will present antenatally with renal cysts. In
one case report, a fetus at 28 weeks of gestation was described
with a large echogenic unilateral cystic kidney (Blethyn et al.,
1991). Initially, this was considered to be consistent with the
adult formof polycystic kidney disease or a renal hamartoma.
Postnatally, seizures developed in this infant, who had an

abnormal electroencephalogram. The definitive diagnosis of
tuberous sclerosis was not made until 2 months of age, when
calcified cortical tubers were demonstrated on cranial CT
examination.

DIFFERENTIAL DIAGNOSIS

Ifmultiple tumors are present, the diagnosis is rhabdomyoma
until proven otherwise (Green et al., 1991). If a single intrac-
ardiac tumor is demonstrated, the diagnosis is stillmost likely
to be rhabdomyoma, but other causes in decreasing order of
frequency of occurrence in the perinatal period are teratoma,
fibroma (Figure 58-2), vascular tumors, and myxoma. If the
tumor is a rhabdomyoma there is a greater than 50% chance
that the fetus has tuberous sclerosis (Table 58-1). Intracar-
diac myxoma is the most common tumor in adults, but it is
extremely rare during the perinatal period (Chitayat et al.,
1988). Characteristic findings ofmyxoma include its location
in the left atrium and/or the interatrial septum (Gava et al.,
1990). Rhabdomyomas have a characteristic echodense ap-
pearance on sonography. If a cyst is present within the mass,
it is less likely to be rhabdomyoma. Extracardiac masses that
can potentially mimic rhabdomyoma include bronchopul-
monary sequestration (see Chapter 34) and congenital cys-
tic adenomatoid malformation of the lung (see Chapter 35)
(Calhoun et al., 1991). Fetal echocardiography is recom-
mended to differentiate between intracardiac and extracar-
diac masses.

ANTENATAL NATURAL HISTORY

Groves et al. (1992) described the natural history of cardiac
tumors in 11 cases that were referred because of hydrops
(n = 2), a positive family history of tuberous sclerosis (n = 2),
or detection of an intracardiac tumor on routine sonographic
examination (n = 7). The gestational age at presentation was
between 20 and 34 weeks of gestation. There was a high in
utero mortality rate for these cases, which included sponta-
neous antenatal death in 4 of 7 cases (57%) continuing to
term. Of the 8 cases that were terminated or died sponta-
neously, all had postmortem examination; in 7 the cardiac
mass was rhabdomyoma, and in 1 the mass was a teratoma.
The cases in which death occurred antenatally were caused
by obstruction to intracardiac blood flow and secondary
fetal hydrops.Autopsy revealed tricuspid-valve incompetence
and pulmonary outflow obstruction as direct consequences
of tumor growth (Groves et al., 1992). In a subsequent meta-
analysis of 89 fetuses with intracardiac tumors, Isaacs (2004)
demonstrated a 66% survival rate.

There has never been any evidence that the intracardiac
tumors can or will regress during intrauterine life. Maternal
hormones have been implicated in the development of these
tumors (Chitayat et al., 1988).Postnatally,however, all tumors
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A B

Figure 58-2 A: Antenatal sonographic image of a large intracardiac echogenic mass postnatally diagnosed as a fi-
broma; B shows the same mass on fetal MRI.

either stop growing or regress in size. In one report, 4 of
24 cases showed some regression of tumor growth postnatally
and in 20 of these 24 cases the tumors completely regressed
(Smythe et al., 1990).

Secondary consequences of intracardiac tumors in-
clude cardiac failure and dysrhythmias due to interruption of

the conduction system (Chitayat et al., 1988). The dysrhyth-
mias most commonly include supraventricular tachycardia,
Wolff–Parkinson–White syndrome, atrial flutter and fibril-
lation, variable atrioventricular block, ectopic atrial tachy-
cardias, premature extrasystoles, and ventricular tachycardia
(Mehta, 1993). Two theories have been proposed to account

Table 58-1

Risk of Tuberous Sclerosis in Fetuses with Intracardiac Tumors

Gestational Percent Percent
No. of Age at with Diagnosed
Fetuses Diagnosis Single with Tuberous

Publication Studied (wk) Tumor Sclerosis∗ Notes

Holley et al. (1995) 19 21–38 52 52

Geipel et al. (2001) 12 22–34 50 36

D’Addario et al. (2002) 6 22–34 50 50

Gamzu et al. (2002) 18 21–33 66 38

Bader et al. (2003) 20 28 ± 6 10 79 All affected fetuses had
multiple tumors

Tworetzky et al. (2003) 42 15–38 21 78 95% of fetuses with
multiple tumors

Fesslova et al. (2004) 13 20–36 62 82 Brain MRI positive in
2 fetuses

∗Based on clinical findings, not DNA testing.
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for the development of these dysrhythmias. One is that the
tumors include an overgrowth of Purkinje cells, which may
be capable of impulse conduction (Mehta, 1993). The more
prevalent hypothesis is that the arrhythmias develop as a
result of disruption of conduction tissue by tumor growth
within the intraventricular septum (Groves et al., 1992).
Intracardiac rhabdomyomas are composed of large muscle
fibers that contain prominent vacuoles that histologically give
them a spider web or honeycomb appearance (Thibault and
Manuelidis, 1970; Ostör and Fortune, 1978).

In summary, the antenatal natural history of intrac-
ardiac tumors is compromised by the development of dys-
rhythmias, right or left ventricular outflow tract obstruction,
valvular insufficiency, myocardial dysfunction due to tumor
infiltration, hydrops, and death (Green et al., 1991).

MANAGEMENT OF PREGNANCY

There are two important considerations in the management
of a fetus shown to have an intracardiac tumor. The first is
to evaluate cardiac function with detailed echocardiography.

Early delivery is indicated if there is a suggestion that the car-
diac tumor is compromising cardiac function (Chitayat et al.,
1988). Administration of digoxin to the mother is indicated
if supraventricular tachycardia is the cause of the hydrops as
opposed to outflow tract obstruction (Roach and Sparagana,
2004).

The second aspect of management is to evaluate the
fetus for other signs and symptoms of tuberous sclerosis.
A genetic counselor and/or medical geneticist should meet
with the family to obtain a detailed three-generation pedi-
gree and examine the parents and siblings for signs of tuber-
ous sclerosis. Major and minor criteria for the diagnosis of
tuberous sclerosis are listed in Table 58-2. Detailed fetal sono-
graphic evaluation shouldbeperformed to look for renal cysts
and cerebral abnormalities. A fetal MRI (Figure 58-3) may
be helpful in evaluating for the presence of subependymal
nodules (Chen et al., 2005a). A fetus identified with cardiac
rhabdomyoma and renal cysts or subependymal nodules, in-
dependent of family history, has a presumptive clinical di-
agnosis of tuberous sclerosis. When a positive family history
exists and a rhabdomyoma is found in the fetus, the fetus can
also be presumptively diagnosed as affected. The question of

Table 58-2

Diagnostic Criteria for Tuberous Sclerosis

Major Features Minor Features

Single or multiple rhabdomyoma in heart∗ Multiple renal cysts∗

Cortical tuber∗ Bone cysts

Subependymal nodule Multiple pits in dental enamel

Subependymal giant cell astrocytoma Hamartomatous rectal polyps

Facial angiofibroma or forehead plaque Cerebral white matter radial migration lines

Ungual or periungual fibroma Gingival fibromas

Shagreen patch (connective tissue nevus) Nonrenal hamartoma

Multiple retinal nodular hamartomas Retinal achromic patch

Lymph angiomyomatosis “Confetti” skin lesions

Renal angiomyolipoma

Definite TS = Two major features or one major plus two minor features

Probably TS = One major feature plus one minor feature

Possible TS = One major feature or two or more minor features

∗Has been observed with prenatal imaging.
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Figure 58-3 Coronal MRI of a fetus with a mass occupying the
majority of the chest. Diagnosis was confirmed following fetal
surgery as a pericardial teratoma.

terminationof thepregnancy canbediscussedwith the family
at this point.

Fetal karyotyping is not indicated for this condition.
However, specific effort should be made to obtain DNA from
fetal cells, eitherbyamniocentesisorbycollectionofumbilical
cord blood to identify a mutation in TSC1 or TSC2.

FETAL INTERVENTION

There are no fetal interventions for rhabdomyoma indicated
at present.

TREATMENT OF THE NEWBORN

The fetus with an intracardiac tumor should be delivered at a
tertiary care center, and a neonatologist should be present
at the delivery because of the risk of the development of
dysrhythmias. Ideally, the infant should be delivered in a
center where pediatric cardiologists are also available. In
addition to a complete physical examination, the newborn
should have a chest X-ray examination, electrocardiography,
four-extremity blood pressure measurement, and postnatal
echocardiography. Additional diagnostic studies should in-
clude postnatal renal sonography to look for the presence of
renal cysts (Saguem et al., 1992). Medical genetics consulta-
tion should be sought.

Magnetic resonance imaging (MRI) is now considered
to be superior to CT examination for the postnatal diagno-
sis of cortical tubers because MRI provides better soft tissue
contrastwithout exposure to ionizing radiation.Whitematter

tubers are readily identifiedwithin thewhitematteror cortical
gyri. These tubers are sclerotic areas that exist throughout the
cerebral hemispheres. They are the result of malformations
of neuronal and glial elements characterized by decreased
neurons and increased glia, and abnormal heterotopic cells
(Truhan and Filipek, 1993). MRI has been used to demon-
strate the presence of cortical, subcortical, and subependymal
tumors in a 3-week-old infant (Christophe et al., 1989). These
abnormalities were more completely and clearly seen on the
T1-weighted MR images as opposed to CT images.

Newborns with tuberous sclerosis are at risk for the
development of seizures and infantile spasms, which may re-
quire anticonvulsant therapy. Children with tuberous sclero-
sis should be followed with MRI and renal ultrasound exam-
ination every 1 to 3 years.

SURGICAL TREATMENT

Surgical intervention should be restricted to caseswith signif-
icant hemodynamic obstruction or life-threatening arrhyth-
mias (Smythe et al., 1990). Because the natural history of
these tumors is that they regress postnatally, a nonoperative
approach with careful postnatal follow-up is recommended
when possible.

In rare cases, however, surgery must be performed be-
cause the tumoraffects hemodynamic function. Inone review
from the University of Padova, eight infants and children un-
derwent operation for removal of an intracardiac tumor and
were followed for more than a period of 17 years (Padalino et
al., 2005). The diagnoses included myxoma (n = 2), fibroma
(n = 2), rhabdomyoma (n = 2), vascular hematoma (n = 1),
and teratoma (n = 1). Complete surgical excision of the car-
diac mass was feasible in all but one patient, who underwent
orthotopic heart transplantation. All eight children survived
the operation, but one died 38 months post heart transplan-
tation due to a cerebral malignancy. Surgical resection was
definitive, safe, and effective for this group of patients.

LONG-TERM OUTCOME

Previous reports in the medical literature have emphasized a
poor prognosis for fetuses or neonates affected with intrac-
ardiac rhabdomyomas. These include a reported 33% mor-
tality rate during the first week of life and an 80% mortality
rate during the first year of life (Green et al., 1991). Since
approximately 60% of patients with tuberous sclerosis have
asymptomatic rhabdomyomas, a better than reported prog-
nosis likely exists. As stated earlier, the natural history of the
rhabdomyomas is that they regress and that the cardiac vol-
ume increases, so the prognosis should be reasonably good
(Webb et al., 1993). Infants in whom symptoms of hydrops
or dysrhythmias developed antenatally have an increased risk
of mortality.
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Concerns regarding long-term outcome are mainly fo-
cused on the developmental and health consequences of
tuberous sclerosis. The long-term outcome for patients with
tuberous sclerosis is extremely variable and can range from
completely normal intelligence to severe mental retardation.
The prevalence of mental retardation in an unbiased sample
of patients with tuberous sclerosis is 38% (Webb et al., 1993).
Understandably, most parents are concerned about the risk
for the development of seizures and mental retardation. For
infants in whom seizures develop within the first year of
life, there is a higher likelihood of mental retardation. It has
been suggested that there is a correlation between the pres-
ence of cortical tubers and the severity of mental retardation
(Kwiatkowski and Short, 1994). Other health consequences
of tuberous sclerosis include renal angiomyolipomas, pul-
monary lymphangiomyomas, seizure disorders, andmultiple
skin findings that could be considered a cosmetic issue.

GENETICS AND RECURRENCE RISK

Themost likely cause for rhabdomyoma is tuberous sclerosis,
which is inherited as a single-gene disorder with an autoso-
mal dominant pattern of inheritance. Two-thirds of cases are
the result of a new mutation. This means that one-third of
the fetuses that present with cardiac rhabdomyoma have an
affected parent. The penetrance for known cases of tuberous
sclerosis is close to 100%, but one of the characteristics of this
condition is that there is extraordinary variability in the ex-
pression of the phenotype (Roach and Sparagana, 2004). For
example, an affected parentwith normal intelligence canhave
an affected child with severe mental retardation. Although
the inheritance pattern is classically described as autosomal
dominant, several families have also been described with two
affected children being born to normal parents. It is now ap-
preciated that the incidence of somatic or gonadal mosaicism
for amutation in one of the tuberous sclerosis genes is as high
as 10% (Verhoef et al., 1999).

If a fetal rhabdomyoma is documented in the setting
of a negative family history, both parents should undergo a
thorough clinical and radiologic examination for the diag-
nosis of tuberous sclerosis. The suggested work-up includes a
dermatologic examination under ultraviolet light,MRI study
of the brain, as well as renal sonography to look for the pres-
ence of angiomyolipomas or cysts (Roach et al., 1991).

There are two distinct genes involved in the causation
of tuberous sclerosis, TSC1 and TSC2 (Jones et al., 1999). Ap-
proximately 30% of cases are caused by mutations in TSC1,
which codes for a protein product called hamartin. TSC1 is
located on 9q34. The other 70% of cases are caused by a mu-
tation in TSC2, which maps to chromosome 16 band p13.3
near the adult polycystic kidney disease gene. This gene prod-
uct has been identified and named tuberin, a 198-kd protein
of unknown function (European Chromosome 16 Tuberous
Sclerosis Consortium, 1993). In general, TSC2 mutations are
associated with amore severe phenotype. Both hamartin and

tuberin have been shown to be present in the tissues of a
19-week fetus affected with tuberous sclerosis (Wei et al.,
2002). Hamartin and tuberin are thought to act together
to regulate cell proliferation. Loss of heterozygosity due to
a tuberin mutation was shown to be associated with a fetal
rhabdomyoma, lending credence to the idea that TSC1 and
TSC2 function as tumor-suppressor genes (Wei et al., 2002).

Prenatal diagnosis for this conditionwill likely beDNA-
based. For families with a positive family history of tuberous
sclerosis, DNAmutation studies should ideally be performed
prior to contemplation of pregnancy. A comprehensive mu-
tation analysis of the genes TSC1 and TSC2 was able to char-
acterizemutations in 120 of 150 (80%)of cases studied (Jones
et al., 1999). Mutation analysis of affected individuals’ DNA
must be performed prior to a subsequent pregnancy in order
to facilitate DNA-based diagnosis of chorionic villi in the first
trimester.

Chen et al. (2005b) described two different prenatally
ascertained cases of rhabdomyoma in which mutation test-
ingwasperformedusingdenaturinghigh-performance liquid
chromatography (DHPLC) analysis and direct sequencing.
In both cases pathogenic mutations in TSC2 were identi-
fied. Note that the presence of a mutation in TSC1 or TSC2
confirms the clinical diagnosis of tuberous sclerosis, but the
absence of a mutation does not rule it out.

For families that have not undergone mutation anal-
ysis, prenatal diagnosis for tuberous sclerosis consists of se-
rial prenatal sonographic examinations. This has limitations,
however, because definitive diagnosis can occur only during
the late second trimester.
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SECTION F

Abdominal Wall Defects

59
CHAPTER

Ectopia Cordis

Key Points

■ Ectopia cordis is a rare malformation in which
the fetal heart is present in an extrathoracic
location.

■ It is easily diagnosable by fetal ultrasound, as early
as 10 weeks of gestation.

■ Detailed fetal echocardiography is recommended
to confirm whether the internal cardiac anatomy is
normal, as the prognosis is essentially lethal if
associated cardiac malformations are present.

■ Detailed general fetal sonographic anatomical
evaluation and amniocentesis for fetal karyotype

are recommended, because of reported
associations with other malformations.

■ If a patient chooses to continue the pregnancy and
no other malformations are present, planned
elective cesarean delivery at term, with immediate
availability of neonatologists, pediatric surgeons
and cardiac surgeons, is recommended.

■ Postnatal survival has been rarely reported in cases
in which no associated malformations are present.

■ There have been no reported cases of recurrence
of ectopia cordis.

CONDITION

Thoracic wall defects arise from failure of part or all of the
sternum to develop. These defects may involve only the ster-
num or may be associated with more severe anomalies. The
most striking of these is ectopia cordis. Ectopia cordis is de-
fined as a portion or all of the heart being located in an
extrathoracic position. Ravitch (1985) has classified sternal
defects into threemajor groups: cleft sternumwithout associ-
ated anomalies, true ectopia cordis, and pentalogy of Cantrell
(see Chapter 61) (Table 59-1).

Sternal defects are commonly associated with ectopia
cordis. A spectrum of sternal defects also occurs without dis-
placement of the heart (Skandalakis and Gray, 1994). In rare
cases, segments of the sternum are absent. The xiphoid pro-
cess is the sternal element most commonly absent. Byron

(1948) reported a case in which only the manubrium re-
mained. Martin and Helsworth (1962) reported a case of
clavicles and upper ribs attached to an abnormally small
manubrium separated from lower ribs attached to a sternum
element. Complete absence of all sternal elements is rare, but
has been reported, and can be successfully reconstructed (Asp
and Sulamoa, 1961). In contrast to absent sternal elements,
failure of sternal fusion may occur with wide separation of
all sternal elements. This is most often seen with associated
eventration of the heart. However, several cases have been re-
ported with no herniation of thoracic viscera and intact skin
covering the defect (Greenberg et al., 1991).

Superior sternal fusion occurs with a V- or U-shaped
cleft in the upper sternum, with variable extension inferiorly
even to the level of the xiphoid. Jewett et al. reported nine
cases, all with skin-covered defects and structurally normal
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Table 59-1

Ravitch’s Classification of Sternal Clefts

Cleft sternum without associated anomalies
V- or U-shaped clefts of the upper sternum involving

manubrium and one or two sternebrae
Lower sternum cleft with the xiphoid process united
Entire sternum cleft

True ectopia cordis with varying degrees of cleft sternum
with the heart outside the chest wall, usually internally
malformed and with other malformations

Cantrell’s pentalogy composed of the following anomalies:
Cleft or absent distal sternum
Crescenting ventral diaphragmatic defect
Midline ventral abdominal defect or omphalocele
Defect at the apical pericardium with communication

with the peritoneal cavity
Cardiac defects

From Ravitch MM. Congenital deformities of the chest wall and their
operative correction. Philadelphia: WB Saunders; 1985:35.

hearts located within the chest cavity. Four of these cases
had hemangiomas of the head and neck and a midline raphe
indicating a midline fusion defect (Jewitt et al., 1962).

More than 200 cases of ectopia cordis have been re-
ported in the literature (Skandalakis andGray, 1994). Ravitch
(1985) has classified ectopia cordis into four types based on
the position of the heart: cervical (3%), thoracic (64%), tho-
racoabdominal ectopia (18%), andabdominal ectopia (15%).
The heart was exposed in 40% of these cases or covered by a
serous membrane (31%) or skin (27%) (Schao-Tsu, 1957).

It is important to distinguish true ectopia cordis from
failure of sternal fusion in which the heart, though beating
prominently beneath the skin-covered gap, is within the chest
and is structurally normal. Many cases reported as thoracic
ectopia, with intact skin, are more likely examples of isolated
failure of sternal fusion.

“Thoracoabdominal ectopia cordis” is better known as
the pentalogy of Cantrell and is in part a misnomer, given
that the heart is not truly ectopic. In pentalogy of Cantrell the
heart is abnormally sited with the apex oriented down, but
is positioned within the chest and therefore not true ectopia
cordis (see Chapter 61). Both cervical and abdominal ectopia
cordis may occur without a sternal cleft. Abdominal ectopia
cordis does not belong in this group of anomalies because the
defect is diaphragmatic and does not involve the thorax or
the anterior abdominal wall.

In true ectopia cordis, internal cardiac anomalies
are generally the rule (Medina-Escobedo et al., 1991).
Kanagasuntheram and Verzin (1962) suggested that the em-
bryologic basis of ectopia cordis was excessive pericardial
coelom formation and subsequent destruction of the trans-

verse septumwith rupture of the anterior bodywall at 6weeks
of gestation. The frequency of major intrinsic cardiac defects
in true ectopia cordis suggests that there may be a primary
defect in the splanchnic mesoderm (Ravitch, 1985).

INCIDENCE

Ectopia cordis is extremely rare. The most common form is
thoracic ectopia cordis. Only a handful of cases of cervical
and abdominal ectopia cordis have been reported. Schao-Tsu
(1957) cited figures for ectopia cordis as high as 5.5 in 1000
births at Tubingen and 0.4 in 1000 at Munich. Abbott (1936)
found 8 cases in her series of 1000 congenital heart defects.
However, most fetuses are lethally deformed and are either
stillborn or have no prospect of extrauterine survival. Males
tend to be affected more often than females with a ratio of
2.5:1.5 (Blatt and Zeldes, 1942).

SONOGRAPHIC FINDINGS

The first case of ectopic cordis diagnosed in utero by sono-
graphicexaminationwas reported in1960byLumsden(1962)
in a fetus near term. Advances in ultrasound examination
since that time have allowed recognition of this anomaly
as early as the first trimester, using transabdominal and
transvaginalultrasound(Flemminget al., 1991;Achironet al.,
1994; Sepulveda et al., 1994; Tongsong et al., 1999)

True thoracic ectopia cordis (Figure 59-1) is perhaps
one of the most startling anomalies to be seen sonograph-
ically. The heart is seen entirely outside the thoracic cavity
(Bianca et al., 2006). The apex of the heart is usually deviated
anteriorly but may also be seen angled up toward the chin
(Bennett et al., 1991). Color flowDopplermay be particularly
useful in defining the location and anatomy of ectopia cordis
(Figure 59-2). Transverse scanning through the fetal chest
may allow the sternal defect to be visualized (Figure 59-3).
Determining the intracardiac anatomy is of paramount im-
portance in establishing a prognosis. Fetal echocardiography

Figure 59-1 Ultrasound image of fetus at 18 weeks of gestation
with thoracic ectopia cordis.
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Figure 59-2 Color flow Doppler image of true thoracic ectopia
cordis. This fetus was found to have severe associated intracar-
diac abnormalities and subsequently died in utero.

should be performed in any fetus diagnosed with ectopia
cordis.

The cases of cervical and abdominal ectopia cordis are
sufficiently rare that none have yet been diagnosed prena-
tally. The sonographic features of pentalogy of Cantrell (tho-
racoabdominal ectopia cordis) are covered in Chapter 61. In
cases of thoracic ectopia cordis, the size and shape of the fetal
chest should be carefully noted. Hypoplasia of the chest wall
and lungs has been associated with ectopia cordis.

A careful search should be made for associated anoma-
lies, especially midline defects. A broad range of anomalies
have been reported in association with ectopia cordis (Leca
et al., 1989; Diaz et al., 1992; Sharma et al., 2001) (see Table
59-2). Particular attention should be paid to possible asso-
ciated cleft lip or palate. Jewitt et al. (1962) have reported
an association between cleft sternum, ectopia cordis, and he-
mangiomas of the face and neck. Any soft tissue mass in the

Figure 59-3 Ultrasound image of fetus at 20 weeks of gestation
with small arrows pointing to apex of the fetal heart protruding
through a sternal defect.

head and neck region should be scanned with color flow or
power Doppler studies.

DIFFERENTIAL DIAGNOSIS

Theunique appearance of true thoracic ectopia cordis is diag-
nostic. However, other manifestations of ectopia cordis have
a differential diagnosis that may be difficult to sort out pre-
natally. The pentalogy of Cantrell can usually be diagnosed
by the presence of epigastric hernia ormarked diastasis of the
rectusmuscles (seeChapter61).Complete sternal clefts canbe
covered with skin or have the heart exposed. In this anomaly,
unlike ectopia cordis, the heart is completely within the chest
cavity, and there are no associated intracardiac defects. Com-
plete sternal clefts have an excellent prognosis. Similarly, in
cases of cervical or abdominal ectopia cordis, the sonographic
findings are so striking and pathognomonic that no differen-
tial diagnosis is required.

ANTENATAL NATURAL HISTORY

The antenatal natural history of ectopia cordis, similar to the
postnatal history, depends on the presence or absence of as-
sociated intracardiac defects. Skandalakis and Gray (1994)
found that of 138 patients for whom follow-up or survival
records were available, 16.6% (23 of 138) were stillborn, and
an additional 30% (42 of 138) died on the first day of life.
These patients had ectopia cordis with severe intracardiac
abnormalities. Abdominal ectopia cordis does not appear to
be incompatible with life, but approximately one-third of pa-
tients will be stillborn or die on the first day of life because of
severe congenital heart malformations. In general, survivors
with ectopia cordis are fetuses without associated intracar-
diac defects. No stillborn infants had isolated ectopia cordis
with normal intracardiac anatomy. However, even if a preg-
nancy goes to termand the infant is born alive, there has never
been a long-term survivor who underwent successful recon-
structionwho had ectopia cordis associatedwith intracardiac
defects. Watterson et al. (1992) reported a case of thoracic
ectopia cordis with a double outlet right ventricle that was
diagnosed prenatally. This prenatal diagnosis allowed plan-
ning of a single-stage reconstruction at birth. Although the
procedure was technically successful, the infant died on the
12th postoperative day of sepsis.

MANAGEMENT OF PREGNANCY

Once a diagnosis of ectopia cordis is made, the pregnant pa-
tient should have a targeted ultrasound examination to es-
tablish the nature and extent of ectopia cordis and, most
importantly, to establish the presence or absence of asso-
ciated intracardiac defects. Similarly, a careful ultrasound
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Table 59-2

Anomalies Associated with Ectopia Cordis

Abdominal Wall
and Diaphragmatic

Craniofacial Chest Wall Intracardiac Defect Others

Microcephaly Cleft sternum Pericardial defects Omphalocele Chromosomal anomalies

Hydrocephalus Bifid sternum Septal defects Diastasis recti Pulmonary hypoplasia

Cleft lip Absent sternum Outflow tract
obstructions

Gastroschisis Imperforate anus

Anencephaly Xiphoid defect Cardiac diverticuli Diaphragmatic
hernia

Rectovaginal fistula

Neural tube defect Manubrial defect Double outlet right
ventricle

Amniotic band

Defect of body or
sternum

Anomalies of caval
and pulmonary
venous return

Dissociation complex

Partial defect Transposition of
great arteries

Malrotation of bowel

1/3 lower sternal
defect

Aortic coarctation Liver
hemangioendothelioma

2/3 lower sternal
defect

Truncus arteriosus

examination should be performed to exclude possible associ-
atednoncardiac anomalies andevaluate the thorax for signsof
pulmonary hypoplasia. Invasive diagnosis of fetal karyotype
by means of chorionic villus sampling or amniocentesis is
recommended because of a reported association with fetal
aneuploidy (Shaw et al., 2006; Yildirim et al., 2008).

Fetal echocardiography is an essential part of the eval-
uation of any fetus with ectopia cordis. The presence of in-
tracardiac defects is an extremely poor prognostic indicator,
and parents should be counseled appropriately.

In cases of ectopia cordis in which the family chooses to
continue the pregnancy, serial ultrasound examinations are
indicated to monitor fetal growth and well-being. The deliv-
ery should occur in a tertiary care setting in which pediatric
surgeons, pediatric cardiac surgeons, and neonatologists are
available. In most cases of ectopia cordis there is no skin cov-
ering the heart, and immediate surgical closure of the defect
is necessary to prevent life-threatening infection.

Few reports are available on which to base recommen-
dations for mode of delivery. In cases in which survival is
not anticipated because of the presence of severe intracardiac
anomalies, vaginal delivery without fetal monitoring is ap-
propriate. In cases in which the cardiac anatomy is normal
and full resuscitative efforts are planned, cesarean delivery is
justified. The potential adverse effects on venous return to the

extrathoracic heart and compromised cardiac output during
labor and delivery appear to justify cesarean delivery in cases
with normal cardiac anatomy.

FETAL INTERVENTION

There are no fetal interventions for ectopia cordis.

TREATMENT OF THE NEWBORN

Thenewbornwith ectopia cordis shouldhave aplanneddeliv-
erywith neonatologists and pediatric surgeons in attendance.
Because the heart is exposed, a detailed examination of the
newborn chest to assess sternal defects and prospects for skin
coverage should be performed in the delivery room by the
surgeon who will close the defect. The heart should be cov-
ered loosely with a nonadherent dressing such as gauze cov-
eredwith petroleum jelly and thenwrapped circumferentially
with gauze and plastic wrap to minimize evaporative water
loss. Immediately after the dressing is applied, the infant’s
blood pressure and perfusion should be assessed to ensure
that the dressing is not restrictive. Plain posteroanterior and
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lateral chest X-ray films should be obtained. Venous access
should be obtained via the umbilical vein or peripherally and
systemic antibiotics should be administered. An arterial line
should be placed for continuous arterial pressuremonitoring
duringattempted skin closure (Diaz, 1992).The infant should
undergo a detailed physical examination as soon as possible
to detect any additional anomalies missed by prenatal ultra-
sound examination. Postnatal echocardiography should be
repeated prior to surgery to verify that the cardiac anatomy
is normal.

The evaporative water loss in this defect may be sub-
stantial, and initial intravenous fluid administration should
be at least 100 mL per kilogram of body weight per day and
boluses of crystalloid or colloid administered as necessary.
Antibiotics (ampicillin andgentamicin) shouldbe started im-
mediately.

SURGICAL TREATMENT

Reconstruction of ectopia cordis is undertaken in stages. The
initial goal of surgery is to achieve skin coverage to protect the
heart. This must be achieved without excessive compression
or posterior displacement, which may compromise venous
return and cardiac output. Successful repair in this defect has
been achieved by the use of skin flaps (Dobell et al., 1982;
Ravitch, 1985; Amato et al., 1995; Lije et al., 2006) and pros-
theticmaterial (Tachibana et al., 1989;Watanabe et al., 1992).
In the second stage, a proceduremay be performed to reposi-
tion the heart within the chest. This may be possible after the
infant has been allowed to grow with reduction of the heart
and prosthetic coverage over the cleft sternum. Glass and
Fernbach (1987) reported the successful use of intrathoracic
tissue expanders to create space for subsequent intrathoracic
placement of the heart.

LONG-TERM OUTCOME

Although the prognosis is guarded for any fetus with ec-
topia cordis, long-term survival is possible for cases with
normal internal cardiac anatomy. In fact, the first attempted
repair of ectopia cordis by Lannelongue in 1988 was success-
ful and he reported follow-up at 20 years of age. However,
of 138 patients in whom follow-up or survival records are
available, only 32 (23%) survived more than 1 month after
birth. Seven of these are known to have reachedmaturity and
19 others survived infancy and were alive at the time their
cases were reported (Skandalakis and Gray, 1994). The old-
est reported survivor with ectopia cordis was 75 years old
(Byron, 1948).

Among patients with thoracic ectopia cordis, 50% died
within 1 day of life, most often from cardiac anomalies
(Skandalakis andGray, 1994).Only sevenpatients survived to
maturity andmost of these suffered from only partial ectopia

cordis. The prognosis in cervical ectopia cordis is poor, with
only two patients surviving to adulthood (Laliberte, 1918;
Asp and Sulamoa, 1961). Abdominal ectopia cordis is not in-
compatible with life, as 10 of 17 patients who were followed
have survived (Skandalakis and Gray, 1994). These patients
had no intracardiac defects.

GENETICS AND RECURRENCE RISK

True ectopia cordis has not been associated with chromo-
somal abnormalities. There has not been a reported case of
recurrence of ectopia cordis in a sibling.
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60
CHAPTER

Body-Stalk Anomaly

Key Points

■ Body-stalk anomaly is a sporadic disorder leading
to severe deformations of the abdominal wall and
spine.

■ Prenatal diagnosis is generally straightforward
with massive abdominoschisis, severe
kyphoscoliosis, and relatively short umbilical cord
being clearly visible.

■ There is no indication to perform amniocentesis as
almost all cases are karyotypically normal.

■ The condition is considered uniformally fatal,
although there has been at least one case report of
a survivor following neonatal surgical closure of
omphalocele.

■ While there has been one report of recurrence in a
subsequent pregnancy, the condition is generally
considered to be sporadic.

CONDITION

Body-stalk anomaly is a severe abdominal wall defect that re-
sults from abnormalities in the development of the cephalic,
caudal, and lateral embryonic body folds. This maldevelop-
ment results in the absence or shortening of the umbilical
cord with the abdominal organs lying outside the abdominal
cavity anddirectly attached to theplacenta (Shalev et al., 1995;
Smrcek et al., 2003). Body-stalk anomaly was first described
by Kermauner in 1906 in a newborn with an abdominal wall
defect consistingof anamniotic sac that containedviscera; the
anterior wall of the sac was directly attached to the placenta
and there was no umbilical cord. Other than the references
given in textbooks of pathology, body-stalk anomaly was not

appreciated in the general obstetric literature until the report
of Lockwood et al. in 1986.

After gastrulation, the embryo consists of a three-
layered, flat, oval germinal disk. The rapid growth of the em-
bryo, especially along the sagittal axis causes the germinal
disk to curve. Through circumferential folding, the embryo
becomes cylindrical. As a result of this process, the body of the
embryo closes, the body stalk forms, and an intraembryonic
coelom (peritoneal cavity) separates from an extraembry-
onic coelom (chorionic cavity) (Giacoia, 1992). The amniotic
cavity, which is initially located dorsal to the germinal disk,
growsrapidlyandeventually encircles the fetus,obliterates the
chorionic cavity, and envelops the umbilical cord. The abnor-
mality in the folding process prevents this obliteration of the
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chorionic cavity and formation of the umbilical cord. With-
out an umbilical cord, the fetus becomes directly attached to
the placental chorionic plate. This body-stalk anomaly con-
sists of a sac of amnion–mesoderm that contains thedisplaced
abdominal organs (Giacoia, 1992).

Causes proposed for body-stalk defect include early
amnion rupture with direct mechanical pressure and am-
niotic bands (see Chapter 99), vascular disruption of the
early embryo, or an abnormality in the germinal disk that
leads to the formation of an anomalous amniotic cavity (Van
Allen et al., 1987). In the early amnion-rupture theory, the
abdominal wall and spinal defects could be secondary to the
passage of the lower half of the fetal body into the coelomic
cavity through the defect in the amniotic sac. The fetus has
no room to move and remains practically attached to the
placenta. Limb amputations and encephalocele could be sec-
ondary to the entrapment of the fetal skull and/or limbs in the
coelomic cavity (Daskalakis et al., 1997). Alternatively, early
generalized compromise of embryonic blood flow could lead
to a failure of closure of the ventral body wall and persistence
of the coelomic cavity (Van Allen et al., 1987). This could also
lead to a rupture of an unsupported amnion and formation
of amniotic bands.

INCIDENCE

Body-stalk anomaly is the rarest and most severe of the ab-
dominal wall defects. The incidence of body-stalk anomaly in
a population of Scottish patients identified by abnormal ma-
ternal serum screening results was 1 in 14,273 (Mann et al.,
1984). The incidence of body-stalk anomaly in a Hawaiian
birth defects registry that encompassed the years 1986 to
1997 was 0.32 per 10,000 births (Forrester and Merz, 1999).
Recently, an increased incidence of body-stalk anomaly was
noted in a population of first trimester fetuses studied for
nuchal translucency thickness. In this first trimester popu-
lation, the incidence of body-stalk anomaly was between 10
in 4116 cases and 14 in 106,727 cases or 1 in 7500 fetuses
(Daskalakis et al., 1997; Souka et al., 1998). Another series of
11 cases of limb–body wall complex suggested an incidence
of 1 in 3000 (Luehr et al., 2002). Several case reports exist
of body-stalk anomaly and limb–body wall complex in as-
sociation with monozygotic twinning, triplet pregnancy, and
withmaternal cocaine abuse (Viscarello et al., 1992;Martinez
et al., 1994; Smrcek et al., 2003).

SONOGRAPHIC FINDINGS

Thecriteria for thediagnosisofbody-stalk anomaly in thefirst
trimester include demonstration of abdominal organs in the
extraembryonic coelom and a short umbilical cord with only
twovessels (Ginsberg et al., 1997). Thediagnosismaybemore
difficult to make during the second trimester than during

Figure 60-1 Longitudinal sonographic image of a fetus with
body-stalk anomaly demonstrating severe kyphoscoliosis of the
lower spine. (From Takeuchi K, Fujita I, Nakajima K, Kitagaki S,
Koketsu I. Body stalk anomaly: prenatal diagnosis. Int J Gynecol Ob-
stet. 1995;51:49-52.)

the first because of the presence of severe oligohydramnios.
During the second trimester,Goldstein et al. (1989) suggested
that body-stalk anomaly should be strongly considered when
there is a body wall defect, skeletal abnormalities, and the
umbilical cord is absent or very rudimentary (Figures 60-1
and 60-2).

In a multicenter project of screening for chromosomal
defects by fetal nuchal translucency thickness and maternal
age, 14 of 106,727 fetuses examinedhad a body-stalk anomaly
(Daskalakis et al., 1997). During the first trimester, the ultra-
sonographic features observed included a major abdominal
wall defect, severe kyphoscoliosis, and short umbilical cord.
In all of the casesobserved, theupperpart of the fetal bodywas
in the amniotic cavity and the lower part was in the coelomic
cavity. The nuchal translucency thickness was above the 95th

Figure 60-2 Coronal sonographic image of the fetus in Figure
60-1, with body-stalk anomaly demonstrated a 5- by-6-cm mass
with a covering membrane that contained stomach, liver, and
bowel. (From Takeuchi K, Fujita I, Nakajima K, Kitagaki S, Koketsu
I. Body stalk anomaly: prenatal diagnosis. Int J Gynecol Obstet.
1995;51:49-52.)
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Figure 60-3 Sagittal view of a fetus with body-stalk anomaly at
18 weeks demonstrating severe kyphoscoliosis.

percentile in10of the14cases,but the fetal karyotypewasnor-
mal in 12 of the 14 fetuses evaluated. These authors suggested
that early amnion rupture before obliteration of the coelomic
cavity is a possible cause of the syndrome (Daskalakis et al.,
1997).

Multiple case reports have described the prenatal sono-
graphic diagnosis of body-stalk anomaly (Lockwood et al.,
1986; Jauniaux et al., 1990; Giacoia, 1992; Shalev et al., 1995;
Takeuchi et al., 1995; Ginsberg et al., 1997). An additional
helpful sonographic finding is the presence of scoliosis, which
is observed in approximately 75% of cases (Ginsberg et al.,
1997) (Figures 60-3 and 60-4). Scoliosis is thought to be due
to the absence of thoracolumbar and paraspinal muscles on
the ipsilateral side of the abdominal wall defect. In addition,
it is thought that fetal hyperextension and direct attachment
to the placenta, which limit fetal movement, result in skeletal
anomalies.

A more recent series of 11 cases of body-stalk anomaly
showed that the earliest prenatal diagnosis was at 11 weeks,

Figure 60-4 Transverse view of the same fetus with body-stalk
anomaly at 18 weeks, as in Figure 60-3, demonstrating a massive
abdominal wall defect with most of the intra-abdominal contents
outside of the abdominal cavity.

but ranged from 11 to 21 weeks’ gestation (Smrcek et al.,
2003). Six of the fetuses presentedwith severe abdominoschi-
sis, while the remaining five had thoracoabdominoschisis.
Kyphoscoliosis was diagnosed prenatally in 9 of the 11 cases,
and all had a short umbilical cord.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for body-stalk anomaly includes
isolated omphalocele, isolated gastroschisis, short umbilical
cord syndrome (Miller et al., 1981), and limb–bodywall com-
plex. Someauthors considerbody-stalk anomaly tobea severe
form of amniotic band syndrome (see Chapter 99) (Takeuchi
et al., 1995). Amniotic bands are present in 40% of cases of
body-stalk anomaly. In addition, someof the limbdefects that
can be associated with body-stalk anomaly can be attributed
to amniotic bands.

Limb–body wall complex is included in the spectrum
of defects seen in the early amnion-rupture sequence. Two
phenotypes are thought to exist in limb–body wall complex.
In the first one, craniofacial defects, amniotic bands, and/or
adhesions are seen. In the second phenotype, urogenital ab-
normalities, anal atresia, abdominal placental attachment,
and a persistent embryonic coelom are seen. The overlap be-
tween body-stalk anomaly, limb–body wall complex, and a
severe form of amniotic band syndrome can be confusing. In
a complete review of the limb–body wall complex, Van Allen
et al. (1987) stated that the diagnosis of limb–body wall com-
plex is based on the presence of two of three of the following:
exencephaly or encephalocelewith facial clefts, thoracoschisis
and/or abdominoschisis, and a limb defect. In an evaluation
of fetuseswith limb–bodywall complex, 24of 25 cases studied
by Van Allen et al. had associated internal structural defects.
In 85% of these cases, there was evidence of persistence of
the extraembryonic coelom by examination of the placenta.
The abnormalities observed in this group of fetuses and data
from experimental models support vascular disruption dur-
ing 4 to 6 weeks of gestation as the cause for limb–body wall
complex.

Martı́nez-Frı́as (1997) disagreed with Van Allen et al.’s
definition of limb–body wall complex. He stated that an in-
fant with encephalocele, facial clefts, and limb defects could
be considered as having limb–body wall complex. Martı́nez-
Frı́as has argued that the presence of abdominal wall defect
with a variable spectrum of associated anomalies (with or
without limb deficiencies) should be called body wall com-
plex. He distinguished body wall complex from the amniotic
band sequence without body wall defects, but included am-
niotic band sequence with body wall defects in the category
of body wall complex.

Further adding to the confusion is that the epidemi-
ology of body-stalk anomaly and limb–body wall complex
is similar. Both malformations have been associated with
cocaine abuse. Both conditions are associated with young
maternal age, and inheritance is sporadic, with normal
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karyotypes (Negishi et al., 1998). In a series of 11 cases of
limb–body wall complex, 50% of patients reported use of
cigarette, alcohol, and marijuana during pregnancy (Luehr
et al., 2002).

With regard to sonographic diagnosis, it is helpful to
remember that body-stalk anomaly is not associated with
craniofacial or limb anomalies.

ANTENATAL NATURAL HISTORY

The discrepancy in the prevalence of body-stalk anomaly be-
tween 10 to 14 weeks of gestation and 17 to 19 weeks of
gestation suggests that body-stalk anomaly is associated with
a high incidence of spontaneous abortion early in the second
trimester (Daskalakis et al., 1997).

The patterns of malformations associated with body-
stalk anomaly depend on the degree of abnormal develop-
ment of each of the four major embryonic folds. Associated
anomalies observed in cases of body-stalk anomaly include
colonic atresia, agenesis of the colon, intestinal atresia, cloa-
cal exstrophy, vaginal atresia, agenesis of the uterus and go-
nads, absent external genitalia, hypoplastic kidneys, absent
diaphragm, spina bifida, and dysplastic thorax.

Few data are available on the expectantmanagement of
body-stalk anomaly as the majority of cases result in elective
pregnancy termination following prenatal diagnosis. In a se-
riesofprenatallydiagnosedbody-stalk anomaly, 10of 11cases
resulted in pregnancy termination, with the one expectantly
managed case being a monochorionic twin that resulted in
early neonatal demise following delivery at 32 weeks’ gesta-
tion (Smrcek et al., 2003).

MANAGEMENT OF PREGNANCY

If the diagnosis of body-stalk anomaly is suspected, the preg-
nantpatient shouldbe referred toa tertiarycarecenter capable
of detailed prenatal anatomic sonographic evaluation. The
diagnosis of body-stalk anomaly is generally reliable when
made prenatally. The major issue is to be certain that the
sonographic abnormality observed is not isolated omphalo-
cele or gastroschisis, which would carry a reasonably normal
prognosis. If the diagnosis of body-stalk anomaly is certain,
chromosomal analysis is not indicated, as almost all reported
cases have been associated with a normal karyotype. In one
series of 11 prenatally diagnosed cases, 10 of 11 had nor-
mal karyotype, with one having mosaic trisomy 2 (Smrcek
et al., 2003). If the diagnosis of body-stalk anomaly is made,
termination of pregnancy should be offered, as the condi-
tion is uniformly fatal in a newborn. A further complication
of pregnancy is that abnormal fetal presentation is common
and cesarean delivery may be indicated to allow delivery of
an intact fetus. The short umbilical cord frequently results
in abnormal presentation and lack of descent of the fetus

into the pelvis during labor. Infants who are born alive with
body-stalk anomaly die shortly after birth.

FETAL INTERVENTION

There are no fetal interventions indicated for body-stalk
anomaly.

TREATMENT OF THE NEWBORN

In the rare setting of the limited postnatal survival of an af-
fected newborn with body-stalk anomaly, only comfort care
is indicated. The condition is almost uniformly fatal (Figure
60-5). One recent case report described the surgical man-
agement of a surviving fetus with body-stalk anomaly, in
which surgical closure of the large omphalocele was success-
fully achieved (Kanamori et al., 2007). Such cases should be

Figure 60-5 Postmortem photograph of the same fetus shown
in Figures 60-1 and 60-2 demonstrating a large omphalocele
in continuity with the placenta and a very short umbilical
cord. (From Takeuchi K, Fujita I, Nakajima K, Kitagaki S, Koketsu
I. Body stalk anomaly: prenatal diagnosis. Int J Gynecol Obstet.
1995;51:49-52.)
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considered exceptional; these cases typically have associated
pulmonary hypoplasia and result in early neonatal demise.

SURGICAL TREATMENT

There are no surgical treatments indicated for body-stalk
anomaly, although there has been one case report of a surviv-
ing infant following surgical closure of the large omphalocele
(Kanamori et al., 2007).

LONG-TERM OUTCOME

In general, fetuses with body-stalk anomaly do not survive,
and the condition should be considered a lethal anomaly.
However, there is at least one case report of a surviving infant
following surgical closure of omphalocele, but no long-term
data are available yet regarding this infant (Kanamori et al.,
2007).

GENETICS AND RECURRENCE RISK

All cases of body-stalk anomaly reported in the literature have
been sporadic. The pregnant patient should be advised that
there is unlikely to be an increased recurrence risk in subse-
quent pregnancies. In one series of 11 cases of limb–bodywall
complex, therewasonepatientwhodelivered twoconsecutive
infants with the condition (Luehr et al., 2002). In addition,
an increased incidence of body-stalk anomaly in monozy-
gotic twins has been reported (Shih et al., 1996; Smrcek et al.,
2003). This is probably due to an early embryonic cleavage
disorder and is thought to represent a gradual transition from
monoamniotic twins to conjoined twins. The development of
body-stalk anomaly is therefore an intrinsic part of the twin-
ning process and should not carry an increased recurrence
risk.
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61
CHAPTER

Pentalogy of Cantrell

Key Points

■ Pentalogy of Cantrell is defined by the association
of five anomalies: (1) epigastric abdominal wall
defect, (2) lower sternal defect, (3) defect in the
anterior diaphragm, (4) defect in the epicardium,
and (5) intracardiac defects.

■ Can be associated with other midline ventral
defects such as cleft lip and palate, exencephaly,
and sirenomelia.

■ Rare association thought to occur in only 1 in
65,000 to 200,000 births.

■ Most common intracardiac defects include VSD,
ASD, pulmonic stenosis, tetralogy of Fallot, and LV
diverticulum.

■ All the defects are amendable to repair yet
outcomes in this condition have been generally
poor.

■ An X-linked pattern of inheritance has been
suggested for ventral midline defects including
pentalogy of Cantrell.

CONDITION

Pentalogy of Cantrell is an unusual form of abdominal wall
defect that consists of five associated anomalies, including:
(1) midline epigastric abdominal wall defect, (2) defect of
the lower sternum, (3) deficiency of the anterior diaphragm,
(4) defect in the diaphragmatic pericardium, and (5) in-
tracardiac defects. This constellation of anomalies was first
described by Cantrell et al. (1958), hence, the term pental-
ogy of Cantrell, although it has also been referred to as the
Cantrell–Haller–Ravitch syndrome and peritoneal pericar-
dial diaphragmatic hernia. Not every case will have all five
factors and some cases may have associated anomalies, usu-
allymidline defects also such as cleft lip or palate, sirenomelia,
exencephaly (Carmi and Boughman, 1992; Egan et al., 1993;
Polat et al., 2005). Toyama suggested a classification scheme
for pentalogy of Cantrell in which Class 1 included those
cases in which the diagnosis was definite and all five defects
were present. In Class 2, the diagnosis was probable with the
presence of four defects including the pressure of intracar-
diac and ventral abdominal wall defects. In Class 3, there was
incomplete expression and various combinations of defects
including a sternal abnormality (Toyama, 1972). Although
pentalogy of Cantrell has been used interchangeably with ec-
topia cordis, in their original descriptionCantrell et al. (1958)
were careful to distinguish between these two anomalies (see
Chapter 59).

Cantrell suggested that the defects in this syndrome fell
into two groups bymechanism of embryologic development.
In thefirst group, adevelopmental failureofmesodermresults
in diaphragmatic, pericardial, and intracardiac defects. The
diaphragmatic defect is a failure of the transverse septum to
develop. The pericardial defect arises from the somaticmeso-
derm immediately adjacent to the region of the same layer
from which the transverse septum develops. Defective devel-
opment of one but not the other of these structures is possible
only with highly specific loss of somatic mesoderm. This is
rarely seen in pentalogy of Cantrell in which the diaphrag-
matic and pericardial defects occur together inmost patients.
The intracardiac lesions result from abnormal development
of the epimyocardium, which is derived from the splanch-
nic mesoderm. While the resulting intracardiac defects vary,
almost all include defects of the cardiac septa.

The second group of defects results from failure of
the ventral migration of the periprimordial structures and
includes the sternal defect and the epigastric omphalocele.
All elements of the sternum are present, and the costo-
cartilages connect with the cartilaginous plates, which rep-
resent the paired sternal anlagen with variable degrees of
fusion. The sternal defect results not from an absence of ster-
nal primordia but from the failure of paired sternal anlagen
to complete migration. A similar failure of migration results
in the abdominal wall defect. The normal layers of the ven-
tral abdominal wall are present, but there is a lack of ventral
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migration of the myotomes. These patients have structurally
normal rectus abdominusmuscles that correctly attach to the
pubic symphysis, but deviate laterally as they run cephalad to
insert into the costal margins at the midclavicular line. This
lack of migration is thought to be due to a defective develop-
ment of the paramedian mesoderm.

The heart in pentalogy of Cantrell is normally posi-
tioned within the chest. In contrast, ectopia cordis is char-
acterized by abnormal position of the heart outside of the
chest (see Chapter 59). This becomes confusing, as classi-
fication systems for ectopia cordis list three types: cervical,
thoracic, and thoracoabdominal, which is the same as pen-
talogy of Cantrell. Ectopia cordis may encompass partial or
complete sternal defects, and invariably includes intracardiac
anomalies, but does not include the pericardial, diaphrag-
matic, and abdominal wall defects seen in the pentalogy of
Cantrell. Kanagusuntheram andVerzin (1962) suggested that
ectopiacordisoccursasa resultof excessivepericardial coelom
formation and subsequent destruction of the transverse sep-
tum with rupture of the anterior body wall at 6 weeks of ges-
tation (Kanagusuntheram and Verzin, 1962). Ravitch (1986)
has suggested that the high frequency of major intrinsic car-
diac defects with true ectopia cordis indicates that there is a
primary defect in the splanchnic mesoderm responsible for
cardiac development.

The primitive thoracic wall consists of somatopleura
covering the ventral wall of the pericardial cavity. The ec-
todermal layer of the somatopleura forms the skin, but the
remainder of the components of the body wall derive from
invading dorsal mesoderm during the 6th week of gestation.
The sternum appears as two parallel condensations of mes-
enchyme, the lateral sternal bands. Amedian cranial conden-
sation, the presternum, appears independently. The lateral
sternal bands fuse with the presternum cranially and with
the tips of the ribs laterally. During the 7th week, the sternal
bands begin fusing at their cephalic end and proceed caudally
and cease by the 9th or 10th week.

INCIDENCE

The pentalogy of Cantrell is a rare association of anomalies
with fewer than 100 cases having been reported (Craigo et al.,
1992; Jochems et al., 2004). Due to the rarity of this condi-
tion, its incidence is difficult to accurately estimate. The inci-
dence of the syndrome has been suggested to range between
1:65,000 to 1:200,000 (Martin et al., 1992; Vazquez-Jimenez
et al., 1998). Carmi et al. (1993) reported five cases of
pentalogy of Cantrell ascertained through the Baltimore–
Washington population-based study of infants with congen-
ital cardiovascular malformations, and estimated a regional
prevalence of 5.5 cases for 1 million liveborn infants. The
prevalence in fetuses is unknown (Aber-Yousef et al., 1987).
African Americans may be more predisposed to developing
pentalogy of Cantrell (Kousseff et al., 1996). Males appear

more at risk with an incidence 2.7 times that of females (Egan
etal., 1993).TherehavebeenfivecasesofpentalogyofCantrell
occurring in twins (Baker et al., 1984; Ghidini et al., 1988;
Carmi and Boughman, 1992).

SONOGRAPHIC FINDINGS

The most obvious feature of pentalogy of Cantrell is the epi-
gastric omphalocele (Figure 61-1). There are reported cases
with diastasis rectus without an omphalocele, which may
be difficult to diagnose prenatally. The anterior diaphrag-
matic and pericardial defects are difficult, if not impossible,
to discern sonographically.MRImay offer assistance in defin-
ing anterior diaphragmatic defects in some cases (Song and
McLeary, 2000).

The three features of the pentalogy that may be most
easily detected include the epigastric omphalocele, lower ster-
nal defects, and intracardiac defects (Romero et al., 1988;
Craigo et al., 1992).

Even if no other structural defects can be found, any
fetus with an epigastric omphalocele should be evaluated for
pentalogy of Cantrell, with particular attention paid to pos-
sible associated cardiac defects. The abdominal wall defect in
pentalogy of Cantrell may vary from a very large omphalo-
cele containing the stomach, liver, and apex of the heart to
only widely displaced rectus abdominus muscles with skin
covering the other defects and a ventral hernia.

Figure 61-1 Prenatal sonographic image showing the transverse
thoracic view of a fetus with pentalogy of Cantrell. The anterior
chest wall defect epigastric omphalocele with the heart in the
cephalad portion of the defect can be appreciated.
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Figure 61-2 Postnatal appearance of the
fetus in Figure 61-1. The epigastric om-
phalocele is apparent, with separation of
the omphalocele membrane from the skin
at the superior aspect of the abdominal wall
defect. The heart can be seen in the space
between the skin and separated omphalo-
cele membrane.

The heart in the pentalogy of Cantrell is positioned
within the fetal chest (Figure 61-2). If the heart is located out-
side the fetal chest, this indicates ectopia cordis (see Chapter
59). Even though positionedwithin the chest, there is a subtle
shift in the cardiac axis in pentalogy of Cantrell. The heart
is normally oriented horizontally, with the apex to the left.
However, in this syndrome, the apex is oriented vertically,
with the apex at the superior edge of the abdominal wall de-
fect. Usually, but not invariably, the heart in the pentalogy
of Cantrell has intracardiac anomalies. The most commonly
observed is a ventricular septal defect (Table 61-1).

In addition to the five anomalies that constitute the
pentalogy of Cantrell, other associated anomalies have been
reported.Care shouldbe taken toadequatelyvisualize the fetal
spine and hands, as vertebral and digital anomalies are often
seen, including kyphoscoliosis and clinodactyly. Likewise, a
detailed inspection of the fetal head and face should be per-
formed to exclude potentially associated craniofacial anoma-
lies, including encephalocele, cleft lip, microphthalmia, and
low-set ears (Fox et al., 1988; Ghidini et al., 1988). In addi-
tion, a two-vessel cord, absent left lung, cloacal exstrophy,
and fetal ascites have all been observed in cases of pentalogy
of Cantrell (Toyama, 1972; Baker et al., 1984; Goncalves and
Jeanty, 1994). Egan et al. (1993) have reported a case of penta-
logy of Cantrell associatedwith sirenomelia in amonozygotic
twin.They suggested that anteriormidlineventralwall defects
may be caused by either monozygotic twinning or vascular
dysplasia. Similarly, a vascular steal phenomenon is thought
to cause sirenomelia (see Chapter 86). They suggested that a
commoncause for thesedefects, that is, an alteration invascu-
lar development, may be responsible. Carmi and Boughman
(1992) found that three of their five patients had associated
cleft lip with or without cleft palate. In a review of the litera-
ture on pentalogy of Cantrell and the various combinations
of the anomalies within the spectrum, they suggested that

pentalogy of Cantrell defines a specific midline ventral de-
velopmental field. Cleft lip with or without cleft palate and
encephalocele tend to associate specifically with ventral mid-
line anomalies within the spectrum of pentalogy of Cantrell.
The authors speculated that these associations might be due
either to previously observed tendencies or to specific occur-
rences of certain combinationsofmidlinedefects, or theymay
represent defined subunits of themidline developmental field
(Carmi and Boughman, 1992; Martin et al., 1992).

Table 61-1

Intracardiac Anomalies in Pentalogy
of Cantrell

Percentage

Ventriculoseptal defect 37.5

Atrioseptal defect 20.0

Pulmonic stenosis 12.5

Tetrology of Fallot 7.5

Left ventricle diverticulum 7.5

Anomalous venous return (caval) 7.5

Tricuspid atresia 2.3

Truncus arteriosus 2.3

Anomalous venous return (pulmonary) 2.3
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis in pentalogy of Cantrell includes
ectopia cordis, body-stalk anomaly, simple omphalocele, and
amniotic band syndrome (see Chapters 59, 60, 62, and 100).

ANTENATAL NATURAL HISTORY

Our understanding of the antenatal natural history of pen-
talogy of Cantrell is limited not only by the rarity of this
syndrome, but also by the few cases that have been diagnosed
prenatally. According to one report, fewer than 90 cases have
been reported (Craigoet al., 1992). If seen in isolation,noneof
the anomalies in pentalogy of Cantrell are associated with an
adverse outcome or with in utero fetal death. Even the intrac-
ardiac anomalies most often seen in the pentalogy of Cantrell
do not affect fetal survival. Ghidini et al. (1988) reported
10 cases from Yale in which there were no survivors. How-
ever, five of these pregnancies were terminated electively and
theotherfivediedpostnatally.Theauthorsdidnotdistinguish
between pentalogy of Cantrell and ectopia cordis, however.
The prognosis for ectopia cordis, however, is quite different
and significantly worse than for pentalogy of Cantrell. The
overall prognosis in pentalogy of Cantrell is more closely cor-
related with the severity of the intracardiac defect and other
associated anomalies not part of the pentalogy (Paidas et al.,
1994).

MANAGEMENT OF PREGNANCY

An estimation of the size of the omphalocele and the con-
tents of the omphalocele sac should be documented and care
taken to ensure that the amnioperitoneal membrane is in-
tact circumferentially. The orientation of the heart should
be carefully noted and attempts should be made to dis-
cern the anterior diaphragmatic defect. A careful sonographic
search for other potential associated anomalies should be per-
formed. Chromosomal analysis, as in all cases of omphalo-
cele, is strongly recommended. Given the complexity of this
syndrome, it is useful to have the parents meet with several
specialists who provide a team approach for comprehensive
counseling. This team should include not onlymaternal–fetal
medicine specialistsbutalsoageneticist, apediatric surgeon, a
pediatric cardiologist, a neonatologist, and apediatric cardiac
surgeon. If a chromosomal abnormality or other significant
anomaly isdiagnosed, theparents shouldbe counseledappro-
priately and termination may be offered. After a decision has
beenreached tocontinue thepregnancy, in theabsenceof such
associated adverse prognostic indicators, attention should be
focusedon antepartumsurveillance for preterm labor and the
possibility of intrauterine growth restriction. Both of these
complications can be seen in all forms of omphalocele, in-

cluding the pentalogy of Cantrell. The rates of preterm de-
livery and intrauterine growth restriction have ranged from
26% to 65% and from 6% to 35%, respectively (Carpenter
et al., 1984; Sermer et al., 1987; Lafferty et al., 1989; Sipes
et al., 1990). In addition to surveillance for growth restriction
and polyhydramnios, observation for occasional rupture of
the omphalocele membrane is necessary, as it would expose
the herniated viscera and require emergency surgery once the
infant has been delivered.

Delivery of an infant with pentalogy of Cantrell is best
managed in a tertiary care center that provides newborn
medicine specialists as well as pediatric cardiologists and pe-
diatric surgeons who can provide immediate postnatal care.
The mode of delivery is not affected by the diagnosis of pen-
talogy of Cantrell. We currently recommend that omphalo-
celes, including pentalogy of Cantrell, be delivered vaginally
and reserve cesarean section for routine obstetric indications.
However, because severe giant omphalocele may predispose
to dystocia, cesarean delivery may be indicated in cases of
giant omphalocele.

FETAL INTERVENTION

There are no fetal interventions for pentalogy of Cantrell.

TREATMENT OF THE NEWBORN

Treatment of the newborn is the same as the treatment of
any infant born with an intact omphalocele (see Chapter 62).
The one confounding variable is the presence of the intrac-
ardiac defect. The most common of these is a ventricular
septal defect, which does not change the treatment. In severe
cases of tetralogy of Fallot, in which the baby may be cyan-
otic, treatmentduring the immediatepostnatal periodmaybe
altered.

SURGICAL TREATMENT

Surgical reconstruction of an infant with pentalogy of
Cantrell depends on several features. The timing of the
surgery depends on whether or not the omphalocele mem-
brane is intact, or if there is skin covering thedefect (seeFigure
61-2).Dehiscenceof theomphalocelemembrane fromtheab-
dominal wall requires emergency closure within the first few
hours of life to prevent infectious complications. In the ab-
sence of such separation, it is prudent to perform a complete
postnatal evaluation to confirm the presence of the complete
pentalogy and to exclude other potential associated anoma-
lies. Paramount among these is echocardiography to define
the nature of the intracardiac defect. Once the infant has
been adequately resuscitated and a complete evaluation per-
formed, elective reconstruction may be undertaken. This is



425

Chapter 61 Pentalogy of Cantrell

Figure 61-3 Operative repair of pentalogy of Cantrell. Four of the
five defects can be seen in this photograph: (1) epigastric abdom-
inal wall defect, (2) defect in anterior diaphragm, (3) defect in an-
terior pericardium, and (4) lower sternal defect. The intracardiac
defect in this newborn was a ventricular septal defect, complet-
ing the pentalogy.

performed in a staged fashion, with the initial attention given
to closure of the omphalocele, anterior diaphragmatic defect,
and pericardial defects. The cardiac defects are repaired at a
later date (Abdullah et al., 1993). The one exception to this is
a left ventricular diverticulum, which may be readily excised
at the time of the abdominal wall and sternal reconstruction.
These small lesions may be a source of thrombus, focus for
arrhythmia, ormay rupture (Hamaoha et al., 1987;Tsujimoto
and Takeshita, 2000; Halbertsma et al., 2002).

The omphalocele membrane is excised, which reveals
the defect to include a common pericardial peritoneal cavity
with the anterior diaphragmatic defect, and a lower sternal
defect (see Figure 61-3). Because the rectus abdominal mus-
cles are normally formed with anterior and posterior fascial
sheaths intact, albeit laterally displaced with insertion at the
midclavicular lines bilaterally, it is possible todo relaxing inci-
sions both anteriorly and posteriorly in the rectus abdominis
sheaths to allow rotation of the fascia to a medial location to
close the abdominal wall defect. This fascial rotation can be
used to close not only the midline abdominal wall defect but
also to separate the peritoneal cavity from the mediastinum.
This, however, still leaves the anterior thoracic defect and the
pericardial defect present. The pericardial defect may be left
until a later date, and the lower sternal defect, depending on
the extent of the sternal deficiency,may be closedwith aGore-
Tex patch to protect the heart. At a later date, the intracardiac
defect may be addressed if this is necessary, as in the case with
tetralogy of Fallot, or large VSD.

LONG-TERM OUTCOME

Due to the rarity of these cases and the few that have been suc-
cessfully reconstructed, little information is available about
the long-term outcome. We believe that long-term outcome
should be most closely correlated with the severity of the in-

tracardiac defect, as few sequelae are anticipated from the
abdominal wall, diaphragmatic, and pericardial defects.

GENETICS AND RECURRENCE RISK

Pentalogy of Cantrell is primarily thought to be a sporadic
defect. Karyotype abnormality is not a usual feature of pen-
talogy of Cantrell, but abnormalities of chromosomes 18 and
13 have been described (Fox et al., 1988). However, Martin et
al. (1992) suggested that there was an association of sternal
fusion defects with various cardiac, diaphragmatic, and an-
terior body wall defects, including pentalogy of Cantrell and
ectopia cordis. This group reported a family in which three
consecutively born brothers had extensive diaphragmatic de-
fects; two of them had pentalogy of Cantrell.

It has been suggested that the inheritance pattern for
ventral midline defects, including pentalogy of Cantrell, is
X-linked. In studies of an extended family including 14 af-
fected individuals, Carmi and Boughman (1992) obtained
evidenceofgenetic linkage tomarkers in the regionXq22-q27.
Additional results indicated that the thoracoabdominal syn-
drome (TAS) gene is located between the DXS425 and HPRT
loci (Xq25-q26.1). Parvari et al. (1994) obtained significant
evidence of linkage when the analysis used additional mark-
ers in Xq25-q26. Using microsatellite polymorphic markers,
they narrowed the region of the TAS gene to an interval of
approximately 2.5 Mb (Parvari et al., 1996).

References
Abdullah HI, Marks LA, Balsora RK, et al. Staged repair of pentalogy

of Cantrell with tetralogy of Fallot. Ann Thorac Surg. 1993;56:579-
580.

Aber-Yousef MM, Wray AB, Williamson RA, et al. Antenatal ultra-
sound diagnosis of variant Pentalogy of Cantrell. J Ultrasound Med.
1987;6:535-538.

Baker ME, Rosenberg ER, Trofatter KF, et al. The in utero findings in
twin pentalogy of Cantrell. J Ultrasound Med. 1984;3:525-528.

Cantrell JR, Haller JA, Ravitch MM. A syndrome of congenital defects
involving the abdominalwall, sternum,diaphragm,pericardiumand
heart. Surg Gynecol Obstet. 1958;107:602-614.

Carmi R, Boughman JA. Pentalogy of Cantrell and associated midline
anomalies: a possible ventral midline developmental field. Am J Med
Genet. 1992;42:90-95.

Carmi R, Parvari R, Weinstein J. Mapping of an X-linked gene for ven-
tral midline defects (the TAS gene) [abstract]. Am J Hum Genet.
1993;53(suppl):340-381.

Carpenter MW, Curci MR, Gibbins AW, et al. Perinatal management of
ventral wall defects. Obstet Gynecol. 1984;64:646-650.

Craigo S, Gillieson MS, Cetrulo CL, et al. Pentalogy of Cantrell. Fetus.
1992;3:7598-7601.

Egan JF, Petrikovsky BM, Vintzileos AM, et al. Combined pentalogy
of Cantrell and sirenomelia: a case report with speculation about a
common etiology. Am J Perinatol. 1993;10:327-329.

Fox JE, Gloster ES, Mirchandovi R. Trisomy 18 with Cantrell pentalogy
in a stillborn infant. Am J Med Genet. 1988;31:391-394.

Ghidini A, Sirtori M, Romero R, et al. Prenatal diagnosis of pentalogy
of Cantrell. J Ultrasound Med. 1988;7:567-570.

Goncalves LF, Jeanty P. Ultrasound evaluation of fetal abdominal wall
defects. In: Callen PW, ed. Ultrasonography in Obstetrics and Gyne-
cology. Philadelphia: WB Saunders; 1994:371-388.



426

Part II Management of Fetal Conditions Diagnosed by Sonography

Halbertsma FJJ, van Oort A, Van Der Staak, et al. Cardiac diverticulum
and omphalocele: Cantrel’s pentalogy or syndrome. Cardiol Young.
2002;12:71-74.

Hamaoha K, OnahaM, Tanoka T. Congenital ventricular aneurysm and
diverticulum in children. Pediatr Cardiol. 1987;8:169-175.

Jochems L, Jacquemyn Y, Blaumeiser B. Prenatal diagnosis of pentalogy
of Cantrell. Clin Exp Obstet Gynecol. 2004;31:141-142

Kanagusuntheram R, Verzin JA. Ectopia cordis in man. Thorax.
1962;17:159-167.

Kousseff BG, Jervis GL, Gilbert-Barness E, et al. Pentalogy of Cantrell:
Detection through fetal board registry and fetal pathology. Birth
Defects Orig Artic Ser. 1996;30:189-202.

Lafferty PM, Emerson AJ, Fleming PJ, et al. Anterior abdominal-wall
defects. Arch Dis Child. 1989;64:1029-1031.

MartinRA,CunniffC,EricksonL, et al. PentalogyofCantrell andectopia
cordia, a familial developmental field complex. Am J Med Genet.
1992;42:839-841.

Paidas M, Crombleholme TM, Robertson FM. Prenatal diagnosis and
management of the fetus with an abdominal wall defect. Semin Peri-
natol. 1994;18:196-214.

Parvari R, Carmi R, Weissenbach J, et al. Refined genetic mapping of
X-linked thoracoabdominal syndrome. Am J Med Genet. 1996;61:
401-402.

Parvari R, Weinstein Y, Ehrlich S, et al. Linkage localization of the tho-
racoabdominal syndrome (TAS) gene to Xq 25–26. Am J Med Genet.
1994;49:431-434.

Polat I, Gül A, Aslan H, et al. Prenatal diagnosis of pentalogy of
Cantrell in three cases, two with craniorachischisis. J Clin Ultra-
sound. 2005;33:308-311.

Ravitch MM. The chest wall. In: Welch KJ, Randolph JG, Rovitch MM,
O’Neill JA, Rowe MI, eds. The Chest Wall in Pediatric Surgery. 4th
ed. Chicago: Year Book; 1986:563-568.

Romero R, Pilu G, Jeanty P, et al. Omphalocele. Prenatal Diagnosis of
Congenital Anomalies. Norwalk, CT: Appleton & Lange; 1988:220-
223.

Sermer M, Benzie RJ, Piston L, et al. Prenatal diagnosis and manage-
ment of congenital defects of the anterior wall. Am J Obstet Gynecol.
1987;156:308-312.

Sipes SL, Weiner CP, Williamson RA, et al. Gastroschisis and omphalo-
cele: does either antenatal diagnosis or route of delivery make a dif-
ference in perinatal outcome? Obstet Gynecol. 1990;76:195-199.

Song A, McLeary MS. MR imaging of pentalogy of Cantrell variant
with an intact diaphragm and pericardium. Pediatr Radiol. 2000;30:
638-639.

Toyama WM. Combined congenital defects of the anterior abdominal
wall, sternum, diaphragm, pericardium and heart: a case report and
review of the syndrome. Pediatrics. 1972;50:778-782.

Tsujimoto H, Takeshita S, Kawamura Y. Isolated congenital left ven-
tricular diverticulum with perinatal dysrhythmia: a case report and
review of the literature. Pediatr Cardiol. 2000;2:175-179.

Vazquez-Jimenez JF, Mueller EG, Dasbrity S. Cantrell’s syndrome: a
challenge to the surgeon. Ann Thorac Surg. 1998;65:1178-1185.

62
CHAPTER

Omphalocele

Key Points

■ Defect in ventral abdominal wall characterized by
absent abdominal muscles, fascia, and skin. Defect
is covered by membrane that consists of
peritoneum and amnion.

■ Incidence 1 in 4000 to 1 in 7000 livebirths.

■ Principal sonographic diagnostic feature is
umbilical cord insertion into the membrane
covering the defect at a location distant from the
abdominal wall.

■ Differential diagnosis includes gastroschisis,
body-stalk anomalies, pentalogy of Cantrell, and
Beckwith–Wiedemann syndrome.

■ There is a high incidence of both associated
malformations and chromosome abnormalities.
Prenatal karyotype is indicated. Fetal
echocardiogram is recommended.

■ Serial prenatal sonograms should be performed to
assess fetal growth and amniotic fluid volume.

■ Delivery at a tertiary care center provides optimal
care for the newborn. Mode of delivery is
debatable, except for cases of giant omphalocele
or extracorporeal liver, in which cesarean section
should be performed.

■ Even with primary surgical repair, prospective
parents should anticipate a long hospitalization for
their neonate.



427

Chapter 62 Omphalocele

CONDITION

Omphalocele is a defect in the ventral abdominal wall that
is characterized by an absence of abdominal muscles, fascia,
and skin. The defect is covered by a membrane that consists
of peritoneum and amnion. It can vary in size from a few
centimeters to most of the ventral abdominal wall. Unlike
gastroschisis, in omphalocele, the umbilical cord inserts into
this membrane at a location distant from the abdominal wall
(deVries, 1980). The defect is thought to be caused by an ab-
normality that occurs during the process of body infolding
at 3 to 4 weeks of gestation (Dimmick and Kalousek, 1992).
At that time, 3 folds occur simultaneously, and each is asso-
ciated with a distinct type of omphalocele. Cephalic folding
defects result in a high or epigastric omphalocele. An exam-
ple of this is pentalogy of Cantrell (see Chapter 61), which
consists of an epigastric omphalocele, anterior diaphragmatic
defect, sternal cleft, pericardial defect, and associated intrac-
ardiac defects (Figure 62-1A) (Cantrell et al., 1958). A defect
in lateral folding results in the classic omphalocele (Figure
62-1B)withamidabdominaldefect.Adefect incaudal folding
results in a low or hypogastric omphalocele, as seen in blad-
der or cloacal exstrophy (see Chapters 64 and 65) (Duhamel,
1963; Meller et al., 1989; Vasudevan et al., 2006). The spec-
trum of severity of abdominal wall abnormalities can vary
from a small umbilical hernia to a large defect with extrusion
of the abdominal viscera.

INCIDENCE

The incidence of omphalocele ranges from approximately 1
in 4000 to 1 in 7000 livebirths (Baird and MacDonald, 1981;
Lindham, 1981; Rankin et al., 1999; Stoll et al., 2001). The
incidence of omphalocele is higher in combined livebirths
and stillbirths (1 in 300 to 1 in 4000), reflecting the increased
risk of intrauterine fetal death in cases of omphalocele. In
fact, the overall incidence of abdominal wall defects is 20
times greater in stillborn than in liveborn infants (McKeown
et al., 1953; Baird and MacDonald, 1981; Lindham, 1981;
Carpenter et al., 1984). Unlike gastroschisis, there has not
been a change in the incidence of this abnormality, which
supports the notion that these are two separate entities with
different causes (see Chapter 63). Unlike gastroschisis, om-
phalocele is associatedwith advanced, as opposed to younger,
maternal age (Redford et al., 1985; Hwang and Kousseff,
2004).

SONOGRAPHIC FINDINGS

The diagnosis of omphalocele was made as early as 10 to
12 weeks of gestation by vaginal sonography, when an
echogenic mass nearly equal to the size of the diameter of
the fetal abdomen was found anterior to the fetal abdomen

A

B

Figure 62-1 A. Sagittal image demonstrating the intact sac of a
liver containing omphalocele in a fetus at 15 weeks; B. pathologic
appearance of a fetus with omphalocele due to defect in lateral
folding. (Courtesy of Dr. Joseph Semple.)

(Brown et al., 1989). The use of three-dimensional transvagi-
nal ultrasound examinationmay facilitate this diagnosis early
in gestation (Anandakumar et al., 2002; Tonni and Centini,
2006). The ultrasonographic appearance of omphalocele
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Figure 62-2 Color Doppler ultrasound of a fetus at 17 weeks’ ges-
tation with large omphalocele, demonstrating umbilical cord in-
sertion into the membrane covering the abdominal wall defect.

varies depending on the size and location of the defect, the
presence of ascites, and the organs contained within the de-
fect. However, a principal diagnostic feature of omphalocele
is the umbilical cord insertion into the membrane covering
the abdominal wall defect (Figure 62-2). This contrasts with
gastroschisis, in which the defect is immediately to the right
of the normal umbilical cord insertion into the abdominal
wall. The cord insertion site at the caudal apical portion of
the omphalocelemembrane can be visualized with color flow
Doppler studies on sagittal or oblique images. An additional
diagnostic feature is the presence of the intrahepatic portion
of the umbilical vein coursing through the central portion
of the defect. Omphaloceles are characterized in utero by the

presence of a membrane; however, occasionally this mem-
brane will rupture. In cases of ruptured omphalocele, the
abdominal contents are floating free in the amniotic cavity,
similar to gastroschisis. However, unlike gastroschisis, in rup-
tured omphaloceles, the defects are usually large and have at
least exposed, if not extracorporeal, liver (Figure 62-3).

DIFFERENTIAL DIAGNOSIS

It is usually easy to distinguish sonographically between gas-
troschisis, with its cord insertion on the abdominal wall, and
omphalocele, with the cord insertion at the apex of themem-
brane encompassing the abdominal wall defect. It sometimes
is more difficult to distinguish between a small omphalocele
andaherniaof the cord thanbetween rupturedomphaloceles,
gastroschisis, and body-stalk anomalies.

Two syndromes deserve mention in the context of om-
phalocele: pentalogy of Cantrell and Beckwith–Wiedemann
syndrome (see Chapters 27, 61, and 123). Pentalogy of
Cantrell is characterized by the presence of an epigastric om-
phalocele and defects of the sternum, anterior diaphragm,
and diaphragmatic pericardium, with associated intracardiac
lesions (Cantrell et al., 1958; Toyama, 1972; Spitz et al., 1975).
Cantrell et al. (1958) hypothesized that the syndrome might
have resulted from a developmental failure of a segment of
lateral mesoderm around 14 to 18 days of embryonic life.
Consequently, there is a lack of development of the trans-
verse septum of the diaphragm and a lack of migration of the
two pairedmesodermal folds of the upper abdomen. A defect
in the lower sternal region develops, allowing for protrusion
of the heart and the upper abdominal organs. The syndrome
is very rare. Fewer than 90 cases have been described (Craigo
et al., 1992).Ghidini et al. (1988) reviewed theYale experience
and found 10 cases of pentalogy of Cantrell. Five pregnant
patients elected termination and the remaining five delivered
infants; there were no survivors beyond 3 months of age. A

A B

Figure 62-3 A. Ultrasound image of fetus with ruptured omphalocele seen in sagittal plane, demonstrating large
ventral defect through which the entire liver, stomach, and intestines have herniated. No membrane is seen around
the defect. B. The appearance of the infant immediately postnatally, with completely exteriorized liver, stomach, and
small and large bowel.
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number of other anomalies can be associated with pental-
ogy of Cantrell, including craniofacial abnormalities, chro-
mosomal abnormalities, clubfeet, malrotation of the colon,
hydrocephalus, andanencephaly (Craigo et al., 1992).Thede-
fects themselves can vary in severity, ranging fromonly rectus
muscle diastasis to a large omphalocele. The most common
cardiac abnormalities include atrial and ventricular septal de-
fects, and tetralogy of Fallot (Bryker and Breg, 1990). The
prognosis in pentalogy of Cantrell is directly related to the
severity of the cardiac defect.

The Beckwith–Wiedemann syndrome, otherwise
known as exomphalos-macroglossia-gigantism (EMG) syn-
drome, consists of the presence of omphalocele, vis-
ceromegaly, macroglossia, and severe neonatal hypoglycemia
(see Chapters 27 and 123). Cardiac abnormalities are also fre-
quently seen in this syndrome.Greenwood et al. (1977) found
that 12 of 13 patients with this syndrome had cardiovascular
malformations, and 7 of the 12 had structural abnormalities.
Malignant tumors can develop in 10% of patients, including
Wilms’ tumor, hepatoblastoma, and adrenal tumors (Sotelo,
1977). This syndrome does not have any obligatory anoma-
lies, and the diagnosis has been made without macroglos-
sia or omphalocele (Cohen and Ulstrom, 1979). Evidence of
macroglossia, or enlargement of adrenal glands, liver, kid-
neys, or pancreas, in the setting of omphalocele should alert
one to thepossible diagnosis of Beckwith–Wiedemann.These
findings are rare and seldom seen prior to the third trimester.

ANTENATAL NATURAL HISTORY

Omphalocele can present as part of a syndrome or as an
isolated defect. A list of the syndromes associated with om-
phalocele is given in Table 62-1 (Stoll et al., 2008). The most
important prognostic variable is the presence of associated
malformations or chromosomal abnormalities. Visceralmal-
formations can accompany omphalocele in 50% to 70% of
cases, and chromosomal abnormalities can be seen in 30% to
69% (Paidas et al., 1994; Brantberg et al., 2005; Lakasing et al.,
2006). Interestingly, the absence of the liver in the omphalo-
cele has been correlated with fetal karyotypic abnormalities
and perinatal mortality.

Nyberg et al. (1989) were the first to report an associ-
ation between omphalocele contents and fetal chromosomal
abnormalities. Other investigators have validated the finding
that small defects in omphalocele that contain only bowel
are associated with an increased risk of chromosomal abnor-
malities (Benacerraf et al., 1990; Getachew et al., 1991). In
one study, chromosomal abnormalities were present in all
8 fetuses with intracorporeal liver, as opposed to 2 of the
18 fetuses with an extracorporeal liver. They also found a sig-
nificant association between advancedmaternal age (33 years
and older) and abnormal karyotype. Gilbert and Nicolaides
(1987) found that in a series of 35 fetuses, there was a high
rate of chromosomal abnormalities (54%) with a predomi-
nance of trisomy 18 (17 of 19 cases of chromosomal abnor-

Table 62-1

Syndromes Associated with Omphalocele

Beckwith–Wiedemann syndrome

Cloacal exstrophy

Fibrochondrogenesis

Lethal omphalocele—cleft palate syndrome

Marshall–Smith syndrome

Meckel–Gruber syndrome

Triploidy

Trisomy 13

Trisomy 18

malities). Brantberg et al. (2005) found a higher incidence of
karyotypic abnormalities when the omphalocele was central
(69%) as opposed to epigastric (12.5%) in location.

The constellation of other associated malformations
varies greatly, ranging from single, minor, nonlethal abnor-
malities to multiple complex life-threatening abnormalities
that influence long-term prognosis more than the omphalo-
cele itself. The pediatric literature (as opposed to the obstet-
ric literature) has reported a better prognosis for neonates
with omphalocele, due to the fact that many of the fetuses
with multiple associated anomalies die in utero or during
the immediate perinatal period. The report from Rijhwani
et al. (2005) fromKing’s CollegeHospital is illustrative of this
point, with survival of 34 of 35 neonates undergoing primary
or staged closure. The same institution reported that fewer
than 10% of the 445 prenatally diagnosed cases of omphalo-
cele survived to repair (Lakasing et al., 2006).

Several investigators have described the impact of asso-
ciated anomalies on survival in cases of omphalocele. Hughes
et al. (1989) reviewed a series of 46 cases detected by pre-
natal ultrasound examination from three high-risk obstetric
referral centers. In 43 of 46 cases, adequate follow-up infor-
mation was available. Twenty-nine of the 43 cases (67%) had
additional malformations, with 23 (79%) considered major
and 6 (21%) considered minor. Three of the 29 pregnancies
were terminated. There was a total of 58 individual anoma-
lies in the 26 fetuses in which the pregnancy was continued.
Cardiac anomalies were the most common (14 cases), in-
cluding ectopia cordis (4). The other systems involved were
skeletal (9), gastrointestinal (6), genitourinary (6), and cen-
tral nervous (7). Fetal mortality was most strongly associated
with the presence of concurrentmalformations. Twelve of the
15 fetuses (80%) with concurrent malformations died, and
the 3 that survived had isolated minor abnormalities. This
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was in contrast to 7 fetuses without additional anomalies that
survived. In the Hughes et al. (1989) series, the size of the
omphalocele was not associated with fetal mortality. Six of
the 10 survivors had a transverse omphalocele to abdomen
ratio of >0.6 and two omphaloceles measured more than
10 cm. Abnormal amniotic fluid volume was present in 9
of the 12 fetuses that died spontaneously, and 3 of these had
no abnormalities detected on sonographic examination.

Tucci and Bard (1990) reviewed a 5-year Canadian ex-
perience consisting of 28 cases of omphalocele. They initially
divided their cases into two groups on the basis of the size of
the defect, small (<5 cm) and giant (>5 cm). Of the 12 fe-
tuses with small omphaloceles only 1 died, whereas 10 of the
16 infants with giant omphalocele died and all except 1 had
severe associated anomalies. There were five cases of congeni-
tal heart disease, threediaphragmatic hernias, and twocentral
nervous system malformations. Of note, none of the six sur-
viving infants had associated severe malformations. In this
series, four of the survivors had liver herniation, which sug-
gests that giant omphaloceles can have a favorable prognosis
if other severe anomalies are not present.

Nicolaides et al. (1992) compiled their 8-year experi-
ence with omphalocele and reviewed both the obstetric and
pediatric literature regarding the presence of chromosomal
abnormalities and associatedmalformations.Of the 116 cases
of omphaloceles, 87 (75%) had associated malformations.
They also found a higher incidence of chromosomal abnor-
malities when the omphalocele contained only bowel as com-
pared with omphaloceles that contained liver and bowel (25
of 44 vs. 17 of 72). In their summary, of 349 cases detected
antenatally, 229 (65.6%)hadassociatedmalformations. Sum-
marizing 13 studies with postnatal follow-up, an overall in-
cidence of associated anomalies is 50%. They also noted an
association with neural tube defects in chromosomally nor-
mal fetuses (Ardinger et al., 1987).

More recently, Nicolaides’ group reported their 11-year
experience with 445 cases of omphalocele from the Harris
BirthrightCentre forFetalResearchatKing’sCollegeHospital
(Lakasing et al., 2006). In 250 cases (56%) the karyotype was
found to be abnormal, and in 130 cases (30%) the karyotype
was normal, with the remainder declining karyotype analysis.
In the group with karyotype abnormalities, 248 (99%) un-
derwent termination of pregnancy or died in utero. Among
the 130 cases with normal karyotype, 74 (56%) were found
to have associated structural anomalies.

Lakasing et al. (2006) reported that during an 11-year
period from 1991 to 2001, 445 cases of omphalocele experi-
enced less than 10% survival from operative repair due to ter-
mination of pregnancy, intrauterine fetal demise, and neona-
tal death.

MANAGEMENT OF PREGNANCY

Elevated maternal serum α-fetoprotein (MSAFP) levels have
traditionally been associated with open neural tube defects,

but they are also associated with ventral abdominal wall de-
fects (Brooke et al., 1979; Stiller et al., 1990; Killam et al.,
1991). The sensitivity of MSAFP screening for the detection
of abdominal wall defects will vary depending on whether
it is omphalocele or gastroschisis and on the cutoff value of
MSAFP used (Paidas et al., 1994). MSAFP screening has a
much higher sensitivity for detecting gastroschisis than for
detecting omphalocele. Palomaki et al. (1988) found that at
each cutoff value of MSAFP, detection rates were higher for
gastroschisis than for omphalocele. For example, at a cutoff
value of >2.5multiples of themedian (MoM) and>3.0MoM,
the detection rates were more than 98% and 71%, and 96%
and 65% for gastroschisis and omphalocele, respectively. The
median MSAFP values for cases of omphalocele in this study
were 4.1 MoM (Palomaki et al., 1988). The poorer detection
rate for omphalocele is thought to be due to the presence
of the intact amnioperitoneal membrane covering the ab-
dominal cavities in unruptured omphalocele, as opposed to
direct exposure of bowel to the amniotic fluid in gastroschisis
(Paidas et al., 1994).

Once identified, a sonographic estimation of the size of
the omphalocele, contents of the omphalocele sac, location of
the umbilical cord insertion relative to the herniation, and the
presence of an amnioperitoneal membrane should be docu-
mented. A careful sonographic search for other fetal anoma-
lies should also be performed, including fetal echocardiogra-
phy. Because of the high incidence of associated congenital
cardiac disease (19%–32%),we recommend fetal echocardio-
graphywhen an omphalocele is diagnosed (Greenwood et al.,
1974; Carpenter et al., 1984; Crawford et al., 1985; Copel
et al., 1986). The incidence of congenital heart disease is re-
lated to the embryology of the body fold defect. Ten percent
of neonates with lateral fold defects have congenital heart dis-
ease, whereas the incidence approaches 100% if the cephalic
fold is affected. Alternatively, if the caudal fold is involved,
the incidence of associated congenital heart disease is low
(Greenwood et al., 1974; Carpenter et al., 1984; Crawford
et al., 1985; Copel et al., 1986).

Chromosomal analysis is strongly recommended due
to the multiple studies that have documented a high rate of
karyotypeabnormalities.Wehave foundthat a teamapproach
provides comprehensive counseling and advice for parents
with a fetus diagnosed with this anomaly. In addition to ma-
ternal and fetal medicine specialists, the parents should meet
with specialists in pediatric surgery, genetics, neonatology,
and pediatric cardiology. This type of approach, coordinated
by the maternal and fetal medicine specialists, affords the
parents the opportunity to ask questions regarding postnatal
surgery, postoperative care, and long-term outcome. If chro-
mosomal abnormalities, associated anomalies, or a particular
syndrome is suspected, these issues can be further discussed
in detail. After a decision has been reached regarding con-
tinuation of the pregnancy, attention is then focused on an-
tepartum surveillance for the development of preterm labor
and intrauterine growth restriction. Both of these compli-
cations are frequently associated with omphalocele. Rates for
pretermdelivery range from26% to 65% and for intrauterine
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growth restriction from 6% to 35% (Carpenter et al., 1984;
Sermer et al., 1987; Lafferty et al., 1989; Sipes et al., 1990 a,b).
There is also a high rate of emergency cesarean delivery due
to fetal distress (Moretti et al., 1990; Molenaar and Tibboel,
1993). Because of the high incidence of intrauterine growth
restriction, we perform serial ultrasound examinations to as-
sess fetal growth and amniotic fluid volume. In addition, dur-
ing ultrasound assessment we observe for occasional rupture
of the omphalocele membrane, which exposes the herniated
intestines to amniotic fluid.

Inup to50%of cases, significantpulmonaryhypoplasia
and pulmonary hypertension may complicate the neonatal
course, particularly in giant omphaloceles (Tsakayannis et al.,
1996; Lee et al., 2006). We routinely recommend MRI for
total lung volume assessment at 32 to 34 weeks’ gestation to
help identify fetuses at risk for these complications that, if
present, become the overriding determinant of management
in omphalocele.

The site and mode of delivery have been debated in
the obstetric literature (Lewis et al., 1990; Lurie et al., 1999;
Segel et al., 2001). The goal of the management of fetuses
with omphalocele is to deliver the fetus as close to term as
possible. Delivery at a tertiary care center provides optimal
immediate care for the newborn (Hsieh et al., 1989; Lafferty
et al., 1989; Lewis et al., 1990; Geijn et al., 1991). In addition,
transporting thepregnantwomanbefore delivery, rather than
transporting the neonate after delivery, provides immediate
neonatal surgical care and eliminates the risk of transporting
a critically ill newborn.

Mode of delivery—vaginally or by cesarean—has been
the subject of several retrospective reviews. No results from
available prospective randomized trials have settled this is-
sue. Older literature advocated the use of cesarean section
(Cameron et al., 1978). However, the most recent retrospec-
tive reviews do not support the idea that cesarean delivery
is associated with an improved survival rate (Sermer et al.,
1987; Moretti et al., 1990; Sipes et al., 1990a; Kirk and Wah,
1983; Lurie et al., 1999; Segel et al., 2001). None of the six re-
ported series show any benefit to cesarean delivery. The out-
come of giant omphaloceles was not specifically addressed in
these studies. Several other authorsdonot support routine ce-
sareandelivery for fetuseswith omphalocele (Carpenter et al.,
1984;HasanandHermansen, 1986;Hsieh et al., 1989; Lafferty
et al., 1989; Lewis et al., 1990; How et al., 2000). Labor it-
self does not seem to adversely affect outcome, based on
the study by Lewis et al. (1990), who compared outcome
data from infants delivered via elective cesarean section with
those whose delivery was preceded by labor. In cases of small
omphaloceles, we currently recommend vaginal delivery and
reserve cesarean delivery for routine obstetric indications.
However, in isolated cases of giant omphalocele with a defect
in the fetal abdomenmeasuring 5 cmor greater by ultrasound
examination, cesareandeliverymaybenecessary to avoiddys-
tocia. Particularly in cases of extracorporeal liver, we recom-
mend delivering by cesarean section. This approach under-
scores the need for re-evaluation of the defect as pregnancy
progresses.

FETAL INTERVENTION

There are no fetal interventions for omphalocele.

TREATMENT OF THE NEWBORN

Delivery should occur in a tertiary care center, with neonatol-
ogists available for immediate resuscitation. Initial treatment
consists of airway stabilization and sterile wrapping of the ab-
dominal defect to preserve heat andminimize insensible fluid
loss. A complete physical examination should be performed
to rule out a syndromic diagnosis. Peripheral vascular access
should be established and intravenous fluids given. Mechan-
ical ventilation is frequently necessary, especially postopera-
tively,whenabdominal contents replaced into a small abdom-
inal cavity impede diaphragmatic occlusion and lung expan-
sion. Antibiotics are generally given postoperatively. Initial
treatment of the newborn is directed toward preoperative sta-
bilization. Significant pulmonary hypoplasia and associated
pulmonary hypertension may complicate the neonatal man-
agement of omphalocele from thedelivery roomon.Thismay
be the most challenging management feature of up to 50% of
neonates with giant omphaloceles (Tsakayannis et al., 1996;
Lee et al., 2006).

SURGICAL TREATMENT

The surgical approach to the treatment of omphalocele has
changed considerably over the past four decades. Until 1965,
the only approach for the treatment of omphalocele was the
skin flap technique described by Gross (1948). The principal
disadvantage of this technique was the creation of a large dis-
figuring ventral hernia that ultimately required reoperation.
This is usually not an insurmountable problem, and success
has been reported for repair of these hernias. Considerable
time (usually 6 months to 2 years, but sometimes longer)
can lapse between initial surgery and final correction of the
hernia (Swartz et al., 1985). If at all possible, primary fas-
cial closure is the preferred method of repair because of a
lower incidence of sepsis, biliary obstruction, and fistula and
a reduced number of operations and rate of mortality in pa-
tients who undergo this repair (Figure 62-4) (Robin and Ein,
1976; Aaronson and Eckstein, 1977; Canty and Collins, 1983;
Mabogunje and Mahour, 1984; Sauter et al., 1991).

For very large omphaloceles, a staged reduction using a
prosthetic silo is preferred (Schuster, 1967; Allen andWrenn,
1969; Othersen and Smith, 1986). This procedure consists
of suturing a Silastic mesh to the rim of fascial defect, which
then covers theherniated contents of the omphalocele (Figure
62-5). This technique consists of paralysis with neuromuscu-
lar blocking agents, enlargement of the fascial defect, and
gradual stretching of the abdominal wall. Despite the success
of the silon chimney (Allen andWrenn, 1969), there remains
a significant subset of patients in whom complete reduction
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Figure 62-4 Silo repair of omphalocele.

is not achieved before complications of wound/fascial de-
hiscence, infection, enterocotomy, fistula, and systemic sep-
sis develop (Stringel and Filler, 1979; Towne et al., 1980;
Hershenson et al., 1985; Hatch and Baxter, 1987; Adam
et al., 1991; Lee et al., 2006). Nonoperative (conservative)

approaches to the treatment of omphalocele have grown in
popularity with greater success rates in cases of visceroab-
dominal disproportion and much lower mortality rates, but
they have the disadvantages noted above, as well as prolonged
hospitalization (Mabogunje and Mahour, 1984; Hatch and
Baxter, 1987; Nuchtern et al., 1995; Tsakayannis et al., 1996).
As long as the omphalocelemembrane is intact, wrapping the
newbornwith elastic bandagewrapswill gradually reduce the
size of the omphalocele and enlarge the peritoneal cavity. A
delayed primary repair can be performed after a period of
days to weeks. We have found this approach particularly use-
ful in premature infantswith giant omphaloceles, and in cases
in which there is significant pulmonary hypoplasia or diffuse
tracheobronchial malacia with concomitantly difficult venti-
latory management. In cases with pulmonary hypoplasia or
tracheobronchial malacia, this approach is particularly ap-
pealing, as improvement in the respiratory status may take 1
to 2 years.

Although the presence of multiple associated anoma-
lies accounts for the majority of deaths in cases of omphalo-
cele, respiratory complications also account for a significant
percentage of the morbidity and mortality due to this lesion
(Paidas et al., 1994; Tsakayannis et al., 1996; Lee et al., 2006).
Newbornswithomphalocele, particularly giant omphalocele,
have a high incidence of respiratory insufficiency and chest-
wall deformity. Some evidence suggests that impaired lung
growth and pulmonary hypoplasia may even be evident an-
tenatally (Hershenson et al., 1985; Argyle, 1989; Thompson
et al., 1993).

Neonates may require prolonged mechanical ventila-
tionbecauseof theneed forpositivepressure to expandachest
compressed by a large abdominal mass. Bronchopulmonary
dysplasia and chronic lung disease are potential long-term
complications. Tracheostomymay be necessary, either due to
pulmonary hypoplasia complicated by the development of
bronchopulmonary dysplasia, or for tracheobronchial mala-
cia. It is not uncommon for severe tracheobronchial malacia

Figure 62-5 Intraoperative appearance
following closure of newborn abdomen
after primary omphalocele repair. The
umbilical artery has been transposed to
a right lower quadrant site for umbilical
artery catheter placement for arterial
blood pressure monitoring.
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to be associated with giant omphaloceles and requires posi-
tive end-expiratory pressures (PEEP) of 10 or even 15 cm of
H2O to keep the airway open. There should be a low thresh-
old for bronchoscopic assessment of the airway to exclude
this complication in cases of giant omphaloceles.

LONG-TERM OUTCOME

Even with primary repair of omphalocele, a protracted stay
in the newborn nursery should be anticipated. Under the
best circumstances, except for hernias of the umbilical cord,
some period of mechanical ventilation following omphalo-
cele repair is required. In some cases of giant omphaloceles,
there may be underlying pulmonary hypoplasia or tracheo-
bronchial malacia that complicates ventilatory management.
Following extubation most infants have feeding difficulties
because of the prolonged period without oral stimulation
and poor coordination of sucking and swallowing. In ad-
dition, many infants have high respiratory rates following
omphalocele repair. Because of the compromised diaphrag-
matic excursion and chest wall motion, these infants main-
tain their minute ventilation by shallow, rapid breathing pat-
terns. This rapid breathing often interferes with suckling, and
gavage feeding may be necessary. Gastroesophageal reflux in
these infants is common, whichmay requiremedical therapy,
transpyloric feeding, or antireflux surgery.

As mentioned previously, the particular anomalies as-
sociatedwith omphalocele have amajor impact on long-term
outcome. This is especially true of chromosomal and cardiac
defects. As survival rates of patients with omphalocele im-
prove, more outcome data will become available, particularly
with respect to other aspects that have an impact on the qual-
ity of life (Figure 62-6). Preliminary studies suggest that there
are higher rates of behavioral problems and musculoskeletal
abnormalities in childrenwith abdominal wall defects (Ginn-
Pease et al., 1991; Loder and Guiboux, 1993). Kaiser et al.
(2000) suggest that a favorable long-term outcome can be
anticipated, except in cases associated with severe congenital
anomalies. There is one reported case of successful pregnancy
in adulthood following the staged repair procedure for a large
omphalocele (Ein and Bernstein, 1990).

GENETICS AND RECURRENCE RISK

The recurrence risk depends on the cause of the omphalo-
cele. If the fetus has a chromosomal abnormality due to ane-
uploidy, such as trisomy 18, the recurrence risk is 1% or the
age-relatedmaternal risk,whichever ishigher. If a syndrome is
diagnosed, the recurrence risk is that of the syndrome (Stoll et
al., 2008). Familial cases of Beckwith–Wiedemann syndrome
may have as high as a 50% recurrence risk. Nonsyndromal
(isolated) omphalocele is generally considered to be a spo-
radic event,with anegligible recurrence risk.However, at least
17 cases of familial omphalocele have been described (Osuna
and Lindham, 1976; DiLiberti, 1982; Pryde et al., 1992).Most

Figure 62-6 Abdominal appearance 1 year after primary repair
of a large omphalocele. Note the absence of a normal umbilicus.

of these families appear to transmit the gene as an autosomal
dominant gene. In one asymptomatic patient, five consecu-
tive pregnancies by two different nonconsanguineous part-
ners were complicated by fetuses with isolated omphalocele
(Pryde et al., 1992).
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63
CHAPTER

Gastroschisis

Key Points

■ Isolated abdominal wall defect to right of normally
inserted umbilical cord.

■ Associated with young maternal age and maternal
smoking.

■ Associated with growth restriction and
abnormalities of amniotic fluid.

■ The efficacy of amnioexchange is under
investigation.

■ Increased incidence of intrauterine fetal demise in
the third trimester.

■ Intestinal atresia can complicate 10% to 15% of
cases.



436

Part II Management of Fetal Conditions Diagnosed by Sonography

Figure 63-1 Newborn infant with gas-
troschisis demonstrating characteristic
‘‘peel.”

CONDITION

Gastroschisis (Greek for belly cleft) is a full-thickness defect
in the abdominal wall that occurs secondary to incomplete
closure of the lateral folds during the 6th week of gestation
(Moore andStokes, 1953;Moore andPersaud, 1993).Atbirth,
the eviscerated bowel characteristically has a thick edematous
appearance described byMoore as a “peel” (Figure 63-1). The
peel involves the serosa and is composed of fibrin and colla-
gen. The peel in gastroschisis is thought to be caused by an
inflammatory reaction as a result of exposure to amniotic
fluid, combined with constriction at the abdominal wall de-
fect (Amoury and Holder, 1977; Klein et al., 1983; Tibboel et
al., 1986a,b; Amoury et al., 1988; Langer et al., 1990; Moore,
1992).Duhamel (1963) theorized that gastroschisis originates
from a discrete teratogenic insult that results in an isolated
defect in differentiation of the somatopleural mesenchyme.
Others argue that gastroschisis is due to an in utero rupture of
an umbilical cord hernia after completion of the infold in the
anterior abdominal wall, but before complete closure of the
umbilical ring (Shaw, 1975). In at least some cases, in utero
rupture of a hernia of the cord that resulted in gastroschisis
supports the argument for this being a cause (Glick et al.,
1985). DeVries (1980) suggested that gastroschisis could be
caused by a congenital weakness on the right side of the um-
bilical cord. From an umbilical cord hernia, premature atro-
phy or abnormal persistence of the right umbilical vein could
predispose to disruption of the somatopleura at its junction
with the body stalk. Because gastrointestinal defects such as
atresia associated with gastroschisis are caused by vascular
disruptions, Hoyme et al. (1983) suggested that gastroschisis
may be caused by disruption of the right omphalomesenteric
artery, which connects the yolk sac with the dorsal aorta. The
fact that gastroschisis almost always occurs to the right of the
umbilical ring is consistent with these latter theories (Torfs
et al., 1990).

As second trimester maternal serum-α-fetoprotein
(MSAFP) screening has become incorporated into routine
prenatal care, more cases of gastroschisis are being detected
prenatally. This is due to the association between elevated
MSAFP levels and ventral abdominal wall defects (McKeown
et al., 1953; Brock et al., 1979; Redford et al., 1985; Stiller et al.,
1990; Killam et al., 1991). In one study, Larson et al. (1993)
found a 58% incidence of major fetal congenital anomalies
whenextremely elevatedMSAFP levelsweredetectedbetween
15 and 20 weeks of gestation. Ten percent of these were due to
abdominal wall defects. The sensitivity of MSAFP screening
for the detection of abdominal wall defects varies depending
on the type of abdominal wall defect, the geographical area,
and the cutoff value of MSAFP used.

MSAFP screening has a higher sensitivity for detecting
gastroschisis than omphalocele. In a population-based study
of MSAFP screening, using patients from Maine and Rhode
Island, Palomaki et al. (1988) found that the combined inci-
dence of gastroschisis and omphalocele was 4.5 in 10,000 live-
births (excluding neural tube defects, twins, and autosomal
chromosomal anomalies).At each cutoff ofMSAFP, detection
rates were higher for gastroschisis than for omphalocele. For
example, at a cutoff of 2 multiples of the mean (MoM), the
detection rate was more than 99% for gastroschisis and 78%
for omphalocele. At cutoff values of 2.5 MoM and 3 MoM,
the detection rates were more than 98% and 71%, and 96%
and65%, for gastroschisis and omphalocele, respectively. The
median MSAFP value of the 20 cases of gastroschisis was
7 MoM and the median value for omphalocele was 4.1 MoM
(Palomaki et al., 1988). Crandall et al. (1991) have shown
that the higher the MSAFP level the greater the prevalence of
adverse fetal outcome. A lower detection rate in omphalocele
is likely due to the presence of an intact membrane covering
the abdominal viscera in unruptured omphaloceles as op-
posed to the direct exposure of bowel to the amniotic fluid in
gastroschisis.
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Analysis of amniotic fluid α-fetoprotein and acetyl-
cholinesterase pseudocholinesterase levels (ratio 0.13) is very
sensitive in detecting gastroschisis (Goldfine et al., 1989).Hu-
man chorionic gonadotropin (hCG) levels have been mea-
sured in 16 pregnancies with abdominal wall defects (12 gas-
troschises, 4 omphaloceles) because this marker is already
being increasingly used for fetal aneuploidy screening. It
may have utility as an additional marker for the presence of
abdominal wall defects. Using a cutoff value of 2.3 MoM, the
detection rate using hCGwas 31%, as comparedwith 81% for
MSAFP.Using the twomarkers, thedetection rate increased to
87.5%, by finding one additional case (Schmidt et al., 1993).
More data are necessary to evaluate the usefulness of hCG
levels to prospectively identify abdominal wall defects.

INCIDENCE

Before 1953, gastroschisis was not clearly distinguished from
omphalocele (Moore and Persaud, 1993). Consequently, a re-
liable estimate of the frequency of gastroschisis before then is
impossible. Several investigators have found that the preva-
lence of gastroschisis has increased over the past few decades
in different geographic regions (Hwang and Kousseff, 2004).
Roeper et al. (1987) documented in California that the rate
of gastroschisis has increased from 0.006 in 1000 livebirths in
1968 to 0.089 in 1000 livebirths in 1977. Similarly, Florida,
Sweden, Finland, and Spain have reported increased preva-
lence rates over the same period (Lindham, 1981; Hemmenki
et al., 1982; Martinez-Frias et al., 1984; Hwang and Kousseff,
2004). The overall prevalence in Europe has been reported to
be 0.07 in 1000 live- and stillbirths (Calzolari et al., 1993).
Studies from British Columbia and Italy have not confirmed
this trend (Baird and MacDonald, 1981; Calzolari et al.,
1993).

Both older and more recent data from epidemiologic
studies have consistently demonstrated that young mater-
nal age is associated with an increased risk of gastroschisis
(Colombani and Cunningham, 1977; Hemmenki et al., 1982;
Martinez-Frias et al., 1984; Roeper et al., 1987). Goldbaum
et al. (1990) compared 62 infants who had gastroschisis with
617 randomly selected, unaffected infants matched for the
first year of birth in the state of Washington. They found that
maternal age younger than 20 years was associated with a
fourfold increased risk of having an infant with gastroschisis.
A study byWerler et al. (1992) included patients fromBoston,
Philadelphia, and portions of Ontario and Iowa. They com-
pared 76 cases of gastroschisis with 2582malformed controls
and found a strong inverse association with maternal age.
Compared with women 30 years or older, the relative risks
for maternal ages 25 to 29, 20 to 24, and younger than 20
were 1.7, 5.4, and 16, respectively (Werler et al., 1992).

In addition to young maternal age, maternal cigarette
use has also been associated with an increased risk of gas-
troschisis. Goldbaum et al. (1990) were the first to suggest
this relationship. In a prospective population-based study

using 62,103 consecutive second trimester MSAFP samples,
Haddow et al. (1993) found that women who smoked had a
2.1-fold greater risk of fetal gastroschisis than nonsmokers.
Although their finding was not considered statistically signif-
icant, the trend was consistent with the report by Goldbaum
et al. (1990). In contrast,Werler et al. (1992) found no associ-
ation with cigarette use in early pregnancy when heavy (more
than 15 cigarettes per day) and light (less than 15 cigarettes
per day) were compared. However, when the results of these
three studies are combined, the relative risk for having a baby
with gastroschisis is 1.6 for women who smoke (Haddow
et al., 1993).

Although reports are conflicting, the incidence of gas-
troschisis has also been associated with seasonal variation.
These studies found an increased risk of gastroschisis in de-
liveries occurring during the first quarter of the year (Egenaes
and Bjerkedal, 1982; Hemmenki et al., 1982; Goldbaum et al.,
1990). However, three other studies found no seasonal varia-
tion (Paulozzi, 1986; Roeper et al., 1987;Haddowet al., 1993).
Vascular disruption has been suggested by cases of gastroschi-
sis observed inwomenwho tookmedications with vasoactive
properties during pregnancy (Van Allen, 1981). In a prospec-
tive screening study of maternal hair samples using gas chro-
matography with mass spectroscopy, Morrison et al. (2005)
found a 25% incidence of periconceptual recreational drug
use.Themost commonlydetectedcompoundsweremetham-
phetamine, includingMDMAandMDEA,andcocaine.There
is good evidence from animal data that methamphetamines
cause fetal malformations including cardiac defects, facial
clefts, eye abnormalities, skeletal malformations, kidney de-
fects, and gastroschisis (Colado et al., 1997; Plessinger, 1998).
Amphetamines and cocaine have similar maternal effects, as
they are both central nervous system stimulants. They pro-
duce different fetal developmental effects (Little et al., 1988).
Werler et al. (1992) reported onfirst trimestermedication use
in a case–control study of 76 cases of gastroschisis and 2142
matched controls. They found that the decongestant pseu-
doephedrine was associated with a greater than threefold risk
of gastroschisis. Salicylates and acetaminophen were also as-
sociated with elevated risk, but these differences were not
statistically significant. The authors also evaluated the use of
these medications in pregnancies with other fetal anomalies
that were presumed to have a vascular cause; no associations
were found. Further studies are needed to clarify the role of
vasoactive agents in the pathogenesis of gastroschisis.

SONOGRAPHIC FINDINGS

The diagnosis of abdominal wall defects during the first
trimester is difficult because it is normal for the midgut to
be herniated into the umbilical cord. Cyr et al. (1986) doc-
umented the events of bowel migration by abdominal sono-
graphic examination of 10 normal first trimester fetuses, as
well as by pathologic examination of several embryo speci-
mens. The midgut that will normally form the small bowel,
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cecum, and ascending and proximal transverse colon is con-
nected to the yolk sac. This connection is reduced to a narrow
yolk stalk as the amniotic cavity expands and the yolk sac
is pulled away from the embryo. The mesentery suspending
the midgut then rapidly elongates, creating a U-shaped loop
of midgut that herniates into the umbilical cord. The loop
of intestine then rotates 90 degrees in a counterclockwise
direction about the axis of the superior mesenteric artery.
As these loops of bowel return to the abdominal cavity by
11 weeks of gestation, the loops rotate counterclockwise an-
other 180 degrees to complete the bowel rotation. Cyr et al.
(1986) have suggested that ultrasound examination shouldbe
performed at 14 weeks of gestation because the bowel should
be entirely intra-abdominal by 11 weeks, and this allows
for errors in estimating gestational age. However, in 20% of
fetuses, the bowel was still outside the abdomen at 12 weeks
(Green andHobbins, 1988). The size of the herniated gutmay
be helpful in distinguishing between physiologic and patho-
logic bowel herniation. The dimensions of bowel herniation
have been reported to be 1 cm in the study by Cyr et al. (1986)
and 7 mm in greatest dimension in the study by Bowerman
(1993).

Vaginal sonography affords a closer look at the fetus
in early gestation and may be helpful in distinguishing the
contents of the herniation. In a series of 61 fetuses studied
by vaginal sonography, by 12 weeks of gestation the midgut
herniation no longer persisted (Timor-Tritsch et al., 1989).
The earliest diagnosis of gastroschisis was 12 weeks 3 days
(Guzman, 1990).

Gastroschisis is a full-thickness defect in the anterior
abdominal wall almost invariably located to the right of
the intact umbilical cord, measuring 2 to 3 cm in diameter
(Figure 63-2) (Fonkalsrud, 1980). Color Doppler studies as-
sist in demonstrating normal umbilical cord insertion with
herniation of intestine to the right of the umbilical cord.
Nyberg et al. (1993) have summarized the sonographic fea-

Figure 63-2 Color flow Doppler image in fetus with gastroschisis,
demonstrating small defect with herniated midgut.

tures of gastroschisis. In addition to the small abdominal wall
defect located to the rightof anormalumbilical cord insertion
site, there is a variable amount of bowel protruding through
the defect, floating in the amniotic fluid, which may be dis-
proportionally large relative to the small size of the abdominal
cavity (Figure 63-3).

Despite the frequent use of antenatal ultrasound ex-
amination in obstetric care over the past two decades, there
is still little information regarding the accuracy of routine
ultrasound examination in the detection of abdominal wall
defects (Hill et al., 1985; Rosendahl and Kivinen, 1989;
Ewigman et al., 1993). Walkinshaw et al. (1992) reported
on their experience in the United Kingdom for more than
a 4-year period, extending from 1984 to 1988, during which
115 cases of anterior abdominal wall defects were found in
202,488 livebirths and intrauterine deaths beyond22weeks of
gestation. They found that routine scanning identified 60%
of the defects, with a false-positive rate of 5.3%. Gastroschisis

Figure 63-3 Prenatal ultrasound image
demonstrating loops of intestine floating free
in amniotic fluid.
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and omphalocele were accurately distinguished in 79.3% of
cases on initial diagnosis and 84.5% of cases after referral
for further evaluation. Many factors contribute to the less
than 100% detection of abdominal wall defects, including
the quality of the ultrasound equipment, the experience of
the sonographer, and the defect itself (Paidas et al., 1994). It
is possible that one form of gastroschisis, due to rupture of a
hernia of the cord as originally described by Moore (1962),
would not be detected by routine ultrasound examination
because it appears late in pregnancy. Knott and Colley (1987)
have described two similar cases of gastroschisis not detected
by antenatal ultrasound examination that were felt to occur
as a result of late gestational rupture of a hernia of the cord.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of gastroschisis should include om-
phalocele, ruptured omphalocele, hernia of the cord, and
limb–body wall complex. Gastroschisis is distinguished from
omphalocele by having no membrane surrounding the her-
niated loops of intestine. In contrast, omphalocele has a
peritoneo-amniotic membrane covering the defect and the
size is significantly larger than thedefect in gastroschisis. Rup-
tured omphalocelemay be confused with gastroschisis, as the
loops of intestine are observed to be floating free in the am-
niotic cavity. However, extracorporeal liver may be seen in
ruptured omphalocele, but is never seen in gastroschisis. The
limb–body wall complex may have an abdominal wall de-
fect but is usually easily distinguished from gastroschisis by
a short umbilical cord and numerous other associated struc-
tural anomalies.

ANTENATAL NATURAL HISTORY

The conventional wisdom regarding abdominal wall defects
is that gastroschisis, unlike omphalocele, is not associated
with chromosomal abnormalities. This discrepancy regard-
ing the presence of associated chromosomal abnormalities
has provided further impetus to distinguish these two enti-
ties by sonography. Reports in the literature have confirmed
that chromosomal abnormalities are rare or absent in gas-
troschisis (Mayer et al., 1980; Mann and Ferguson-Smith,
1984; Sermer et al., 1987; Romero et al., 1988; Lewinsky et al.,
1990; Sipes et al., 1990a). In the17-year experience at theChil-
dren’s Hospital in Columbus, Ohio, chromosomal analysis
was available in 128 of 144 cases of gastroschisis and therewas
only 1 case of chromosomal abnormality (trisomy 18) (King
et al., 1980; Caniano et al., 1990). Nicolaides et al. (1992) did
not find any chromosomal abnormalities in 26 cases of gas-
troschisis detected during an 8-year period. Abdullah et al.
(2007) found only four cases (0.1%) of aneuploidy among
4344 infants with gastroschisis in the United States. In the
absence of sonographically detectable associated anomalies,

the risks for fetal aneuploidy are probably comparable to the
risks due to maternal age alone. If additional fetal abnormal-
ities are detected sonographically, chromosomal evaluation
should be recommended.

In contrast to omphalocele, gastroschisis is usually not
associated with extragastrointestinal abnormalities. This is
in part responsible for the better outcome observed in gas-
troschisis. In a survey of 13 years of the National Inpatient
SampleDatabase and 3 years of the KIDs’ InpatientDatabase,
Abdullah et al. found among 4344 cases of gastroschisis re-
ported only 72 (1.7%) cases of pulmonary defects (includ-
ing agenesis, hypoplasia, and bronchopulmonary dysplasia)
and 379 cardiac defects, of which 190 were atrial septal de-
fects (ASDs) and 214 patent ductus arteriosus cases that
would not be detectable on prenatal ultrasound examination.
Therewere also 138 cases of undescended testicles (6.8%) and
58 cases of hydronephrosis (1.3%) (Abdullah et al., 2007).
However, in a report from Kunz et al. (2005) in a study of
California hospital discharge data from 1972 to 1997, 25 of
621 infants with gastroschisis were found to have congenital
heart disease (4% incidence). This group also found a signif-
icant increase of congenital heart disease if the gastroschisis
was complicated by bowel atresia, or if the infant was African
American. Gibbin et al. found an incidence of abnormal car-
diac findings of 15%, but of the four, one was persistent pul-
monary hypertension, two were supraventricular tachycar-
dia, and the last was peripheral pulmonic stenosis (Gibbin
et al., 2003). However, gastrointestinal anomalies can com-
monly be seen in gastroschisis, and occur in 20% to 40%
of cases (King et al., 1980; Mayer et al., 1980; DeLorenzo
et al., 1987; Nicolaides et al., 1992; Novotny et al., 1993).
These gastrointestinal abnormalities may be secondary to the
gastroschisis. These includemalrotation, atresia, “Christmas-
tree deformity,” volvulus, and infarction.

Even in the rare cases inwhich they are present, nongas-
trointestinal abnormalities are not usually life-threatening.
It is interesting that the data registry report from Abdullah
et al. (2007) had a lower than expected 8.1% incidence.

Fetuses with gastroschisis are at risk for a number of
complications thatdirectly affect survivalduring thenewborn
period. Obstetric complications include intrauterine growth
restriction (IUGR), which can affect up to 77% of fetuses
(Carpenter et al., 1984; Molenaar and Tibboel, 1993). This
may be due to nutritional deprivation rather than a consti-
tutional limitation (Gutenberger et al., 1973). In an analysis
of biometric data Royner and Richards (1977) found that
IUGR was predicted in 43% of infants, but was present in
only 23% at birth. This group thought that the prevalence of
IUGR is increased in gastroschisis, but is overestimated with
prenatal ultrasonography, primarily because of the smaller-
than-average abdominal circumference. Carroll et al. (2001)
suggested a novel explanation for the frequent observation of
growth restriction among fetuses with gastroschisis; protein
loss into the amniotic cavity. In a small series of 12 fetuses
with prenatally diagnosed gastroschisis were compared with
29 control infants without gastroschisis. They found that fe-
tuses with gastroschisis had significantly lower serum total
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protein and significantly higher amniotic fluid total protein,
and α-fetoprotein.

Despite the predisposition to IUGR, a more important
factor in neonatal outcome is prematurity. Puligandla et al.
(2004) found that in a retrospective series of 113 cases of gas-
troschisis, infants with IUGR had similar outcomes to non-
IUGR infants. Factors that were more important with regard
to neonatal outcome were prematurity and the presence of
atresia (Puligandla et al., 2004).

Other obstetric complications include preterm labor,
which occurs in more than one-third of cases due to asso-
ciated polyhydramnios (Mayer et al., 1980; Kirk and Wah,
1983; Carpenter et al., 1984; Caplan and MacGregor, 1989;
Molenaar and Tibboel, 1993). Abnormalities of amniotic
fluid volume, both polyhydramnios and oligohydramnios,
can accompany gastroschisis (Bair et al., 1986;Crawford et al.,
1992). Mercer et al. (1988) reported that in their series of
22 cases of gastroschisis, marked amniotic fluid staining oc-
curred in 73%.The associationof amniotic fluid stainingwith
fetal distress is controversial (Carpenter et al., 1984; Crawford
et al., 1992).

Because the conditionof the bowel at the timeof birth is
the singlemost important factor affecting long-termoutcome
for fetuseswith gastroschisis, several investigators havemoni-
tored the ultrasonographic appearance of the bowel (Stringel
and Filler, 1978; Luck et al., 1985). The extent of bowel dam-
age is variable in gastroschisis and can range from only mild
to severe, with bowel atresia and necrosis requiring resec-
tion with staged repair. These latter cases are often charac-
terized on sonography by extreme intestinal hypoperistalsis
and poor absorptive capacity (O’Neill and Grosfeld, 1974;
Oh et al., 1978). Although the cause of bowel damage is
not entirely understood, it seems that most of the damage
is caused by constriction at the site of the abdominal wall
defect and that this occurs primarily late in gestation (Langer
et al., 1989, 1990). Based on experimental findings in fetal
lambs, Langer et al. (1993) suggested that the mechanism of
constriction-induceddamage is relatedmainly to obstruction
and not ischemia.

Bond et al. (1988) published a series of 11 cases of
gastroschisis correlating the prenatal ultrasonographic ap-
pearance of the eviscerated bowel with clinical outcome. The
presence of small-bowel dilation and mural thickening cor-
related with severe intestinal damage and poor clinical out-
come. The absence of these findings was associated with a
more benign clinical course. These authors suggested that
these two ultrasonographic features—bowel dilatation and
bowel thickening—could be useful in following fetuses with
gastroschisis and in determining the time of delivery. Other
reports have not found these findings to be at all predictive of
outcome ingastroschisis (Lenkeet al., 1990; Sipes et al., 1990b;
Alsulymanet al., 1996). Earlydetectionof signsof boweldam-
age would allow delivery at fetal lungmaturity to prevent on-
going injury to the bowel and decrease the likelihood of hy-
poperistalsis syndrome.Three small serieshavenot foundthat
these two characteristics were useful in predicting outcome
(Lenke et al., 1990; Sipes et al., 1990b; Alsulyman et al., 1996).

In a combined retrospective and prospective study, Langer
et al. (1993) evaluated 24 fetuses with gastroschisis and found
that bowel thickening was associated with an increased time
to oral feeding, but this finding did not achieve statistical sig-
nificance, possibly due to the small number of patients. As
opposed to using a specific cutoff for bowel damage, these
authors suggested using a value that had a specific threshold
for gestational age. From their own data, fetuses above this
thresholdvaluehadhypoperistalsis andbelow itonly30%had
a hypoperistalsis. Interestingly, Aina-Mumuney et al. (2004)
have noted that a dilated fetal stomach found in 13 of 34 pre-
natally diagnosed cases of gastroschisis was associated with a
statistically significant greater incidence of nonreactive non-
stress tests, volvulus, neonatal death, as well as delayed time
to full oral feeding and longer hospitalization, compared to
those that did not have a dilated stomach (Aina-Mumuney
et al., 2004).

A disturbingly high incidence of intrauterine fetal
demise and stillbirth during the third trimester has consis-
tently been reported, with rates as high as 10.6% (Crawford
et al., 1992; Burge and Ade-Ajayi, 1997). Broth et al. (2001)
reported that among 78 cases of gastroschisis, the stillbirth
rate after 28 weeks’ gestation was 85 per 1000 births com-
pared to a control group rate of 5.4 per 1000 births. The cause
of stillbirth is thought to be either midgut volvulus or pro-
gressive cord compression by eviscerated bowel. Kalache et al.
(2002) reported a case of gastroschisis complicated by sudden
dilation of the bowel at 34 weeks’ gestation with the develop-
ment of notching of the umbilical artery waveform. This was
thought to be due to compression, which has previously been
reported with stomach herniation in gastroschisis (Robinson
et al., 1997). Notching of the umbilical arterial Doppler
waveform has also been observed in cord entanglement in
monoamniotic twins (Kofinas et al., 1991). This sign should
be looked for in third trimester fetuses with gastroschisis as
an indicator for nonstress testing.

Although fetal imaging has not provided useful prog-
nostic indicators of severity of gastroschisis, it is possible that
amniotic fluid levels of β endorphins may. Mahieu-Caputo
et al. (2002) have found that amniotic fluid β endorphin lev-
els above 10 μg/L (n = 4) versus 5 μg/L (n = 9) correlated
with longer duration of ventilation, parenteral nutrition, and
duration of hospitalization. These investigators speculated
that elevated β endorphin levels could result from fetal stress
caused by bowel damage.

MANAGEMENT OF PREGNANCY

Crawford et al. (1992) have recommended biophysical profile
testing for pregnancies with gastroschisis because they found
a 12.5% rate of stillbirths. Because these deaths occurred late
in the third trimester, they suggested that testing begin at 30
to 32 weeks of gestation.

We are currently monitoring our cases of gastroschisis
with biophysical testing beginning at 30 weeks’ gestation, and
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by performing weekly sonography to assess bowel thickness,
dilation, evidence of increased peristalsis, or dilated stomach.
If sonographic evidence of bowel damage is detected, consid-
eration can be given to delivery as soon as the lungsmature to
prevent ongoing injury. However, detection of bowel dilation
alone may be due to atresia, in which case delivery will have
no benefit.

The recommended mode of delivery for fetuses with
abdominal wall defects is controversial. Part of the difficulty
in comparing the vaginal versus abdominal approach is the
presence of multiple confounding factors, such as antenatal
diagnosis of lesion, presenceor absenceof labor,maternal and
neonatal transport, intervalbetweendeliveryandsurgery, and
place of delivery. Kirk and Wah (1983) reported 74 cases of
gastroschisis, 65 of which were delivered vaginally and 9 by
cesarean section. There were five deaths in each group, re-
sulting in a much higher mortality rate for fetuses delivered
by cesarean section. Lenke and Hatch (1986) retrospectively
reviewed their series of 24 cases of gastroschisis. Seven of 24
infants were delivered by cesarean section and all had a good
outcome. There were 3 deaths among the remaining 17 de-
livered vaginally. Only 11 of the 17 cases of gastroschisis were
able to have primary closure, as opposed to all of the infants
delivered by cesarean section. These authors also commented
that in all infants delivered by cesarean, there was no evidence
of the inflammatory “peel,” or inflamed serosa, on the evis-
cerated bowel seen in the worst cases of gastroschisis. Moretti
et al. (1990) reported on 56 fetuses with gastroschisis, and did
not find any differences in infant mortality, short- or long-
term outcome, or frequency of associated major anomalies.
However, in their experience, only 8% of the defects were
detected antenatally. Other authors did not find any bene-
fit to abdominal delivery (Kirk and Wah, 1983; Carpenter
et al., 1984; Davidson et al., 1984; Calisti et al., 1987; Sermer
et al., 1987; Sipes et al., 1990a;Puligandla et al., 2004). In anat-
tempt to control for confounding variables, Lewis et al. (1990)
reviewed their experience with 56 cases at level-three insti-
tutions and found no benefit to cesarean delivery. Coughlin
et al. (1993) have reported the results of a trial of cesarean
delivery with staff standing by in an adjacent operating room
for immediate repair of the gastroschisis. In this small series
of cases, cesarean delivery and immediate repair were associ-
ated with a greater rate of primary closure, a shorter period
of mechanical ventilatory support, and a shorter interval to
enteral alimentation, as comparedwithhistorical controls de-
livered vaginally who underwent more routine gastroschisis
repair. As demonstrated in these reports, at present there is
no compelling evidence for cesarean over vaginal delivery in
gastroschisis except for routine obstetrical indications.

The neonatal outcomes in gastroschisis do not appear
to be adversely affected by labor or rupture of membranes
(Strauss et al., 2003). However, some have suggested that it is
the timing, not the mode of delivery that results in improved
outcome (Lenke and Hatch, 1986; Moore, 1988, 1992; Swift
et al., 1992; Langer, 2003). These authors mention that most
of the bowel injury occurs late in gestation, which may be
avoided with early delivery. We recommend transferring the

mother to a tertiary care center before delivery to better co-
ordinate the obstetric, neonatal, and pediatric surgical teams
(Carlan et al., 1990; Nicholls et al., 1993; Stoodley et al., 1993;
Paidas et al., 1994).

In patients managed by vaginal delivery as opposed to
elective cesarean section, continuous cardiotocography may
be helpful in identifying fetal distress (Brantberg et al., 2004).
In a series of all patients prenatally diagnosedwith gastroschi-
sis at the National Center for Fetal Medicine in Norway,
Brantberg et al. found that cardiotocographicmonitoring de-
tected abnormalities in 22% of 64 fetuses. There was only a
single case of intrauterine fetal demise (IUFD) in the series.
They attributed the improved outcome to better detection of
fetal distress.

FETAL INTERVENTION

There is currently no accepted fetal intervention for gas-
troschisis. However, there is interest in some centers for the
use of amnioexchange to improve bowel function in gas-
troschisis. The rationale for this approach is that bowel dam-
age occurs in utero from two mechanisms: constriction at
the abdominal wall (Langer et al., 1989, 1990) and chemical
irritants in the amniotic fluid, which stimulate an inflamma-
tory response in bowel serosa (Langer et al., 1989; Albert et
al., 1993; Luton et al., 2003). The first published case of am-
nioexchange to treat fetal gastroschisis was reported by Aktug
(Aktuǧ et al., 1995), with four amnioexchanges between 29
and 34 weeks of gestation. Enteral nutrition was achieved by
5 days and the infant was discharged to home at day 8.

Based on favorable results in a fetal sheep model
demonstrating improved serosal fibrosis, decreased inflam-
matory cell infiltration and clearance of inflammatory and
gastrointestinal waste product (Luton et al., 2000; Thebaud
et al., 2002), Luton et al. (2003) conducted a pilot study in hu-
man gastroschisis. Amnioexchanges start at 30 weeks of ges-
tation via transabdominal amniotic fluid drainage through a
20-gauge needle. Amniotic fluid is replaced serially 300 mL
by 300 mL with warm sterile saline, for a total of 600 to
900 mL replaced at each procedure. Compared to a histor-
ical control group, the amnioexchange group had the same
mean gestational age at delivery (36.9 ± 1.3 weeks), without
chorioamniotic or premature rupture of membranes in the
first 30 patients treated.

Analysis of the first 10 patients showed a nonsignifi-
cant trend for less severe perivisceritis, reduced time on me-
chanical ventilation, need for hospitalization, and hospital
stay. The authors contend that if extrapolated to the full
30 patients, these trends would achieve statistical signifi-
cance. This same group reported a favorable effect of amnio-
exchange on the extra-abdominal mesenteric artery Doppler
index (Volumenie et al., 2001). There was, however, no corre-
lation with postnatal outcome. Amnioexchange does not ad-
dress the constrictive effects at the abdominal wall. As these
investigations acknowledge, the data thus far do not prove
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efficacy of amnioexchange. The problem with this approach
is not the rationale for amnioexchange nor the potential for
amnioexchange to reduce perivisceritis. Rather, the weakness
lies in the lack of selection criteria. Most newborns with gas-
troschisis do not have severe perivisceritis or inflammatory
peel and they do very well with conventional postnatal treat-
ment. There is a subset of gastroschisis patients (representing
10%–15% of cases) in which there is a severe inflammatory
peel, protracted need for parenteral nutrition, compromised
gut mobility and prolonged hospitalization. Until accurate
sonographic criteria are developed to identify this subset of
fetuses with gastroschisis, it is unlikely that anmioexchange
will improve outcome andhas the potential to expose patients
to the risk of this intervention with little hope of benefit.

TREATMENT OF THE NEWBORN

At delivery, the infant’s lower body should be placed in a
clear plastic bowel bag to minimize evaporative losses. The
exposed bowel should be kept moist and handled in a ster-
ile fashion. The intestines should be supported by bolsters of
rolled gauze placed on either side of the abdominalwall defect
to prevent kinking at the abdominal wall, which would result
in venous congestion and subsequent acidosis. The infant
shouldbeplaced in the right lateraldecubitusposition tomin-
imize the chances of obstruction at the abdominal wall. The
bowel should be covered with nonadherent sterile petroleum
gauze and wrapped in sterile dry gauze and placed in a
Lahey bag. A nasogastric tube should be inserted and placed
for suction to prevent bowel distention from swallowing air.
Venous access should be obtained in the upper extremities,
antibiotics (ampicillin and gentamicin) should be adminis-
tered, and crystalloid infusion begun as soon as possible to
replace ongoing third-space losses. It is not uncommon for
these newborns to become quite dehydrated because of the
excessive evaporative losses of the exposed viscera. Adequate
volume resuscitation is essential for proper treatment and
prevention of necrotizing fasciitis.

SURGICAL TREATMENT

Success has been achieved with both primary closure and
staged silo reduction, with the surgery tailored to each indi-
vidual case (Ein andRubin, 1980; King et al., 1980; Luck et al.,
1985; DeLorenzo et al., 1987; Caniano et al., 1990; Novotny
et al., 1993). Nomatter which operative strategy is employed,
the infant is nutritionally supported by parenteral nutrition
delivered via PICC line or broviac. The advantages of pri-
mary closure are shorter intervals to oral feeding, reduced
hospital stay, and the lack of further extensive surgery. How-
ever, the success of primary closure depends on the degree of
visceroabdominal disproportion. Excessive abdominal wall
tension can cause vena caval compression, compromised res-
piratory function, postrenal oliguria from ureteral obstruc-

tion, and even bowel ischemia. Intragastric pressure and cen-
tral venous pressure recordings have been advocated to detect
excessively high intra-abdominal pressures during attempted
closure (Yaster et al., 1989). In a review of 30 cases of gas-
troschisis, Bryant et al. (1985) found that the interval to return
to oral alimentation was not related to the type of closure.

The risk of ongoing evaporative water loss, heat loss,
and metabolic derangements that occur as a result makes
rapid coverage of the bowel a priority (Ledbetter, 2006). In
the delivery room or upon arrival in the NICU, the bowel can
be placed in a prefabricated, spring-loaded, silastic silo. These
preformed silos can be placed at the bedside without anesthe-
sia. If the fascial ring is too small, the defect can be enlarged
with local anesthesia and sedation (Minkes et al., 2000). The
placement of a prefabricated silo converts the operative clo-
sure to an elective procedure once the gravity has reduced the
bowel edema, allowing bowel loops to return to the abdom-
inal cavity. This process usually takes 5 to 7 days and can be
facilitated by gently reducing the bowel and placing an um-
bilical tape tie to keep the bowel reduced. The process can
usually be accomplished without the need for the infant to be
intubated, ventilated, or the use ofmuscle relaxants. Once the
bowel has been completely reduced, the infant is taken to the
operating room for a delayed primary closure of the fascia.

Introduction of the silo by Schuster (1967) was a ma-
jor advance in management of gastroschisis with severe vis-
ceroabdominal disproportion. Creation of a silo sutured to
the fascia can be performed as a primary procedure or if re-
duction with a preformed silo is unsuccessful. The viscera are
gradually reduced into the abdomen by sequential tightening
of the silastic silo (Figure 63-4). The goal of this therapy is the
gradual reduction of viscera over 3 to 5 days. After 7 days, the
risks of infection with this technique increase significantly.
The infant may be intubated and neuromuscular paralysis

Figure 63-4 Intraoperative view during creation of silo for
staged closure of gastroschisis.
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induced to allow maximal relaxation of the abdominal wall.
Once all of the viscera are reduced, the infant is returned to
the operating room, where the silastic silo is removed and a
fascial closure is performed. Other methods of closure useful
in selected cases include extensive skin flaps, umbilical cord
patch, Ringer clamp, or Gore-Tex patch closure (Muraji et al.,
1989; Zivkovle, 1991; Sawin et al., 1992; Stringel, 1993).

Potential postoperative complications are numerous
and include intestinal ischemia, bowel infarction, enterocu-
taneous fistula, necrotizing enterocolitis, and prolonged in-
testinal dysfunction (Ein et al., 1988; Oldham et al., 1988;
Caniano et al., 1990). Intestinal atresia can complicate gas-
troschisis, and is reported to occur in 5.5% to 23%of patients
(Amoury and Holder, 1977; Pokorny et al., 1981; DeLorenzo
et al., 1987; Gornall, 1989; Shah and Woolley, 1991). These
may be single or multiple, and may involve the small or large
bowel.

The primary goal in gastroschisis complicated by atre-
sia is abdominal wall closure either by primary closure, use
of prefabricated silo, or operative silo creation. Even if the
atresia is recognized, no attempt should be made at resection
of the atresia as the bowel is usually edematous and inflamed.
Resection and primary anastomosis are at high risk for break-
down. By 2 weeks following primary repair of the abdominal
wall defect, there is complete resolution of edema, inflam-
mation, and peel, making resection and anastomosis readily
accomplished (Snyder et al., 2001).Even in the rare instance in
which there is perforation at the timeof delivery, the proximal
and distal bowel should be ligated. There should be at least
a 2-week interval from abdominal wall repair to resection of
atresia and primary repair.

LONG-TERM OUTCOME

The duration of hospitalization is directly related to the de-
gree of gastrointestinal compromise or presence of gastroin-
testinal atresia. Some patients with gastroschisis will have hy-
poperistalsis syndrome. These infants remain dependent on
parenteral nutrition for an indefinite period, sometimes per-
manently. The average hospital stay following closure of gas-
troschisis is usually on the order of 3 to 4weeks.Often feeding
difficulties after repair of gastroschisis will delay discharge be-
cause of the need for gavage feedings. Although primary clo-
sure may be achieved and infants are weaned from mechan-
ical ventilatory support, they often remain quite tachypneic,
which impairs their ability to suck. Once further abdominal
wall relaxation and accommodation has had time to occur,
there is less tension and pressure on the diaphragm and the
respiratory rate decreases. Once a respiratory rate of less than
70 breaths per minute is achieved, infants can suck effectively
and be weaned from supplemental gavage feeding.

Hospitalization for infants with gastroschisis requiring
a repair of an atresia can be longer, related to the need for a
second procedure to address the atresia. The hospitalization
in these infants may be prolonged by several weeks.

There are usually no long-term sequelae from gas-
troschisis if there is no associated hypoperistalsis syndrome
(Lunzer et al., 2001). Inguinal hernias will develop not un-
commonly in infants with gastroschisis because of increased
intra-abdominal pressure. Occasionally, incisional hernias
seen as bulging from attenuated fascia at the closure site will
require remedial surgery months or years later.

GENETICS AND RECURRENCE RISK

Gastroschisis has been generally considered to be a sporadic
event, with a multifactorial cause, but there have been re-
ports of familial recurrence (Salinar et al., 1979; Lowry and
Baird, 1982; Hershey et al., 1989; Schmidt et al., 2005). Torfs
et al. (1990) described a 4.3% sibling recurrence rate in a
population-based study. An approximately 4% recurrence
risk implies amixture of genetic predispositionwith environ-
mental factors (Torfs and Curry, 1993). A single-gene defect
is unlikely for this condition. Families should receive genetic
counseling regarding recurrence risk. They should be offered
MSAFP testing and prenatal sonography in future pregnan-
cies.
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64
CHAPTER

Cloacal Exstrophy

Key Points

■ Arises from maldevelopment of the cloacal
membrane, which prevents migration of
mesenchymal tissue and impedes normal
development of the lower abdominal wall.

■ Consists of exstrophy of the urinary bladder,
exstrophy of the small or large intestine, anal
atresia, hypoplasia of the colon, omphalocele, and
malformed genitalia.

■ Incidence 1 in 200,000 to 400,000 livebirths.

■ Associated sonographic signs may include: large
infraumbilical anterior midline defect with a
protruding omphalocele, absent bladder,
narrowed thorax, distorted spine, sacral
myelomeningocele, and bilateral clubfeet.

However, a correct prenatal diagnosis is rarely
made.

■ Differential diagnosis includes bladder exstrophy,
omphalocele, gastroschisis, amniotic band
syndrome, myelomeningocele, and the limb–body
wall deformity.

■ Management of pregnancy should include MRI,
karyotype, and multidisciplinary consultation with
surgery, urology, endocrinology, and genetics.

■ Delivery should occur in a tertiary center.

■ If the fetus is genetically male, the parents should
be counseled about the potential need to reassign
gender.
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CONDITION

Cloacal exstrophy represents a spectrum of rare congenital
anomalies that are thought to arise from maldevelopment
of the cloacal membrane, which prevents migration of mes-
enchymal tissue and impedes normal development of the
lower abdominal wall. The cloacal membrane separates the
coelomic cavity from the amniotic space during the early
embryogenic period. The position and the timing of the dis-
ruption of the cloacal membrane will determine the variant
of the exstrophy that results. For example, inferior perfora-
tion results in epispadias; midperforation results in classic
exstrophy; and the superior perforation results in superior-
vesicle fissure (Jeffs, 1987).When cloacal exstrophy is present
in its classic form, the constellation of severe abnormalities is
among the most difficult for the pediatric surgeon to recon-
struct. It consists of exstrophy of the urinary bladder, exstro-
phy of the small or large intestine, anal atresia, hypoplasia
of the colon, omphalocele, and malformed genitalia, and as-
sociated neural tube defects in 50% of cases (Figure 64-1)
(Fujiyoshi et al., 1987).

The anatomy in cloacal exstrophy is complex, with a
ventral abdominal wall defect consisting of an omphalocele
at the superior margin of the defect and exposed bowel and
bladder at the inferior extent (Figure 64-2). Thehemibladders
are separated in the midline by a zone of intestinal mucosa.
Each hemibladder may have a ureteral orifice and the intesti-
nal zone separating the hemibladders may have the orifices
of the proximal gut superiorly and the distal gut inferiorly,
with one or two appendiceal orifices in between (Warner and
Zeigler, 1993). The proximal bowel orifice often prolapses in
the characteristic “elephant-trunk” deformity. The distal gut

Figure 64-2 Schematic representation depicts the lo-
cation of the various components of cloacal exstrophy.
The omphalocele is at the superior aspect of the defect
and is not seen in this diagram. The hemibladders are
separated by a midline intestinal zone that has the ori-
fice of the ileum from which prolapse of ileum forms
the elephant-trunk deformity. There may also be one
or two appendiceal orifices as well as the orifice to the
more distal blind-ending rectal pouch. Lateral to the
midline intestinal zone are the hemibladders, which
each have a ureteral orifice.

Figure 64-1 Appearance of a newborn genetic male infant with
classic cloacal exstrophy. The infraumbilical omphalocele can be
seen at the superior aspect of the defect. There is a prominent
elephant-trunk deformity prolapsed throughout the midline in-
testinal zone. The widely splayed bifid penis can be seen at the
lateral aspect of the defect.
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is a blind pouch, as these infants all have imperforate anus.
All genetically male cases have associated genital anomalies,
including undescended testicles and a bifid penis, with each
half attached to widely separated pubic rami (Johnston and
Penn, 1966).

Although cloacal exstrophy was recognized as early as
1909, it was not until 1960 that the first successful recon-
struction was reported (Rickham, 1960; Warner and Zeigler,
1993). It is only in recent decades that repair of this complex
anomaly has been routinely undertaken. For years most in-
fants were allowed to die because of themultiple and complex
congenital anomalies (Molenaar, 1996). However, in the past
two decades, survival after reconstruction for cloacal exstro-
phy has increased to 90% to 100%, albeit with substantial and
lifelongphysical andemotional burdens for thesepatients and
their families (Manzoni et al., 1987).

During early development, the cloacalmembrane sepa-
rates the coelomic cavity from the amniotic cavity. The cloaca
is first evident in themidline as an area inwhich ectodermand
endoderm are in opposition, with no mesoderm in between.
By the 4thweek of development, the cloacalmembrane forms
the anterior wall of the urogenital sinus at the base of the al-
lantois. Cephalad and lateral to the cloacal membrane are the
primordia of the genital tubercle. These primordia enlarge
and fuse in the midline superior to the cloacal membrane to
form the genital tubercle. At the same time there is ingrowth
of mesoderm toward the midline, increasing the distance be-
tween thebody stalk and the cloacalmembrane, settingup the
development of normal infraumbilical body wall. The cloaca
becomes divided into the urogenital sinus and the rectum by
the urorectal septum, which extends in a medial and caudal
direction to the cloacal membrane (Pohlman, 1911; Patten
and Barry, 1952).

Patten and Barry (1952) suggested the caudal displace-
ment theory for the genesis of cloacal exstrophy. According
to this theory, abnormal caudal displacement of the paired
primordia of the genital tubercle is responsible for cloacal
exstrophy. Epispadias alone would occur if fusion of the pri-
mordia in themidlineoccurredat the levelwhere theurorectal
septum joins the cloacal membrane. Exstrophy of both bowel
and bladder would be present if even further caudal displace-
ment of the primordia occurred at a level caudal to the anal
portion of the cloaca.

In contrast,Marshall andMuecke (1962) suggested that
the “wedge effect” of an abnormally large cloacal membrane
was responsible for cloacal exstrophy. This abnormally large
cloacal membrane acts as a wedge to the developing structure
of the abdominal wall. Rupture of this membrane prior to
descent of the urorectal septum and fusion of the genital tu-
bercles results in the midline infraumbilical defect, exposure
of bladder and bowel mucosa, with bifid genitalia that have
epispadias. In a chick embryomodel,Muecke (1964)was able
to demonstrate that a plastic graft placed in the region of the
cloacal membrane produced a wedge defect with persistent
cloacal membrane and varying degrees of infraumbilical de-
fects. These theories donot account for involvement of bowel,
prolapse of ileum, and foreshortened gut in cloacal exstrophy.

Magnus (1969) suggested that a loop of midgut or hindgut
prolapses between bladder halves and becomes strangulated.
Alternatively, Johnston (1913) suggested that the growth of
the hindgut is restricted by its involvement in the exstrophy.

More recently Bruch et al. observed sonographic pro-
gression in a fetus with a dilated cloacal abnormality at
18 weeks of gestation associated with oligohydramnios and
hydronephrosis. Repeat ultrasound examination performed
at 24 weeks of gestation demonstrated rupture of the cloa-
cal abnormality with resolution of both the hydronephrosis
and oligohydramnios. This newborn had the classic features
of cloacal exstrophy, challenging previous theories of its em-
bryogenesis (Bruch et al., 1996).

Cloacal exstrophy is associatedwith anomalies of organ
systems other than the central defect in up to 85% of cases
(Hurwitz et al., 1987) (Table 64-1). Anomalies of the urinary
tract are common and in several series occurred in 42% to
60% of cases (Spencer, 1965; Johnston and Penn, 1966; Tank
and Lindenauer, 1970; Zeigler et al., 1986; Hurwitz et al.,
1987). Vertebral anomalies occur in 48% to 78% of patients
(Spencer, 1965; Tank and Lindenauer, 1970; Hurwitz et al.,
1987) and myelodysplasia in 29% to 46% of patients (Zeigler
et al., 1986; Hurwitz et al., 1987).

INCIDENCE

Fortunately, cloacal exstrophy is rare,witha frequentlyquoted
incidence of 1 in 200,000 to 1 in 400,000 livebirths (Zeigler
et al., 1986). However, this may be an underestimate because
many fetuses with cloacal exstrophy die in utero or are still-
born (Paidas et al., 1994). Its incidence has been reported to
fluctuate in some areas, suggesting possible epidemics (Evans
et al., 1985). In one study, preconceptionalmaternal exposure
to smoking was significantlymore common in parents whose
fetus has cloacal exstrophy than in other related anomalies
(Gambhir et al., 2008).

SONOGRAPHIC FINDINGS

The anatomic features of cloacal exstrophy are seen on ul-
trasound examination, thus enabling prenatal diagnosis of
these complex congenital abnormalities (Meizner and Bar-
Ziv, 1985;Mirk et al., 1986; Romero, 1988;Nyberg et al., 1990;
Langer et al., 1992). Cloacal exstrophy should be suspected
when there is a lower abdominal wall defect with absence of
a normal bladder. Splaying of the pubic rami may also be
present. The association of neural tube defects along with
these findings also supports the diagnosis.

At least 14 reported cases of cloacal exstrophy have
beenprenatallydiagnosedby sonography(GosdenandBrock,
1981; Meizner and Bar-Ziv, 1985; Mirk et al., 1986; Chitrit
et al., 1993;Meizner et al., 1995; Bruch et al., 1996; Kaya et al.,
2000).However, three of these caseswere probably body-stalk
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Table 64-1

Anomalies Associated with Cloacal
Exstrophy

Omphalocele
Split symphysis anomaly
Bladder exstrophy

Two exstrophied hemibladders
Interposed midline colonic segment

Ileocecal exstrophy
Superior orifice prolapsed ileum
Single- or double-inferior orifice short blind-ending

hindgut
Usually duplicate appendiceal stumps in intermediate

position

Imperforate anus

Bifid external genitalia
Diminutive penis
Bifid clitoris and labia
Cryptorchidism

Duplex mullerian strictures
May have exstrophied vaginas at base of bladdermucosa
May have atretic vaginas

Myelomeningocele

Other defects
Talipes equinovarus
Vertebral anomalies (scoliosis)
Renal anomalies

Agenesis or multicystic
Megaloureter
Hydronephrosis
Fusion anomalies, ectopia

Adapted from Ziegler MM, Duckett JW, Howell C. Cloacal exstrophy. In:
Welch KJ, Randolph JG, Ravitch MM, et al., eds. Pediatric Surgery.
Chicago: Medical Year Book; 1986:764-771.

anomalies (Gosden and Brock, 1981). In an effort to estab-
lish criteria for early prenatal diagnosis of cloacal exstrophy,
Meizner et al. (1995) reviewed the sonographic findings in
six cases of cloacal exstrophy and compared them with the
sonographic features of other anterior abdominal wall de-
fects. In all six cases, specific sonographic signswereobserved:
(1) large infraumbilical anterior midline defect with a pro-
truding omphalocele; (2) an absent bladder; (3) a narrowed
thorax; (4) a distorted spine; (5) a large sacralmyelomeningo-
cele; and (6) bilateral clubfeet. In all cases the bowelwas noted
to be floating in a large amount of ascitic fluid. Polyhydram-
nios was present in four of the six cases. Although not done

prospectively, this report has helped to define sonographic
features of cloacal exstrophy that may allow early prenatal
diagnosis (Figures 64-3 to 64-5). These sonographic features
may assist the sonographer in distinguishing cloacal exstro-
phy from other midline anterior abdominal wall defects. The
fetus with suspect cloacal exstrophy may benefit from ultra-
fast fetal MRI, which may be a useful adjunct to sonography
in defining the anomalous pelvic anatomy as well as the po-
tential associated myelomeningocele.

A correct prenatal diagnosis of cloacal exstrophy is
rarelymade, even if pelvic or genitourinary abnormalities are
suspected on prenatal ultrasound examination. In a recent
retrospective review by Livingston et al. of prenatal sono-
graphic studies of patients evaluated and treated postna-
tally at the Children’s Colorectal Center at Cincinnati Chil-
dren’s, the most common abnormality noted prenatally was
hydronephrosis. The correct diagnosis was rarely suspected
(Livingston et al., 2007).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of cloacal exstrophy includes blad-
der exstrophy (see Chapter 65), omphalocele (see Chapter
62), gastroschisis (see Chapter 63), amniotic band syndrome
(see Chapter 100), myelomeningocele (see Chapter 19), and
the limb–body wall complex (see Chapter 60). The sono-
graphic features of each of these allow it to be distinguished
from cloacal exstrophy. In bladder exstrophy, there is a small
soft tissue mass on the surface of the abdominal wall and no
normal-appearing bladder, omphalocele, spinal abnormal-
ities or clubfeet. Omphaloceles are usually more cephalad
on the abdomen and lack other features of cloacal exstro-
phy. The loops of intestine floating free in the amniotic fluid
in gastroschisis usually can be easily distinguished from the
omphalocele of cloacal exstrophy, even with the “elephant-
trunk” deformity with a loop of intestine floating in amniotic
fluid.

The amniotic band syndrome and limb–body-wall
complex usually lack the lower abdominal omphalocele and
myelomeningocele, and a normal bladder can usually be seen
in the pelvis. Cases of limb–body wall complex usually have
large gastropleuroschises with a distorted spine.

ANTENATAL NATURAL HISTORY

Because of the rarity of cloacal exstrophy, and the even rarer
prenatal diagnoses of these cases, little is known about its
antenatal natural history. In the cases studied by Meizner et
al. (1995), four of the six developed polyhydramnios, which
may predispose to preterm labor and delivery. The cause of
polyhydramnios in cloacal exstrophy is not known. There
appears tobean increased incidenceof intrauterine fetaldeath
and stillbirth in cloacal exstrophy.
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Figure 64-3 Prenatal sonogram of a fetus with
cloacal exstrophy demonstrating several sono-
graphic features of cloacal exstrophy. In this
image, seen in transverse at the level of the
umbilical cord insertion, the lower abdominal-
wall defect and omphalocele membrane are evi-
dent.

Figure 64-4 A lower abdominal transverse im-
age in the same fetus seen in Figure 64-3, in
which no bladder is seen between the umbil-
ical arteries, which appear bright white in this
black-and-white version of a color Doppler im-
age, and the elephant-trunk deformity caused
by prolapse of the ileum is also seen.

Figure 64-5 The same fetus as in Figures 64-3
and 64-4 is seen in sagittal section of the spine,
demonstrating the large sacral myelomeningo-
cele.
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MANAGEMENT OF PREGNANCY

The pregnantwoman carrying a fetus inwhich cloacal exstro-
phy is suspected should be referred to a tertiary care center
for level II prenatal sonographic evaluation. If the features of
cloacal exstrophy cannot be completely defined sonographi-
cally, fetal magnetic resonance imaging (MRI) may be indi-
cated. If the diagnosis is made prior to 24 weeks of gestation,
the parents should be offered pregnancy termination. If the
parents decide to proceed with the pregnancy, amniocentesis
should be performed to determine the genetic sex of the fe-
tus. However, even if the karyotype is 46,XY, female gender
reassignment may be a consideration due to the inadequacy
of phallic development, which may make reconstruction as a
male impossible. The parents should be counseled about the
nature of this complex anomaly by a team consisting of a pe-
diatric surgeon, pediatric urologist, pediatric neurosurgeon,
neonatologist, geneticist, and pediatric endocrinologist. The
delivery should be planned in a center capable of reconstruct-
ing this complex lesion, or immediate postnatal transport
to a tertiary pediatric center should be planned. The preg-
nancy may be complicated by polyhydramnios during the
third trimester, which may predispose to preterm labor and
delivery. The parents should be made aware of the possible
increased incidence of intrauterine fetal death and stillbirth
in cloacal exstrophy.

FETAL INTERVENTION

There are no fetal interventions for cloacal exstrophy.

TREATMENT OF THE NEWBORN

Ideally, a fetus with cloacal exstrophy should be delivered
with neonatologists in attendance. The presence of the om-
phalocele sometimes predisposes to pulmonary hypoplasia
and respiratory insufficiency at birth. The infant should have
nonadhesive dressings applied to cover the exposed bladder
and bowel mucosa. The increased insensible water loss from
the exstrophiedbladder andbowel shouldbe factored into the
infant’sfluidmanagement. Immediate consultationshouldbe
obtained fromapediatric surgeon, a pediatric urologist, and a
pediatricneurosurgeon.However, emergency surgical correc-
tion is not indicated for an infant with cloacal exstrophy. An
extensive preoperative evaluation of all defects is essential be-
fore operative intervention occurs. Ultrasound examination
of the upper urinary tract provides important information
regarding position, size, and presence or absence of kidneys.
Ultrasound examination will also detect hydronephrosis and
hydroureter, whichmay require preoperative decompression.
The infant’s spinal cord should be evaluated by sonography
and MRI to detect tethered cord, myelodysplasia, and other
abnormalities. Radiographic films should be obtained to ex-

clude vertebral or sacral anomalies. Cranial ultrasound ex-
amination should be performed to exclude hydrocephalus.
Radiographs of the pelvis are also necessary to detect such
anomalies as split symphysis and congenital hip dislocation.
Karyotype analysis should be obtained if not done prena-
tally, as gender assignment should be established as soon as
possible.

SURGICAL TREATMENT

Before 1960, cloacal exstrophy was uniformly fatal, with in-
testinal obstruction and urosepsis the leading causes of death.
There has been significant progress in the management of
cloacal exstrophy,with recent reportsof survival ranging from
83% to 100%. This is due to improvements in intravenous al-
imentation, intensive care, and surgical reconstructive tech-
niques.

Despite improvements in survival, cloacal exstrophy re-
mains a formidable surgical challenge, usually approached in
staged procedures. In some cases, gender reassignment as fe-
male will be necessary due to insufficient phallic tissue for
penile reconstruction in genetic males. If a prenatal diagnosis
of cloacal exstrophy is made and karyotype analysis shows
46,XY, the parents should be counseled antenatally about the
possibility of gender reassignment. This is a complex area and
it may be the most difficult aspect of cloacal exstrophy for
the parents to cope with. Gonadectomy is usually performed
during thefirst procedure.Despite early gonadectomy, recon-
structionasaphenotypic femaleandrearingasa female,many
individuals will self-identify as male as they mature (Reiner
and Gearhart, 2004). This is due to the effects of exposure of
the fetal brain to testosterone.

The gastrointestinal tract is often shortened in cloacal
exstrophy. Specifically, the colon is usually short and small.
Despite this, colonic pull-through to reconstruct the anus
is possible in approximately 50% of patients. The remain-
der of cases are precluded from pull-through procedures by
neurologic deficits related to myelomeningocele, sacral mal-
formation, or a sphincter muscle complex that is inadequate
for fecal continence.

Reconstruction of the urinary tract in cloacal exstro-
phy presents a particular challenge for achieving the goals of
adequate bladder capacity and outlet resistance. This usually
requires bladder augmentation. Due to the shortened gut as-
sociated with cloacal exstrophy, the use of the stomach in a
gastrocystoplasty has emerged as the preferred technique of
bladder augmentation. The advantages of gastrocystoplasty
in bladder augmentation include less mucous secretion than
small bowel, lower incidence of bladder calculi, and avoid-
ance of hyperchloremic metabolic acidosis seen with the use
of intestine. The disadvantages of gastrocystoplasty include
problems with excessively acidic urine, with perineal exco-
riation if incontinence occurs. Various methods of ensuring
bladder outlet resistance and continence have been reported,
including bladder-neck narrowing with local tissue, using
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tapered bowel or ureter to make a urethra, or appendicovesi-
costomy (Mitchell et al., 1988). In addition, upper urinary
tract anomalies that may also require surgical correctionmay
be present occur in up to 45% of patients.

In genital reconstruction, the genetic female can have
the rudimentary vagina joined to the perineum. Genetic
males undergoing gender reassignment will usually have re-
construction deferred until the teenage years because a vagina
is unnecessary for egress of menses and will only be used for
coitus.

The condition of the neonate is critical for the decision
to proceedwith a one-stage versus a two-stage reconstruction
(Docimo et al., 1997). In either a one- or two-stage closure,
the omphalocele is closed and the bowel is separated from
the two bladder halves. The lateral vesicointestinal fissure is
closed in continuity and a short colostomy is created from the
end of the distal colon segment. The hemibladders are then
reapproximated in the midline to create a single exstrophic
bladder. In a one-stage procedure, the bladder is closed com-
pletely after a bilateral anterior innominate osteotomy has
been performed. Table 64-2 shows the one- and two-stage
surgical approaches to reconstruction in cloacal exstrophy.

LONG-TERM OUTCOME

With current care, long-term survival is in the range of 90% to
100%.Rare deaths are due to complications of prematurity or
associated complex anomalies (Zeigler et al., 1986; Hurwitz
et al., 1987;Docimo et al., 1997). Because of the low incidence
of this anomaly and the relatively recent success of surgical
reconstructive procedures, data onother aspects of long-term
outcome are lacking.

Genetic males (46,XY) who undergo gender reassign-
ment are infertile. In successfully reconstructed genetic fe-
males (46,XX) there have been documented cases of success-
ful conception and childbirth (Docimo et al., 1997). Bladder
continence in patients undergoing reconstructive procedures
for cloacal exstrophy can be expected in up to 75%of patients
(Hendren and Hendren, 1990). Bowel continence depends
on the adequacy of pelvicmusculature and innervation. Even
after a pull-through procedure, most patients have difficulty
with continence and require a bowel regimen, usually daily
enemas, to prevent soiling. Alternatively, some patients opt
for a permanent colostomyor ileostomy. Recently, the use of a
continent catheterizable cecostomy has been used to perform
daily antegradeenemas inpatientswithcloacal exstrophywho
have had pull-through procedures, but in whom bowel con-
trol is lacking (Malone et al., 1990). As children who have un-
dergone reconstruction grow older, we will learn more about
other aspects of long-term outcome, including psychologic
adjustment and sexual function.

Ithasbecomeapparent thatgenotypicmale infantswith
phallic inadequacy reconstructed as females have a high inci-
dence of male gender identity despite gonadectomy (Reiner
and Gearhart, 2004). In a follow-up study of 16 genetic male

Table 64-2

Staged Functional Reconstruction
in Cloacal Exstrophy

Neonatal assessment
Evaluate associated anomalies
Decide whether to proceed with reconstruction

Functional reconstruction
One-stage repair (few associated anomalies)

Excise omphalocele
Separate cecal plate from hemibladders
Join and close bladder halves
Bilateral anterior innominate osteotomies
Gonadectomy in males with duplicated or absent

penis
Terminal ileostomy or colostomy
Genital revision if needed

Two-stage repair
Stage I—newborn period

Excision of omphalocele
Separate cecal plate from hemibladders
Joining bladder halves
Gonadectomy in males with duplicated or absent

penis
Terminal ileostomy or colostomy

Stage II—4 to 6 months of age
Closure of joined bladder halves
Bilateral anterior innominate osteotomy
Genital revision if needed

Anti-incontinence or reflux procedure—4 to 5 years of age
Bladder capacity >60 mL minimum

Young–Dees–Leadbetter bladder-neck
reconstruction

Bilateral Cohen ureteral reimplantations
Marshall-Marchetti bladder-neck suspension

Bladder capacity <60 mL
Young–Dees–Leadbetter bladder-neck

reconstruction
Bilateral Cohen ureteral reimplantations
Bowel segment used to augment bladder
Continent diversion with abdominal or perineal

stoma

Vaginal reconstruction
Vagina reconstructed or augmented using colon, ileum

or full-thickness skin graft

Adapted from Gearhart JP. Anomalies of the bladder. In: Kalalis PP, King
L, Belman AB, eds. Clinical Pediatric Urology. 3rd ed. Philadelphia: WB
Saunders; 1992:1971-1977.
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patientswith cloacal exstrophyandphallic inadequacy, 14un-
derwent neonatal gender reassignment and 2 were raised as
male Reiner and Gearhart, 2004). Despite gonadectomy, 8 of
the 14 declared themselves male. Both of the infants raised as
male had male gender identity. The results of this study raise
serious questions about the wisdom of gender reassignment
in genetic male infants with cloacal exstrophy.

GENETICS AND RECURRENCE RISK

Cloacal exstrophy occurs as a sporadic event without a recog-
nized associated chromosomal abnormality. There is a higher
incidence of cloacal exstrophy in families in which onemem-
ber is affected as compared with the general population, al-
though the genetic aspects of this malformation are not well
understood (Jeffs, 1987).
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65
CHAPTER

Bladder Exstrophy

Key Points

■ Bladder exstrophy is a severe abnormality of the
anterior abdominal wall in which the bladder
protrudes under the umbilical cord, the pubic
bones are separate causing rectus divergence, and
frequently is associated with inguinal hernia.

■ In females the mons, clitoris, and labia are
separated, with hemiclitoris on either side of the
bladder, and there is frequently duplication of the
vagina and uterus.

■ In males the penis is short and broad, with a dorsal
urethral plate, dorsal chordee, and splayed glans.

■ Bladder exstrophy is very rare, being seen in 1 in
3000 to 1 in 50,000 births, and there is a significant
male preponderance.

■ Prenatal sonographic diagnosis is possible by
noting an absent bladder, but with normal

amniotic fluid volume, together with a lower
midline abdominal wall mass and abnormal
appearing external genitalia.

■ Pregnancy management is generally unchanged
by the prenatal diagnosis of bladder exstrophy,
and the only role for genetic amniocentesis is to
assist in assignment of gender if external genitalia
are unclear.

■ The goal of surgical management is to achieve
bladder closure, epispadias repair, and
achievement of urinary continence; this can be
achieved either in a three-stage process over
4 years or as a single primary repair.

■ Bladder exstrophy is generally considered a
sporadic abnormality, although there may be a
3%–4% recurrence risk in siblings.

CONDITION

Exstrophy of the bladder has been recognized for centuries,
but it was not until the 19th century that surgical correction
was first attempted (Hall et al., 1953). The first attempts at
diversion of urine into the colon were made in 1850, and the
first successful closure of bladder exstrophywas performed in
1862 (Canning et al., 1996). In contrast to patients with cloa-
cal exstrophy that have other unrelated abnormalities, infants
with bladder exstrophy have defects confined to the bladder,
abdominal wall, perineum, genitalia, and bony pelvis.

At birth the diagnosis of bladder exstrophy is easily
made by the presence of characteristic findings. The blad-
der plate protrudes immediately beneath the umbilical cord
(Figure 65-1). The rectus muscles are divergent due to sepa-
ratedpubic bones. There is anoutward rotationof the innom-
inate bones and eversion of the pubic rami (Sponsellor et al.,
1991). The phallus is short, with a dorsal urethral plate,
splayed glans, anddorsal chordee. In females, themons pubis,
clitoris, and labia are separated and the vaginal orifice may

be displaced anteriorly. Bilateral inguinal hernias are com-
monly seen at birth because of the large internal and external
inguinal ring caused by the splaying of the rectus muscu-
lature and lack of obliquity of the inguinal canal. Hussman
et al., (1990) reported that 56% of males and 15% of females
have inguinal hernias. In a report by Peppas et al., (1995) in
patients presenting with hernia within one year of primary
closure, 10%–53% of the hernias were incarcerated.

In bladder exstrophy the umbilical cord inserts low on
the abdomen and the anus and scrotum tend to be more
anteriorly placed than normal (see Figure 65-1). Although
the rectus abdominis muscles insert normally at the pubic
tubercles, the diastasis of the pubic symphysis and lateral
displacement of the iliac bones causes splaying of the rec-
tus muscles. This lateral displacement of the rectus muscles
widens the inguinal canal, predisposing to indirect inguinal
hernias in these patients (Connor et al., 1989; Hussman et al.,
1990; Stringer et al., 1994). Because thebladder is external, the
peritoneal reflection is deeper in the pelvis than normal and
the ureters course deeply through the pelvis and enter the
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Figure 65-1 Newborn female infant with bladder exstrophy
demonstrating the presence of a low umbilical cord with a pro-
truding bladder plate and a hemiclitoris on each side of the
bladder.

bladder with almost no submucosal tunnel, which predis-
poses them to vesicoureteral reflux (Nisonson and Lattimer,
1968).

The penis in males with bladder exstrophy is short and
broad because of pubic bone separation, which prevents the
midline joining of the corpora cavernosa. Figure 65-1 illus-
trates the appearanceof the female infantwithbladder exstro-
phy. The overall length of the corpora cavernosa is shortened
but reasonable length may be obtained with epispadias re-
pair from the deep corporal bodies (Woodhouse and Kallett,
1984).There is usually amarkeddorsal chordee and thepenile
curvature is compounded by shorter dorsal tunica albuginea.
Females with bladder exstrophy (Figure 65-1) have a hemi-
clitoris on each side of the bladder and the vaginal orifice
may be duplicated and displaced anteriorly (Damario et al.,
1994). The uterus may be duplicated, but the fallopian tubes
and ovaries are usually normal.

All patientswith bladder exstrophyhave somedegree of
pubic diastasis, with the hips rotated outward. Many patients
have a waddling gait in early childhood, but long-term hip or
gait problems are rare.

In normal development the cloacal membrane occu-
pies the infraumbilical position of the abdominal wall, and
this bilaminar membrane is infiltrated by mesenchyme to
form the lower abdominal musculature. The genital folds
fuse superiorly to form the genital tubercle. The most widely
accepted theory for the cause of exstrophy is based on the
work of Muecke, (1964), in chick embryos. In this model,
overgrowth or persistence of a thickened cloacal membrane
results in truncated mesenchymal migration. Later rupture
of the membrane without the mesenchymal reinforcement
results in exstrophy. Bladder exstrophy results if the rupture

occurs after the descent of urorectal septum. If rupture occurs
in the absence of the urorectal septum, then cloacal exstro-
phy occurs. The prenatal sonographic observation by Langer
et al. of an intact cloacal membrane that subsequently rup-
tured during the second trimester suggests that the presence
or absence of the urorectal septum and not timing of mem-
brane rupture distinguishes bladder exstrophy from cloacal
exstrophy (Langer et al., 1992).

INCIDENCE

A broad range of incidences have been reported for bladder
exstrophy, from 1 in 3000 to 1 in 50,000 livebirths (Lattimer
and Smith, 1996; Sanders, 1996). Rickham estimated the
incidence of bladder exstrophy at 1 in 10,000 livebirths
(Rickham, 1960). The International Clearinghouse for Birth
Defects Monitoring Systems estimated the incidence of blad-
der exstrophy at 3.3 in 100,000 livebirths (Lancaster, 1987).
All reports have consistently shown a male predominance,
which, derived from multiple series, averages 2.3:1 (Bennett,
1973; Harvard and Thompson, 1951; Higgins, 1962; Jeffs
et al., 1982). Individual reports exist that describe amale pre-
dominance as high as 5:1 or 6:1 (Ives et al., 1980; Lancaster,
1987). There are no estimates available for the prenatal inci-
dence of bladder exstrophy.

While no definite teratogenic effect has been demon-
strated, there is a slightly increased risk of bladder exstrophy
withmaternal progestin use (Blickstein andKatz, 1991). Also,
a single case of bladder exstrophy has been reported in the
child of a user of lysergic acid diethylamide. A slightly in-
creased risk of bladder exstrophy has been observed inmoth-
ers less than 20 years of age (Lancaster, 1987).

SONOGRAPHIC FINDINGS

The prenatal sonographic diagnosis of bladder exstrophy is
based on the association of several findings, including in-
ability to visualize the bladder, normal amniotic fluid vol-
ume, presence of a mass on the anterior abdominal wall in
the suprapubic region, small penis with an anteriorly dis-
placed scrotum, low umbilical cord insertion, splayed iliac
crests, umbilical arteries situated alongside the bulging mass
protruding from the lower abdominal wall, malformation of
the external genetalia (Barth et al., 1990; Bronshtein et al.,
1993; Gearhart et al., 1995a; Jaffe et al., 1990; Lee et al.,
2003: Meizner and Bar-Ziv, 1986; Mirk et al., 1986; Pinette
et al., 1996; Richards et al., 1992). The fetal bladder is most
easily identified between the umbilical arteries, using color
Doppler sonography. If completely empty, the bladder may
not be seen, but since it normally fills and empties every 5–
15minutes, persistent observation should identify thenormal
bladder (Gearhart et al., 1995a). However, the normal blad-
der may not be imaged if there is a lack of urine production,
either due to bilateral renal agenesis or bilateral multicystic
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dysplastic kidneys. The use of 3-D ultrasound may be par-
ticularly useful in identifying the lower abdominal mass in
bladder exstrophy (Evangelidis et al., 2004). Similarly, ultra-
fast fetal MRI may be useful as an adjunct to ultrasound if
the diagnosis is not clear as a result of technical limitations of
ultrasound such as fetal position or maternal body habitus.

All of the features of bladder exstrophymay not be seen
in every patient. In the report by Gearhart et al., (1995a), in
17 fetuses with prenatal sonographic examinations in whom
a retrospective diagnosis of bladder exstrophy could bemade,
not every feature was present. In 71% of cases there was per-
sistent nonvisualization of the fetal bladder. In only 47% of
cases were a persistent lower abdominal wall mass or bulge
seen. A very small penis with an anteriorly displaced scrotum
was seen in 57% of fetuses. Even less commonly appreciated
was the low umbilical cord insertion (29%) and abnormal
widening of the iliac crests (18%).

In a female, the clitoris is bifocal and there are widely
separated labia, but this may be difficult to discern sono-
graphically.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of bladder exstrophy includes cloa-
cal exstrophy, persistent urachus, omphalocele, and gas-
troschisis. However, the lower abdominal wall bulge with low
cord insertion immediately cephalad to the exstrophied blad-
der usually allows its identification. The kidneys are usually
normal inbladder exstrophy. In contrast, in cloacal exstrophy,
unilateral renal agenesis is common, as is hydronephrosis. In
addition, there is often prolapse of the ileum through the
cloaca to form the “elephant trunk” deformity (see Chapter
64). Myelomeningocele and omphalocele are also commonly
associated with cloacal exstrophy. Rarely, a small omphalo-
celemaybe seen in bladder exstrophy (Gearhart et al., 1989b).
The lower abdominal wall bulge or soft tissue mass in cloacal
exstrophy is usually larger and more heterogeneous than in
bladder exstrophy (Pinette et al., 1996). A persistent urachus
may resemble the normal bladder and complicate the di-
agnosis. However, prolonged observation demonstrates the
structure to be constant in size and shape lacking any void-
ing episodes excluding the possibility of a normal bladder
(Goldstein et al., 2001, see Table 65-1).

ANTENATAL NATURAL HISTORY

Although few prospectively diagnosed cases of bladder ex-
strophy have been reported, review of retrospective cases sug-
gests that thisdiagnosishasno implications for thepregnancy.
These are usually isolated sporadic anomalies, without in-
creased risk for intrauterine death, or neonatal compromise
at birth.

MANAGEMENT OF PREGNANCY

Once there is a diagnosis of bladder exstrophy, an attempt to
completely define the anomaly should bemade. The position
of the abdominal wall bulge and umbilical cord insertion, sex
of the fetus, and the size and position of the penis should be
determined. If the sex of the fetus is in doubt, genetic am-
niocentesis may be indicated to help counsel the parents and
plan the postnatal reconstruction. Prenatal consultation with
a pediatric urologist is extremely helpful in advising parents
about the reconstructive procedures that will be necessary
and about the long-term prognosis. There is no need to al-
ter the delivery plan, and cesarean section should be reserved
for obstetrical indications. Because bladder closure is best ac-
complished during the first 3 days of life, delivery in a tertiary
care center with pediatric urologists and anesthesiologists is
preferred, but transportation of the newborn to a pediatric
center is also possible.

FETAL INTERVENTION

There are no fetal interventions for bladder exstrophy.

TREATMENT OF THE NEWBORN

In the management of bladder exstrophy, staged functional
reconstruction and urinary diversion are the two most
commonly employed strategies. Urinary diversion is usu-
ally undertaken only when reconstruction is unavailable or
repeated attempts at functional reconstruction have failed.
Gender reassignment is almost never necessary, given mod-
ern reconstructive techniques, and is reserved for rare cases in
which no other option is available. The staged functional re-
construction is undertaken with specific goals for each stage.
During the newborn period, the goal is bladder closure with
protection of the upper urinary tract, and preservation for
later continent reconstruction. In the second stage, at about
1 year of age in the male, the goal is to optimize genital struc-
ture and function and to increase bladder outlet resistance to
foster growth of the bladder. In the final stage of functional
reconstruction, undertaken at about 4 years of age, the goal
is to achieve urinary continence.

SURGICAL TREATMENT

The most commonly used technique for bladder closure in-
volves the conversion of an exstrophied bladder to an inconti-
nent epispadias (Gearhart and Jeffs, 1989b, 1990 a and 1990b;
Jeffs et al., 1982). An incision circumscribes the exstrophied
bladder extending distal to the verumontanum on both sides
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Table 65-1

Absent Bladder

Doppler
Amniotic Umbilical Renal Uterine

Kidneys Fluid Artery Arteries Arteries Other Findings

Failure of urine
production

BRA Absent – N – –
Severe BRD Small and large

cysts
– N N/A

Severe IUGR Small and large
cysts normal

A N A

Failure to store
urine

N/HN N N N N –

Bilateral
ectopic
ureters

N N N N N Lower abdominal mass,
abnormal external
genitalia low umbilical,
insertion, splayed iliac
bones

Cloacal
exstrophy

N, absent or HN N N N N/A Omphalocele, cystic
anterior mass,
meningomyelocele,
kyphoscoliosis, lower
limb defects, single
umbilical artery

N, normal; A, abnormal; HN, hydronephrosis; BRA, bilateral renal agenesis; BRD, bilateral renal dysplasia; IUGR, intrauterine growth retardation.

of the prostatic urethra, resulting in a wide plate of bladder
neck and prostatic urethra. The bladder is completely mo-
bilized and the corpora cavernosa directed off the inferior
pubic cavernosa with care to preserve the neurovascular bun-
dles. The corpora cavernosa are approximated in themidline.
The neourethra, with orwithout paraexstrophyflaps, is tubu-
larized. Ureteral stents suprapubic to the vesicostomy site are
exteriorized prior to closing the bladder. The pelvic ring is
closed by a nonabsorbable monofilament suture. The mid-
line abdominal defect is then closed by approximation of the
rectus fascia and skin. Pubic approximation is possible during
thefirstdaysof the life,withoutosteotomy.After stagedrecon-
struction, all patients should be maintained on prophylactic
antibiotics because of the high incidence of vesicoureteral re-
flux.Althoughmost childrenwill have vesicoureteral reflux, it
is unusual for them to require an antireflux procedure before
subsequent bladder neck reconstruction.

The second stage of functional reconstruction, under-
taken between 6 and 12 months of age, focuses on phallic
reconstruction. Epispadias repair and urethroplasty not only
reconstruct the phallus, but also result in increased outflow
resistance and enhanced bladder capacity (Gearhart and Jeffs,
1989a). The goals of epispadias repair are to provide length

for the phallus and to release the dorsal chordee (Gearhart
and Jeffs, 1990a; Hendren, 1979; Hinman, 1958). In addi-
tion, the urethra is reconstructed to place the meatus at the
tip of the glans penis (Kajbafzadeh et al., 1995; Mitchell and
Bagli, 1996; Ransley et al., 1989).

The last stage of functional reconstruction in bladder
exstrophy is undertaken at about four years of age (Perlmutter
et al., 1991). It is important that the child’s bladder capacity
be at least 60ml in order to have functional capacity following
bladder neck reconstruction (Jeffs et al., 1982). The Young–
Dees–Leadbetter technique remains themost commonlyused
technique to reconstruct thebladderneck (Gearhart and Jeffs,
1990b; Leadbetter, 1964; Marshall et al., 1949; Woodhouse
and Kallett, 1984). The ureters are reimplanted in a cephalad
position in either a cross-trigonal or cephalotrigonal proce-
dure topreventvesicoureteral reflux(BrockandO’Neill, 1998;
Canning et al., 1990). Next, the posterior bladder mucosa is
tubularized over a Foley catheter to create a neourethra, and
the muscular layer of bladder is closed over the neourethra to
create a new bladder neck. If capacity is inadequate, bladder
augmentation is then performed (McLaughlin et al., 1995).
The bladder neck and urethra are then sutured to the under-
surface of the pubis.
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Recently, complete primary exstrophy repair has gained
popularity. The procedure combines the goals of the staged
reconstruction into a single procedure: bladder closure, epis-
padius repair, and achievement of urinary continence, all
without formal bladder neck reconstruction. Complete pri-
mary exstrophy repair offers preservation of renal function
and better continence in many patients. However, this is a
surgical option best employed only at centers with highly ex-
perienced surgeons because of the risk of significant compli-
cations including penile ischemia and hypospadias (Husman
et al., 2006).

Urinary diversion is reserved for patients who have in-
adequate anatomy for reconstruction at birth or when at-
tempts at reconstruction have failed. Among the most com-
monly employed technique is the ureterosigmoidostomy,
which allows continence, and with nonrefluxing uretero-
colonic anastomoses, protection of the upper urinary tracts.
However, long-term hyperchloremic metabolic acidosis,
ureteral obstruction, and colonic malignancy are possible
complications. Ileal conduits are not considered suitable for
urinarydiversion in childrendue to long-termcomplications.
A colon conduit may be an alternative, with fewer long-term
complications than ileal conduits. Once a child achieves anal
continence, anastomosis of the colon conduit to the rectosig-
moid can be performed.

LONG-TERM OUTCOME

One report reviewed the experience at the Johns Hopkins
Hospital with 87 patients treated for exstrophy of the blad-
der (Baker et al., 1999). The age at follow-up ranged from
8 months to 22 years. Bladder neck reconstruction was per-
formed in 58 of 87 patients, with 47 (81%) continent of urine.
Among the remaining 11 patients, 4 were less than 6 months
from bladder neck repair, 2 were lost to follow-up, 1 was
diverted, 1 awaits bladder augmentation, 2 have had blad-
der augmentation, and 1 is totally incontinent of urine. The
average time to continence during the day ranged from 3
months to 5 years (mean, 2 years), and to nighttime conti-
nence, a mean of 4 years. Other centers have reported conti-
nence rates in the 69%–71% range with bladder neck recon-
struction (Jones et al., 1993; Lottman et al., 1996; Mollard et
al., 1994).

Patients who do not achieve continence within 1–
2 years of bladder neck reconstruction seldom have sufficient
continence over time (Gearhart, 1998). These patients may
require remedial approaches, including repeat bladder neck
reconstruction, often with concomitant bladder augmenta-
tion. The majority of patients in whom initial bladder neck
reconstruction fails need bladder augmentation (Gearhart
et al., 1990a, 1995b).

There may be significant psychologic consequences to
this anomaly and the results of reconstructive procedures.
Ben-Chaim et al., (1996) reported the results of a diagnos-
tic psychiatric questionnaire and interview with 20 patients

with bladder exstrophy and their parents. Behavioral, social,
and school competency problems were experienced by 70%
of the adolescents and 33% of the school-aged children. In
nearly 70%of the participants, concernwas present about the
sexual functionor disfigurement. Themechanics of sexual in-
tercourse and anxiety about the appearance and adequacy of
their genitalia were perceived as barriers to relationships by
both adults and adolescents.

Childrenwithbladder exstrophyhave recentlybeenrec-
ognized to be at increased risk for clinically significant anxi-
ety disorders (Reiner et al., 2006). These anxiety disorders are
thought to be due, at least in part, to hypothalamic-pituitary-
adrenal axis and other neurobiologic developmental disrup-
tions. It is speculated that early anesthetic, surgical, and/or
other medical interventions may affect highly active neuro-
biologic developmental processes. Some of the anxiety prob-
lems in these children tend to abate with age, after successful
surgical resolution of functional abnormalities (Reiner et al.,
2006).

The issue of sexual function, fertility, and self-esteem
become more important long-term issues for children born
with bladder exstrophy who undergo reconstruction. Ben-
Chaim et al., (1996) reported the results of an anonymous
questionnaire and chart review in 20 adult patients (16 men
and 4 women). Of the 20 patients, 6 are married (4 men,
2 women), 2 men have fathered children, and 1 woman has
had two children. Ten of the 16 men ejaculate a volume of
2 ml, with history of retrograde ejaculation in 6. Semen anal-
ysiswasperformed in4men,withanaverage ejaculate volume
of 0.4 ml with azoospermia in 3 and oligospermia in 1. All
patients experienced normal erections, but were unsatisfac-
tory in 7 because of a small penis, and 12 of 16 experienced
satisfactory orgasms. Stein et al., (1994) have suggested that in
males, bladder neck reconstruction may be performed at the
expense of fertility. Fertility in males is of secondary concern
in reconstructive surgery of the urethra and bladder neck.
Erectile and sexual functions are well preserved but patients
are bothered by small penile length and dorsal chordee. In
contrast, females appear to have normal fertility, sexuality,
and sexual function (Gearhart, 1998). However, uterine pro-
lapse after pregnancy and delivery is common and is thought
to be due to intrinsic weakness of the pelvic floor (Krisiloff et
al., 1978). Uterine prolapse is less common after early pelvic
closure with osteotomy (Jeffs et al., 1982). Rectal prolapse oc-
curs frequently in untreated patients, possibly due to bladder
mucosal irritation–induced straining. This disappears with
bladder closure (Jeffs et al., 1982).

There is a higher incidence of latex allergies in chil-
dren with bladder exstrophy (Ricci et al., 1999). The latex
sensitivity is thought to be a consequence of multiple sur-
gical procedures with latex exposure and may cause life-
threatening reactions. Infants with bladder exstrophy are best
cared for an in a latex-free environment.

Adenosarcoma of the bladder occurs in patients with
bladder exstrophy approximately 400 times more com-
monly than in the normal population (Kanzari et al., 1974;
Krishnansetty et al., 1988). It is the most common bladder
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tumor occurring in patents with untreated bladder exstro-
phy (Davillas et al., 1991) and has been reported in adults
who had bladder closure after infancy (Facchini et al., 1987).
While bladder malignancy has yet to be reported in patients
who had bladder closure at birth, long-termmonitoring with
cytologic evaluation is recommended (Canning et al., 1996).

GENETICS AND RECURRENCE RISK

Bladder exstrophy, in general, is a rare sporadic anomaly.
However, there are families at increased risk for recurrence.
Of 2500 index cases, Shapiro et al., (1984) found 9 affected
siblings with a risk of a second affected family member of
3.6%. A total of 29 familial cases of this otherwise spo-
radic condition have been reported (Kajbafzadeh et al., 2006;
Messelink et al., 1994; Shapiro et al., 1984). It has been sug-
gested, based on anecdotal case reports, that some familial
cases may be inherited as an autosomal dominant (Froster
et al., 2004). The risk to offspring of a patient with bladder
exstrophy is estimated at 1.4%, and the risk of 2 affected sib-
lings is about 1% (Carter, 1984).

The exstrophy epispadius complex appears to occur
more frequently in children conceived by in vitro fertiliza-
tion (Wood et al., 2003). Bladder exstrophy in one study was
found to have a 7.3-fold higher risk than normal after in vitro
fertilization.
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CHAPTER

Cystic Lesions
of the Abdomen

Key Points

■ Cystic abdominal lesions are relatively common.

■ Diagnosis of the underlying etiology of a cystic
abdominal mass may be difficult but intimate
association with adjacent structures may provide
clues to diagnosis.

■ Fetal MRI may be helpful in determining the cyst’s
origin.

■ Sonographic evidence of associated anomalies
should be sought.

■ Obstruction of bowel and compression of adjacent
organs is common and may result in
polyhydramnios.

■ Cyst aspiration in utero is rarely indicated.

CONDITION

Theprenatal diagnosis of abdominal cystic lesions is relatively
common (McEwing et al., 2003). Cystic abdominal masses
may either represent a normal structural variant or patho-
logic entity thatmay require surgical intervention postnatally
(Sherwood et al., 2008). Abdominal cystic lesions may be ex-
ceedingly difficult to accurately diagnose prenatally (Khong
et al., 2003). In other chapters, we have already addressed
many of the lesions in the differential diagnosis including
choledochal cysts (Chapter 67), ovarian cysts (Chapter 68),
meconium pseudocysts (Chapter 70), and extralobar bron-
chopulmonary sequestration (Chapter 34). This chapter will
focus on some less common, but important, causes of cys-
tic abdominal lesions including hepatic cysts, splenic cysts,
pancreatic cysts, duplication cysts, and mesenteric cysts.

Hepatic cysts aremost often isolated, simple cysts.Hep-
atic cysts are thought to arise fromaberrantbile ducts (Cowles
and Mulholland, 2000; Otani et al., 2005) or intrahepatic,
peribiliary glands (Kida et al., 1992). These simple cysts are
more common in girls (Otani et al., 2005) and do not com-

municate with the biliary system (Rogers et al., 2007). At
least one case of prenatal hepatic cyst has been found to be a
mesothelial cyst (Komori et al., 2008).

Themajorityof simpleunilocularhepatic cystsdetected
prenatally tend to shrink or resolve postnatally (Rogers et al.,
2007). There are cases of hepatic cysts reaching very large sizes
with progressive enlargement resulting in symptoms (Byrne
and Fonkalsrud, 1982).

Splenic cysts are usually simple serous epithelial-lined
cysts in the upper pole of the spleen (Saada et al., 2006). These
cysts are often diagnosed prenatally in the third trimester and
may be difficult to distinguish from adrenal or pancreatic
cysts.

Pancreatic cysts arise from a developmental anomaly
of the pancreatic ductal system usually in the body or tail
of the pancreas (Choi et al., 2007). These cysts are epithelial
lined and are not pseudocysts. Pancreatic cysts can occur as
part of Beckwith–Wiedemann syndrome, polycystic disease
of the pancreas and kidney, or Hippel–Lindau disease but are
usually multiple in these cases (Vane et al., 1993).

Duplication cysts can occur at any point along the gas-
trointestinal tract (Bhargava et al., 1976). Entericduplications
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A B

Figure 66-1 A. Saggittal ultrasound image demonstrating an anechoic unilocular cyst in the lower fetal abdomen
that proved to be a mesenteric cyst on postnatal imaging. Note the absence of internal echogenic lining, absence of
septations, and proximity to bowel and mesentery. B. Transverse ultrasound image of the same fetus as in (A).

most commonly occur in the jejunum (53%) with 18% oc-
curring in the colon, 6% in the duodenum, and 4% gastric
(Khanna et al., 2004). There are several theories that have
been proposed to account for enteric duplications ranging
from errors in recanalization, partial twinning, embryonic
diverticula, and split notochord theory (Goyert et al., 1991;
Heis, 1997; Jimenezet al., 1999;Behrmanetal., 2000).Colonic
duplications frequently present with obstruction of the adja-
cent bowel (Jimenez et al., 1999). Colonic duplications may
be associated with duplications of the genitourinary system
(Heis, 1997; Jimenez et al., 1999). Duplication of the intestine
may also occur in association with vertebral and spinal cord
anomalies such as hemivertebrae, anterior myelomeningo-
cele, duplication of an otherwise normal cord, or a bond
between the cyst and the cervical or thoracic spine (Heis,
1997; Behrman et al., 2000).

INCIDENCE

These cystic lesions of the abdomen are sufficiently unusual
that no accurate estimates of their incidence are available.

SONOGRAPHIC FINDINGS

Hepatic cysts tend to be simple unilocular cysts but may
vary considerably in size. Simple hepatic cysts are thought
to develop from aberrant bile ducts or intrahepatic peribil-
iary glands (Kida et al., 1992; Cowles and Mulholland, 2000;
Otani et al., 2005; Rogers et al., 2007). These cysts may en-
large to significant proportions causing bowel obstruction.

It may be difficult at times to recognize it as a cyst as it can
entirely fill the peritoneal cavity (Figure 66-1A and 66-1B).
This can be distinguished from ascites by its compression of
the bowel into the retroperitoneum behind the cyst. While
there are case reports of cyst aspiration, they do not often re-
quire treatment (Rogers et al., 2007; Ito et al., 1997; Arzt et al.,
1998).

Determining the origin of a cyst as hepatic, splenic,
mesenteric, or pancreatic may be exceedingly difficult unless
the cyst is clearly surrounded by parenchyma of a specific
organ.Pancreatic cysts usuallydevelop fromtheductal system
in the body and tail of the pancreas and are usually epithelial
lined.Usually theseare solitaryunilocularnonenzymatic cysts
(Choi et al., 2007). Fetal MRI may be a useful adjunct to
ultrasound in defining the etiology of a cystic lesion of the
abdomen (Veyrac et al., 2004; Wong et al., 2006).

ANTENATAL NATURAL HISTORY

The prenatal diagnosis of intrabdominal cysts is not uncom-
mon but large series of cysts of a given type to help define
the prenatal natural history are unavailable. Charlesworth
et al. reported a series of fifteen cases of prenatally diag-
nosed hepatic cysts of which nine had serial ultrasound scans
(Charlesworth et al., 2007). In five cases there was cyst en-
largement, no change in three cases, and decrease in size in
one case during sonographic surveillance. In only one case
was cyst aspiration undertaken due to massive enlargement
filling the entire abdomen causing polyhydramnios. This
was performed at 35 weeks’ gestation with 300 mL of fluid
removed.
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Enteric duplication cystmay present with findings sug-
gestive of bowel obstruction with dilated proximal loops of
bowel. Gastric, pyloric, duodenal, or jejunal enteric dupli-
cations are more likely to cause polyhydramnios than more
distal enteric duplications (Gul et al., 2004; Khanna et al.,
2004; Nakazawa et al., 2005; Shah et al., 2005).

Mesenteric cystic lymphangiomas can occur as uniloc-
ular or multilocular cystic masses (Deshpande et al., 2001;
Chateil et al., 2002; Ho et al., 2002; Groves et al., 2003;
Rasidaki et al., 2003). The growth of these cysts is hard to pre-
dict but compression of the bowel and obstruction by a cystic
mesenteric lymphangioma is possible, although uncommon.
The importance of the diagnosis of a cystic mesenteric lym-
phangioma is the potential for associated problems includ-
ing genetic syndromes such as Turner, Noonan, or Fryns as
well as aneuploidy such as trisomy 18 and 21 (Teixeira et al.,
2007).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a cystic abdominal mass can be
lengthy if there are no clues to the underlying cause and in-
clude: choledochal cyst, Caroli’s disease, gastric or pyloric
duplication, hepatic cyst, splenic cyst, pancreatic cyst,mesen-
teric cyst, ovarian cyst, meconium pseudocyst, jejunal or ileal
duplication cyst, adrenal hemorrhagic cyst, renal cyst, colonic
or rectal duplication cysts. This long list can be narrowed by
relying upon anatomic relations and associated findings such
as the inner echogenic strip seen in duplication cysts, calcifi-
cations seen inmeconium pseudocysts, intimate relationship
with the hepatic artery in choledochal cyst, or the surround-
ingparenchymainhepatic splenic,pancreatic,oradrenal cysts
(Malone et al., 1997).

MANAGEMENT OF PREGNANCY

The fetus noted to have a cystic abdominal mass should un-
dergo a detailed sonographic evaluation not only to define
the origin of the cyst, but also to exclude possible associated
anomalies. In some instances other abnormalities such as sin-
gle umbilical artery, or other softmarkers for aneuploidymay
be detected that would indicate the need for a genetic amnio-
centesis. A fetal MRI may be very helpful in defining the ori-
gin of the cyst and its anatomic relationswith other structures
(Veyrac et al., 2004; Wong et al., 2006). In most cases, even if
the exact etiology is not established prenatally, the potential
for partial or complete bowel obstruction is present. All cases
should be followed sonographically for the development of
polyhydramnios and the increased risk of associated preterm
labor. In the event that the cyst becomes symptomatic prena-
tally, consideration should be given to delivering in a setting
where immediate evaluation by a pediatric surgeon is avail-
able. In most cases, antenatal consultation with a neonatolo-

gist and pediatric surgeon is advisable. A consultation with a
geneticist may also be indicated if there are indications that
the cyst may be one manifestation of a syndrome or there is
the potential for aneuploidy.

FETAL INTERVENTION

Fetal abdominal cysts rarely require intervention andwith the
exception of ovarian cysts (see Chapter 68) there have only
been anecdotal reports of cyst aspirations in utero (Ohama
et al., 1986; Chen et al., 1997, 2006; Chen, 2001; Charlesworth
et al., 2007). These cyst aspirations are often performed to fa-
cilitate the diagnosis, as in the case of meconium peritonitis
(Chenet al., 2004), choledochal cyst (Chen, 2001), andenteric
duplication of the tongue (Ohama et al., 1986; Chen et al.,
1997). Current imaging capabilities by ultrasound and MRI,
however, obviate the need for cyst decompression to make a
diagnosis. In some cases, cyst aspiration may alleviate com-
pression of adjacent organs, including the bowel, and thereby
relieving polyhydramnios. In most instances, however, reac-
cumulation of cyst fluid would be anticipated. To date, there
have been no reports of shunting procedures to decompress
large abdominal cysts as the risks of such a procedure would
likely be greater than the consequences of cyst left undrained.

TREATMENT OF THE NEWBORN

The most important aspect of management of a newborn
diagnosed prenatally with an abdominal cyst is an accurate
diagnosis and exclusion of associated conditions. A detailed
physical exam should identify any dysmorphic features, and
a genetic consultation is indicated if findings of concern
are identified. Plain abdominal and cross-table radiographs
should be obtained to evaluate for possible signs of bowel ob-
struction. If there was a maternal history of polyhydramnios,
such bowel obstruction is likely to be the case. If dilated loops
of bowel are present, a nasogastric tube should be placed to
decompress the proximal gastrointestinal tract. Bedside ul-
trasound may indicate the origin of the cyst if this was not
identified prenatally. There is no great urgency to take the in-
fant to surgery, and it is helpful to obtain complete preopera-
tive imaging as needed to define the underlying etiology. For
right upper quadrant cystic lesions, an MR cholangiogram
may help define or exclude choledochal cyst from the dif-
ferential. MRI scanning of the abdomen may help to refine
the differential diagnosis. In the setting of partial or com-
plete bowel obstruction, surgical exploration will be neces-
sary to relieve the obstruction.However, smaller cysts that are
not symptomatic do not necessarily require resection. This is
true for adrenal cysts, splenic cysts, and small mesenteric or
hepatic cysts, provided that the diagnosis is certain. In other
cases such as enteric duplication, the risk of bleeding from the
duplication should prompt resection even in the absence of
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obstruction. In addition, if there is doubt about the etiology
of the cyst it may bemore prudent to surgically remove them.

Cysts that are not removed should be followed sono-
graphically to exclude further size increase or risk for future
complications.

SURGICAL TREATMENT

The surgical approach to an abdominal cyst depends on the
underlying etiology, hence the importance of accurate pre-
operative diagnostic imaging. Choledochal cysts require ex-
cision with Roux-en-Y reconstruction to prevent infectious
complications and cholangiocarcinoma. Enteric duplications
can sometimes be resected with preservation of the adjacent
bowel loop. Alternatively, resection of the affected loop and
primary anastomosis are required. Splenic and hepatic cysts
can often be resected intact. In other cases, the cyst can be re-
sected down to the parenchyma and the lining stripped off. It
is rarely indicated to resect underlying normal parenchyma.

Cystic lymphangiomas are a special case in which com-
plete resection may not be advisable leaving open the pos-
sibility of recurrence. The goals of this surgery should be to
remove as much as is safely possible without risk to adjacent
structures.

LONG-TERM OUTCOME

In themajority of cases, cystic abdominal lesions can be dealt
with in the newborn period and have few long-term sequelae.
One exception to this are choledochal cysts that require long-
term follow-up as patients remain at risk for cholangitis.Most
other etiologies have no long-term sequelae beyond the risk
of laparotomy for adhesive small-bowel obstruction.

GENETICS AND RECURRENCE RISK

There are no reports of familial recurrence of cystic abdom-
inal lesions with the exception of choledochal cyst, which is
extremely rare (Clifton et al., 2006). Other exceptions would
be cases of mesenteric lymphangiomas that can be associated
with a range of genetic syndromes. The potential for recur-
rence would then be specific to the particular syndrome.
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67
CHAPTER

Choledochal Cyst

Key Points

■ Choledochal cyst refers to dilation of the common
bile duct, with type I being the most common and
the only prenatally diagnosed form.

■ Prenatal diagnosis is based on the visualization
of a single simple cystic structure near the
gallbladder.

■ Differential diagnosis includes hepatic, adrenal or
renal cysts, duodenal duplication, and gallbladder
duplication.

■ There is no need to alter the management of
pregnancy, nor the timing or mode of delivery,
following the prenatal diagnosis of choledochal
cyst.

■ During the newborn period, detailed imaging of
the biliary system is required to exclude biliary
atresia, including radionuclide imaging.

■ Definitive treatment requires surgical excision of
the cyst, and long-term outcome is excellent.

CONDITION

Choledochal cysts are rare congenital cystic dilations of the
biliary tree and are classified by the portion of the biliary
tree affected. The most common form consists of fusiform
dilation of the common bile duct (Figure 67-1). Type I chole-
dochal cyst accounts for 85% to 90% of all cases. All cases of
choledochal cyst that have been diagnosed prenatally, to date,
have been of the type I variety (Bancroft et al., 1994). The
less common forms of choledochal cyst include diverticulum
of the common bile duct (type II), which are intraduodenal
or intrapancreatic; choledochocele (type III); multiple extra-
hepatic cysts with or without intrahepatic cysts (type IV);
and Caroli’s disease, which consists of single or multiple in-

trahepatic cysts associated with hepatic fibrosis and a normal
extrahepatic biliary tree (type V) (Caroli et al., 1958).

The wall of a choledochal cyst is usually thickened with
dense connective tissue interlaced with strands of smooth-
muscle fibers associated with some inflammatory reaction
(O’Neill et al., 1987). Normal biliarymucosal lining is absent,
although sparse islands of columnar epithelium and micro-
scopicbileductswithin thewallmaybe seen. Inolderpatients,
stones may be seen within the choledochal cyst or within
intrahepatic ducts (Landing, 1974; Bhagat and Chaudhrey,
1989). Most newborns with choledochal cysts have com-
plete biliary obstruction at the level of the duodenum, which
has been likened to a form of biliary atresia (Landing, 1974;
Vergnes et al., 1990). Approximately 60%of choledochal cysts
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I II

IV V FF
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Figure 67-1 Classification scheme of choledochal cysts. Type I is the most common form, with cystic dilation of the
extrahepatic bile ducts but normal intrahepatic ducts. Type II is a cystic diverticulum of the common bile duct. Type
III is a diverticulum of the distal common bile duct or choledochocele. Both types II and III are rare. Type IV is the
second most common form, with cystic dilation of both the extrahepatic and intrahepatic ducts. Type V, or Caroli’s
disease, has cystic dilation of the intrahepatic ducts but relatively normal extrahepatic ducts. In forme fruste (FF), the
extrahepatic ducts are diseased but have only mild or negligible cystic dilation and the intrahepatic ducts have cystic
dilation.

detected prenatally were found postnatally to have complete
obstruction of the distal bile duct (Bancroft et al., 1994). Liver
histology in infants with choledochal cysts is usually normal,
but may show mild bile duct proliferation consistent with
chronic biliary obstruction (Hanai et al., 1967). Rare cases
have been reported with coexistence of choledochal cysts and
congenital hepatic fibrosis (Murray-Lyon et al., 1973; Mall
et al., 1974; Yamaguchi, 1980; Orenstein and Whittington,
1982; Ramirez et al., 1989). Although malignancies, usually
adenosquamous or small cell carcinomas, have been reported
in associationwith choledochal cysts, these lesions occur only
after decades of chronic inflammation and recurrent cholan-
gitis, and have not been reported in an infant or a child
(Joseph, 1980).

Theories regarding the cause of choledochal cyst dis-
ease have evolved from abnormalities in the early stages of

embryonic development, to congenital weakness of the wall
combined with distal obstruction, to the “common chan-
nel” hypothesis (O’Neill et al., 1987). Some authors have sug-
gested that choledochal cysts result from embryologic abnor-
malities in the growth of hepatic diverticulum and support
their assertion by the frequently observed associated anoma-
liesofduplications, gallbladder agenesis, andduodenal atresia
(Barlow et al., 1976; Martin and Rowe, 1979). Miyano et al.
(1980)have emphasized thatweaknessof the choledochalwall
results primarily from obstruction of the distal duct during
fetal development. Spitz (1977) was able to produce cystic di-
latationof the commonbileduct inneonatal lambsby ligation
of the distal common bile duct. In contrast, only dilatation
of the gallbladder occurred in their adult controls. The cause
of distal common bile duct obstruction in choledochal cyst
has been variously suggested to be due to congenital stenosis,
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persistence of epithelial membrane, abnormal valves, or neu-
romuscular incoordination of the sphincter (Ito et al., 1984).
Kusanoki et al., (1988) suggested that the obstructionmay be
due to aganglionosis of the distal bile duct, similar to Hirsh-
sprung’s disease of the colon.

Todani et al. (1977) noted that the majority of patients
with choledochal cyst have an anomalous arrangement of
the pancreatic or biliary duct system in which the pancreatic
duct enters at an abnormal angle proximal to the circular
muscle fibers of the ampulla of Vater (Todani et al., 1977;
Giordani et al., 1984). They suggested that this arrangement
wouldpermit refluxofpancreatic enzymes containing trypsin
upward into the common bile duct, resulting in damage to
the duct wall in utero (Oguchi et al., 1988).

Rustad and Lilly (1987) noted that the “long common
channel” that results from an anomalous pancreaticobiliary
junction is quite common and seen in up to 50% of patients
with biliary disorders other than choledochal cyst. In addi-
tion, choledochal cyst has been diagnosed as early as 15weeks
of gestation, well before the development of pancreatic ex-
ocrine function (Schroeder et al., 1989). This raises doubts
about the common channel theory as the cause for chole-
dochal cyst disease.

INCIDENCE

Choledochal cyst is a rare congenital anomaly with an esti-
mated occurrence ranging from 1 case in 100,000 to 150,000
livebirths (Lippett and Pitt, 2003) to 1 case in every 2 mil-
lion livebirths (Dewbury et al., 1980). It is more common
in females in all ethnic groups, with a ratio of 2.5:1, which
some have suggestedmay indicate that it is a sex-linked defect
(Alonzo-Lej et al., 1959; Kim, 1981). Asian populations, par-
ticularly Chinese and Japanese, have amuch higher incidence
of choledochal cyst than any other race.

SONOGRAPHIC FINDINGS

The characteristic sonographic finding in fetal choledochal
cyst is a simple anechoic cyst in the upper abdomen in close
proximity to the porta hepatis (Figure 67-2). Rarely, the cyst
can be imaged in continuity with the bifurcation of the right
and lefthepaticductsor joinedby thecysticduct fromthegall-
bladder. Elrad et al. (1985) were the first to describe finding
dilated ducts leading into a cystic mass that was later con-
firmed to be a choledochal cyst (Frank et al., 1981). It may
be difficult to distinguish a choledochal cyst from gallblad-
der duplication, duodenal atresia, mesenteric cyst, or even an
ovarian cyst that has migrated up into the upper abdomen
(Crombleholme et al., 1997). Color flowDoppler studiesmay
be helpful in demonstrating the cyst in relation to the por-
tal vein, hepatic artery, and umbilical vein (Gallivan et al.,
1996). Recently, fetal MRI has been used to diagnose chole-
dochal cyst (MacKenzie et al., 2001; Chen et al., 2004; Want
et al., 2005).

Figure 67-2 A 17-week-old fetus with an anechoic mass in porta
hepatis, which postnatal evaluation confirmed to be a type I
choledochal cyst. (Reprinted, with permission, from Gallivan EK,
Crombleholme TM, D’Alton ME, et al. Early prenatal diagnosis of
choledochal cyst. Prenat Diagn. 1996;16:934-937. Copyright John
Wiley & Sons Limited. Reproduced with permission.)

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a cystic mass in the right upper
quadrant includes hepatic or omental cysts, adrenal cysts, re-
nal cysts or hydronephrotic renal pelvis of the right kidney, di-
lated loop of bowel, mesenteric cysts, duodenal duplications,
gallbladder duplications, simple hepatic cysts, duodenal atre-
sia, andsitus inversus.Becauseof the small fetalpelvis, ovarian
cysts can move up into the right upper quadrant (Cromble-
holme et al., 1997). A diagnosis of choledochal cyst is more
likely if the location is subhepatic and intraperitoneal and
there is no change in appearance with observed peristalsis of
the fetal bowel. Color Doppler studies that demonstrate an
intimate association of the cyst with the hepatic artery and
portal vein also suggest a biliary origin (Gallivan et al., 1996).
The diagnosis is most convincing if tubular structures can be
identified entering and leaving the cyst.

Dilation of intrahepatic bile ducts occurs in the fetal
liver, most often in association with infantile polycystic kid-
ney disease. Substantial ectasia with grossly identifiable cyst
formation is rare, but may be seen in Meckel–Gruber syn-
drome, infantile polycystic kidney disease, and a variant of
Ivemark syndrome (Strayer and Kissone, 1979; Blankenberry
et al., 1987).

ANTENATAL NATURAL HISTORY

The earliest reported prenatal diagnosis of a choledochal cyst
has been at 15 weeks’ gestation (Schroeder et al., 1989) (Table
67-1). This early prenatal diagnosis challenges one commonly
held theory that choledochal cysts arise from the reflux of
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Table 67-1

Clinical Summary of Patients Diagnosed Prenatally with Choledochal Cyst

Values
of Total

GA at Bilirubin/
Diagnostic Neonatal Direct

Report (wk) Symptoms Bilirubin Surgery Cholangiogram Liver Biopsy Outcome

Schroeder et al.,
1989

15 Asymmetry 3.9/NR 5 wk Type I DO NR Well at 4 mo

Gallivan et al.,
1997

17 Jaundice 5/NR 1 wk Type I DO Mild fibrosis Well at 3 yr

Bancroft et al.,
1994

17 Jaundice 16.4/5.1 1 wk Type I DO Moderate
fibrosis, DP

Well at 2 yr

Bancroft et al.,
1994

17 Jaundice 10.2/4.0 1 wk Type I DO Slight fibrosis,
DP

Cholangitis
postoperatively;
well at 3 yr

Frank et al.,
1981

25 Asymmetric
mass

NR/NR NR Type I, patent
distal duct

NR NR

Frank, 1981 25 Asymmetry Normal/
Normal

6 mo Type I NR NA

Wiedman et al.,
1985

27 Asymmetry NR/NR 2 wk Type I, patent
distal duct

NR Well

Bancroft et al.,
1994

29 Jaundice 12.8/9.5 11 wk Type I, DO NR SBO, well at 2 yr

Elrad et al.,
1985

29 Asymmetry NR/NR 1 wk NR NR Well at 1 wk

O’Neill et al.,
1987

31 Jaundice 5.6/0.6 1 wk Type I, patent
distal duct

NR Well at 7 yr

Howell et al.,
1983

31 Jaundice,
mass

5.6/0.4 2 wk Type I, patent
distal duct

Slight fibrosis Well at 4 mo

Bancroft et al.,
1994

32 Jaundice 12.8/9.5 6 wk Type I, DO Fibrosis, DP Postoperative
ascites; poor
growth; well at
4 yr

Bancroft et al.,
1994

35 Jaundice 5.0/NR 12 wk Type I, DO Fibrosis, DP Well at 4 yr

Dewbury et al.,
1980

36 Jaundice,
mass

NR/NR 1 wk Type I, DO Cirrhosis Well at 4 mo

Lugo-Vincente,
1995

37 Asymmetric
mass

0.3/NR 4 mo Type I, patent
distal duct

Normal Well at 2 yr

GA, gestational age; DO, distal obstruction; DP, distal proliferation; NR, not reported; SBO, small-bowel obstruction.



469

Chapter 67 Choledochal Cyst

pancreatic enzymes into the common bile duct via the “long
common channel.” At this gestational age, pancreatic acini
are only just appearing and zymogen granules are immature,
with no evidence of secretion on electron microscopy (Laitio
et al., 1974).

The diagnosis of choledochal cyst in utero is important
in identifying a fetus that will require postnatal evaluation as
a newborn. It is essential to rule out other cystic masses in
the differential diagnosis, whichmay have a different prenatal
history.Our understanding of fetal choledochal cyst is limited
to the information gleaned from the relatively few antenatal
cases that have been reported to date. This diagnosis has no
implications for the pregnancy and has not been associated
with adverse fetal or maternal consequences.

Only 1 of 12 cases of fetal choledochal cyst reported had
significant cirrhosis, presumed to be due to chronic biliary
obstruction in utero (Table 67-1). This infant was observed
for a time and it is unknown if early delivery and immediate
decompression may have averted some damage to the liver.
The other cases did not show evidence of cirrhosis; however,
ductal proliferation consistent with bile duct obstruction was
common. One case had fibrosis on biopsy but no cirrho-
sis. Several cases of neonatal choledochal cyst have been re-
ported in associationwith congenital hepatic fibrosis. This is a
slowly progressive condition in which hepatic synthetic func-
tion is preserved but significant portal hypertension develops
as a result of the progressive hepatic fibrosis (Orenstein and
Whittington, 1982).

MANAGEMENT OF PREGNANCY

The prenatal diagnosis of a choledochal cyst has no implica-
tions for themethodor timingof delivery. In addition, there is
no need to refer the pregnant patient for delivery in a tertiary
care setting. Sonographic surveillance during the remainder
of the pregnancy is unnecessary if the diagnosis is firmly es-
tablished. This can be difficult, however, and repeated scans
may be helpful in arriving at a definitive diagnosis. The infant
can be delivered as planned and referred during the imme-
diate postnatal period for complete evaluation of the biliary
tract.

It is our practice to have the prospective parents meet
with a pediatric surgeon to fully detail the postnatal investi-
gation required to evaluate a newborn with suspected chole-
dochal cyst and to explain the nature of the surgery required
for treatment. Although nothing can be done until the baby
arrives, this prenatal consultation serves to allay parental
fears and minimize anxiety for the remaining weeks of
gestation.

FETAL INTERVENTION

There are no fetal interventions for choledochal cyst.

TREATMENT OF THE NEWBORN

The newborn with suspected choledochal cyst should be ob-
served closely for the passage of normal-colored meconium
and development of persistent direct hyperbilirubinemia. Al-
though these infants are usually healthy at birth, complete
choledochal obstruction is common, and postnatal evalua-
tion in a center familiar with the diagnosis and treatment of
both choledochal cyst disease and biliary atresia should be
obtained during the immediate postnatal period. It is im-
portant to impress on parents that without proper postnatal
evaluation choledochal cyst cannot be distinguished frombil-
iary atresia. In biliary atresia, it is important to establish bile
drainage within the first 2 months of life, as the success rate
for the Kasai procedure (hepaticojejunostomy) drops signifi-
cantly after that age. In addition, even in cases of choledochal
cyst, prompt decompression may be essential to prevent liver
damage. Harris and Kahler (1978) reported about an infant
who died at 5 months of age from liver failure resulting from
an untreated choledochal cyst.

After a detailed physical examination, which often will
reveal a nontender cystic mass in the right upper quadrant,
baseline liver function studies should be obtained, includ-
ing total and direct bilirubin, alkaline phosphatase, aspartate
and alanine aminotransferases, lactate dehydrogenase, and a
blood count with differential. The laboratory values, most
often abnormal in choledochal cysts, are conjugated biliru-
bin and serum alkaline phosphatase. A minimally abnormal
coagulation profile may also be seen with prolongation of
prothrombin time.There is no confirmatory laboratory study
for choledochal cyst and a definitive diagnosis requires imag-
ing studies. A right upper quadrant ultrasound examination
should be obtained to confirm prenatal findings, and more
importantly, to exclude other causes of cystic masses. If any
doubt exists regarding the nature of the cyst, a CT scan with
intravenous and oral contrast is indicated (Weissmann et al.,
1979; Hoglund et al., 1990). If the postnatal sonogram is con-
sistentwithprenatal findings, thenext logical study is a 99mTc-
diisopropyliminodiacetic acid (DisHIDA) scan. This nuclear
isotopic scan is used in the diagnosis of choledochal cyst, as
the radionuclide is taken up by the liver and excreted in the
biliary canaliculi, where it becomes concentrated. While the
nuclide is usually excreted into theduodenum, in choledochal
cysts there is characteristic delay of excretion of the radionu-
clide in the cyst. In cases of biliary atresia, no excretion of
radionuclide will be observed even after priming with the
choleretic agent phenobarbital. In order to accurately assess
the extent of choledochal cyst disease and distinguish it from
biliary atresia, the entire biliary treemust be visualized.While
this can readily be done preoperatively by endoscopic retro-
grade cholangiopancreatography (ERCP) in the older child,
in the newborn intraoperative cholangiography is necessary
(Hermansen et al., 1979; O’Neill, 1992).

The clinical presentation of infants with choledochal
cysts is indistinguishable from infants with biliary atre-
sia and complete biliary obstruction (O’Neill et al., 1987).
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Alonzo-Lej et al. (1959) described a classic triad of clinical
findings of pain, mass, and jaundice, but the infantile form
usually presents with jaundice alone (O’Neill et al., 1987).
Howell et al. (1983) suggested that in most prenatally diag-
nosed cases of choledochal cysts, jaundice develops 1 to 3
weeks after birth. However, in the report by Bancroft et al.
(1994), half of the infants diagnosed prenatally with chole-
dochal cyst had jaundice at birth.

SURGICAL TREATMENT

All patients with choledochal cysts (types I to IV), even in ab-
sence of obstruction, should undergo cyst excision because of
the certainty of complications resulting fromremaining cysts,
varying from recurrent cholangitis, cirrhosis, portal hyper-
tension, pancreatitis, andmalignant transformation (O’Neill,
1992). The first step in the operative management of these
cases is the demonstration of the intrahepatic and extrahep-
atic biliary anatomy to exclude biliary atresia, define cyst type,
and plan the resection and reconstruction. This is performed
by placing a small cholangiocatheter through a purse-string
suture in the dome of the gallbladder for contrast injection
(Figure 67-3).

Although internal and external drainage of choledochal
cysts was once an accepted form of therapy, it is clear that
these procedures are fraught with complications and the re-
sults with cyst excision are far superior (O’Neill, 1992). In
type I choledochal cysts, excision of the cyst to the confluence
of thenormal hepatic ducts and reconstructionbyRoux-en-Y

hepaticojejunostomy is the preferred procedure. Some have
advocated intussuscepted nipple valves, jejunal interposition,
hepaticoduodenostomy, or nonrefluxing biliary appendico-
duodenostomy for reconstruction, but none of these proce-
dures have been proven to be superior to Roux-en-Y hep-
aticojejunostomy (Raffensperger, 1980; Todani et al., 1981;
Reynolds et al., 1985; Crombleholme et al., 1989; Gonzalez
et al., 1989; Okada et al., 1989; O’Neill, 1992).

LONG-TERM OUTCOME

The common complications of recurrent cholangitis, cirrho-
sis, portal hypertension, andmalignant transformation com-
prise thenatural history of untreated choledochal cysts. These
complications have been eliminated by resection and hepati-
cojejunostomy(O’Neill, 1992). If recurrent cholangitis occurs
in patients who have had total resection, an evaluation to ex-
clude anastomotic stricture at the hepaticojejunostomymust
be undertaken (Ohi et al., 1990).

Although the risk of recurrent cholangitis is quite low
following hepaticojejunostomy for choledochal cyst, prophy-
lactic antibiotics should be considered when intrahepatic
cysts remain, as in Caroli’s disease. The overall long-term
outcome for patients with choledochal cysts is excellent. Al-
though cure is likely in these patients, lifelong follow-up is
necessary, including liver function tests and occasional ultra-
sound examinations to detect late obstruction of the hepati-
cojejunostomy (O’Neill, 1992).

Figure 67-3 Postnatally, intraoperative
cholangiography was performed in the same
fetus shown in Figures 67-2, demonstrating a
type I choledochal cyst. (Reprinted, with per-
mission, from Gallivan EK, Crombleholme TM,
D’Alton ME, et al. Early prenatal diagnosis of
choledochal cyst. Prenat Diagn. 1996;16:934-
937. Copyright John Wiley & Sons Limited.
Reproduced with permission.)
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GENETICS AND RECURRENCE RISK

Therehaveonlybeen10 (Iwata et al., 1998;Clifton et al., 2006)
familial cases of choledochal cyst disease reported. These case
reports described four cases of mother–daughter transmis-
sion, one case of father–daughter transmission, two affected
sisters, and two affected pairs of brother and sister (Hamada
et al., 1998). Only one pair of eight reported monozygous
twins has been concordant for choledochal cyst (Alonzo-Lej
et al., 1959; Clifton et al., 2006; Narita et al., 1990a, 1990b;
Iwata et al., 1998). In addition, there has been one reported
case of twins with Coroli’s disease (Ribeiro et al., 1996). The
lack of concordance among twins and rare Mendelian pedi-
grees argues that a complex pattern of inheritance is likely for
the majority of families (Clifton et al., 2006).
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68
CHAPTER

Ovarian Cysts

Key Points

■ The cause of fetal ovarian cysts is unclear but is
most likely due to stimulation of the fetal ovaries
by fetal gonadotropins, maternal estrogens, and
placental chorionic gonadotropin.

■ Fetal ovarian cysts are most often unilateral but
there have been reported cases that are bilateral.

■ Two types of cysts have been described: simple
cysts and complicated cysts.

■ The antenatal natural history is variable with some
cysts resolving, some becoming complex, most
likely due to torsion, and some remaining stable.

■ Fetal intervention (cyst aspiration) is controversial
but should be considered when the cyst is simple
in nature and greater than 4 cm in diameter.

■ Delivery should occur in a center with appropriate
pediatric surgical expertise available.

■ After delivery, the neonate should have an
ultrasound to confirm the diagnosis.

■ Many simple cysts will resolve in the neonatal
period. Surgery should be considered for complex
cysts.

CONDITION

Ovarian cysts arise fromovarian follicles. The primary stimu-
lus for follicular development is follicle-stimulating hormone
(FSH) secreted by the fetal pituitary, but maternal estro-
gens and placental human chorionic gonadotropin (hCG)
also contribute to follicle growth in utero (Pryse-Davies and
Dewhurst, 1971). Primary follicles can be seen as early as the

20th week of gestation, and graafian follicles first appear af-
ter 28 weeks of gestation (Pryse-Davies and Dewhurst, 1971;
Peters et al., 1978). At birth,maternal estrogen andhCG levels
decrease sharply, and FSH production is decreased by the in-
hibitory mechanism of the hypothalamus–pituitary–ovarian
axis (Grumbach and Kaplan, 1975). This decrease in circu-
lating estrogen and hCG levels at birth usually precludes the
formation of simple ovarian cysts during childhood.
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Ovarian cysts develop from mature follicles in hor-
monally active ovaries and are therefore most often seen af-
ter puberty. The cause of fetal ovarian cysts is unclear but
is most likely stimulation of the fetal ovaries by fetal go-
nadotropins,maternal estrogens, and placental chorionic go-
nadotropin. The increased incidence of ovarian cysts seen
in infants of mothers with diabetes mellitus, rhesus sensi-
tization, and preeclampsia—(conditions that are associated
withexcessive levelsof serumchorionicgonadotropins (DeSa,
1975; Nussbaum et al., 1988)—supports this pathogenesis.
The association with fetal hypothyroidism has also been re-
ported (Jafri et al., 1984). However, in most cases the cysts
are detected in otherwise normal pregnancies (Sakala et al.,
1991). It is most common for fetal ovarian cysts to be unilat-
eral; however, bilateral fetal ovarian cysts have been reported.
In the review by Sakala et al. (1991) of 65 cases of fetal ovarian
cysts, 62 (95%) were unilateral, whereas 3 were bilateral.

INCIDENCE

Ovarian and genital abnormalities account for 20% of all
newborn abdominal masses, second only to those of urinary-
tract origin (Griscom, 1965; Wilson, 1982). The first report
of prenatal diagnosis of a fetal ovarian cyst was by Valenti
et al. (1975); subsequently, over 300 cases of prenatally di-
agnosed ovarian cysts have been reported (Holzgreve et al.,
1989). Kirkinen and Jouppila (1985) reported 8 ovarian cysts
detected antenatally in 21,000 pregnancies, for an incidence
of 1 in 2625. DeSa (1975) found small follicular cysts in 113
(34%) of 332 stillborn fetuses and neonatal deaths. The cysts
were defined as cystic structures lined by recognizable granu-
losa epithelium, with the greatest diameter in excess of 1 mm
on microscopical section.

SONOGRAPHIC FINDINGS

The following criteria are used to identify fetal ovarian cysts
during fetal ultrasound examination:

1. The presence of a cystic structure, usually located on one
side of the fetal abdomen.

2. Identification of normal genitourinary tract (kidneys,
ureter, and bladder).

3. Identification of a normal gastrointestinal tract (stomach,
small and large bowel).

4. Female fetus.

Two types of cysts have been described: a simple cyst
that is completely anechoic (Figure 68-1) and complicated
cysts containing internal echoes and fluid levels, internal sep-
tations,oranechoicareas intermixedwithechogenic foci (Fig-
ure 68-2). The antenatal diagnosis of an echogenic cyst is an
accurate sonographic indicator of ovarian torsion. In several
series of echogenic cysts detectedprenatally, postnatal surgery

has confirmed the diagnosis (Nussbaum et al., 1988; Brandt
et al., 1991; Meizner et al., 1991; Giorlandino et al., 1994).

The distinction between a pathologic cyst and a physio-
logic, mature follicle is based on size alone, with fetal ovarian
cysts>2 cmconsideredpathologic (Grapin et al., 1987).Cysts
may vary in size from 2 × 2 cm to 8 × 11 cm in diameter
(Grapin et al., 1987).

DIFFERENTIAL DIAGNOSIS

The diagnosis of a fetal ovarian cyst is usually presumptive
because mesenteric cysts, urachal cysts, or enteric duplica-
tions cannot be ruled out with absolute certainty prenatally.
Factors more indicative of a fetal ovarian cyst include bilater-
ality, echogenicity, and cyst septations.Most cysts are benign;
while ovarian neoplasms have been reported, they are ex-
tremely rare (Croitoru et al., 1991). Confirmation of normal
kidneys and bladder will reduce the potential to confuse renal
cysts or posterior urethral valves with persistent distention of
the bladder as an ovarian cyst.

ANTENATAL NATURAL HISTORY

Most cases of fetal ovarian cysts have been reported after
28 weeks of gestation (Brandt et al., 1991). Cases have been
reported during the second trimester, beginning as early as
19weeks (Meizner et al., 1991; Foley et al., 2005).With the ex-
ception of a report of congenital hypothyroidism (Jafri et al.,
1984), all other series report no associated congenital anoma-
lies.

The size of most cysts remains unchanged in utero. A
few cases have been reported to resolve in utero completely
(McKeever and Andrews, 1988; Rizzo et al., 1989). Polyhy-
dramnios is present in approximately 18% of cases and is
more commonly seen with cysts >6 cm (Sakala et al., 1991).
Themechanism of the polyhydramnios has been suggested to
bedue topartial bowel obstruction secondary to compression
by a large cyst (Carlson and Griscom, 1972).

Anechoic cysts have the potential to become complex
cysts, with the presence of echogenicity, fluid levels, and inter-
nal echoes (Figure 68-3). The presence of these sonographic
findings is usually an indicator that the cyst has undergone
torsion. The incidence of antenatal torsion documented in
a large series of cases is 40%. Torsion is the most common
complication of prenatally diagnosed ovarian cysts. It ismore
common in large cysts (Nussbaum et al., 1988) but has oc-
curred in cysts as small as 2 cm (Grapin et al., 1987). Of the
cysts that remain anechoic in utero, a significant proportion,
approximately 50%, will undergo spontaneous resolution af-
ter birth.There is anongoing riskof torsionduring theneona-
tal period that underscores the need for neonatal follow-up.
It is interesting to note that the longer the cyst is followed in
utero, the greater the likelihood that it will become complex
(Foley et al., 2005).
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Figure 68-1 A. Sagittal image demonstrating large anechoic cystic
mass superior to the fetal bladder and inferior to the fetal stomach.
This represents a simple ovarian cyst. B. Transverse image showing
the same cyst anterior to the left kidney. C. Large anechoic cyst in
lower fetal abdomen at 24 weeks’ gestation.

Figure 68-2 Ultrasound image of a complicated ovarian
cyst, demonstrating internal echoes and anechoic areas
interspersed with echogenic foci.
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Figure 68-3 Ultrasound image of a cyst demonstrating fluid levels. This is another example of a complicated ovarian cyst.

MANAGEMENT OF PREGNANCY

Amniocentesis for karyotype is not indicated because there
is no associated risk of aneuploidy, in excess of the back-
ground risk for the patient. No specialized antenatal fetal
surveillance testing is necessary unless it is for other obstet-
ric reasons. If a cyst is diagnosed to be echogenic, referral
to pediatric surgery or pediatric gynecology is appropriate
because all such cysts will require removal during the postna-
tal period owing to torsion. Delivery should occur in a center
with appropriate pediatric surgical expertise available. Pre-
mature delivery is not indicated. Previous recommendations
for cesarean delivery were based on anecdotal cases of poor
outcomes for neonates with ovarian cysts that ruptured or
caused soft tissue dystocia. In the most recent series, vaginal
delivery has been performed, and cesarean was reserved for
obstetric indications.

FETAL INTERVENTION

The indications for fetal intervention in ovarian cysts re-
main undefined, and in utero aspiration to prevent compli-
cations and subsequent oophorectomy remains controversial
(Holzgreve and Evans, 1983; Heling et al., 2002; Bryant and
Laufer, 2004; Comparetto et al., 2005).

In utero aspiration of cysts >4 cm should be consid-
ered. Valenti et al. (1975) reported in utero aspiration for a
7 × 9-cm ovarian cyst with the intent of preventing intra-
partum rupture. Landrum et al. (1986) reported aspiration

of an 8 × 11-cm cyst in a 31-week-old fetus, ostensibly to
prevent pulmonary hypoplasia. Pulmonary hypoplasia from
a pelvic mass is unlikely, especially at 31 weeks. Aspiration to
prevent in utero torsion and preserve ovarian tissue is a more
appropriate goal (Figure 68-4) (Crombleholme et al., 1997).
In a review of seven cases of fetal ovarian cyst, indications for
prenatal decompression included size >4 cm, the presence of
a “wandering” mass, or rapid enlargement of a cystic mass.
Analysis of the aspirated fluid revealed high levels of proges-
terone and testosterone, which was helpful in confirming the
diagnosis (Crombleholme et al., 1997).

Giorlandino et al. (1990) have reported a case of an
ovarian cyst treated by cyst aspiration and sclerosiswith tetra-
cycline. Although this treatment was successful, the use of
tetracycline as a sclerosing agent in the fetus is not advised.
Subsequently, Giorlandino et al. (1994) reported four cases
of successful in utero cyst aspiration for cysts ranging from
5–8 cm indiameterwith an 18-gauge needle. Cytologic evalu-
ation of the aspirated fluid showed the presence of cyst-lining
epithelial cells. No neonatal surgery was required.

D’Addario et al. (1990) reported in utero aspiration in
twocases.Onecyst rupturedduringaspiration, andbothcases
required neonatal surgery. No other details were reported. Of
the 20 cases reported describing this type of management,
there have been no perinatal complications attributed to the
intervention.

The disadvantages cited to prenatal aspiration of cysts
are the limited published experience, the accuracy of dif-
ferential diagnosis and the possibility that another type of
cysts could be mistakenly aspirated, and that aspiration may
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A B

Figure 68-4 A. Prenatal image documenting ultrasound-guided drainage of a fetal ovarian cyst; B. axial image show-
ing the same fetal ovarian cyst after aspiration.

be less likely to be effective in utero because of continued
hormonal stimulation (Brandt et al., 1991). Cyst aspiration
is not recommended for echogenic cysts. This sonographic
finding indicates that the cyst has already undergone ovarian
torsion; thus cyst aspiration would be of no benefit. If cyst
aspiration is considered, magnetic resonance imaging (MRI)
may be useful as a diagnostic adjunct (Foley et al., 2005).

TREATMENT OF THE NEWBORN

After delivery the neonate should have an ultrasound exam-
ination to confirm the antenatal diagnosis. If the postnatal
scan demonstrates the presence of an echogenic cyst, surgery
should be performed. Surgery usually consists of oophorec-
tomy, because in most cases no viable ovarian tissue can be
seen (Figure 68-5) (Brandt et al., 1991). The pathologic re-
ports of most reported series have revealed follicular cysts;
however, many cases have been necrotic, with no specific
epithelial findings (Figure 68-6). (Nussbaum et al., 1988;
D’Addario et al., 1990; Brandt et al., 1991).

Serious complicationsmayarise if complexcysts areob-
served without being treated during the neonatal period. Al-
though the unsalvageable necrotic ovarian tissue can theoret-
ically resorb, complex cysts may represent tumors and other
pathologic conditions (Hollenbeck et al., 1978;Croitoru et al.,
1991). Necrotic ovarian cysts can also adhere to the bowel.
These adhesions carry the risk of internal hernias, volvulus,
and intestinal hemorrhage. Other reported complications of
ovarian torsion include intestinal perforation (Grapin et al.,
1987; McKeever and Andrews, 1988) and urinary tract ob-
struction (Nussbaum et al., 1988).

Many simple ovarian cysts resolve spontaneously after
birth.However, there is concern that torsionwill developdur-

ing observation of an ovarian cyst during the neonatal period.
The incidence of torsion in neonatal cysts has been reported
to be as high as 50%–78% (Nussbaum et al., 1988; Debeugny
et al., 1989). This has led many authors to recommend early
surgical intervention (Holzgreve et al., 1985; Grapin et al.,
1987). We now know that many of these torsions occur ante-
natally and that even the earliest surgical intervention would
have failed to preserve the ovary in these cases.

In Brandt et al. (1991) review of the literature, ultra-
sonographic evidence of torsion at or before birth was found
in 92% of patients with torsion. This suggests that most tor-
sions occur prenatally and that the risk of torsion may be low
in ovarian cysts that are managed conservatively during the
neonatal period. In Giorlandino et al. (1994) series, 3 of 12
cases of anechoic cysts developed torsion and 9 demonstrated
spontaneous resolution.

SURGICAL TREATMENT

Surgery is performed in infants with ovarian cysts in order
to prevent torsion and to save the ovary (see Figure 68-6).
Sometimes technical difficulties in separating the cyst from
the normal ovary lead to removal of the ovary, an unfortu-
nate outcome as the surgery designed to protect the ovary
results in removal of the ovary. Surgery should be considered
for these simple anechoic cysts if there is an increase in size or
if the cysts persist during postnatal sonographic follow-up.
Surgery should also be performed in cases in which clinical
symptoms such as abdominal distention, vomiting, or per-
sistent irritability develops.

If surgical exploration is performed, every attempt
should be made to salvage the ovary. Even if no ovary is
macroscopically identifiable, ovarian tissue may nevertheless



477

Chapter 68 Ovarian Cysts

Figure 68-5 Histologic specimen from ovarian cyst demonstrating follicles in the cyst wall.

be present, and surgery should be limited to removal or un-
roofing of the cyst. Aspiration of large, simple neonatal ovar-
ian cysts has been documented. There have been no reported
complications, and recurrence has been noted only in one
case (Henrion and Helardot, 1987; Liapi and Evain-Brion,
1987; Eggermont et al., 1988; Debeugny et al., 1989).

LONG-TERM OUTCOME

There are no long-term consequences for a female child with
an uncomplicated ovarian cyst diagnosed prenatally. If the

Figure 68-6 Appearance of an ovarian cyst at surgery. Differen-
tiation of normal ovary from the ovarian cyst is usually extremely
difficult.

cyst has already undergone torsion there may be adverse fer-
tility effects, although there are no long-term data to support
or refute this issue.

GENETICS AND RECURRENCE RISK

Ovarian cysts are not considered to have a genetic etiology
or to be inherited in a specific pattern. The recurrence risk is
likely negligible.
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CHAPTER

Intra-abdominal
Calcifications—Hepatic

Key Points

■ Fetal liver calcifications are found in 1 in 1700
(0.05%) pregnancies.

■ One-third is isolated, while two-thirds are
associated with other fetal abnormalities.

■ Following the diagnosis of calcifications on the
surface of the fetal liver, it is important to rule out
meconium peritonitis.

■ Differential diagnosis includes infection, liver
tumors, vascular calcification, and fetal aneuploidy.

■ Management should include detailed fetal
anatomical scan to look for associated anomalies,
maternal TORCH titers, amniocentesis for
karyotype and CMV culture, and fetal MRI if an
intrinsic hepatic mass is suspected.

■ Prognosis depends on presence or absence of
associated abnormalities.

■ If a detailed work-up is unremarkable, the fetal
prognosis is excellent.
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CONDITION

Fetal hepatic calcifications can be divided into three main
categories: peritoneal, parenchymal, and vascular. Peritoneal
hepatic calcificationspresent as calcifiedmasseson the surface
of the fetal liver. Most commonly, this is due to meconium
peritonitis resulting from in utero bowel rupture. Meconium
peritonitis is the most common cause of fetal abdominal cal-
cifications (Lince et al., 1985) (see Chapter 70). Parenchy-
mal calcifications are due to the presence of intrauterine
infection or tumor. Fetal tumors may be primary in the
liver or metastatic, presenting as a complex mass with ar-
eas of increased echogenicity and possible shadowing. Fetal
tumors encompass both benign and malignant varieties, in-
cluding hemangioendotheliomas, hamartomas, and hepa-
toblastomas. Parenchymal calcifications appear as scattered
nodules,withorwithout additional evidenceof other affected
organs. The most common in utero infections that can cause
fetal liver calcifications include varicella and the TORCH
agents (Figure 69-1). Hepatic calcifications due to vascular
abnormalities result from calcified portal or hepatic venous
clots, which are due to hypoperfusion or thromboembolism
(Nguyen and Leonard, 1986; Bronshtein and Blazer, 1995).

INCIDENCE

With the increasedutilizationofprenatal sonographic screen-
ing, fetal hepatic calcifications are detected prenatally more
frequently than they are observed in newborn infants. In
one study, evidence of hepatic calcifications was noted in 14

Figure 69-1 Transverse scan through the ab-
domen of a fetus with varicella infection
demonstrating multiple areas of intraparenchy-
mal calcification. (Reprinted, with permission,
from Drose JA, Dennis MA, Thickman D. Infec-
tion in utero: US findings in 19 cases. Radiology.
1991;178:369-374.)

of 24,600 fetuses, an incidence of approximately 1 in 1700
(0.05%) of screened fetuses (Bronshtein and Blazer, 1995).
In a population of 1500 spontaneously aborted fetuses, 33
were demonstrated to have hepatic calcification, an incidence
of 2.2% in this abnormal patient population (Hawass et al.,
1990). In the 33 affected fetuses, 17 hepatic calcificationswere
found in the first trimester and 16 in the second trimester.

SONOGRAPHIC FINDINGS

Fetal liver calcifications can be detected reliably by the be-
ginning of the second trimester of pregnancy (Figure 69-2).
BronshteinandBlazer (1995) reported their8-yearexperience
in extensive targeted second trimester sonographic screening
for fetal abnormalities, which included hepatic calcifications
in 24,600 consecutive pregnancies. Hepatic calcification was
identified in 14 fetuses; of these, 12 had one or two areas of
focal calcifications. One fetus had evidence of four different
foci of calcifications. In one fetus, there were diffuse hepatic,
peritoneal, and intestinal calcifications. No correlation was
seen between the number or location of calcifications and
the occurrence of malformations or eventual outcome for
the child. Of the 14 affected fetuses, 13 had persistent hepatic
calcifications noted on serial sonographic scans. In one case
initially diagnosed at 15 weeks of gestation, calcifications re-
solved by 24 weeks. Four fetuses had associated anomalies,
which included two cases of trisomy 18, one case of dwarfism
and hydronephrosis, and one case of polyhydramnios and
bowel calcifications. This last fetus died in utero at 32 weeks
of gestation and no autopsywas performed.Of the remaining
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Figure 69-2 Sagittal abdominal scan showing fewer, more punc-
tate, areas of intraparenchymal calcifications. This is the more
commonly seen fetal presentation.

10 fetuses, all were normal at birth with no sequelae from
thecalcifications.KoopmanandWladimiroff (1998) reported
their experience with seven fetuses with intrahepatic hyper-
echogenic foci. One case of trisomy 18 was identified. An-
other case had associated encephalocele and unilateral renal
agenesis. Outcome was normal in five fetuses with isolated
intrahepatic findings. More recently, Simchen et al. (2002)
performed a 10-year prospective study of the cause and out-
come of 61 cases of fetal liver calcifications; 21 of 61 (35%)
cases were isolated and 40 (65%) had additional abnormali-
ties. Of the isolated cases, 1 had trisomy 21, 1 had parvovirus
B19 infection, 4 were lost to follow-up, and the remaining
15 infants did well. Of the 40 cases with associated abnor-
malities, 9 had minor findings, such as echogenic bowel or
growth restriction. In this group, two were lost to follow-up
and seven infants did well. Of the group with major asso-
ciated sonographic abnormalities (n = 31), 10 had abnor-
mal karyotypes and 1 had cytomegalovirus (CMV) infection.
Therewas 1 fetal demise and 18 pregnancies were terminated.
The most frequently associated anomalies included central
nervous system (n = 13), cardiac (n = 12), cystic hygroma
(n = 12), skeletal (n = 11), and hydrops fetalis (n = 9).
Importantly, these investigators found no differences re-
garding cause and outcome when stratifying their cases by
parenchymal or surface calcification; startifying cases by iso-
lated or with additional abnormalities was more informative
(Simchen et al., 2002).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of peritoneal surface hepatic cal-
cifications includes meconium peritonitis (see Chapter 69)
and ruptured hydrometrocolpos. The differential diagno-
sis of parenchymal calcifications includes infectious causes,

specifically herpes simplex virus type II, varicella–zoster virus
(Taylor et al., 1993), rubella virus, CMV (Stein et al., 1995),
echovirus 11, syphilis (Kogutt, 1991), parvovirus (Simchen
etal., 2002), andtoxoplasmosis (ShackelfordandKirks,1977).
The primary tumors likely to cause parenchymal fetal liver
calcification include hepatic hemangioma (Pott Bärsch et al.,
2003), hemangioendothelioma, hamartoma, teratoma, and
hepatoblastoma (Shih et al., 2000).Metastatic neuroblastoma
also can cause fetal hepatic calcifications (Friedman et al.,
1981). Intrahepatic vascular calcification can be due to portal
venous thromboemboli (Blanc et al., 1967; Friedman et al.,
1981), hepatic venous thrombi, ischemic necrosis secondary
to vascular insufficiency, and subcapsular hematomas, which
can be due to hydrops or fetal chromosomal abnormalities
(Buxton et al., 1991). Fetal hepatic calcifications have been
described in a set of monozygotic twins, most likely due to
a thrombotic event (Richards et al., 1988). Fetal hepatic cal-
cifications have been postulated to be a secondary effect of
cordocentesis in a fetus with trisomy 9 (Satge et al., 1994).
It is hypothesized that such calcifications may have been due
to placentofetal embolization fromchorionic vein thrombi or
intravascular clotting caused bymaternal release of thrombo-
plastin. Both of these events are more common in aneuploid
fetuses. Many aneuploidies are associated with fetal liver cal-
cifications, including trisomies 13, 18, 21, and 45,X.

ANTENATAL NATURAL HISTORY

In a study biased by ascertaining only miscarried fetuses,
Hawass et al. (1990) detected hepatic calcifications in 33 of
1500 cases. Of the 33 affected cases, calcified hepatic venous
thrombi were demonstrated in 18. In 12 cases, calcified portal
venous thrombi were documented. In only two of the cases
were parenchymal calcifications documented, and one case
showed mixed findings. In this patient population, 85% of
fetuses had associated anomalies. The most common finding
was intraluminal meconium calcifications (seen in 27% of
fetuses), cystic hygroma (seen in 18% of fetuses), and bony
metaphyseal defects (seen in 18% of fetuses) (Hawass et al.,
1990). It is unclear whether severe fetal illness or hypoper-
fusion predisposed the fetus to calcification of the hepatic
or portal veins. Since this population spontaneously miscar-
ried, these findings cannot be generalized to a population of
pregnant women with continuing pregnancies.

In both the Bronshtein and Blazer (1995) and the Sim-
chen et al. (2002) studies, fetal liver calcifications remained
largely unchanged on follow-up scans. With the exception of
one case, they did not resolve and no additional findings de-
veloped over time. Thus, serial sonographic studies are not
necessary.

MANAGEMENT OF PREGNANCY

Recommendations for follow-upof fetal hepatic calcifications
include a detailed fetal sonographic examination to look for
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associated anomalies. Amniocentesis should be performed
for fetal karyotyping as well as obtaining amniotic fluid for
CMVculture.Maternal serologic samples should be obtained
to diagnose infection with toxoplasmosis, rubella, CMV, or
herpes. It is important to document CMV because if it is
present, the risk of preterm delivery is increased and the fetus
is at risk for hearing damage and developmental abnormali-
ties (Watt-Morse et al., 1995). Simchen et al. (2002) offered
cystic fibrosis mutation testing to all women. None screened
positive. Thus, CF testing is probably not necessary for fetal
liver calcifications.

If the fetal karyotype is normal, TORCH serology is
negative, and the CMV culture is negative, the overall prog-
nosis for the fetus is excellent (Bronshtein and Blazer, 1995;
Simchen et al., 2002).

However, if fetal hepatic calcifications are associated
with an intrahepatic mass, an effort should be made to de-
termine the underlying cause, because the presence of a hep-
atic tumor has potentially adverse implications for pregnancy
outcome. Fetal magnetic resonance imaging (MRI) should
be considered. If multiple areas of intraparenchymal calcifi-
cation are demonstrated, the adrenal glands and sympathetic
chain should be examined sonographically to rule out pri-
mary neuroblastoma (see Chapter 113).

The recommended hospital site and route of delivery
depends on the underlying cause of the calcifications. If the
antenatal workup has been completely within normal limits,
delivery can take place in the community hospital setting. If,
however, other abnormalities have been detected and pro-
longed postnatal workup requiring pediatric specialists is an-
ticipated, the delivery should occur in a tertiary care center
to keep the mother and baby together.

FETAL INTERVENTION

There are no fetal interventions for hepatic calcifications.

TREATMENT OF THE NEWBORN

In the newborn, an infectious cause for hepatic calcifications
should be excluded if relevant prenatal infectious disease
studies have not been completed. For example, if amniotic
fluid was not cultured for CMV, a urine CMV culture should
be obtained during the newborn period. Similarly, cultures
for newborn TORCH infection should be sent. A detailed
physical examination to rule out features suggestive of ge-
netic or chromosomal abnormalities is indicated. Auditory
screening is recommended. If antenatally the calcifications
were suspected to be due to meconium peritonitis, consider-
ation should be given to obtaining a plain abdominal X-ray
film to follow postnatal passage of air throughout the bowel
and to rule out intestinal perforation. Consideration should
be given to performing abdominal sonography on the new-
born infant to determine if the calcifications are still present
after birth. If the calcifications are parenchymal, suggesting

the presence of tumor, postnatal imaging studiesmay include
abdominal computed tomographic (CT) scanning orMRI. If
the pattern of calcifications appears to suggest a vascular ac-
cident in utero, consideration should be given to obtaining
liver function tests in the infant.

LONG-TERM OUTCOME

Determining long-term prognosis requires knowledge of the
location and configuration of calcifications plus the pres-
ence or absence of other abnormalities (Nguyen andLeonard,
1986). The long-term outcome will be related to the underly-
ing cause, if determined, of the hepatic calcifications. Bron-
shtein and Blazer’s (1995) study provided reassuring infor-
mation that all the 10 fetuses with negative cultures, normal
karyotype, and absence of additional sonographic abnormal-
ities were confirmed as normal at birth. The gestational age at
delivery for these infantswas between 37 and41weeks, and all
were appropriately developed for gestational age. At 4months
to 4.5 years of postnatal life, all of these children were healthy
and thriving. Because of this information, parents who have
undergone full prenatal testing with completely normal re-
sults can, in general, be reassured that the outcome for their
fetuses will be good.

GENETICS AND RECURRENCE RISK

When associated sonographic abnormalities are detected
there is an association between hepatic calcifications and
chromosome abnormalities (Simchen et al., 2002). Autoso-
mal aneuploidies found in cases of liver calcification include
trisomies 9, 13, 18, 21, and 45,X. In such cases, recurrence
risk will be determined by the underlying chromosomal ab-
normality. Other unbalanced karyotypes described include
4p−, 22q+, and 8p+. There is a rare autosomal recessive dis-
order known as idiopathic infantile arterial calcinosis, which
is characterized by calcium deposition in the internal elastic
lamina of medium and large arteries, and may present with
fetal liver calcifications (Wax et al., 2001).
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70
CHAPTER

Intra-abdominal
Calcifications

Key Points

■ Causes of intra-abdominal calcification include
meconium peritonitis, enterolithiasis,
cholelithiasis, and fetus in fetu.

■ Meconium peritonitis is the most common cause
of intra-abdominal calcifications.

■ Cystic fibrosis is seen in only 8% to 13.5% of cases
of fetal meconium peritonitis in contrast to 15% to
40% postnatally.

■ Enterolithiasis is often associated with rectourinary
fistula as in imperforate anus or cloaca.

■ Enterolithiasis can be seen in bowel obstruction
such as jejunoileal atresia or total colonic
Hirschsprung’s disease.

■ Fetus in fetu is distinguished by the presence of
well-formed long bones or vertebral bodies.

CONDITION

The most common causes of intra-abdominal calcifications
include hepatic calcifications, meconium peritonitis, en-
terolithiasis, cholelithiasis, and fetus in fetu. The topic of
hepatic calcification is fully covered in Chapter 69 and will
not be covered further except to indicate how these can be
distinguished from other causes of intra-abdominal calcifi-
cations.

Perforation of the bowel that occurs antenatally leads
to a sterile chemical peritonitis referred to asmeconium peri-
tonitis, which is the most common cause of intra-abdominal
calcifications. The peritonitis can be localized or diffuse and
can lead to a fibrotic reaction with intraperitoneal calcifica-
tions. The clinical manifestations of meconium peritonitis
depend on its underlying cause, timing, and whether or not
the perforation heals spontaneously. The spectrum of disease
ranges from asymptomatic intra-abdominal calcifications to
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giant cystic meconium peritonitis (Robertson et al., 1994;
Dirkes et al., 1995; Kamata et al., 2000; Tseng et al., 2003;
Zangheri et al., 2007). Meconium peritonitis has been as-
sociated with intestinal atresia or stenosis, meconium ileus,
internal hernia, bowel ileus, intussusception, gastroschi-
sis, Meckel diverticulum, and cytomegalovirus infection
(Pletcher et al., 1991; Petrikovsky et al., 1993).

The presence of associated anomalies is unusual and
depends on the underlying cause of meconium peritonitis.
Up to 15% to 40% of neonates with meconium peritoni-
tis have cystic fibrosis (Park and Grand, 1981; Payne and
Nielsen, 1983). However, in prenatally diagnosed meconium
peritonitis, cystic fibrosis is reported to be the cause in only
8% to 13.5% of cases (Foster et al., 1987; Dirkes et al., 1995;
Casaccia et al., 2003). This apparent discrepancy may be due
to the increased sensitivityofprenatal sonographic imaging in
detecting abdominal calcification, as compared with postna-
talplainfilms(Williamset al., 1984). Ithasalsobeensuggested
that sonographically detected calcifications could be due to
fetal viral infection due to parvovirus B19, cytomegalovirus,
herpes viruses, or even taxoplasmosis (Casaccia et al., 2003).
It is also possible that cystic fibrosis is less likely to cause cal-
cification due to the deficiency of pancreatic enzymes (Foster
et al., 1987). The incidence of cystic fibrosis increases if there
are other additional sonographic findings such as dilated
bowel and hyperechoic bowel. The presence of calcifications
alone suggests the risk of cystic fibrosis of 13% and if asso-
ciated with evidence of obstruction at 24% (Casaccia et al.,
2003). The risk of cystic fibrosis in meconium peritonitis is
330 times the risk in the general population, and the risk of
cystic fibrosis in neonatal bowel obstruction is 600 times as
high as the general population (1 in 2500) (Casaccia et al.,
2003). Enterolithiasis, which is intraluminal calcification of
meconium, is a more unusual course of intra-abdominal cal-
cification (Lubusky et al., 2006). Enterolithiasis has been de-
scribed in association with a number of conditions including
imperforate anus, gastrointestinal atresias or stenosis, func-
tional ileal obstruction, and total colonic Hirschsprung’s dis-
ease (Rickham, 1957; Berdon et al., 1975; Felman et al., 1975;
Martin et al., 1976; Cook, 1978; Fletcher and Yullish, 1978;
DanemanandMartin, 1979; Berger andBar-Maor, 1980; Bear
and Gilsanz, 1981; Yousefzadeh et al., 1984; Pouillaude et al.,
1987; Anderson et al., 1988). Perhaps the most commonly
diagnosed setting is in patients with anorectal malforma-
tion and rectourinary fistula (Anderson et al., 1988). How-
ever, only 10 cases of prenatally diagnosed enterolithiasis as-
sociated with anorectal malformations have been reported
(Mandell et al., 1992; Pohl-Schickinger et al., 2006; Pohl-Rolle
et al., 2008).

The mechanism of calcification of intraluminal meco-
nium has not been fully elucidated. It is assumed that meco-
nium, urine, stasis, and low intraluminal pH may be pre-
requisites (Shimotake et al., 2006). Most cases of anorectal
malformation and rectourethral fistula, however, do not
have enterolithiasis. Rolle et al. speculated that relative uri-
nary outflow obstruction would cause reflux of more urine
into the colon predisposing to calcification of meconium

(Rolle et al., 2008). Shimotake et al., (2006) performed in-
frared spectrophotometry of intraluminal meconium calculi
occurring in a case of anorectal malformation with associ-
ated rectourethral fistula. These stones were found to con-
sist of ammonium hydrogen urate having the combined con-
stituents of urine and meconium.

Enterolithiasis can occur in the absence of a rec-
tourethral fistula presumably as a result of stasis and low in-
traluminalpH.Enterolithiasis hasbeenobserved in suchcases
because of intestinal atresia and total colonic Hirschsprung’s
disease (Cook, 1978; Fletcher and Yullish, 1978; Yousefzadeh
et al., 1984; Miller et al., 1988; Dirkes et al., 1995). It has been
suggested that in these cases, thebowel proximal to the intesti-
nal obstruction will have stasis of meconium and swallowed
urine (amniotic fluid), in which case urate would become
concentrated by fluid resorption by the bowel predisposing
to stone formation.

Little is known about the natural history of fetal
cholelithiasis. Analysis of a fetal gallstone has never been per-
formed, and it is currently unknown if these stones are pri-
marily made up of cholesterol or pigment or are of mixed
type. Cholesterol stones occur as a result of numerous fac-
tors, present to varying degrees, acting in concert to promote
hepatic secretion of bile saturated with cholesterol, gallblad-
der stasis, and altered gallbladder secretory function (Carey,
1989).Bile supersaturatedwithcholesterol is aprerequisite for
cholesterol stone formation (Gilger, 1993). Pigment gallstone
formation requires bile stasis and the enzymatic hydrolysis of
bilirubin glucuronide into free bilirubin and glucuronic acid.
Free unconjugated bilirubin, which is insoluble inwater, then
combines with calcium in the bile to produce the calcium
bilirubinate matrix of pigment stones. Brown et al. (1992)
observed a number of fetuses with echogenic material in the
fetal gallbladder, which they presumed to be sludge. Allen et
al. (1981) have demonstrated in adults that this echogenic
sludge is composed of calcium bilirubinate crystals.

While numerous predisposing factors for gallstones
have been identified in infants and children, with the excep-
tionofonecase,nopredisposingrisk factorshavebeenpresent
in reported cases of fetal cholelithiasis (Beretsky and Lonkin,
1983; Heigne and Ednay, 1985; Klingensmith et al., 1988;
Brown et al., 1992; Devonald et al., 1992; Suchet et al., 1993;
Clarke andRoman, 1994;Munjuluri et al., 2005; Sheiner et al.,
2006). One infant diagnosed prenatally with gallstones was
found to have hereditary spherocytosis (Beretsky andLonkin,
1983). Similarly, maternal predisposing factors, other than
pregnancy, have been rare. Predisposing factors were present
in only four mothers with hemolytic anemia, gallstones in
one, and the presence or history of gallstones in three oth-
ers. While six other mothers had sickle cell trait and one had
hemoglobin A1C trait, neither condition is associated with
hemolysis.

Fetus in fetu is a rare anomaly in which a fetus in-
corporates well-differentiated tissue of its monozygotic twin
(Khadaroo et al., 2000). Fetus in fetu occurs most com-
monly in the retroperitoneum of the upper abdomen, al-
though it has been reported to occur in the scrotum, skull,
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mediastinum, mouth, and adrenal gland (Aoki et al., 2004;
Brand et al., 2004). Fetus in fetumay be confused withmeco-
niumpseudocyst or a teratoma.The feature that distinguishes
fetus in fetu is the presence on histologic examination of
well-differentiated tissues or organs (Gross and Clatworthy,
1951; Griscom, 1965)

INCIDENCE

Meconium peritonitis occurs in approximately 1 in every
35,000 livebirths (Olson et al., 1982; Pan et al., 1983). No
estimates are available for enterolithiasis. The incidence of
fetal cholelithiasis is not known. Unlike cholelithiasis in chil-
dren or adults, there is no apparent sex predominance for
fetal cholelithiasis. Fetus in fetu is estimated to occur in fewer
than 1 in 500,000 livebirths (Iyer et al., 2003).

SONOGRAPHIC FINDINGS

A spectrum of findings may be observed with meconium
on prenatal sonographic examination. The most consistent
finding is extraluminal abdominal calcifications, which are
present in 85% of cases (Figure 70-1A). Meconium peritoni-
tis is the most common cause of fetal intra-abdominal calci-
fications. The sonographic criteria used for the diagnosis of
meconium peritonitis include intra-abdominal calcifications

often plaquelike or linear echogenicities that cause acoustic
shadowing not caused by solid organ, intraluminal, intravas-
cular, biliary, or tumor calcifications. Other associated find-
ings include polyhydramnios, in 50% fetal ascites, and bowel
dilatation in 27% of cases (Foster et al., 1987). The presence
of dilated bowel, cysts, or ascites usually predicts compli-
cated meconium peritonitis that will require postnatal surgi-
cal intervention. Dirkes et al. (1995) divided sonographically
diagnosed cases of fetal intra-abdominal calcifications into
simple and complex categories. Simple meconium peritoni-
tis has isolated calcifications seen without any bowel dilata-
tion,meconiumpseudocysts, ascites, or polyhydramnios (see
Figure 70-1A). Intra-abdominal calcifications in association
with any of these features are classified as complexmeconium
peritonitis (see Figure 70-1B).

While not sufficient for a diagnosis, meconium peri-
tonitis often starts as an echogenic bowel that goes on to
perforate with subsequent formation of intraperitoneal cal-
cifications. Serial sonography is indicated to follow this pro-
gression. Similarly, simple meconium peritonitis may evolve
into complex meconium peritonitis with the development of
bowel dilatation, meconium pseudocyst, ascites, or polyhy-
dramnios (Dirkes et al., 1995). Conversely, complex meco-
nium peritonitis with calcifications associated with ascites
may see the perforation with resolution of ascites converting
from complex to simple meconium peritonitis. The bowel in
these cases may heal without atresia or stenosis. This is the
presumed sequence of events in which the only evidence of
meconium peritonitis is meconium periorchitis (Várkonyi
et al., 2000).

A B

Figure 70-1 A. Prenatal sonographic image demonstrating isolated intraperitoneal calcifications with acoustic shad-
owing. This represents a case of simple meconium peritonitis. B. In contrast, this fetus has intraperitoneal calcifications
with an associated meconium pseudocyst and ascites. This is an example of complex meconium peritonitis.
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Some have proposed classification schemes dividing
meconium peritonitis into type I (large meconium ascites),
type II (large pseudocyst), or type III (intra-abdominal cal-
cifications and/or resolving ascites or shrinking pseudocyst)
(Tseng et al., 2003).

Zangheri et al. (2007) suggest grade 0 for isolated intra-
abdominal calcifications; grade 1 for intra-abdominal calci-
fications and ascites, pseudocyst, or bowel dilation; grade 2
for two associated findings; and grade 3 for all sonographic
features present.

In contrast to meconium peritonitis, enterolithiases
are calcifications within the bowel lumen. These are often
multiple, small, stippled calcifications in contrast to linear,
plaquelike calcifications seen in meconium peritonitis. En-
terolithiasis often is seen in association with dilated bowel
loops and evidence of urinary tract dilation. Calcifications
with the bladder may also be observed in the setting of com-
munication between bowel and bladder as in rectourinary
fistula or cloaca.

Fetal gallstones are seen as echogenic foci within the
lumen of the gallbladder, with associated distal shadowing
(Figure 70-2). Brown et al. (1992) have also included
echogenic foci within the gallbladder’s lumen with either
no associated distal shadowing or “comet-tail” or V-shaped
artifact. However, echogenic foci without associated distal
shadowing more likely represent biliary sludge due to cal-
cium bilirubinate. It is important to distinguish intralumi-
nal calcifications because of fetal gallstones from intrahep-
atic calcifications, calcified hemangiomas or hamartomas in
the liver, or intra-abdominal calcifications due to meconium
peritonitis. The best sonographic confirmation is seeing the
echogenic fociwith associateddistal shadowing clearlywithin
the echolucent gallbladder lumen (see Figure 70-2). Sepul-
veda et al. (1995) reported 8 cases of cholecystomegaly, in
which three were found to have aneuploidy (two trisomy
18 and one trisomy 13). While they suggested that chole-

Figure 70-2 Ultrasound of a fetus at 24 weeks of gestation
demonstrating dilated gallbladder and an echogenic gallstone
with acoustic shadowing (arrow).

cystomegaly may be a sonographic marker of aneuploidy,
Petrikovsky and Klein (1995) challenged this view. They sug-
gested that the cholecystomegaly may have been due to gall-
stones or sludge and did not represent a newmarker for ane-
uploidy.

Fetus in fetu may be mistaken for meconium pseudo-
cyst or teratoma. However, when well-formed vertebral bod-
ies or long bones are seen, this allows a definitive diagnosis to
be made.

MRImay be useful in distinguishing not only the cause
of intra-abdominal calcifications but also associated find-
ings such as bowel dilation due to atresia, stenosis, volvulus,
or intussusception. The presence and definition of complex
anorectal malformations with rectourethral fistula or cloaca
may be diagnosed. Similarly, characteristic features of fetus
in fetu may be more apparent when MRI is obtained as an
adjunct to ultrasound.

DIFFERENTIAL DIAGNOSIS

Thedifferential diagnosis of intra-abdominal calcification in-
cludes meconium peritonitis, fetal gallstones, hepatic calcifi-
cations, calcifications within hemangiomas, hematomas, and
tumors such as dermoid, hepatoblastoma, neuroblastoma, or
teratoma, and in fetus in fetu. Calcifications may also be ob-
served in congenital infections such as cytomegalovirus and
toxoplasmosis. Intra-abdominal calcifications also may be
due to intraluminal calcification from reflux of urine into the
colon in imperforate anus with retrourethral fistula or from
stasis due to intestinal atresia or total colonic Hirschsprung’s
disease.

Several lesions associated with calcifications may be
mistaken for gallstones. Calcifications may be seen in the
fetal liver within hematomas, hemangiomas, or hamartomas.
Calcifications may also be seen in the right upper quadrant
as the result of meconium peritonitis, calcified adrenal cyst,
hematoma, or neuroblastoma (seeChapters 69 and 113). Cal-
cifications may occur within the lumen of the colon in cases
of imperforate anus with rectourethral fistula as a result of
urine reflux into rectal lumen (Selke andCowley, 1978;Miller
et al., 1988). These calcifications may be seen proximal to the
transverse colon. Hematomas and polyps within the wall of
the gallbladder are echogenic but do not cause acoustic shad-
owing (Durrell et al., 1984).

ANTENATAL NATURAL HISTORY

Thenatural historyof intra-abdominal calcificationsdepends
on the underlying etiology. In meconium peritonitis diag-
nosed in utero, the natural history is markedly different from
meconiumperitonitis diagnosed in thenewbornnursery.The
overall mortality rate in antenatal reports is 11% to 15%
(Foster et al., 1987;Chabulinski et al., 1992;Dirkes et al., 1995;



486

Part II Management of Fetal Conditions Diagnosed by Sonography

Zangheri et al., 2007). This differsmarkedly from themortal-
ity rates of 40% to 50% in postnatal series (Park and Grand,
1981; Payne and Nielsen, 1983; Tibboel et al., 1986). A major
factor in the survival of patients withmeconiumperitonitis is
theunderlying cause. Tibboel et al. (1986) found that primary
intestinal obstruction was present in 53% of 1084 neonatal
cases of meconium peritonitis reviewed and reported a 54%
mortality rate among their own22 cases (Tibboel et al., 1986).
Brugman et al. (1979) reported a 62% mortality rate in cases
of meconium peritonitis that were associated with obstruc-
tion caused by atresia.

Prenatally diagnosed meconium peritonitis differs
from postnatally diagnosedmeconiumperitonitis in reduced
morbidity, lower incidence of cystic fibrosis, and an overall
better prognosis (Dunne et al., 1983; Chabulinski et al., 1992;
Dirkes et al., 1995; Tseng et al., 2003; Zangheri et al., 2007). It
is clear that a prenatal ultrasound examination is more sen-
sitive in detecting intra-abdominal calcifications than post-
natal plain radiographs, and this may account for more cases
with less severemeconium peritonitis being detected in utero
(Dunne et al., 1983; Williams et al., 1984; Foster et al., 1987;
Zangheri et al., 2007). Asymptomatic calcifications in hernia
sacs, scrotalmasses, and the abdomen are common incidental
findings detected postnatally (Berdon et al., 1967; Thompson
et al., 1973; Gunn et al., 1978; Marchildon, 1978; Várkonyi
et al., 2000). These asymptomatic patients may have had
bowel perforations in utero that sealed spontaneously and
represent the postnatal equivalent of simple meconium peri-
tonitis. Estroff et al. (1992) reported a case of fetal ascites that
resolved, leaving abdominal calcifications that were asymp-
tomatic at birth. Because many cases are clinically silent,
neonatal series of meconium peritonitis are skewed by sicker
infants with more severe meconium peritonitis and a higher
attendant morbidity and mortality rate (Dirkes et al., 1995).
The natural history of meconium peritonitis diagnosed in
utero more clearly reflects the entire spectrum of the disease
(Dirkes et al., 1995).

The natural history of enterolithiasis will vary depend-
ing on the underlying cause ranging from isolated atresia to
complex anorectal malformations with rectourinary fistula.
Cases of small-bowel atresia without associated cystic fibrosis
have an excellent prognosis. These cases may develop poly-
hydramnios in the third trimester if the level of obstruction
is sufficiently proximal. A small-bowel atresia or obstruction
due to intussusception may go on to perforation resulting
in meconium peritonitis (see above). Enterolithiasis that oc-
curs as a result of urine refluxing into the colon in cases of
complex anorectal malformations has a variable prognosis.
Polyhydramnios is unusual in these cases because of the low
level of obstruction. At the most severe end of the spectrum
would be anorectal septum malformation sequence consist-
ing of the absence of the perineal and anal opening in as-
sociation with ambiguous genitalia and urogenital, colonic,
and lumbosacral anomalies. This is usually lethal in the new-
born period because of pulmonary hypoplasia from oligohy-
dramnios (Lubusky et al., 2006). But less severe forms such
as cloaca or imperforate anus with rectourinary fistula can

have amuchmore favorable outcome albeit with the need for
complex reconstructive surgery.

Although fewer than 35 cases of fetal gallstones have
been reported, some aspects of the antenatal natural history
have been established. The diagnosis of fetal gallstones has no
adverse consequences for the pregnancy. It requires no alter-
ation in the delivery plan and is not associated with fetal loss.
Despite recognized associations with gallstones postnatally,
few prenatally diagnosed cases have had risk factors for gall-
stones, with the exception of a single case of hereditary sphe-
rocytosis (Beretsky and Lonkin, 1983; Brown et al., 1992).
Similarly, predisposing factors, other than pregnancy, were
identified rarely in mothers, the most commonmaternal risk
factor being a history of gallstones (Brown et al., 1992). In
one case there had been placental abruption with placental
hematoma and it was suggested that a possible pigment load
might predispose to fetal gallstones (Brown et al., 1992).

Stasis of bile within the gallbladder has been shown to
be a critical factor in the pathogenesis of gallstones of any
type. Bile stasis is thought to be an important causative factor
in gallstone formation during pregnancy (Braverman et al.,
1980). It ispossible that thehormonal influencespredisposing
tomaternal bile stasis andgallstone formationmayaffect their
fetuses similarly.

Estrogen is a recognized risk factor for gallstones and its
levels are known to increase in pregnancy from14 to 40weeks
(Beischer and Brown, 1972). Estrogen is known to increase
cholesterol secretion in bile and depress bile acid synthesis
(Cotran et al., 1989). This progressive rise in estrogen levels
during the later trimestersmay account for fetal cholelithiasis
being observed only in the third trimester.

Infants diagnosed prenatally with gallstones appear to
have no clinical sequelae. If echogenic foci are associatedwith
distal shadowing, 20% resolve postnatally, but 62% resolve if
associated with comet-tail shadowing, and 75% resolve if as-
sociated with no distal shadowing (Brown et al., 1992). The
remainder of infants with cholelithiasis appear to be asymp-
tomatic. However, awareness of fetal cholelithiasis is impor-
tant because symptoms referable to the biliary tract may be
difficult todiagnose in infants andchildren.Onlyawarenessof
gallstones as a potential cause of symptomswill allow prompt
recognition and treatment and minimal morbidity (Jacir
et al., 1986).

The natural history of fetus in fetu is remarkably good,
usually having no impact on the prenatal course of the preg-
nancy. It is important to distinguish fetus in fetu from ter-
atoma as the latter has the risk of malignancy developing in
up to 10% of patients (Coolen et al., 2007). There has been
only a single case of malignant recurrence in fetus in fetu
(Hopkins et al., 1997).

MANAGEMENT OF PREGNANCY

Fetal intra-abdominal calcifications detected by prenatal ul-
trasound examination should prompt an effort to determine
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whether these represent biliary, vascular, intraluminal, solid
organ, or tumor calcifications; enterolithiasis; intraperitoneal
calcification of meconium peritonitis; or fetus in fetu. Intra-
hepatic calcifications are discussed in Chapter 69. The pres-
ence of associated findings, such as dilated loops of bowel,
meconium pseudocysts, ascites, and polyhydramnios should
be excluded. Because these findings may develop later in
gestation, serial sonography is advisable. In the absence of
the findings that characterize complex meconium peritoni-
tis, bowel obstruction, or severe complex anorectal anoma-
lies such as urorectal septum malformation sequence, an
excellent prognosis can be anticipated and delivery in a com-
munity setting can be safely recommended (Dirkes et al.,
1995). In cases of enterolithiasis, atresia, or anorectal mal-
formation, delivery in a setting in which these anomalies can
be fully evaluated and treated postnatally should be con-
sidered. Even in simple meconium peritonitis, however, a
postnatal abdominal radiographic examination should be
obtained, and if normal, feedings can be initiated. The
presence of other associated findings such as pseudocyst,
ascites, bowel obstruction, enterolithiasis, anorectal malfor-
mation, or fetus in fetu will require additional diagnosis-
specific evaluation using a combination of ultrasound, MRI,
and voiding cystourethrogram (VCUG).

In cases of meconium peritonitis in which associated
abnormalities such as bowel dilatation, meconium cysts, as-
cites, or polyhydramnios are prenatally diagnosed, there is up
to a 52% chance that surgical intervention will be required
during the newborn period (Dirkes et al., 1995; Tseng et al.,
2003; Zangheri et al., 2007). Consideration should be given
to delivery of the infant with complex meconium peritonitis
in a tertiary care center.

Although the reported incidence of cystic fibrosis in
neonatal meconium peritonitis ranges from 15% to 40%,
three of the patients reported by Dirkes et al. (1995) had
normal sweat tests and the remaining patients had no clini-
cal manifestations of cystic fibrosis. Other prenatal series of
meconium peritonitis have reported only an 8% incidence of
cystic fibrosis (Boureau and Pat, 1974; Park andGrand, 1981;
Finkel and Slovis, 1982; Foster et al., 1987; Chabulinski et al.,
1992). Why the incidence of cystic fibrosis is lower in pre-
natally diagnosed meconium peritonitis is unknown. Finkel
and Slovis (1982) postulated that pancreatic enzymes, which
are deficient in 80% of patients with cystic fibrosis, may be
necessary for calcification to occur (Boureau and Pat, 1974).
Conversely, Foster et al. (1987) speculated that the thick tena-
cious nature of meconium in cystic fibrosis precludes free
spillage into the peritoneum.

Sonographic detection of meconium peritonitis can
alert the obstetrician to a fetus potentially at risk for compli-
cations fromobstruction, perforation, pseudocyst formation,
ascites, and polyhydramnios that may precipitate preterm la-
bor and premature delivery. Pediatric surgical consultation
may be helpful in providing counseling about the overall fa-
vorable prognosis in cases of prenatally diagnosedmeconium
peritonitis. In cases of complex meconium peritonitis, the
parents can be advised of a more guarded prognosis, with

a 50% chance of surgical intervention during the neonatal
period. Parental DNA testing to define the fetal risk for cys-
tic fibrosis may be appropriate in cases of meconium peri-
tonitis (Robertson et al., 1994). This can be performed by a
referral laboratory on blood samples or mouth swabs from
the parents. If both parents are carriers and the pregnancy
is at less than 24 weeks of gestation, fetal testing for cys-
tic fibrosis mutations may be indicated if termination of the
pregnancy is an option for the parents. If an amniocentesis
is being performed for other reasons, consideration should
be given to testing amniocytes for mutations seen in cystic
fibrosis.

A fetus with enterolithiasis should be followed closely
for complications related to bowel obstruction, including
polyhydramnios and preterm labor. Fetal MRI is indicated
to help delineate the underlying etiology, the presence of
rectourinary fistula, cloaca, imperforate anus, or intestinal
atresia. Delivery should be planned in a setting with appro-
priate pediatric surgical expertise tomanage any of the causes
of enterolithiasis.

The diagnosis of fetal gallstones has no implications for
the management of the pregnancy. A detailed history should
be obtained for risk factors for maternal cholelithiasis. In
addition, themother should have an ultrasound examination
to screen for the presence of gallstones.

The fetus diagnosed with fetus in fetu is not likely to
develop complications but bowel compression and polyhy-
dramnios can occur. Delivery should take place in a facility
with pediatric surgical and radiologic expertise to manage
this problem in the newborn.

FETAL INTERVENTION

There are no fetal interventions for any of the causes of intra-
abdominal calcifications.

TREATMENT OF THE NEWBORN

The infant should undergo abdominal examination immedi-
ately after delivery and an abdominal radiograph and ultra-
sound study of the abdomen should be obtained to confirm
the prenatal findings (Figure 70-3). In the case of meconium
peritonitis, an upper gastrointestinal study with small-bowel
follow-through using water-soluble contrast may be neces-
sary to confirm or exclude perforation, stenosis, atresia, or
meconium pseudocysts (Figure 70-4). Postnatal treatment is
directedby theunderlyingcauseofmeconiumperitonitis.Ab-
dominal radiography will confirm intra-abdominal calcifica-
tion and demonstrate the presence or absence of cystic lesions
or intestinal obstruction. Asymptomatic neonates with calci-
fications and otherwise normal plain abdominal radiographs
and abdominal sonographic examinations may be cautiously
observed and fed. If dilated bowel, meconium cysts, or ascites
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Figure 70-3 Plain abdominal radiograph in a newborn demon-
strating intra-abdominal calcifications, particularly over the dome
of the liver and in the scrotum.

are present, nasogastric decompression and intravenous flu-
ids should be administered. Associated anomalies should be
evaluated and surgical correction performed when the in-
fant is stable. A sweat chloride test or testing for DNA mu-
tations should be performed during the postoperative pe-
riod to exclude or definitively diagnose cystic fibrosis in all
cases of meconium peritonitis. DNA analysis is preferable in
newbornspresentingwithgastrointestinal symptoms. IfDNA
analysis reveals thepresenceof amutation in the cysticfibrosis
transmembrane regulator gene, sweat testing is unnecessary,
as some mutations have been found in patients with normal
sweat tests (Highsmith et al., 1994).

Physical examination in cases of prenatally diagnosed
enterolithiasis is important to exclude imperforate anus or
cloaca as an underlying cause. Plain radiographs and ul-
trasound may be helpful in making a diagnosis, but con-
trast studies and MRI scans may be necessary to define the
anatomy.

The newborn with a prenatal diagnosis of fetal chole-
lithiasis should have a postnatal ultrasound examination per-

Figure 70-4 Upper gastrointestinal contrast study with small-
bowel follow-through demonstrating extra-abdominal contrast
in a meconium pseudocyst in the right lower quadrant.

formed during the newborn period. In healthy term infants,
sonographic observation alone is indicated unless symptoms
develop. The diagnosis of acute or chronic cholelithiasis may
be difficult in an infant, but should be suspected with vomit-
ing, irritability, or ileus. Gallstones associated with predis-
posing risk factors that are detected during the newborn
period resolve spontaneously in 75% of cases with elimina-
tion of these risk factors—for example, by treatment with
diuretics or total parenteral nutrition. It is unclear if gall-
stones with distal shadowing on an ultrasound examination
performed in utero will spontaneously resolve during in-
fancy. The only data on this came from Brown et al. (1992),
who observed spontaneous resolution in 40% of cases of fe-
tal gallstones when associated with acoustic shadowing. The
higher rate of spontaneous resolution they observed, when
echogenic foci were present without acoustic shadowing,
may have been because they were “sludge” rather than true
gallstones.

In cases of suspected fetus in fetu, ultrasound and plain
radiographs may be adequate to confirm the diagnosis if a
well-formed long bone or vertebral column is observed. CT
or MRI may provide anatomic relations helpful in planning
surgical resection.
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Figure 70-5 Intraoperative appearance of meconium peritoni-
tis in a newborn with a perforated colon. Note the adhesions,
which are the results of an inflammatory reaction that occurred in
utero.

SURGICAL TREATMENT

The infant with complex meconium peritonitis will require
surgical intervention in 50%of cases (Dirkes et al., 1995). The
indications for surgery include intestinal perforation with
ascites, meconium pseudocyst, intestinal atresia or stenosis,
or volvulus. Surgical exploration for complications of meco-
nium peritonitis may be extremely difficult because of the
intense inflammatory reaction that occurs within the peri-
toneal cavity (Figure 70-5). Because of this and bacterial con-
tamination of the peritoneal cavity, cases of meconium peri-
tonitis complicated by perforation or meconium pseudocyst
are best managed by resection and enterostomy. In cases of
volvulus, the nonviable intestine is resected and proximal and
distal stomas are created. In cases involving the proximal in-
testine, long-term venous access can be obtained to provide
parenteral nutritional support until gastrointestinal continu-
ity can be established.

Atresias most often will be amenable to resection and
primary anastomoses but may require significant parenteral
nutritional support if short gut or dysmotility are associ-
ated with the atresia. Anorectal malformations, particularly
when associated with rectourinary fistula usually require ini-
tial diversion (see Chapter 76) as does a persistent cloaca (see
Chapter 85).

The surgical management of fetus in fetu is usually
straight forward with resection of the retroperitoneal mass
causing few difficulties. Adjacent structures are usually dis-
placed and there is a clear plane of dissection.

In asymptomatic infants diagnosed with fetal gall-
stones, we currently recommend observation only. If gall-
stones are radiopaque, periodic plain radiographs may be
obtained to observe for spontaneous resolution. If stones
are radiolucent, sonographic surveillance is recommended.
We have a low threshold for performing cholecystectomy,
as symptoms of acute or chronic cholecystitis in infants are
oftenvagueandnonspecific, andonce it is symptomatic, acute
cholecystitis is associated with a high rate of complications
(Brill et al., 1982).

In infants undergoing abdominal surgery for other in-
dications, such as pyloric stenosis or intestinal atresia, we
recommend a cholecystectomy, as it can be performed with
little additional morbidity.

LONG-TERM OUTCOME

The long-term outcome of infants with intra-abdominal cal-
cification depends on the underlying cause. In fetuses with
simple meconium peritonitis, the prognosis is excellent. In
complex meconium peritonitis, the prognosis relates to the
underlying cause of the perforation. In isolated meconium
peritonitis, without cystic fibrosis, Hirschsprung’s disease, or
intestinal pseudo-obstruction, the prognosis is excellent. In
infants with cystic fibrosis or chronic pseudo-obstruction,
however, the prognosis is more guarded. Enterolithiasis asso-
ciated with urorectal septal malformations has a grim prog-
nosis, but patients with anorectal malformation or cloaca
have an excellent prognosis following reconstruction. The
awareness of cholelithiasis in an infant leads to early inter-
vention once symptoms referable to the gallbladder develop.
Asymptomatic gallstones require no intervention. There are
no long-term sequelae associated with a diagnosis of fetal
cholelithiasis. Similarly, cases of fetus in fetu have an excel-
lent outcome following resection.

GENETICS AND RECURRENCE RISK

There is no known risk of recurrence for intra-abdominal
calcifications. However, the approximately 8% of antenatally
diagnosedmeconium peritonitis associated with cystic fibro-
sis are at a 25% risk for recurrence in subsequent pregnancies.
Enterolithiasis has not been reported to recur in subsequent
pregnancies.

There are no data on risk of recurrence of cholelithi-
asis in subsequent pregnancies. If maternal risk factors for
cholelithiasis are present, such as a history of hemolytic ane-
mia or of gallstones, a prenatal ultrasound examination dur-
ing the third trimester is indicated to screen for an affected
fetus. Hereditary spherocytosis is inherited as an autosomal
dominant disorder. If the family history reveals that either
parent is affected, the fetus has a 50% risk of inheriting this
gene. Sickle cell anemia is inherited as an autosomal recessive
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disorder, with a 25% risk of recurrence. Other inherited en-
zyme abnormalities of the erythrocyte, such as pyruvate ki-
nasedeficiency, areassociatedwithdevelopmentofgallstones.
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71
CHAPTER

Pyloric Atresia and
Stenosis

Key Points

■ Condition presents only rarely antenatally.

■ Incidence of pyloric atresia is 1 in 1 million
livebirths. Hypertrophic pyloric stenosis occurs in
1.5–4 per 1000 livebirths.

■ Usually associated with polyhydramnios and a
“single bubble.”

■ Differential diagnosis of a dilated fetal stomach
includes duodenal atresia or stenosis, malrotation

with midgut volvulus, duodenal duplication, and
antral duplication.

■ Pyloric atresia can be associated with
epidermolysis bullosa, a serious and often fatal
skin condition that has autosomal recessive
inheritance.

■ Delivery should occur in a tertiary center with
pediatric surgical, dermatologic, and genetic
expertise present.
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CONDITION

Gastric outlet obstruction due to atresia or membranous
antralweb is rare, constituting one of themost unusual causes
of gastrointestinal obstruction. On the other hand, gastric
outlet obstruction due to hypertrophic pyloric stenosis is
among the most common causes of gastrointestinal obstruc-
tion in the neonate. This condition only rarely presents an-
tenatally (Zimmerman, 1978; Nebekura et al., 1983; Mitchell
and Risch, 1993).

Aclassification systemforpyloric stenosis hasbeenpro-
posed: type A, a pyloricmembrane or web; type B, the pyloric
channel is a solid cord; typeC, there is a gapbetween the stom-
ach and the duodenum. Prenatal diagnosis should preempt
consideration of other intestinal atresias (Usta, 2000; Ilce
et al., 2003).

INCIDENCE

The incidence of pyloric atresia has been reported at 1 in 1
million livebirths, representing less than 1% of all gastroin-
testinal atresias (Geber and Aberdeen, 1965; Thompson et
al., 1968). Hypertrophic pyloric stenosis occurs in 1.5 in 1000
to 4 in 1000 livebirths among whites, but it is less prevalent
in blacks and Asians (Mitchell and Risch, 1993; Grant and
McAleer, 1996). The incidence of prenatally diagnosed cases
of these conditions is unknown.

SONOGRAPHIC FINDINGS

Prenatal diagnosis of pyloric atresia is associatedwith polyhy-
dramnios in61%ofreportedcases (Colin,1989).Theprenatal
sonographic image usually shows polyhydramnios and asso-
ciated gastric distention (Figure 71-1). If the fetus has recently
vomited or if the obstruction is incomplete, the stomachmay
appear normal in size and polyhydramnios may be absent
(Rizzo et al., 1995). This is especially true early in gestation, as
polyhydramnios tends to develop during the third trimester.
Sonographically, pyloric atresia and stenosis are associated
with a “single bubble” as opposed to the “double bubble” ob-
served in duodenal atresia. This appearance is due to either
high-grade stenosis or complete atresia of the gastric outlet,
resulting in marked dilation of the stomach. However, one
should be cautious in the fetus with a “double bubble” sign,
as this can be seen due to massive gastric distention and fold-
ing of the stomach on itself. The ultrasound beam can pass
through the dilated fundus and then through the antrum,
giving the impression of a double bubble. The sonographic
features of hypertrophic pyloric stenosis are similar to pyloric
atresia (Zimmerman, 1978; Nebekura et al., 1983). Isolated
gastric distention is seen, but unlike in pyloric atresia, the hy-
pertrophiedpylorus is also seen.Becausehypertrophicpyloric
stenosis creates only a partial obstruction, more distal fluid-

Figure 71-1 Sonographic image demonstrating an enlarged fe-
tal stomach. This can be due to gastric outlet obstruction as a re-
sult of pyloric atresia.

filled loops of bowel are seen in contrast to pyloric atresia,
in which they are not observed. The hypertrophied pylorus
seen in cross section has a characteristic “target” or “bull’s-
eye” appearance.Noprenatal parameters formural thickness,
diameter, or pyloric length exist. However, postnatal values
for hypertrophic pyloric stenosis can be used. In the neonate,
a pylorus that demonstrates a mural thickness >4 mm, a di-
ameter >11mm, or a pyloric length of >16mm is consistent
with a diagnosis of hypertrophic pyloric stenosis. It should be
pointed out, however, that measurements that do not meet
these criteria do not rule out this diagnosis. Hypertrophic py-
loric stenosis tends to be progressive, and increases in these
parameters are to be expected. Because of the partial gastric
outlet obstruction, polyhydramnios may be seen in pyloric
stenosis, but not to the same extent as in pyloric atresia.

DIFFERENTIAL DIAGNOSIS

In addition to pyloric atresia, the differential diagnosis of a
dilated fetal stomach includes duodenal atresia or stenosis
(see Chapter 72), malrotation with midgut volvulus, duo-
denal duplication, and antral duplication. The presence of
the double bubble sonographic sign is more consistent with
the diagnosis of duodenal atresia, but in pyloric atresia, the
stomach may become so grossly distended that in a single ul-
trasonographic image both the fundus and the antrum may
give the appearance of a double bubble (Malone et al., 1997).
Polyhydramnios is present in each of these conditions and is
less useful in making a distinction between them. In pyloric
or duodenal atresia, no distal bowel will be visualized sono-
graphically, but in pyloric stenosis or duodenal stenosis more
distal intestine will be seen.

Pyloric atresia associated with epidermolysis bullosa
was first reported by Swinburne and Kohler (Swinburne
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and Kohler, 1968). Pyloric atresia, in addition to its asso-
ciation with epidermolysis bullosa, has also rarely been re-
ported with esophageal atresia and tracheoesophageal fistula
(Korber and Glasson, 1977; Peterson and Hertel, 1977;
El Shafie et al., 1979) as well as with cardiovascular and gen-
itourinary anomalies (Lepinard et al., 2000).

It is now recognized that there is a distinct autosomal
recessive condition, epidermolysis bullosa with pyloric atre-
sia, also known as Carmi syndrome. This condition presents
with congenital pyloric atresia, blistering of the skinwith little
or no predisposing trauma, and associated renal anomalies,
such as multicystic kidney, hydronephrosis, and ureterocele.
When associated with pyloric atresia, epidermolysis bullosa
is often a fatal disease in infancy. Some authors have recom-
mended that surgical correction of pyloric atresia bewithheld
for those with a histologic diagnosis of epidermolysis bullosa
(Rosenbloom and Ratner, 1987).

ANTENATAL NATURAL HISTORY

The cause of pyloric atresia is thought to be an in utero vas-
cular compromise. This cause is similar to that of other in-
testinal atresias. The obstruction is due to a solid membra-
nous structure in 67% of cases. Actual absence of the pylorus
with a gap between the distal stomach and the duodenum is
found in only a fifth of the cases. A fenestrated or nonfen-
estrated antral membrane is present in 5% of cases (Kume
et al., 1980). Gastric outlet obstruction from pyloric atresia
results in significant polyhydramnios. The polyhydramnios
predisposes these infants to preterm labor and premature de-
livery.A search for other possible associated anomalies should
be undertaken, including malformed ears and genitourinary
anomalies (Lepinard et al., 2000). It is worth noting that in
cases of pyloric atresia associated with epidermolysis bullosa
(EB), both alphafetoprotein and acetylcholinesterase can be
elevated (Lepinard et al., 2000).

MANAGEMENT OF PREGNANCY

The fetus diagnosed with gastric outlet obstruction consis-
tent with a diagnosis of pyloric atresia or stenosis should be
evaluated to determine the underlying diagnosis and evalu-
ate the possibility of associated epidermolysis bullosa. The
pregnant woman should be evaluated by a maternal and
fetal medicine specialist, a medical geneticist, and a pedi-
atric surgeon. Level II sonography should specifically look
for the presence of renal or ureteral anomalies, which may
be a sign of epidermolysis bullosa. A careful family history
should be obtained to rule out epidermolysis bullosa and/or
consanguinity. If the diagnosis of pyloric atresia is made
prior to 24 weeks of gestation, consideration may be given to
fetal skin biopsy for electron microscopy to diagnose epider-
molysis bullosa (Rodeck et al., 1980). Shimizu et al. (1996)
have described the use of immunohistochemistry to demon-
strate absence of detectable α6 integrin in a fetal skin biopsy

in pyloric atresia–junctional epidermolysis bullosa syndrome
in a family at risk for recurrence. This diagnostic test is ap-
propriate only if the parents would not continue the preg-
nancy if the fetus was affected. If the familial mutation has
been identified because of a prior affected fetus,DNAanalysis
can be performed on amniocytes or chorionic villi for a ge-
netic diagnosis of EB as early as 10weeks’ gestation (Pfendner
et al., 2003).

The pregnancy should be followed closely because of
the common occurrence of polyhydramnios and the predis-
position topretermdelivery.Cesarean sectiondelivery should
be considered to reduce skin trauma if the infant has epider-
molysis bullosa with pyloric atresia. The infant should be
delivered in a tertiary care center, with pediatric surgical and
medical genetic expertise available.

FETAL INTERVENTION

There are no fetal interventions for pyloric atresia and
stenosis.

TREATMENT OF THE NEWBORN

The infant born with pyloric atresia should have immedi-
ate nasogastric decompression to prevent aspiration and per-
foration from gastric distention. Intravascular volume and
electrolyte deficit should be corrected with intravenous
fluidadministration.Radiographsdemonstratingadistended
stomach with no gas in distal viscera confirm the diagnosis of
gastric outlet obstruction. An immediate upper gastrointesti-
nal contrast study should be obtained to exclude the possibil-
ity of malrotation with midgut volvulus. The surgical repair
used depends on the nature of the atresia but usually in-
cludes pyloroplasty with or without excision of a pyloric web.
The presence of epidermolysis bullosa requires meticulous
skin care, using atraumatic technique,minimal handling, and
avoidance of adhesive tape. A diagnostic skin biopsy should
be performed in consultation with a pediatric dermatologist.
If the infant has epidermolysis bullosa, DNA analysis should
be performed in consultation with a medical geneticist. Blis-
tering of the skin can lead to fluid and electrolyte loss and
severe infection.

SURGICAL TREATMENT

The newborn with pyloric atresia will require a Heineke–
Mikulicz pyloroplasty if the duodenum or stomach are in
continuity with each other. If complete atresia with separa-
tion of stomach and duodenum is present, then a primary
gastroduodenostomy should be performed. A period of na-
sogastric decompression lasting several days may be required
until return of gastric function. A transanastomic nasojejunal
feeding tube may be placed for enteral nutrition until gastric
ileus resolves.
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In the case of pyloric stenosis, a pyloromyotomy alone
is indicated. This is usually well tolerated, with resumption
of feeding within 6 hours of the procedure.

LONG-TERM OUTCOME

Infants who have isolated pyloric atresia treated by pyloro-
plasty, need to be evaluated for the possibility of dumping
syndromedue to excessively rapid gastric emptying. Thismay
be manifested either in irritability, sweating, pallor, or tachy-
cardia immediately following feedings, or by diarrhea and
failure to thrive.

Infants diagnosed with pyloric atresia in association
with epidermolysis bullosawill require continuedmeticulous
skin care to avoid breaks in the skin. The potential for long-
term survival has been demonstrated in patients with pyloric
atresia and epidermolysis bullosa evenwith gradual improve-
ment in symptoms of epidermolysis bullosa over time. How-
ever, significantmortality is associated with this combination
by 1 year of age (Azarian et al., 2006).

GENETICS AND RECURRENCE RISK

Pyloric atresia occurs as both an isolated anomaly and in as-
sociation with epidermolysis bullosa. An inherited form of
isolated pyloric atresia has been described in several fam-
ilies (Tan and Murugasu, 1973; Olson and Gratte, 1976;
Konvolinka and Stewart, 1978; Usta, 2000).

The recessive form of pyloric atresia with epidermol-
ysis bullosa (Carmi syndrome) is associated with mutations
in three genes: integrin beta 4 (ITGB4) (80% of cases), inte-
grin alpha 6 (ITGA6) (5% of cases), and plectin 1 (PLEC1)
(15% of cases) (Pfendner et al., 2003; Pfendner and Uitto,
2005; Pfendner and Lucky, 2008). Diagnostic DNA testing is
clinically available; it has a very high likelihood of finding the
causative mutation. Parental DNA should be studied, as the
recurrence risk in a future pregnancy is 25%. If the parental
mutations are diagnosed, preimplantation diagnosis is avail-
able. Alternatively, CVS or amniocentesis can be performed;
this is recommendedover sonography todiagnose recurrence.

References
Azarian M, Dreux S, Vuillard E, et al. Prenatal diagnosis of inherited

epidermolysis bullosa in a patient with no family history: a case
report and literature review. Prenat Diagn. 2006;26:57-59.

Colin CMM. Congenital gastric outlet obstruction. J Pediatr Surg.
1989;24:1241-1246.

El Shafie M, Stidham LG, Klippel CH, et al. Pyloric atresia epidermol-
ysis bullosa letalis: a lethal combination in two premature newborn
siblings. J Pediatr Surg. 1979;14:446-449.

Geber BC, Aberdeen SD. Pre-pyloric diaphragm, an unusual abnormal-
ity. Arch Surg. 1965;90:472-475.

Grant GA, McAleer JSA. Incidence of infantile hypertrophic pyloric
stenosis. Lancet. 1996;1:1177-1179.

Ilce Z, Erdogan E, Kara C, et al. Pyloric atresia: 15-year review from a
single institution. J Pediatr Surg. 2003;38:1581-1584.

Konvolinka CW, Stewart RE. Pyloric atresia. Am J Dis Child. 1978;132:
903-907.

Korber JS, Glasson MJ. Pyloric atresia associated with epidermolysis
bullosa. J Pediatr. 1977;90:600-601.

Kume K, Ikeda K, Hayashida Y, et al. Congenital pyloric atresia: a report
of three cases and reviewof the literature. J Pediatr Surg. 1980;16:259-
268.

Lepinard C, Descamps P, Meneguzzi G, et al. Prenatal diagnosis of py-
loric atresia-junctional epidermolysis bullosa syndrome in a fetus
not known to be at risk. Prenat Diagn. 2000;20:70-75.

Malone FD, Crombleholme TM, Nores JA, et al. Pitfalls of the “double
bubble” sign: a case of congenital duodenal duplication. Fetal Diagn
Ther. 1997;12:298-300.

Mitchell LE, Risch N. The genetics of infantile hypertrophic pyloric
stenosis. Am J Dis Child. 1993;147:1203-1207.

Nebekura J, Shin T, Koyanagi T, et al. Identification of affected sites in fe-
tal gastroduodenal obstructions by real-timeultrasonic tomography.
Asia Oceania J Obstet Gynecol. 1983;9:427-431.

Olson L, Gratte G. Congenital pyloric atresia: report of a familial occur-
rence. J Pediatr Surg. 1976;11:181-183.

Peterson VP, Hertel K. Pyloric atresia and epidermolysis bullosa. J Pedi-
atr. 1977;91:852-853.

Pfendner EG, Lucky AW. Epidermolysis bullosa with pyloric atresia.
In: Gene Reviews. GeneTests Web site. http://www.genetests.org. Ac-
cessed February 22, 2008.

Pfendner EG, Nakano A, Pulkkinen L, Christiano AM, Uitto J. Prena-
tal diagnosis for epidermolysis bullosa: a study of 144 consecutive
pregnancies at risk. Prenat Diagn. 2003;23:447-456.

Pfendner E, Uitto J. Plectin gene mutations can cause epidermoly-
sis bullosa with pyloric atresia. J Invest Dermatol. 2005;124:111-
115.

Rizzo G, Cappari A, Aduini D, et al. Prenatal diagnosis of gastroe-
sophageal reflux by color and pulsed Doppler ultrasonography in a
case of congenital pyloric atresia. Ultrasound Obstet Gynecol. 1995;6:
290-292.

Rodeck Ch, Eady RA, Gosden OM. Prenatal diagnosis of epidermolysis
bullosa lethalis. Lancet. 1980;8175:949-952.

RosenbloomMS, RatnerM: Congenital pyloric atresia and epidermoly-
sis bullosa letalis in premature siblings. J Pediatr Surg. 1987;22:374-
376.

Shimizu H, Suzumar K, Hatta N, et al. Absence of detectable alpha 6 in-
tegrin in pyloric atresia-junctional epidermolysis bullosa syndrome:
application for prenatal diagnosis in a family at risk for recurrence.
Arch Dermatol. 1996;132:919-925.

Swinburne LM, Kohler HG. Symmetrical congenital skin defect in sibs.
Arch Dis Child. 1968;43:499

Tan KL, Murugasu JJ. Congenital pyloric atresia in siblings. Arch Surg.
1973;106:100-106.

Thompson NW, Parker W, Schwartz S, et al. Congenital pyloric atresia.
Arch Surg. 1968;97:792-796.

Usta IM. Familial pyloric atresia: report of a family and review of the
literature. J Matern Fetal Med. 2000;9:190-193.

Zimmerman HB. Prenatal demonstration of gastric and duode-
nal obstruction by ultrasound. J Assoc Can Radiol. 1978;29:138-
143.

http://www.genetests.org


495

Chapter 72 Duodenal Atresia and Stenosis

72
CHAPTER

Duodenal Atresia
and Stenosis

Key Points

■ Often presents due to uterine size greater than the
size of dates as a result of polyhydramnios.

■ Characteristically diagnosed by ultrasound
examination, which shows a “double bubble’’ sign.

■ Differential diagnosis includes annular pancreas,
malrotation, gastric or duodenal duplication, and
preduodenal portal vein.

■ Associated with trisomy 21 in 30% of cases.
Amniocentesis should be performed.

■ Associated with congenital heart disease in 17% to
33% of cases. Echocardiography should be
performed.

■ Polyhydramnios rarely develops before 24 weeks’
gestation but can contribute to preterm labor.

■ Delivery should occur in a tertiary center with
pediatric surgical and neonatal expertise available.

CONDITION

Duodenal atresia, or stenosis, is a leading cause of intesti-
nal obstruction in newborns and one of the most common
gastrointestinal anomalies that can be diagnosed prenatally.
A commonly held developmental theory is that at 1 month
of gestation, the lumen of the duodenum is thought to be
obliterated by proliferating epithelium. This solid core of ep-
ithelium undergoes vacuolization and recanalization, restor-
ing the lumen. Failure of recanalization of the solid stage is
thought to result in duodenal atresia or stenosis. Atresia is
more common than stenosis and occurs in approximately
70% of cases (Boyden et al., 1967; Skandalakis et al., 1994).
Skandalakis et al. (1994) have described 3 types of duodenal
atresia. Themost common duodenal anomaly (69% of cases)
is membranous mucosal atresia (type I) with an intact mus-
cular wall. The proximal duodenum is ballooned out while
the duodenum distal to the atresia is narrowed. This mucosal
membrane may take on the shape of a “wind sock” because
of peristalsis and increased proximal intraluminal pressure
(Rowe et al., 1968). The origin of the wind-sock membrane
is usually intimately associated with the ampulla of Vater. A
type II duodenal atresia is rare (2% of cases) and has a short
fibrous cord connecting the two ends of the atretic duode-
num. Type III duodenal atresia has a complete separation
between the two ends of the duodenum and can be associ-
ated with biliary tract anomalies in 6% of cases (Reid, 1973a
and b; Jona and Berlin et al., 1976; Paine and Noblett, 1977;

Knechtle and Filston, 1990). Duodenal stenosis accounts for
the remaining 23% of cases. These anatomic relations are
rarely evident sonographically. An annular pancreas occurs
in 20% to 30% of patients with duodenal atresia or steno-
sis (Fonkalsrud et al., 1969; Reid, 1973a and b; Wesley and
Mahour, 1977). The developmental relationship between an-
nular pancreas and duodenal atresia and stenosis is unclear.

An annular pancreas can produce extrinsic compres-
sion and result in stenosis, but it is more commonly asso-
ciated with an intrinsic obstruction due to complete atresia
(Merrill and Raffensperger, 1976).

INCIDENCE

Duodenal stenosis or atresia occurs in approximately 1 in
10,000 livebirths (Fonkalsrud et al., 1969; Forrester andMerz,
2004).

SONOGRAPHIC FINDINGS

Prenatal sonographic diagnosis of duodenal obstruction has
been made as early as 20 weeks of gestation (Hancock and
Wiseman, 1989). The majority of cases, however, are not di-
agnosed until the third trimester. The most common indica-
tion for sonography is uterine size greater than dates because



496

Part II Management of Fetal Conditions Diagnosed by Sonography

Figure 72-1 Fetus with trisomy 21 at 24 weeks of gestation
demonstrating the ‘ ‘double bubble” sign consistent with duode-
nal atresia. The distal portion of the stomach is seen communicat-
ing with the dilated proximal portion of the duodenum.

of polyhydramnios, which is present in up to 53% of cases
(Girvan and Stephens, 1974; Farrant et al., 1981). Prenatal
sonographymay show the characteristic “double bubble” sign
(Figure 72-1) that represents the dilated fluid-filled stomach
and proximal duodenum (Balcar et al., 1984; Langer et al.,
1989). Although occasionally seen earlier, duodenal atresia is
not usually diagnosed prior to 24 weeks of gestation. If the fe-
tus has recently vomited (Figure 72-2), or in cases of stenosis
in which sufficient amounts of amniotic fluid pass the ob-
struction, these features may be subtle or absent (Bowie and
Clair, 1982). If the diagnosis of duodenal atresia or stenosis
is suspected, serial ultrasound examination may be required
to prove the diagnosis. Because 30% of patients with duode-
nal atresia will have trisomy 21, other sonographic features

Figure 72-2 Color flow Doppler study demonstrating fetal vom-
iting in a case of duodenal atresia.

of Down syndrome should be sought, including nuchal fold
thickening, hypomineralization of fifth finger middle pha-
lanx (clinodactyly), and elevated biparietal diameter and fetal
length ratio (Lockwood, 1993), (see Chapters 2 and 3).

MRI has been used as an adjunct to ultrasound exami-
nation in the diagnosis of duodenal atresia. On T2-weighted
sequences, the fluid within the stomach and duodenum will
appear hyperintense and the post atretic bowel will have nor-
mal sizebowel loops.Thebowelproduces sufficient secretions
to yield a normal appearance by MRI (Veyrac et al., 2004).

DIFFERENTIAL DIAGNOSIS

Apersistently dilatedfluid-filled fetal duodenum is always ab-
normal and should raise the suspicion of possible duodenal
atresia or stenosis. This can be a difficult diagnosis to make
prior to 24 weeks of gestation (Nelson et al., 1982; Bovicelli
et al., 1983). The differential diagnosis, in addition to duo-
denal atresia or stenosis, should include annular pancreas,
malrotation with either obstructing Ladd’s bands or midgut
volvulus, gastric or duodenal duplications, and preduodenal
portal vein. Isolated duodenal stenosis may be indistinguish-
able from annular pancreas with associated duodenal steno-
sis until surgical exploration. Malrotation may give a similar
“double bubble” appearance but, unlike atresia, there will be
some amniotic fluid in loops beyond the duodenum. Ladd’s
bandsmaypartially obstruct the duodenum,mimicking duo-
denal stenosis.One sonographic clue tomidgut volvulus is the
reversed relation of the superior mesenteric vein and artery
by Doppler ultrasound study, in which the superior mesen-
teric vein appears anterior to the superior mesenteric artery.
Large gastric or duodenal duplications can be indistinguish-
able fromduodenal atresia (Figure72-3) (Maloneet al., 1997).
Anomalous development of the paired embryonic vitelline
veins contributes to the myriad complex anatomic defects
of this region. Persistence of a primitive vitelline vein results
in an anterior or preduodenal portal vein that passes over
the pancreas and third portion of the duodenum, which can
partially obstruct the duodenum.

ANTENATAL NATURAL HISTORY

More than half of the fetuses with duodenal atresia have asso-
ciated anomalies. Trisomy21 is themost frequently associated
condition, occurring in 27% to 34% of cases (Fonkalsrud et
al., 1969; Nixon and Tawes, 1971; Reid, 1973a and b; Girvan
and Stephens, 1974; Davey, 1980; Hancock and Wiseman,
1989) (Table 72-1). In several large series, congenital heart
disease was also commonly associated, occurring in 17% to
33%of cases (Fonkalsrud et al., 1969; Nixon andTawes, 1971;
Reid, 1973a and b; Girvan and Stephens, 1974; Davey, 1980;
Hancock andWiseman, 1989). Themost common cardiac le-
sions encountered are atrial or ventricular septal defect.Other
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Figure 72-3 Cross-section of fetal ab-
domen demonstrating the double bubble
characteristic of duodenal atresia. This
infant proved to have a large duodenal
duplication (see Fig. 72-5).

anomalies associated with duodenal atresia include malrota-
tion, annular pancreas, esophageal atresia, tracheoesophageal
fistula, and genitourinary and anorectal malformations. Nu-
merous pancreatic and biliary anomalies have been reported
in association with duodenal atresia and stenosis. These in-
clude biliary atresia, choledochal cyst, pancreatic lipomatosis,
pancreas divisum, and persistent dual biliary duct drainage to
duodenum proximal and distal to the atresia. Unusual biliary
duct anomalies that occur in association with duodenal atre-
sia are seen in infants with type III defects. The association of
congenital anomalies with maternal and gestational and pre-
existing diabetes (Schaefer-Graf et al., 2000) is also thought
to increase the frequency of duodenal atresia (Ozturk et al.,

Table 72-1

Fetal Conditions Associated with Duodenal
Atresia

Associated Anomaly % of Cases

Trisomy 21 31

Congenital heart disease 30

Bowel rotation 20

Annular pancreas 20

Esophageal atresia 10

Anorectal atresia 6

Genitourinary 5

2007). Adeyemi (1988) has identified an association between
duodenal atresia, partial situs inversus, and right-sided di-
aphragmatic hernia through the foramen of Bochdalek. This
is an extremely rare condition known as multiple organ mal-
rotation syndrome (MOMS) (Adeyemi, 1988).

As to whether or not prenatal diagnosis of duodenal
atresia improves postnatal outcome, Bittencourt et al. found
thatprenataldiagnosis reducedmorbidityandshortenedhos-
pitalization (Bittencourt et al., 2004). Their series was from
São Paulo, Brazil, with a system of regional referral for surgi-
cal services. These findings are consistent with those reported
by others (Romero et al., 1988; Murshed et al., 1999).

MANAGEMENT OF PREGNANCY

If duodenal atresia is suspected, the fetus should undergo ge-
netic amniocentesis because of the high incidence of associ-
ated chromosomal anomalies. Fetal echocardiography should
also be performed to evaluate possible associated congenital
heart anomalies, even in the presence of a normal karyotype.
Early detection of associated anomalies may influence de-
cisions regarding continuation of the pregnancy. Although
of uncertain clinical value, amniotic fluid bile acid concen-
tration has been found to be markedly elevated in intestinal
obstruction (Deleze et al., 1977). Abnormal bile acid con-
centration has been described in two pregnant women with
polyhydramnios, one whose fetus had duodenal atresia and
the other ileal atresia. While the amniotic fluid bilirubin and
amylase concentrations were normal, the bile acid concentra-
tions were 30.3 and 83.1 μmol/L (normal, 1.2–2.4 μmol/L),
respectively (Deleze et al., 1977). Studies of experimentally
created intestinal obstruction showed no differences in amni-
otic fluid values of bilirubin, amylase, or lipase from controls
(Touloukian, 1977).
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Duodenal atresia is complicated by polyhydramnios in
17% to 53% of cases (Girvan and Stephens, 1974; Farrant
et al., 1981; Hancock and Wiseman, 1989; Robertson et al.,
1994). Polyhydramnios can contribute to the development
of preterm labor. Forty-three percent of affected infants are
premature and may be small for gestational age (Jolleys,
1981). We recommend a prenatal pediatric surgical consul-
tation with parents to help alleviate anxiety and to provide
answers to questions concerning postnatal intervention. De-
livery shouldbeplanned in a centerwith appropriateneonatal
and pediatric surgical support.

FETAL INTERVENTION

There are no fetal interventions for duodenal atresia.

TREATMENT OF THE NEWBORN

In the delivery room, the newborn with duodenal atresia
should have immediate nasogastric decompression to pre-
vent aspiration of gastric contents and gastric perforation
from overdistension. The gastric aspirate will usually be bile
stained, since 85% of cases of duodenal obstruction are distal
to the entry of the bile ducts. Failure to decompress the stom-
achwill result in bilious vomiting shortly after birth. Intravas-
cular fluid deficit should be corrected with intravenous fluid
administration.Nasogastric fluids should be replaced volume
for volume, and attention should be paid to electrolyte and
acid–base abnormalities induced by large proximal gastroin-
testinal fluid losses. Abdominal radiography will verify tube
placement and confirm the diagnosis in cases of duodenal
atresia. The classic “double bubble” sign is seen with absence
of gas in the rest of the bowel (Figure 72-4). In cases of duo-
denal stenosis, the high-grade partial obstruction may allow
gas to pass into the small bowel, and the clinical presentation
may be indistinguishable from that of bowel rotation with
midgut volvulus or high jejunal obstruction. In such cases, or
whenever there is doubt about the diagnosis, an emergency
radiographic contrast study should be performed to exclude
malrotation with midgut volvulus (Figure 72-5).

SURGICAL TREATMENT

The surgical reconstruction isusuallyperformedon thedayof
delivery after the infant is assessed for the presence or absence
of associated anomalies and appropriate volume resuscita-
tion and correction of electrolyte disturbances has occurred.
However, as long as the diagnosis of duodenal atresia is cer-
tain, nasogastric decompression alonemay sufficewhile other
anomalies are addressed, e.g., congenital heart defect, or clini-
cal condition is stabilized, e.g., respiratory distress syndrome.
Themost common site of obstruction in both duodenal atre-

Figure 72-4 Plain radiograph of a newborn, showing dilated
stomach and proximal duodenum with lack of air distal to the ob-
struction.

sia and stenosis is in the second portion of the duodenum
adjacent to the ampulla of Vater. In duodenal atresia, there
is usually an intrinsic web causing the obstruction. Although
some have advocated excision of this web, risk of injury to
the ampulla of Vater has prompted most surgeons to bypass
this obstruction. This is most commonly done by either a
duodenoduodenostomy or a duodenojejunostomy. In cases
of suspected stenosis, onemust be certain to exclude the pres-
ence of awind-sock deformity.Once the proximal duodenum
is opened, a Foley catheter can be passed distally and the in-
flated balloon can then be withdrawn. In a wind-sock defor-
mity, the membrane can be delivered and safely excised. In
1% to 3% of cases, a secondmore distal obstruction by an in-
trinsicwebmaybedetectedby this technique. In cases of gross
dilatation of the proximal duodenum, it should be tapered or
imbricated to prevent stasis, bacterial overgrowth, and com-
plications of blind loop syndrome (Grosfeld and Rescorla,
1993). Because of the risk of late blind loop syndrome, we
avoid duodenojejunostomy. In most instances, we employ a
transverse proximal duodenum to longitudinal distal duode-
nal or diamond-shaped anastomosis (Kimura, 1977; Kimura
et al., 1990) (Figure 72-6). We perform a proximal imbri-
cating duodenal enteroplasty to prevent late complications
of megaduodenum (Table 72-2). Because of chronic in utero
obstruction, transient proximal dysmotility may prevent ini-
tiation of normal feeding for 10 to 14 days postoperatively.
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Figure 72-5 Upper gastrointestinal con-
trast study demonstrating displaced but
patent duodenal sweep as a result of a
large duodenal duplication.

A transanastomotic nasojejunal feeding tube is passed that
allows enteral alimentation until proximal gastroduodenal
motility returns. Breastmilk can be used often, supplemented
by formula as needed. In cases associated with trisomy 21,
some surgeons favor the placement of a gastrostomy tube at
the time of duodenal atresia repair because of the difficulties
these infants have transitioning to oral feedings.

During the past 25 years, there has been steady im-
provement in the survival of babies with duodenal atresia,
from 68% in 1968 to 95% in 1991 (Fonkalsrud et al., 1969;
Hancock andWiseman, 1989; Stauffer and Schwoebel, 1998).
The majority of deaths today occur in infants with associated
complex congenital heart defects (Hancock and Wiseman,
1989). The improvement in survival, although certainly due
in part to advances in neonatal, anesthetic, and surgical care,
may also reflect prenatal selection. While often diagnosed

after 24 weeks of gestation, duodenal atresia is increasingly
being diagnosed earlier. In the setting of a fetal diagnosis of
Down syndrome, or severe associated anomalies, the option
of pregnancy termination can be discussed with the prospec-
tive parents.

LONG-TERM OUTCOME

Late complications of duodenal atresia have been reported
to be related to dysmotility of the proximal duodenum, in-
cluding blind loop syndrome, megaduodenum, duodenal
gastric reflux, gastritis, gastroesophageal reflux, pancreati-
tis, cholelithiasis, and cholecystitis (Grosfeld and Rescorla,
1993; Escobar et al., 2004).Most cases of blind loop syndrome

Figure 72-6 Intraoperative view of duodenal
atresia at the time of duodenoduodenostomy.
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Table 72-2

Late Complications of Duodenal Atresia
and Stenosis

Megaduodenum

Dysmotility

Duodenogastric reflux

Gastritis

Peptic ulcer

Gastroesophageal reflux

Choledochal cyst

Cholelithiasis

Cholecystitis

are seen in patients initially treated by duodenojejunostomy,
which can be corrected by conversion to duodenoduodenos-
tomy. Similarly, megaduodenum may be treated by tapering
duodenoplasty or duodenal plication. Other complications,
such as duodenal gastric reflux or gastritis, may be treated
medically to enhance motility by the use of parasympath-
omimetic agents such as bethanechol, metaclopromide. Sim-
ilarly, H2 blocker or proton pump inhibitor therapy may be
effective in treating peptic ulcer and gastroesophageal reflux
(see Table 72-2). Awareness of these late complications as-
sociated with duodenal atresia requires close observation for
prompt recognition and institution of appropriate medical
or surgical therapy.

GENETICS AND RECURRENCE RISK

More than one-half of the fetuses with duodenal atresia
have associated anomalies. Trisomy 21 is the most frequently
associated condition, occurring in 27% to 34% of cases
(Fonkalsrud et al., 1969; Nixon and Tawes, 1971; Reid, 1973a
and b; Girvan and Stephens, 1974; Davey, 1980; Hancock and
Wiseman, 1989). In most cases, isolated duodenal atresia or
stenosis is a sporadic condition, although Fonkalsrud (1979)
has suggested an autosomal dominant pattern of inheritance
in some families. Duodenal atresia has also been reported as
partofFeingold syndrome,whichhasanautosomaldominant
inheritance as well (Holder-Espinasse et al., 2004). Feingold
syndrome consists of duodenal and esophageal atresia, tra-
cheoesophageal fistula, microcephaly, hand and foot anoma-
lies, facial dysmorphism, and developmental delay.
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73
CHAPTER

Jejunoileal Atresia and
Stenosis

Key Points

■ Most common cause of intestinal obstruction.

■ Proximal jejunum and distal ileum are the most
common locations.

■ Vascular disruption is the etiology but this may be
precipitated by intussusception or volvulus.

■ Cystic fibrosis may be an underlying factor in up to
10% of cases.

■ MRI may be helpful in excluding other diagnoses
or defining associated intra-abdominal cysts in an
evaluation of echogenic bowel.

CONDITION

Jejunoileal atresia and stenosis are among the most common
causes of neonatal intestinal obstruction. Atresia is a com-
plete obstruction of the lumen of the bowel. It is far more
common than stenosis or partial luminal obstruction. These
lesions can occur anywhere in the small bowel but are most
common in the proximal jejunum or distal ileum, where they
account for 31% and 36% of cases, respectively (Robertson
et al., 1994). In addition, multiple atresias of the small bowel
are found in 6% of cases (deLorimier et al., 1969). These

conditions are thought to result from intrauterine vascular
accidents such as volvulus, intussusception, internal hernia,
or vascular constriction (Louw and Barnard, 1955). In utero
vascular compromise as a cause of intestinal atresias was first
suspected because of associated volvulus, intussusceptions,
constriction at the abdominal wall defect in gastroschisis, and
kinking of bowel that were often found in association with
intestinal atresias. This was supported by experimental work
by Louw and Barnard (1955), who were able to replicate the
pathophysiology of small intestinal atresias in animals by in
utero ligation of mesenteric vessels.
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The bowel lumen distal to an atresia contains bile
(bile is first seen at 11 weeks of gestation), planocellular ep-
ithelium (first seen at 12 weeks), and lanugo (first seen at
6–7months),which suggests that avascular accidentoccurred
well after organogenesis was complete (Romero et al., 1988).
In keeping with the theory of a mesenteric vascular accident,
the incidence of associated chromosomal and extraintestinal
anomalies associated with jejunoileal atresia is quite low. In
addition to sporadic occurrence of jejunoileal atresias, they
have also been reported as a complication of amniocentesis
(Richwood, 1977; Swift et al., 1979; Therkelson and Rohder,
1981). Intussusception had been considered to be a rare cause
of vascular disruption resulting in atresia (Nixon and Tawes,
1971; Dalla Vecchia et al., 1998). Komuro and colleagues sug-
gest that antenatal intussusceptionwith orwithout associated
volvulus may be a more important etiology of small bowel
atresia than has been previously recognized (Komuro et al.,
2004). In a single institution’s review of 48 newborns with
small bowel atresia, this group found evidence of intussus-
ception in 12 and volvulus in 13 cases at the time of surgery.
They noted that neither intussusception nor volvulus was ob-
served in cases of high jejunal atresia, apple peel deformity,
or multiple atresias.

The most useful and commonly accepted classification
of intestinal atresias is that proposed by Louw and Barnard
in 1955, with numerous subsequent modifications (Figure
73-1). Type I atresias have an intraluminal diaphragm in con-
tinuity with the muscular coats of the proximal and distal
segments; they account for 32% of cases. Type II atresias have
a fibrotic cord connecting the two blind-ending bowel seg-
mentswithan intactmesentery; theyaccount for25%ofcases.
Type III atresias are divided into those with complete sepa-

I II

IIIa IIIb

lV

Figure 73-1 Classification of intestinal atresias.

ration of the blind-ending loops of bowel with a U-shaped
mesenteric defect (type IIIa); they comprise 15% of cases.
The other, type IIIb atresia, is associated with an extensive
mesenteric defect and an associated “apple peel” deformity.
The terminal ileum is perfused in a retrograde fashion from
a single ileocolic artery around which the distal ileum coils,
giving the appearance of an apple peel. Although these are
unusual atresias, accounting for only 11% of cases, they are
frequently seen in extremely premature infants and result in
significant shortening of bowel length and the short-bowel
syndrome (Dickson, 1970). They may also recur in families.
Type IV lesions aremultiple atresias of the small intestine and
account for 6% to 17% of cases.

When associated anomalies occur in jejunoileal atre-
sia, they generally involve the gastrointestinal tract. While
the incidence of extragastrointestinal anomalies is very low,
other gastrointestinal anomalies may be seen in up to 45% of
patients. These abnormalities includemalrotation (23%), in-
testinal duplications (3%), microcolon (3%), and esophageal
atresia (3%)(deLorimier et al., 1969;NixonandTawes, 1971).
Meconium ileus and meconium peritonitis occur in 12%
and 8% of cases, respectively. Associated cardiac and chro-
mosomal anomalies are rare (Rescorla and Grosfeld, 1985)
(Table 73-1).

Meconium ileus may be the underlying cause of
jejunoileal atresia in infants with cystic fibrosis, who have
signs of prenatal volvulus or meconium peritonitis as a re-
sult of small-bowel perforation. The incidence of meconium
ileus is 20% in most series of jejunoileal atresia (Santulli
et al., 1970). For this reason, cystic fibrosismutation testing or
sweat chloride analysis is advisable for all cases of jejunoileal

Table 73-1

Associated Anomalies Seen in Jejunoileal
Atresia

Anomaly Percentage of Cases

Malrotation 13

Meconium ileus 12

Meconium peritonitis 8

Volvulus 5

Abdominal wall defect 4

Heart disease 3

Trisomy 21 1

Source: Rescorla FJ, Grosfeld JL. Intestinal atresia and stenosis: analysis of
survival in 120 cases. Surgery. 1985;98:668-675.
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atresia. Gastroschisis is also associated with jejunoileal atresia
and is thought to be due to ischemic injury to the bowel from
constriction at the abdominal wall defect (see Chapter 63).

It has been also observed that there is an association be-
tween small-bowel atresia, particularly multiple atresia and
placental vascular abnormalities (Komuro et al., 2004b). In a
small series of 48 cases, 4 infants had significant abnormal-
ities associated with either apple peel abnormality or mul-
tiple intestinal atresia. The placental abnormalities included
marginal cord insertion, placental infarction, calcification,
and cyst formation. In contrast to most cases of jejunoileal
atresia, these cases were associated with extragastrointesti-
nal abnormalities including brain, ophthalmic, and skeletal
anomalies (Komuro et al., 2004b).

INCIDENCE

Jejunoileal atresias occur relatively commonly, with approxi-
mately 1 case in every 3000 livebirths. However, the incidence
of intestinal atresia has been reported to range from 1 in 400
to 1 in 5000 livebirths, with boys and girls affected equally
(Touloukian, 1993). This anomaly is about twice as common
as esophageal atresia and three times more common than
Hirschsprung’s disease (Rowe et al., 1995).

SONOGRAPHIC FINDINGS

The only abdominal structures that normally contain fluid
are the stomach and gallbladder, and these are readily vis-
ible on prenatal ultrasound examination (Goldstein et al.,
1987). Swallowing of amniotic fluid begins at approximately
16 weeks of gestation, and meconium accumulates in the
small bowel and colon throughout the second and third
trimesters. The diagnosis of obstruction before 18 weeks of
gestation is uncommon, and it remains difficult to detect up
to 24 weeks. The bowel becomes progressively more visible
and peristalsis can be seen with increasing gestational age.
Themeconium-filled lumen becomes increasingly echogenic
as compared with the hypoechogenic muscular wall. Dilated
loops of bowel with an internal diameter greater than 7 mm
should be considered abnormal andmay suggest obstruction
(Nyberg et al., 1987). Proximal gastrointestinal obstruction
often leads to polyhydramnios, which occurs in 0.4% to 1.5%
of pregnancies (Wallenburg and Wladimoroff, 1977). Up to
63% of fetuses with jejunoileal atresia associated with poly-
hydramnios have additional anomalies, one-third of which
involve the gastrointestinal tract (Damato et al., 1993).

Some authors have suggested that the association of
polyhydramnios and dilated loops of bowel are markers of
more severe bowel obstruction with a larger need for par-
enteral nutrition and longer predicted lengthof stay (Iacobelli
et al., 2006). In this group’s experience, the presence of di-
lated loops and polyhydramnios were more likely to result in

Figure 73-2 Prenatal sonographic image of a fetus with jeju-
nal atresia demonstrating multiple loops of dilated, thick-walled
bowel, which was associated with increased peristalsis and
polyhydramnios. (Reprinted, with permission, from Robertson FM,
Crombleholme TM, Paidas M, et al. Prenatal diagnosis and manage-
ment of gastrointestinal anomalies. Semin Perinatol. 1994;18:182-
195.)

disproportional size of proximal and distal loops of bowel,
making delayed anastomosis more likely. This information
should be incorporated into prenatal counseling (Basu and
Burge, 2004; Iacobelli et al., 2006).

Jejunal obstruction may be visualized on prenatal ul-
trasound examination by the presence of fluid-filled loops
and bowel demonstrating increased peristalsis (Figure 73-2).
Floating particulate matter may also be observed (Kirkinen
andJouppila, 1984).Theabdomenmayappeardistended, and
in the case of meconium ileus, increased bowel echogenicity
can be present (Muller et al., 1984). Polyhydramnios occurs
in approximately 25% of cases and is seen more commonly
in cases of proximal obstruction. Polyhydramniosmay be ab-
sent in proximal stenosis or very distal obstruction, where
adequate absorption of swallowed amniotic fluid occurs. The
extent of bowel dilation and mural thickening may corre-
late with the presence of obstruction. The incidence of ob-
struction increases significantly when the bowel diameter is
greater than 17 mm. Similarly, the incidence of obstruction
is approximately 40% with a mural thickness of greater than
3mm(Langer et al., 1993).Visualizationof increasedperistal-
sis associated with bowel dilatation increases the likelihood
of obstruction.

In recent years, magnetic resonance imaging has been
usedmore commonly to characterize gastrointestinal anoma-
lies (Quinn et al., 1998; Shinmoto et al., 2000; Ertl-Wagner
et al., 2002; Saguintaah et al., 2002). The utility of MRI is in
not only characterizing gastrointestinal tract abnormalities
but also in demonstrating normal bowel close to an intra-
abdominal cyst (Veyrac et al., 2004) MRI is best used as an
adjunct to ultrasound examination or in combination with
amniotic fluid enzyme analysis (Garel et al., 2006). MRI may
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be informative in evaluating sonographically detected bowel
dilatation or echogenic bowel (Carcopino et al., 2007).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of dilated, thick-walled loops of
intestine, possibly with associated increased peristalsis, in-
cludes jejunoileal atresia, meconium ileus, meconium peri-
tonitis, total colonicHirschsprung’s disease,malrotationwith
or without volvulus, bowel duplication, intestinal hernia,
and functional obstruction due to drug ingestion by the
mother. Other diagnoses that may produce intra-abdominal
anechoic images include ovarian cyst, duodenal atresia, and
hydronephrosis.

ANTENATAL NATURAL HISTORY

The fetus with jejunoileal atresia usually comes to medical
attention as a result of polyhydramnios. The more proximal
the atresia, the greater the likelihood is of developing poly-
hydramnios. Conversely, the more distal the atresia, the less
likely it is that polyhydramnios will develop. If polyhydram-
nios occurs, it will be late in gestation. Even in proximal jeju-
nal atresia, polyhydramnios rarely develops before the third
trimester.

MANAGEMENT OF PREGNANCY

After detection of bowel atresia, subsequent prenatal man-
agement includes a complete fetal anatomic survey. In the
absence of other structural anomalies or echogenic bowel
(see below), no further workup is required. Serial sono-
graphic surveillance should be planned to observe for the
development of polyhydramnios, ascites, or meconium cyst
formation. If echogenic bowel is present, amniocentesis for
fetal karyotype and cystic fibrosis DNA mutation analysis
should be performed. If amniocentesis is planned for kary-
otype analysis in the setting of bowel dilation and echogenic
bowel, consideration should be given to amniotic fluid di-
gestion enzyme assays including gamma-glutamyl transpep-
tidase (GGTP), aminopeptidase (AMP), total alkaline phos-
phatase (ALP) and its isoenzymes including the intestinal
form (iALP) and total protein (Muller et al., 1994; Garel
et al., 2006). Muller et al. (1994) have attempted to corre-
late elevations of amniotic fluid γ γ -glutamyltranspeptidase
(GGTP) and intestinal alkaline phosphatase (iALP) in pa-
tients who underwent amniocentesis for karyotype analysis
because of bowel dilation seen on prenatal ultrasound. Gas-
trointestinal malfunction was confirmed in 46 of 55 cases.
In the 34 cases of gastroduodenal dilation, amniotic fluid
GGTP above the 99th percentile was 71% sensitive but 100%

specific for an anatomic defect, usually duodenal atresia.
However, among fetuses with dilated loops of more distal
bowel, high levels of GGTP and/or iALP were only 69% sen-
sitive and83%specific for fetal gastrointestinal tract anomaly.
Normal values of these enzymes in amniotic fluid, however,
didnot exclude thediagnosisof eitherduodenalormoredistal
obstruction.

Delivery shouldbeplanned in a centerwith appropriate
high-risk obstetric, neonatal, and pediatric surgical support.

FETAL INTERVENTION

There are no fetal interventions for jejunoileal atresia and
stenosis.

TREATMENT OF THE NEWBORN

Postnatal management of jejunoileal atresia or stenosis in-
cludes immediate nasogastric decompression and intra-
venous fluid administration sufficient to correct fluid and
electrolyte deficits. Plain abdominal radiography will verify
tube placement and may suggest the level of obstruction. Air
throughout the intestinewith proximal dilated loops of bowel
is suggestiveof jejunal stenosis.Anemergencyuppergastroin-
testinal contrast study may be required to rule out malrota-
tion with midgut volvulus. Associated anomalies should be
excluded and surgical correction performed as soon as the
infant is adequately resuscitated and prepared for surgery,
usually within hours of delivery. During the postoperative
period, if not performed antenatally, a sweat chloride test or
cystic fibrosis DNA mutation analysis should be performed
in cases of atresia associated with meconium peritonitis to
evaluate the possibility of cystic fibrosis (Santulli et al., 1970).
In the premature infant, DNA analysis is the preferred diag-
nostic test because of the difficulty of obtaining an adequate
sweat sample.

SURGICAL TREATMENT

The infant with intestinal atresia will sequester “third-space”
fluid within the bowel lumen, and dehydration is common
if fluid resuscitation is inadequate. Although bacterial colo-
nization of the gastrointestinal tract takes 24 to 36 hours to
complete, prophylactic intravenous antibiotics (ampicillin/
gentamicin) are routinely administered. Nasogastric decom-
pression with a sump-style tube (Replogle or Anderson) is
essential to decompress the bowel and prevent perforation as
well as minimize risks of aspiration at the time of anesthesia
induction.

A transverse supraumbilical abdominal incision pro-
vides excellent exposure to the entire gastrointestinal tract.
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The site of proximal obstruction is usually obvious, even
in cases of type I atresia (membranous intraluminal di-
aphragm), because of the marked dilatation of the proximal
bowel. It is important to exclude other distal atresias thatmay
not be evident from the external appearance of the bowel
(Grosfeld et al., 1979). This can be assessed after the bowel
is opened, or the atretic segment resected, by instilling nor-
mal saline into the lumen of the distal bowel. The fluid will
distend the bowel all the way to the anus unless another type
I atresia is encountered. If another atresia is found, it is im-
portant to again instill fluid distal to it to exclude the “string
of sausages” effect of multiple atresias or associated colonic
atresia. In cases ofmultiple atresias, extensive bowel resection
is avoided and multiple anastomoses are performed in an ef-
fort to preserve bowel length and prevent complications of
the short-bowel syndrome.

The dilated proximal bowel, although viable, should be
resected to prevent functional obstruction at the anastomoses
because of poor motility in this segment (Touloukian, 1993;
Ozguner et al., 2005). In addition to poormotility, this dilated
loop may be prone to development of blind loop syndrome.
Even with resection of the dilated 15 to 20 cm of proximal
intestine, a significant size discrepancy exists between prox-
imal and distal bowel (Figure 73-3). This size discrepancy
can be minimized by plicating the proximal intestine, which
reduces the circumference and may also enhance motility
(deLorimier and Harrison, 1983; Yamataka et al., 2005). In
addition, the distal loop of intestine can be cut obliquely to
spatulate this smaller-caliber bowel and minimize size dis-
crepancy. In cases associated with significant shortening of
intestinal length, plicating the proximal intestine preserves
intestinal length and mucosal absorptive surface area and
minimizes dysmotility. In cases in which considerable bowel
length has been already lost, some surgeons have used the se-
rial transverse enteroplasty techniques as a means of preserv-

Figure 73-3 Intraoperative photograph of a newborn with je-
junoileal atresia. Note the grossly distended proximal jejunum as
compared with the bowel distal to the most proximal atresia.

ing bowel length and avoiding complications of the short-gut
syndrome (Wales and Dutta, 2005; Modi et al., 2007).

The apple peel deformity in jejunal atresia may be
particularly challenging because of loss of intestinal length,
marked discrepancies between distal and proximal segments,
and the short-bowel syndrome that results from it (Figure
73-4) (Dickson, 1970; Zerella and Martin, 1976; Ahlgren,
1987; Seashore et al., 1987).

In cases in which the jejunal atresia is quite proximal,
a transanastomotic nasojejunal feeding tube may be placed
to allow enteral feedings to be initiated during the immedi-
ate postoperative period. In cases of more distal atresia, we
usually place a central venous catheter for parenteral nutri-
tion until normal gut activity has returned. In cases in which
foreshortened intestine is found or where short-bowel syn-
drome is anticipated, a more permanent Broviac intravenous
catheter should be placed at the time of surgery.

Figure 73-4 Intraoperative appearance of
the apple peel deformity seen in type IIIb je-
junal atresia.
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LONG-TERM OUTCOME

In general, the outcome in infants with jejunoileal atresia is
excellent. During the past two decades, there has been pro-
gressive improvement in survival from approximately 70% in
the late 1960s to 95% in the 1990s. The rare deaths are usu-
ally complications of the short-bowel syndrome, such as line
sepsis or liver failure, or more rarely, due to cystic fibrosis.
Postoperative deaths in jejunoileal atresias are usually due to
severe cardiac defects or ventilator-dependent chronic lung
disease (Touloukian, 1993).

Some infants will have a problem with pseudo-
obstruction or blind loop syndrome in the dilated proximal
bowel loops, but usually these respond to medical manage-
ment.

The prognosis for isolated jejunoileal atresia is excel-
lent. However, in cases in which significant loss of intestinal
length has occurred, complications of the short-bowel syn-
drome will prolong hospitalization and complicate recovery.
Loss of the distal ileum will predispose to megaloblastic ane-
mia from vitamin B12 deficiency and gallstones. In cases of
isolated atresia, a 7- to 14-day hospitalization can be antic-
ipated. If proximal bowel has become dilated, a prolonged
postoperative ileus can be anticipated. These infants require
close observation for complications of bacterial overgrowth
and secondary growth failure. It is important to emphasize
that the majority of infants with jejunoileal atresia have an
excellent prognosis. Long-term follow-up by a pediatric sur-
geon and pediatric gastroenterologist, however, is advisable.

GENETICS AND RECURRENCE RISK

Type IIIb atresia, with apple peel deformity, short bowel, and
retrograde perfusion of distal ileum, has an estimated re-
currence risk of 18% (Al-Awadi et al., 1981; Arnal-Monreal
et al., 1983). This condition has an autosomal recessive pat-
tern of inheritance. Siblings, however, may have atresias of
other types or other anomalies.

There is familial recurrence with other types of atresia,
including type IV (Dimmick and Hardwick, 1992; Shorter
et al., 2006). Hereditary multiple atresia syndrome was first
described in the French Canadian population but is increas-
ingly being recognized (Shorter et al., 2006). Consanguinity
occurring in the affected families suggests an autosomal re-
cessivemode of transmission. Guttman et al. (1973) reported
familial occurrence of both duodenal and jejunoileal atresias
(Martin andZerella, 1976; Arnal-Monreal et al., 1983). Sono-
graphically, this syndrome is of special interest, as in all 5 cases
reported byGuttman et al., intraluminal calcified radiopaque
densities were diagnosed in utero (Guttman et al., 1975).

Parents of patients who have been identified as having
cystic fibrosis in associationwith the jejunoileal atresia should
be advised regarding the 25% risk of recurrence. Preimplan-
tation genetic diagnosis and DNA-based prenatal diagnosis
are available for subsequent pregnancies. Shorter et al. have

proposed a classification system for familial cases of intestinal
atresia based on likely etiologic factors (Shorter et al., 2006).
These investigators suggest that familial cases occur as a re-
sult of embryologic failure of vessels to develop. They sug-
gest classifying familial cases of gastrointestinal atresia into
the following classes, most of which have an autosomal re-
cessive pattern of inheritance: class 1—pyloric atresia; class
2—duodenal atresia limited to the second or third portion
of the duodenum; class 3—hereditary multiple atresia syn-
drome, which includes intraluminal calcification, normal ro-
tation, and cystic dilation of the atresia (possible X-linked
inheritance).

In general, parents of patients with jejunoileal atresia
and stenosis should receive genetic counseling.
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74
CHAPTER

Colonic Atresia

Key Points

■ Accounts for up to 15% of intestinal atresias.
Incidence is about 1 in 20,000 livebirths.

■ On prenatal sonogram appears as multiple dilated
loops.

■ Fetal MRI may demonstrate dilated proximal colon
and absence of meconium in distal colon.

■ Colonic atresia can be associated with
gastrointestinal anomalies or Hirschsprung’s
disease.

■ Diagnosis has no implications for timing or route
of delivery.

■ Overall prognosis is excellent.
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CONDITION

Colonic atresia is a rare cause of intestinal obstruction and
accounts for less than 10% to 15% of all cases of intesti-
nal atresia (Sturim and Ternberg, 1966; Coran and Eraklis,
1969; Bowles et al., 1976; Powell and Raffensperger, 1982;
Touloukian, 1993a). Colonic atresia was first recognized in
1673 by Bininger (Powell and Raffensperger, 1982). The
first survivor with this condition, treated by colostomy, was
not reported until 1922 (Gaub, 1922). Potts (1947) was the
first to report a survivor after primary anastomosis. Few
series of appreciable size have been reported subsequently
because of the rarity of isolated colonic atresia or steno-
sis (Philippart, 1986). The pathogenesis is thought to be
similar to the mechanism responsible for jejunoileal atre-
sia and stenosis (see Chapter 73). The majority of colonic
atresias, which occur proximal to the splenic flexure, in-
clude a significant segment of absent colon with distal
microcolon (Rescorla and Grosfeld, 1985). Anomalies as-
sociated with colonic atresia are unusual, but can include
gastroschisis and jejunal atresia, Hirschsprung’s disease, as
well as ocular and skeletal anomalies (Bowles et al., 1976;
Powell and Raffensperger, 1982; Rescorla and Grosfeld, 1985;
Jackman and Brereton, 1988; Etensel et al., 2005; Draus
et al., 2007). The skeletal anomalies most often seen with
isolated colonic atresia include syndactyly, polydactyly, ab-
sent radius, and clubfoot (Philippart, 1986). Major car-
diac anomalies and genetic defects are rare, although they
have been reported (Robertson et al., 1994). Colonic atre-
sias may be seen as a complicating factor in abdominal wall
defects such as gastroschisis, omphalocele, or vesicointesti-
nal fistulas (Bowles et al., 1976; Powell and Raffensperger,
1982). Hirschsprung’s disease has also been reported to oc-
cur in association with colonic atresia (Johnson and Dean,
1981). However, it is important to remember that in two-
thirds of the cases, colonic atresia occurs as an isolated de-
fect without associated abnormalities. Multiple colonic atre-
sias have been reported but are extremely rare (Touloukian,
1993b).

The classic demonstrationbyLouwandBarnard (1955)
that jejunal atresia results from an in utero mesenteric vas-
cular accident is widely accepted and is thought to also apply
to colonic atresia. Vascular compromise may occur as a re-
sult of a primary vascular accident in utero, or it may be
secondary to a mechanical event, such as intestinal volvulus.
Because colonic atresia, proximal and distal to the splenic
flexure, differs, the cause may also differ in these regions.
Other cases of colonic atresia have been reported due to
internal hernia, compression of the tranverse mesocolon
by a choledochal cyst, or in association with gastroschisis
(Etensel et al., 2005; AlWafi et al., 1998; Basaran et al., 2002).
Rare causes of colonic atresia include those attributed to
multiple intestinal atresias due to disturbed intestinal mor-
phogenesis (Fourcade et al., 2001), fetal varicella infection
(Hitchcock et al., 1995), and familial cases (Benawra et al.,
1981).

INCIDENCE

The occurrence rate of colonic atresia has been reported to
vary from 1 in 1498 to 1 in 66,000 livebirths (Sturim and
Ternberg, 1966; Davenport et al., 1990). The former appears
to overestimate the incidence of colonic atresia and the latter
is thought tobe anunderestimate.One in20,000 appears tobe
more nearly correct, based on experience at major pediatric
surgical centers (Philippart, 1986). In such centers the occur-
rence rate approximates 1 case per year of isolated colonic
atresia or stenosis. The incidence of colonic atresia is equal in
males and females. When there are other associated develop-
mental anomalies, the incidence of colonic atresia increases
significantly. Within the gastrointestinal tract, however, only
gastric atresia is rarer (Philippart, 1986).

SONOGRAPHIC FINDINGS

The prenatal sonographic appearance of colonic atresia may
be indistinguishable from other forms of distal intestinal ob-
struction. Prenatal diagnosis of colonic atresia may be ex-
tremely difficult tomakewith certainty. The sonographic im-
age in colonic atresia is that ofmultiple dilated loops of bowel
(Figure 74-1). It may be difficult to distinguish dilated loops
of small bowel from dilated loops of colon. Polyhydramnios
is an unusual finding in isolated colonic atresia and its pres-
ence should raise suspicions about amore proximal intestinal
obstruction. Perforation may occur proximal to the atresia,
with resulting ascites and meconium peritonitis (Agrawala
et al., 2005) (Figure 74-2).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of these sonographic findings in-
cludes anorectal atresia, cloaca, and Hirschsprung’s disease
(see Chapters 75 and 76).

Figure 74-1 Fetal sonographic image demonstrating multiple
dilated loops of intestine due to an isolated descending colonic
atresia.
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Figure 74-2 Sonographic examination of the same fetus in
Figure 74-1 performed 2 weeks later, demonstrating decompres-
sion of the loops of intestine but with the new finding of fetal as-
cites. This was proven to be due to proximal perforation above
the descending colonic atresia with secondary meconium peri-
tonitis.

ANTENATAL NATURAL HISTORY

Half of colonic atresias occur proximal to the splenic flexure
and half occur distal to it (Coran and Eraklis, 1969; Etensel
et al., 2005). Atresia of the colon proximal to the splenic flex-
ure ismore likely to be associated with loss of proximal colon.
Atresia distal to the splenic flexure is less likely to result in
loss of bowel length. This difference appears to be related
to the watershed nature of the blood supply to the colon at
the splenic flexure. The atresias occurring in the colon vary
from luminal webs to full mesenteric defects. The rarity of
colonic atresia and the lack of prospective prenatally diag-
nosed cases of colonic atresia limit our understanding of its
antenatal natural history.Wedonotbelieve that this diagnosis
has any adverse implications for the pregnancy, and because
associated anomalies are less frequent, the overall prognosis
is excellent.

MANAGEMENT OF PREGNANCY

Because of the potential for associated anomalies, when
colonic atresia is suspected, the fetus should undergo a de-
tailed sonographic examination with special attention to the
skeletal system and the four-chamber view of the heart. If
the cardiac anatomy is poorly seen, fetal echocardiography
should be performed. There is no indication for karyotype
analysis in fetuses in which colonic atresia is suspected, ex-
cept as indicated by maternal age, or if seen in association
with anomalies known to be associated with chromosomal
abnormalities, such as omphalocele. Colonic atresia is not
associated with prematurity, and this diagnosis has no im-
plications for timing or mode of delivery. However, because
of the need for radiographic evaluation and surgery during
the immediate postnatal period, we recommend delivery in

a tertiary care center, with pediatric surgeons, pediatric radi-
ologists, and neonatologists available.

FETAL INTERVENTION

There are no fetal interventions for colonic atresia.

TREATMENT OF THE NEWBORN

In the nursery, the infant with colonic atresia will show ab-
dominal distention, and either fail to pass meconium or
pass only a small amount. Plain abdominal radiographs will
demonstrate multiple loops of dilated bowel with air-fluid
levels consistent with obstruction. A sump-style nasogastric
tube should be passed for intestinal decompression and ve-
nous access obtained for volume resuscitation. Due to the
distal location of the obstruction, fluid can be sequestered
within more proximal loops of bowel. Antibiotics should be
started and a pediatric surgical consultation obtained.

A plain radiograph of colonic atresia may be indistin-
guishable from a more proximal intestinal atresia or meco-
nium ileus. Because of this differential diagnosis, a contrast
enema should be performed. In cases of meconium ileus,
surgery may be avoided if Gastrografin enema is successful in
relieving the obstruction. In colonic atresia, a microcolon is
noted distal to the site of obstruction. Perforation of the mi-
crocolon has been reported during barium enema for colonic
atresia (Sturim and Ternberg, 1966).

SURGICAL TREATMENT

In the past, survival was rare for cases of colonic atresia not
diagnosed during the first 3 days of life. Most morbidity and
mortality associated with colonic atresia occurs in unrecog-
nized cases. In the presence of a competent ileocecal valve,
unrecognized colonic atresia may result in a closed-loop ob-
struction, which may then go on to perforation. Once a di-
agnosis has been made and the infant has been resuscitated
with volume, surgery should be performed. The procedure
is determined by the nature and location of the atresia and
the physiologic status of the infant. Previously, a primary
anastomosis was performed for right-sided atresias because
newborns often did not tolerate ileostomy well. Conversely,
because colostomy was well tolerated in newborns, this was
thepreferredprocedure in left-sidedatresias.Currently,we fa-
vor resection, or tapering enteroplasty of the dilated proximal
colon with primary anastomosis in colonic atresias of either
the left or right colon. It is essential, however, to obtain frozen
sections of the more distal colon to rule out Hirschsprung’s
disease if a primary anastomosis is planned. Failure to diag-
nose Hirschsprung’s disease inevitably leads to breakdown of
the anastomosis. In cases in which Hirschsprung’s disease is
present in association with colonic atresia, either a resection
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and leveling colostomy or resection and an endorectal pull-
through can be performed.Which of these approaches is pre-
ferred depends on the location of the atresia and the degree of
dilatation of the proximal colon. In infants whomay be com-
promised by other factors, such as sepsis or severe respiratory
distress, we perform a proximal colostomy or ileostomy with
closure at a later date when the infant is more stable. Cur-
rent means of nutritional support have diminished concerns
about ileostomy in a newborn.

LONG-TERM OUTCOME

Because of the rarity of isolated colonic atresia,most reported
series are small and encompass several decades of observa-
tions. Experience with this unusual lesion, as well as marked
improvements in supportive care, have improved survival,
which currently is greater than 90% (Bowles et al., 1976;
Powell and Raffensperger, 1982; Etensel et al., 2005; Draus
et al., 2007). Deaths usually occur only as a result of asso-
ciated congenital anomalies, a marked delay in the recog-
nition of the colonic atresia, or failure to recognize associ-
ated Hirschsprung’s disease (Philippart, 1986; Etensel et al.,
2005; Draus et al., 2007). In most historical reviews, deaths
usually occurred prior to the 1970s because of preoperative
colonic perforation. Delayed function of the distal colonic
segment has been observed in several patients and occa-
sionally required intravenous nutritional support. In such
cases, a biopsy to detect the presence of ganglion cells is
appropriate to exclude distal aganglionosis consistent with
Hirschsprung’s disease (Wolloch andDintsman, 1976; Currie
et al., 1983). Occasionally, contrast enemas obtained in pa-
tients who have undergone surgery for correction of colonic
atresia will demonstrate persistent tapering of the distal seg-
ment. In the absence of symptoms, this radiographic feature
is of no concern.

GENETICS AND RECURRENCE RISK

Cases of colonic atresia due to genetic or familial occurrence
havebeenreported(Guttmanetal., 1973;Benawraet al., 1981;
Puri and Fujimoto, 1988).We are aware of one case report of a
family in which congenital colonic atresia was present in two
maternal half brothers and their maternal uncle (Benawra
et al., 1981). The pattern of inheritance was consistent with
autosomal dominance with reduced penetrance, or X-linked.
A familial syndrome of pyloric atresia associated with small-
bowel and colonic atresia has also been described (Guttman
et al., 1973). In general, however, recurrence of colonic atresia
is rare.

There is recent work in transgenic mice that shows that
decreased expression of the fibroblast growth factor receptor
2b in the gastrointestinal tract results in decreased prolifera-
tion and increased apoptosis, resulting in atresia (Fairbanks
et al., 2004). It is not clear, however, that this proposed genetic
mechanism plays any role in colonic atresia.
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Hirschsprung’s Disease

Key Points

■ One of the most common causes of intestinal
obstruction in the newborn. Characterized by
severe constipation due to functional colonic
obstruction with megacolon.

■ Hirschsprung’s disease rarely presents prenatally,
but when it does it is usually due to total colonic
aganglionosis.

■ Sonographic features may include dilated loops of
small intestine occasionally with enterolithiasis.

■ About a quarter of affected patients have
associated anomalies. There is a strong association
with Down syndrome.

■ Hirschsprung’s disease diagnosed prenatally is at
increased risk for syndromic associations by being
long segment aganglionosis.

■ Level II sonogram and antenatal karyotype are
recommended.

■ Diagnosis requires postnatal rectal biopsy to
confirm aganglionosis.

■ Treatment is a pull-through procedure to bring
normal ganglionated bowel to the dentate line.

CONDITION

Hirschsprung’s disease is one of the most common causes of
intestinal obstruction in newborns (Richardson and Brown,
1989; Kleinhaus and Boley, 1993). It usually presents as a low
intestinal obstruction without sepsis. In the least severe cases,
delayed passage of meconium may be the only abnormality
(Potter, 1989; de Lorijn et al., 2007). In more severe cases, the
neonate presents with abdominal distention and bilious or
feculent vomiting, in addition to failure to pass meconium.
In its most serious form, infants present with overwhelming
sepsis due to enterocolitis; a smaller number will present with
peritonitis fromperforation of a normal intestine proximal to
the aganglionic segment. The age at diagnosis varies consid-
erably, but half of the cases are diagnosed during the newborn
period, 75% within 3 months, and 80% within the first year
of life (Ikeda and Goto, 1984; Rowe et al., 1995).

Hirschsprung’s disease is characterized by severe con-
stipation due to functional colonic obstruction with mega-
colon. The conditionbears thenameofHaraldHirschsprung,
a Danish pediatrician, who in 1888 described the autopsy
findings of two unrelated infants who died with congenital
megacolon. While at least 12 cases had been reported prior
to 1888, Hirschsprung’s complete description of the clini-
cal and postmortem findings resulted in his name becoming

attached to the condition. Hirschsprung focused his atten-
tion on the dilated hypertrophied megacolon, but the un-
derlying abnormality was not determined until 1920, when
Dalla Valle reported the absence of ganglion cells in the Auer-
bach plexus in the nondilated transition zone. The absence
of ganglion cells in the distal nondilated segment involves the
Auerbach plexus (myenteric), the Henle (deep submucosal),
and the Meissner plexuses (submucosal) (Skandalakis and
Gray, 1994). The dilated proximal segment of colon ends in
a funnel-shaped transition zone, which tapers into the nar-
rowed, patent, but functionally obstructed distal segment.
This distal segment is usually normal in caliber and appears
narrow only compared to the proximal megacolon (Figure
75-1). The peristalsis of the proximal normal colon tends to
dilate the proximal aganglionic segment, and so the transition
zone is part of the aganglionic segment.

The abnormal innervation in Hirschsprung’s disease
always extends proximally from the anus, including the in-
ternal sphincter (Puri, 1996). Histologically, in the absence
of ganglion cells there are hypertrophied parasympathetic
nerve bundles in the submucosa and between the muscu-
lar layers of the bowel. The parasympathetic (cholinergic)
and sympathetic (adrenergic) nervous systems innervate the
normal colon. The parasympathetic system is excitatory to
the colon and inhibits the internal sphincter. Conversely, the
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Figure 75-1 Barium enema radiograph from an infant with
Hirschprung’s disease. The dilated proximal bowel is the segment
of bowel with normal ganglion cells. Note the narrow rectum and
wide sigmoid. (Courtesy of Dr. R. S. McCauley.)

sympathetic nervous system inhibits the colon and excites
the internal sphincter. In addition, the colon normally re-
ceives intrinsic innervation via purinergic, serotonergic, and
peptidergic systems (Nirasawa et al., 1986). Ganglion cells
receive impulses from both cholinergic fibers and intrinsic
nonadrenergic inhibitory fibers. In Hirschsprung’s disease
the extrinsic innervation is present with increased cholin-
ergic and adrenergic fibers, but the intrinsic innervation is
absent (no purinergic, serotonergic, or peptidergic fibers). In
Hirschsprung’s disease the wave of relaxation that normally
precedes each propulsive peristaltic wave does not occur. In
addition, the normal reflex relaxation of the internal sphinc-
ter following rectal distention does not occur.

The ganglion cells coordinate intrinsic and extrinsic
impulses, and in their absence a functional obstruction re-
sults. Absence of the intrinsic nervous system is the underly-
ing neurophysiologic abnormality in Hirschsprung’s disease.

During embryonic life, neurenteric ganglion cells mi-
grate from the neural crest to the upper end of the alimentary
tract and then followvagal fibers caudad (Dereymaeker, 1943;
Van Campenhout, 1946; Yntema and Hammond, 1947).
Ganglion cells can be seen in the proximal small bowel by
7 weeks of gestation, and the rectum by 12 weeks of gestation
(Okamoto andUeda, 1967).Why ganglionic migration stops
is unknown. It is not due to failure of vagal fibers to innervate
the bowel. Postganglionic fibers from normal ganglia proxi-
mal to affected segments and preganglionic parasympathetic
vagal fibers that fail to connect with ganglion cells continue
to elongate (Bodian et al., 1951; Kamijo et al., 1953; Nixon,
1964).

Megacolon is not always due to Hirschsprung’s disease.
It is now recognized that several anomalies of the myen-

teric plexus may produce a similar clinical presentation to
Hirschsprung’s disease, including neuronal loss, abnormal
nerves, and intestinal neuronal dysplasia (Puri and Wester,
1998; Scharli and Sossai, 1998). Several reports have appeared
describing a clinical presentation that is indistinguishable
from Hirschsprung’s disease in which ganglia were present
but there was either hypoganglionosis, immature ganglia, or
other neuronal abnormalities (Burghaighis and Emery, 1971;
Tanner et al., 1976; Munakata et al., 1978).

The internal sphincter is involved in all cases, but the
proximal extent of aganglionosis varies. The rectosigmoid is
involved in about half of the patients, and an additional 15%
have involvement of the splenic flexure or hepatic flexure
or have total colonic Hirschsprung’s disease. In 8% of the
cases, aganglionosis may extend to the small bowel (Bickler,
1992). Rare cases of discontinuous aganglionic segmentswith
normal functioning intervening bowel have been reported
(Sprinz et al., 1961; Anderson and Chandra, 1986; Seldenrijk
et al., 1986; Skandalakis and Gray, 1994).

INCIDENCE

The incidence figures quoted for Hirschsprung’s disease have
increased from the earliest report by Hautau in 1960 of
1 in 41,200, as a result of greater appreciation of the spec-
trum of disease. The incidence of Hirschsprung’s disease is
now thought to be 1 in 5000 livebirths, second only to py-
loric stenosis as a cause of intestinal obstruction in newborns
(Passarge, 1967; Parisi and Kapur, 2000). Hirschsprung’s dis-
easemaybeslightlymorecommoninJapan,withan incidence
of 1 in 4697 to 5343 (Suita et al., 2005). The highest incidence
reported is in the Federated States of Micronesia with a rate
of 1 in 1370 livebirths or 3 to 5 times the rate observed in the
West (Meza-Valencia et al., 2005). There is no racial predilec-
tion. Males are more commonly affected than females, with
a ratio of approximately 4:1 (Kleinhaus et al., 1979; Sherman
et al., 1989). The number of females with Hirschsprung’s dis-
ease has varied from 5% to 22% of cases (Bodian et al., 1949;
Keefer andMokrohisky, 1954; Richardson and Brown, 1962).
These incidence figures are based on livebirths. It is unknown
if Hirschsprung’s disease is associated with lethal malforma-
tions, as aganglionosis often cannot be recognized grossly at
autopsy in a fetus or newborn because dilation and hypertro-
phy have not yet developed.

Numerous anomalies are associated with
Hirschsprung’s disease. Two percent of patients with
aganglionosis have Down syndrome (Passarge, 1967). Coran
et al. (1978) noted that 26% of their patients had associated
anomalies, including congenital heart disease, Smith–Lemli–
Opitz syndrome, and multiple renal anomalies. Other large
series have confirmed this finding, with 16% to 32% of
patients having one or more associated anomalies. Except for
Down syndrome and anomalies of the genitourinary tract,
there is no consistent pattern of associated malformations
(Passarge, 1967; Lister, 1977; Seldenrijk et al., 1986) (Table
75-1).
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Table 75-1

Anomalies Associated with Hirschsprung’s Disease

Syndromes MIM Key Features

Syndromic NCC
disorders

WS4 (Shah–
Waardenburg)

277580 Pigmentary anomalies (white forelock, iris hypoplasia,
patchy hypopigmentation

Yemenite deaf-blind-
hypopigmentation

601706 Hearing loss, eye anomalies (microcornea, coloboma,
nystagmus), pigmentary anomalies

BADS 227010 Hearing loss, hypopigmentation of the skin and retina
Piebaldism 172800 Patchy hypopigmentation of the skin
Haddad 209880 Congenital central hypoventilation
MENZA Medullary thyroid carcinoma, pheochromocytoma,

hyperplasia of the parathyroid
Riley-Day 223900 Autonomic nervous system anomalies

HSCR mandatory Goldberg–Shprintzen 235730 Mental retardation, polymicrogyria, microcephaly, CF,
coloboma, facial dysmorphic features

HD with limb
anomalies

235740 Polydactyly, unilateral renal agenesis, hypertelorism,
deafness

235750 Postaxial polydactyly, ventricular septal defect
235760 Hypoplasia of distal phalanges and nails, dysmorphic

features
604211 Preaxial polydactyly, heart defect, laryngeal anomalies
306980 Brachydactyly type D

BRESHEK Brain abnormalities, retardation, ectodermal dysplasia,
skeletal malformation, Hirschsprung disease, ear/eye
anomalies, kidney dysplasia

HCSR occasionally
associated

Mowat–Wilson 235730 Mental retardation, microcephaly, epilepsy, facial gestalt,
hypospadias, renal anomalies, ACC, CCD

Bardet–Biedl syndrome
and/or

209900 Pigmentary retinopathy, obesity, hypogenitalism, mild
mental retardation, postaxial polydactyly

Kauffman–McKusick 236700 Hydrometrocolpos, postaxial polydactyly, congenital
heart defect

Smith–Lemli–Opitz 270400 Growth retardation, microcephaly, mental retardation,
hypospadias, 2–3 toes syndactyly, dysmorphic features

Cartilage-hair
hypoplasia

250250 Shortlimb dwarfism, metaphyseal dysplasia
immunodeficiency

HSAS/MASA 307000 Hydrocephalus, aqueductal stenosis, spasticity adducted
thumbs, ACC, mental retardation

HSCR rarely
associated

Fukuyama congenital
muscular dystrophy

253800 Muscular dystrophy, polymicrogyria, hydrocephalus, MR,
seizures

Clayton–Smith 258840 Dysmorphic features, hypoplastic toes and nails, ichthyosis
Kaplan 304100 Agenesis of corpus callosum, adducted thumbs, ptosis,

muscle weakness
Okamoto 308840 Hydrocephalus, cleft palate corpus callosum agenesis
Werner mesomelic

dysplasia
188770

Pitt–Hopkins 610954 Epileptic encephalopathy, facial dysmorphic features,
bouts of hyperventilation, dysautonomia

Jeune asphyxing
thoracic dystrophia

208500

(continued )
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Table 75-1

Anomalies Associated with Hirschsprung’s Disease (Continued )

Syndromes MIM Key Features

Miscellaneous
associations

Pallister-Hall (CAVE) 140510 N/A
Fryns 229850 N/A
Aarskog 100050 N/A
Fronto-nasal dysplasia 136760 N/A
Osteopetrosis N/A
Goldenhar 164210 N/A
Lesch-Nyhan 308000 N/A
Rubinstein-Taybi 180849 N/A
Toriello-Carey 217980 N/A
SEMDJL 271640 N/A

SONOGRAPHIC FINDINGS

The sonographic findings of Hirschsprung’s disease are non-
specific and rare. Hirschsprung’s disease has been suspected
or diagnosed prenatally in only three cases (Wrobleski and
Wesselhoeft, 1979; Vernesh et al., 1986; Eliyahu et al., 1994).
The combination of polyhydramnios, diffuse and progres-
sive fetal-bowel distention, and increased abdominal circum-
ference raises the possibility of fetal Hirschsprung’s disease
(Figure 75-2). Some have argued that because most cases
occur in term infants, and cases are rarely symptomatic

Figure 75-2 Axial section through fetal abdomen demonstrat-
ing dilated bowel loops.

within the first 24 hours, Hirschsprung’s disease does not oc-
cur prenatally. The three reported cases challenge this view,
as Hirschsprung’s disease can present in at least the third
trimester. However, these cases resulted from total colonic
aganglionosis, and presented with small-bowel dilation and
polyhydramnios. Total colonic Hirschsprung’s disease ac-
counts for only 3% to 12% of cases (Wildhaber et al., 2005).
The majority of cases, however, involve the rectosigmoid re-
gion and are unlikely to result in polyhydramnios. Given the
absorption of amniotic fluid that occurs in the ileum and
colon proximal to this region, functional obstruction at this
level would also not be expected to cause bowel dilation.

Another sonographic finding that has been suggested
as a possible sign of fetal Hirschsprung’s disease is echogenic
bowel (Wrobleski and Wesselhoeft, 1979). However, no case
of Hirschsprung’s disease has been diagnosed based solely on
the sonographic finding of echogenic bowel. Total colonic
Hirschsprung’s disease canmimicmeconium ileus and result
in enterolithiasis present in the terminal ileum (Cowles et al.,
2006).

DIFFERENTIAL DIAGNOSIS

The sonographic findings of bowel dilation associated with
polyhydramnios suggests adifferential diagnosis that includes
jejunal, ileal, or colonic atresia or stenosis, persistent cloaca,
meconium ileus, and imperforate anus (Table 75-2). The pre-
natal sonographic features of bowel atresias, especially ileal
or colonic, can be indistinguishable fromHirschsprung’s dis-
ease. Atresias are a more common cause of fetal small-bowel
obstruction, however. The sonographic features of persis-
tent cloaca should distinguish it fromHirschsprung’s disease.
In neonates, perforation of the colon proximal to the agan-
glionic segment can occur. This has not been reported pre-
natally, but would be expected to present with sonographic
features of meconium peritonitis such as intraabdominal
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Table 75-2

Differential Diagnosis of Hirschsprung’s
Disease

Meconium ileus

Meconium plug syndrome

Neonatal small left colon syndrome

Malrotation with volvulus

Incarcerated hernia

Jejunoileal atresia

Colonic atresia

Intestinal duplication

Intussusception

Necrotizing enterocolitis

Sepsis

Intracranial hemorrhage

Hypothyroidism

Maternal drug ingestion/administration

Adrenal hemorrhage

Hypermagnesemia

Hypokalemia

calcifications, ascites, or pseudocyst formation. Total colonic
Hirschsprung’s disease can result in enterolithiasis due to
complete functional obstruction and precipitation of urate
within the lumen. In the absence of reflux of urine into the
colon in imperforate anus, resulting in intra-abdominal calci-
fication, there are no specific sonographic features for imper-
forate anus. It is unusual to see bowel dilation in utero with
imperforate anus. This must be considered in the differential
diagnosis of a fetus with dilated loops of intestine.

ANTENATAL NATURAL HISTORY

The paucity of case material has precluded our defining the
natural history of Hirschsprung’s disease. However, dilated
loops of bowel associated with polyhydramnios are more

likely to be the result of a condition other thanHirschsprung’s
disease. In prenatal cases in which Hirschsprung’s disease is
suspected, it is likely to be the result of total colonic agan-
glionosis or aganglionosis extending even further proximally
to the small bowel, which results in polyhydramnios.

MANAGEMENT OF PREGNANCY

A suspected case of fetal Hirschsprung’s disease is unlikely to
affect themanagement of the pregnancy except for the associ-
ated polyhydramnios. There is no need to change the timing
or site of delivery. Polyhydramnios may result in uterine irri-
tability between labor and delivery. We reserve amnioreduc-
tion, however, for cases in which the increased uterine size
results in maternal respiratory compromise. Because of the
strong association with other anomalies (Table 75-1), a de-
tailed level II sonographic examination should be performed
and amniocentesis for karyotype analysis should be offered.

In cases of fetal dilated bowel and polyhydramnios,
the parents should be referred to a center with pediatric
surgeons and a pediatric radiologist available for immedi-
ate postnatal evaluation. This is not primarily because of the
Hirschsprung’s disease, which generally does not present as a
neonatal surgical emergency, but because of the more com-
mon conditions such as jejunal or ileal atresia that do. There
is no indication for cesarean section in suspected cases of
Hirschsprung’s disease except for standard obstetrical indi-
cations.

FETAL INTERVENTION

There are no fetal interventions for Hirschsprung’s disease.

TREATMENT OF THE NEWBORN

The infant in whom Hirschsprung’s disease is suspected
should have a careful abdominal and rectal examination to
ruleout imperforate anus.Aplain abdominal radiographmay
be helpful after 8 to 12 hours of age to detect dilated loops of
intestine after swallowing air. The infant should be observed
for the passage of meconium without stimulation. If the in-
fant fails to have spontaneous passage of meconium within
48hours, abariumenemashouldbeperformed. Innewborns,
the absence of a transition zone detected on contrast enema
does not exclude the diagnosis of Hirschsprung’s disease, as
sometimes days to weeks are required before proximal bowel
dilation is evident.

The infant inwhomHirschsprung’s disease is suspected
prenatally must be evaluated immediately postnatally with
the entire differential diagnosis of lower intestinal or func-
tional obstruction in mind (Table 75-2). The differential di-
agnosis of Hirschsprung’s disease is quite lengthy and an
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orderly approach to the evaluation is required. The infant
with meconium ileus will present with a picture of distal ileal
obstruction due to cystic fibrosis. Barium enema in meco-
nium ileus, in contrast to Hirschsprung’s disease, reveals a
microcolon and characteristic pellets of inspissated meco-
nium in the ileum. However, the presence of right lower cal-
cifications due to enterolithiasis should raise the possibility of
long segment intestinal aganglionosis (Cowles et al., 2006).

In themeconiumplugsyndrome,acharacteristicmeco-
nium plug is seen with a smaller-than-normal left colon. The
infant begins producing stools normally after contrast en-
ema and passage of the plug. The plug is not obstructive
and is thought to form as a result of left colonic dysmotil-
ity, which improves postnatally. A small percentage of infants
with the meconium plug syndrome will subsequently be di-
agnosed with Hirschsprung’s disease and for that reason all
cases of meconium plug syndrome should undergo suction
rectal biopsy. The neonatal small left colon syndrome is sim-
ilar to the meconium plug syndrome except that no plug is
observed and it ismost often seen in infants of diabeticmoth-
ers. There appears tobe a transition zone at thehepatic flexure
in a small left colon syndrome.However, the rectum is normal
and the functional obstruction in small left colon syndromes
is self-limited.

Other diagnoses listed in Table 75-2 can mimic
Hirschsprung’s disease but are usually distinguished by their
associated clinical or radiographic findings: volvulus by bil-
ious vomiting and proximal bowel obstruction; necrotizing
enterocolitis in a premature infant with pneumatosis intesti-
nalis observed on plain radiography; functional obstruction
from administration of drugs such as magnesium sulfate
to the mother; intracranial hemorrhage, hypothyroidism,
adrenal hemorrhage, or hypermagnesemia and hypokalemia.

Once suspicion of Hirschsprung’s disease has been
raised, plain abdominal radiographs with anteroposterior
and cross-table lateral decubitus views should be obtained to
evaluate for evidence of intestinal obstruction and to rule out
free intraperitoneal air. This can then be followed by barium
enema, anorectal manometry, or a suction or full-thickness
rectal biopsy.

The characteristic radiographic features of a narrowed
rectosigmoid with proximal colonic dilatation forming a
transition zone are sometimes missed during the newborn
period (Figure 75-1). Some have questioned the usefulness
of barium enema during the newborn period. However, if a
transition zone is seen, it is diagnostic of Hirschsprung’s dis-
ease. Failure to evacuate the bariumwithin 24 hours after the
study is also highly suggestive of Hirschsprung’s disease.

The internal sphincter is invariably involved in all
cases of Hirschsprung’s disease. Some have used anorec-
tal manometry as a noninvasive bedside diagnostic test for
Hirschsprung’s disease. The limitation of this approach is the
difficulty of positioning the balloon and the lack of sensitivity
of the equipment in infants less than 39 weeks of postconcep-
tual age or less than 2.7 kg (Tobon et al., 1968; Holschneider
et al., 1976; Tarmate, 1984). This is a technique more com-
monly employed in Japan (Ikeda and Goto, 1984).

Swenson (1950) established rectal biopsy as the defini-
tive test for the diagnosis of Hirschsprung’s disease, which
is based on the absence of ganglion cells in the plexuses of
Auerbach, Henle, and Meissner. This is often associated with
hypertrophic nerve bundles in the aganglionic segments. Be-
cause of the need for general anesthesia and occasional post-
procedurerectalbleeding,AldridgeandCampbell (1968) sug-
gested the use of suction rectal biopsy. This procedure can be
performed without anesthesia, at the bedside, and because it
is not a full-thickness biopsy, it does not make a subsequent
pull-through procedure more difficult.

SURGICAL TREATMENT

The traditional approach to the treatment of Hirschsprung’s
disease has been with a prompt diverting colostomy (Fig-
ure 75-3). In the past, the major cause of mortality was
the development of enterocolitis prior to the diagnosis of
Hirschsprung’s disease. Colostomy may be lifesaving in an
infant with enterocolitis. This is referred to as a “level-
ing colostomy” because the level of the colostomy is deter-
mined by full-thickness biopsies obtained to avoid making
the colostomy in the transition zone, which will result in a
functionally obstructed colostomy.

There are three commonly performed surgical pro-
cedures; each has some modifications. The first procedure,
described by Swenson et al. in 1949, involves resection of
the aganglionic segment and anastomosis of ganglionated

Figure 75-3 Intraoperative view of a typical case of
Hirschsprung’s disease at the level of the transitional zone.
The distal bowel with the relatively normal caliber is the agan-
glionic segment while the dilated proximal bowel has normal
ganglion cells. Sutures are at site of biopsies to check for ganglion
cells.
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proximal colon to the distal rectum. One concern with this
procedure is the need to maintain the dissection immedi-
ately adjacent to the rectal wall to avoid injury to the pelvic
nerves responsible for rectal, bladder, and sexual function. In
1964 Duhamel, in order to avoid the risk to pelvic innerva-
tion, introduced this procedure,which limits dissection to the
retrorectal space and anastomoses ganglionated colon to the
pectinate line in an end-to-side fashion. The disadvantage of
this techniquewas the long-retained rectal septumand stump
of a ganglionated bowel.Martin andCandill (1967) proposed
opening the wall between aganglionic rectum and the gan-
glionated pulled-through colon to alleviate these problems.
This procedure has the advantage of technical ease and can
be performed in the case of a failed Swenson procedure.

Soave introduced the endorectal pull through in 1964,
with subsequentmodificationbyBoley (1984).Themajordif-
ference between Soave’s procedure and Swenson’s is that the
dissection of the rectum is performed in a submucosal plane
protecting the pelvic innervation. The ganglionated bowel is
pulled through the aganglionicmuscular rectal cuff and anas-
tomosed at the dentate line. The aganglionic muscular rectal
cuff is split in the posterior midline to prevent interference
with normal function of the pullthrough.

More recently, many pediatric surgeons have begun
performing a definitive pull-through procedure at the time
of diagnosis without preliminary colostomy, with good re-
sults (So et al., 1988; Teitelbaum and Coran, 1998). This is,
of course, limited to infants with no evidence of enterocoli-
tis. Georgeson et al., (1995) have also reported success with a
laparoscopic Swenson procedure without a need for prelim-
inary colostomy. This approach not only avoids colostomy,
but is associated with more rapid postoperative recovery and
discharge from the hospital (Craigie et al., 2007). In new-
borns with a transition zone at the distal descending colon a
primary transanal Soave procedure can be performed which
avoids even laparoscopy. This approach allows the infant to
be discharged within 2 to 3 days of the procedure (Albanese
et al., 1999; Langer et al., 1999).

LONG-TERM OUTCOME

The longest follow-up information available for patients with
Hirschsprung’s disease who have undergone pull-through
procedures was reported by Swenson et al. in 1985. The long-
term functional results were excellent, with no cases of im-
potence or urinary incontinence, and a 1.4% incidence of
chronic fecal soiling. Normal bowel habits were experienced
by 89.7% of these patients. However, these results have not
been reproduced by other surgeons performing Swenson’s
operation. This has led to themore common use of the Soave
or Duhamel procedures.

There is growing appreciation of the potential compli-
cations observed during long-term follow-up of patients with
Hirschsprung’s disease. Up to 23% of patients experience en-
terocolitis despite this pull-through procedure (Surana et al.,

1994; Teitelbaum and Coran, 1998; Menezes et al., 2006). Pa-
tients with Down syndrome appear to be at increased risk for
this complication (Teitelbaum, 1997; Teitelbaum and Coran,
1998; Menezes et al., 2006). The incidence of fecal inconti-
nence ranges from 3% to 10% (Menezes et al., 2006; Swenson
et al., 1985). The incidence of constipation following pull-
through procedures for Hirschsprung’s disease ranges from
6%to34%(Puri andNixon, 1977;Quinnet al., 1992;Rescorla
et al., 1992;Marty et al., 1995; Yanchar and Soucy, 1999; Saleh
et al., 2004). A consistent observation is that bowel function
continues to improvewith time, regardless of the type of pull-
through procedure performed (Menezes et al., 2006).

GENETICS AND RECURRENCE RISK

There is good evidence for a genetic predisposition to
Hirschsprung’s disease. Siblings of female index patients have
360 times the risk of developing Hirschsprung’s disease than
that of the general population (recurrence risk, 7.2%). Sib-
lings ofmale index patients have a risk of the disease 130 times
that of the general population (recurrence risk, 2.6%). The
proportion of affected siblings also increases when the index
patient has a “long” aganglionic segment extending beyond
the sigmoid colon (Swenson, 1950; Duhamel, 1964; Passarge,
1967; Carter et al., 1981; Raffensperger, 1990).

It is estimated that mutations in the RET proto-
oncogene may account for as many as 20% of cases
of Hirschsprung’s disease (Martucciello and Holschneider,
1998). The association with Down syndrome and other
chromosomal abnormalities also suggests a genetic compo-
nent to the cause of some cases of Hirschsprung’s disease.
Trisomy 21 is the most common chromosomal abnormality
associated with Hirschsprung’s disease, occurring in 4.5% to
16% of cases (Polley and Coran, 1986; Puri, 1993; Menezes
et al., 2006). Other chromosomal abnormalities associated
withHirschsprung’sdisease includepartial trisomiesof 22q11
and 11q23 (Beedgen et al., 1986); deletion of 2p22 in com-
bination with a reciprocal translation (Webb et al., 1988);
trisomy 18 mosaicism (Passarge, 1973); and interstitial dele-
tions of 13q (Kiss and Osztovics, 1989; Lamont et al., 1989;
Bottani et al., 1991) and 10q (Martucciello et al., 1992; Luo
et al., 1993; Fewtrell et al., 1994).

Familial cases of Hirschsprung’s disease have been de-
scribed. Richardson and Brown (1962) reviewed 54 cases in
21 families, including 1 family in which 5 of 6 sons from the
samemother, but with 3 different fathers, hadHirschsprung’s
disease. Bodian et al., (1951) estimated the probability of pro-
ducing a second male sibling with the disease at 20%. In a
large Texas cohort, Reyna described 6 affected members in
a 54 member, five-generation pedigree. He suggested auto-
somal dominant inheritance with variable expression of the
phenotype. The incidence of familial Hirschsprung’s disease,
however, is only on the order of 3% to 7% of total cases
(Reyna, 1994). Klein (1964) suggested that males and fe-
males are equally affected with long aganglionic segments,
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but males are frequently affected with short-segment agan-
glionosis. They estimated the probability of a second child
withHirschsprung’s disease to be 5% ifmale, but less than 1%
if female, with an overall risk of 4% for short-segment cases.
The risk for either sex following birth of a child with long-
segment Hirschsprung’s disease, however, is 12.5% (Klein,
1964).

Complex segregation analysis performed on multiple
families seems to indicate two different patterns of inheri-
tance in Hirschsprung’s disease. For families in which there
is long-segment aganglionosis extending beyond the sigmoid
colon, themode of inheritance appears to be autosomal dom-
inant, with variable expression of the phenotype. For families
affected by short-segment aganglionosis, the inheritance pat-
tern is either multifactorial or due to a recessive gene with
very low penetrance (Badner et al., 1990).

Isolated Hirschsprung’s disease has complex non-
Mendelian inheritance. The major susceptibility genes in-
clude theRET proto-oncogene, on chromosomeband 10q11,
the glial cell line–derived neurotrophic factor (GDNF)
(Angrist et al., 1993; 1996; Ivanchuk et al., 1996; Solomon
et al., 1996), the endothelin-B receptor (EDNRB) and its
ligand endothelin-3 (Edery et al., 1996; Hofstra et al., 1996;
Puffenberger et al., 1996). These susceptibility genes do not
account for the etiology of aganglionosis in many patients,
especially sporadic cases. A search continues for other candi-
date susceptibility genes (Kusafuha and Puri, 1998).

Hirschsprung’s disease is considered today to be a sex-
modified multifactorial congenital malformation with an
overall recurrence risk in siblings of a proband to be 4%
(Amiel et al., 2008). A greater risk for recurrence would
be expected if the proband is female with long segment
Hirschsprung’s disease (Edery et al., 1994). As a neuro-
cristopathy, Hirschsprung’s disease is associated with a num-
ber of other neurocristopathies includingmultiple endocrine
neoplasia type II (MEN2), neuroblastoma, conotruncal heart
defects, and Waardenburg syndromes (see Table 75-1).
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76
CHAPTER

Imperforate Anus

Key Points

■ Incidence is 1 in 5,000 livebirths. Has been linked
to maternal diabetes, thalidomide, ethanol, and
assisted reproductive technology.

■ Imperforate anus is difficult to diagnose by
prenatal sonographic studies.

■ Sonographic findings that may be due to
imperforate anus include transient bowel dilation
in first trimester, intraluminal calcifications in the
colon, and persistent distal bowel dilation later in
gestation.

■ Fetal MRI may be an important adjunct to
ultrasound examination if anorectal malformation
is suspected.

■ 50% of anorectal malformations have associated
anomalies of the spine, limbs, genitourinary
system, trachea, esophagus and the heart.
Echocardiogram is indicated.

■ Associated with many syndromes and
chromosome abnormalities. Amniocentesis is
indicated for fetal karyotype.

■ Delivery should occur in a tertiary care center with
pediatric surgical, radiologic, and genetic expertise
available.

■ Bowel continence is usually achieved in 90% of
patients.

CONDITION

Imperforate anus has been recognized since antiquity, but
has only been treatable in all of its forms in the latter half of
the past century. The first surgical anoplasty for a low-type
of imperforate anus was performed by Amussat in Paris in
1835. The next significant advance did not occur until the
work of Stephens, who described a combined sacral and ab-

dominal perineal approach based on cadaveric dissections.
This highlighted the importance of the puborectolia sling
(Stephens, 1953). Themodern approach to reconstruction of
imperforate anus was pioneered by deVries and Pena in 1982,
with the posterior sagittal approach to the whole spectrum of
anorectal malformations using the posterior sagittal anorec-
toplasty (PSARP) (deVries and Pena, 1982; Pena and deVries,
1982).



521

Chapter 76 Imperforate Anus

Anomalies of the anus and rectum have usually been
explained on the basis of an arrest of the caudal descent of
the urorectal septum toward the cloacal membrane between
4 and 8 weeks of gestation (Fitzgerald and Fitzgerald, 1994).
At 4 to 6 weeks the cloacal membrane becomes partitioned
into the anterior urogenital sinus and the posterior anorec-
tum by the cranial to caudal growth of mesoderm-derived
urorectal septum. The urorectal septum fuses with the cloa-
calmembraneatwhat thenbecomes theperinealbody (Paidas
and Pena, 1996). The mesoderm-derived urorectal septum is
composed of themidline Tournex fold and two lateral Rathke
folds. The lower third of the anal canal is derived from the ec-
toderm of the anal pit. Fusion of the hindgut mesodermwith
the ectodermoccurs at thedentate line. FailureofRathke folds
to develop results in arrest of the inferior urorectal septum,
resulting in a rectourethral fistula in themale and a persistent
cloaca in the female. This arrest in Rathke folds usually oc-
curs just below the paramesonephric duct, but a more caudal
arrest in Rathke folds could result in a high rectovaginal fis-
tula in a female. Failure of both Rathke and Tourneaux folds
in males results in rectovesicular fistulas at the bladder neck.
In the female it is more likely to result in cloacal anomaly or
duplicated vagina and uterus (Paidas and Pena, 1996). The
malalignment of Tourneaux and Rathke folds may also re-
sult in rectourethral fistula in males and vestibular fistula in
females. Isolated imperforate anus without a fistula occurs
from failure of the anal pit to form, and despite normal de-
scentofTourneauxandRathke folds, the lackofanectodermal
anal pit results in imperforate anus. Failure of the anal mem-
brane to resorb or incomplete resorption despite formation
of the anal pit results in rectal atresia or stenosis, respectively.
Defects in mesoderm at the level of the perineal body are
thought to result in perineal fistula.

An alternative theory of the embryologic origin of
anorectal malformation focuses on the dorsal cloacal mem-
brane in observations in pigs with anorectal malformations
(Van der Putte, 1986; Van der Putte andNeeteson, 1984). Van
der Putte suggests that the division of the anal and urogenital
systems is the result of a marked alteration in the shape of
the cloaca by disproportionately strong growth of the mantle
mesenchyme surrounding the urogenital compartment (Van
der Putte, 2006).

As many as 50% of cases of anorectal malformations
have associated anomalies (Table 76-1). Spinal or skeletal
anomalies are present in 50% of cases, genitourinary anoma-
lies in 58%, tracheoesophageal fistula in 10%, and cardiac
anomalies in 5% (Sanders, 1996; Stoll et al., 2007). Imper-
forate anus is part of the VACTERL association and is not
uncommon in trisomy 21 (Torres et al., 1998).

INCIDENCE

The incidence of imperforate anus is 1 in 5000 livebirths
(BoocockandDonnai, 1987;Cuschieri andEUROCATWork-
ing Group, 2001; Kiely and Pena, 1998; Schwoebel, 1984;
Stephens and Smith, 1971).Most reports note amale prepon-

derance of between 55% and 65% of cases (Kiely and Pena,
1998; Stephens, 1953;Weinstein, 1965). Imperforate anus has
been linked tomaternal diabetes mellitus, thalidomide expo-
sure, ethanol intake, and assisted reproductive technology
(Midrio et al., 2006).

SONOGRAPHIC FINDINGS

It is unusual to make a diagnosis of imperforate anus on
a prenatal sonographic examination. In a series of 69 cases
of imperforate anus, only 11 (15.9%) were diagnosed pre-
natally (Brantberg et al., 2006). Similarly, Livingston et al.
(2006) found that in a series of 95 children diagnosed post-
natally with anorectal malformations, the correct diagnosis
wasmade by antenatal sonography in only one child. Sanders
(1996) has noted that the anus can be seen in the normal fetus
as an echogenic dot on a transverse viewat the level of the gen-
italia. He notes that this dot is absent in cases of imperforate
anus. The reliability of the absence of this echogenic dot is un-
known. It likely represents the echogenic sphincter complex,
which may be present even if there is imperforate anus. More
commonly, a dilated distal colonmay be observed in the fetal
pelvis (Guzman et al., 1995; Taipale et al., 2005) (Figure 76-1).
But as Kaponis et al. (2006) have observed, bowel dilatation
in anorectal malformations may be transient, occurring only
during the first trimester (Gilbert et al., 2006).

Harris et al. (1987) reviewed sonographic features of
12 cases of anorectal atresia and found evidence of bowel di-
latation in the distal colon in 5 of the 12 cases. The features
of distal bowel obstruction becomemore obvious as the fetus
approaches term. The earliest reported prenatal diagnosis of
imperforate anus is 29 weeks of gestation; however, isolated
transient bowel dilation which proved to be due to anorectal
malformation has been observed as early as 12 weeks of ges-
tation (Gilbert et al., 2006; Kaponis et al., 2006; Lam et al.,
2002).

Because of the distal level of obstruction, some authors
found it unusual that any degree of bowel dilatation was de-
tectable and blamed the rectourethral or rectovesical fistula
as a cause of bowel dilatation (Goldstein, 1994). In cases in
which an anorectalmalformation is suspected, amniotic fluid
levels of digestive enzymes gammaglutamyl transpeptidase,
aminopeptidase M, and intestinal alkaline phosphatase were
found to be less than the first percentile (Bourdelat et al.,
2001).

Several authors have reported intraluminal colonic cal-
cifications in imperforate anus (Bean et al., 1978; Grant et al.,
1990; Sholen et al., 1983). This is presumed to be due to
urine refluxing via the associated rectourethral fistula and
precipitating as calcified meconium. There are a number of
sonographically detectable abnormalities that may be seen
in association with imperforate anus, including renal agen-
esis, renal dysplasia, horseshoe kidney, uterine duplications,
cardiovascular, central venous system, and gastrointestinal
and skeletal system anomalies.
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Table 76-1

Anomalies Associated with Anorectal Malformations (ARM)

Syndrome Prominent Features Inheritance Pattern

ARM alone
Isolated imperforate

anus
None Heterogeneous, AR, XLR,

and AD

ARM and neurologic anomalies
Anosacral defect Anterior sacral meningocele, teratoma, or cyst Heterogeneous, AD, XLD,

FG, XLMacrocephaly, broad forehead, frontal hair upswept, hypotonia,
mental retardation

ARM and skeletal anomalies
Baller–Gerold Craniosynostosis, radial defect, short stature AR
IVIC Radial defects, strabismus, thrombocytopenia, deafness AD
Jarcho–Levin Rib and vertebral defects, respiratory failure in infancy AR
Presacral teratoma Sacral dysgenesis AD
Saldino–Noonan Short ribs, short limbs, postaxial polydactyly, visceral

abnormalities, lethality
AR

Say Preaxial polydactyly, malformed vertebral bodies and ribs (may
be the same as PIV syndrome)

Sporadic

Thanatophoric
dysplasia

Micromelia, platyspondyly, early death Sporadic

Townes–Brocks Deafness, triphalangeal thumb, overfolded helices, flat feet AD

ARM and chromosomal anomalies
Cat eye Ocular coloboma; ear, cardiac, and renal anomalies; variable

mental retardation
Extra small marker

chromosome derived
from 22

Tetrasomy 12p Coarse face, sparse anterior scalp hair, hypertelorism,
epicanthus, hypotonia, hypomelanotic spots, severe mental
retardation

Chromosomal anomaly

ARM and cardiovascular anomalies
Fuhrmann Polydactyly, heart defect Uncertain

ARM and urogenital anomalies
Hypertelorism–

hypospadias
Hypertelorism, hypospadias (may be the same as Opitz G

syndrome)
XLR

Opitz BBB Same as Opitz G
Opitz G Hypertelorism, hypospadias, swallowing defects AD

ARM and multiple anomalies
Ankyloblepharon

filiforme
Fused eyelids and normal globe endocardial cushion defects,

fused digits, cleft lip and palate, esophageal atresia
AD

Adnatum ASP
association

Anal anomalies, sacral defect, presacral mass (teratoma, cyst, or
meningomyelocele)

Chromosomal anomaly

Axial mesodermal
defect

Sacral dysgenesis; dysfunction of lower limbs, bladder, and
bowel; aphalangy; spinal and rib abnormalities

AR

Caudal regression Dysgenesis of lower spine; variable dysfunction of bladder,
bowel, and lower limbs

Heterogeneous, maternal
diabetes mellitus in
some cases AD

(continued )
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Table 76-1

Anomalies Associated with Anorectal Malformations (ARM) (Continued )

Syndrome Prominent Features Inheritance Pattern

ARM and multiple anomalies (continued )
Christian skeletal

dysplasia
Metopic ridge, cervical fusion, dysplastic spine, abducens palsy,

mental retardation
XLR

Cryptophthalmos Palate, ear, renal, laryngeal, genital, digital, and eye malformations AR
Diabetes, maternal Fetal overgrowth; increased incidence of neural tube defects,

cardiac anomalies, caudal dysgenesis, and renal defects
Exposure of abnormal

glucose metabolism
during pregnancy

Johanson–Blizzard Hypoplastic alae nasi, exocrine pancreatic insufficiency, deafness,
hypothyroidism

AR

Kaufman–McCusick Congenital heart defects, polydactyly, hydrometrocolpos AR
Lowe Sensorineural deafness, nephritis AD
Meckel Encephalocele, polydactyly, cystic kidneys AR
OEIS Omphalocele, exstrophy of the bladder, imperforate anus, spinal

defects
Uncertain, may have

vascular cause
Pallister–Hall Hypophthalmic hemartoblastoma, hypopituitarism, postaxial

polydactyly
Sporadic

Pallister: ulnar
mammary

Ulnar ray defects, delayed puberty, oligodactyly or polydactyly,
hypoplasia of apocrine glands and breasts, genital anomalies

AD

PIV Polydactyly, imperforate anus, vertebral anomalies Sporadic
Potter variant Renal, lung, thymic, parathyroid, dysplasia AR (?) chromosomal

anomaly
Rieger Ocular anterior chamber anomalies, hypodontia AD
Sirenomelia Single, lower limb, renal agenesis, genital agenesis Sporadic, based on

vascular steal
VACTERL Vertebral, anal, cardiac, tracheoesophageal, renal, and radial limb

defects
Sporadic

KEY: AD = autosomal dominant; AR = autosomal recessive; ASP = anal anomalies, sacral defect, presacral mass; IVIC = Instituto Venezolano de
Investigaciones Cientificas; OEIS = omphalocele, exstrophy of bladder, imperforate anus, spinal defects; PIV = polydactyly, imperforate anus, vertebral
anomalies; XL = X-linked; XLD = X-linked dominant; XLR = X-linked recessive.
Source: Paidas CN, Pena A. Rectum and anus. In: Oldham KT, Columboni P, Folgi RP, eds. Surgery of infants and children: scientific principles and practice.
Philadelphia: Lippincott-Raven, 1996:1330-1331.

Figure 76-1 Prenatal sonographic image of a fetus who was di-
agnosed at birth with imperforate anus. Mild colonic distention
was noted prenatally.

DIFFERENTIAL DIAGNOSIS

The main differential diagnosis for anorectal atresia includes
colonic atresia, Hirschsprung’s disease, meconium plug syn-
drome (Nyberg et al., 1987), distal small-bowel atresia
(Vermesch et al., 1986), hydrometrocolpos, ovarian cyst,
obstructive uropathy, megacystic-microcolon hypoperistal-
sis syndrome, urachal cyst, and persistent cloaca (Paidas and
Pena, 1996).

Imperforate anus may also occur as part of the
VACTERLassociation.Whenassociatedwithesophageal atre-
sia, increased amniotic fluid volume and an absent stomach
bubble may be noted. Imperforate anus occurs in trisomies
18 and 21; sonographic features of these syndromes should
be ruled out (see Chapters 130 and 131). Recently, MRI has
become an important adjunct in the prenatal diagnosis of
complex malformations including anorectal malformations
(Livingston et al., 2006) (Figure 76-2).
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Figure 76-2 Dilated rectum that does not reach the perineum on
T2 weighted sagittal image of a fetus with imperforate anus.

ANTENATAL NATURAL HISTORY

Only a few cases of imperforate anus have been prospectively
diagnosed prenatally (Bean et al., 1978; Guzman et al., 1995;
Harris et al., 1987; Grant et al., 1990; Nyberg et al., 1987). If
isolated, the finding of anorectal atresia should not have any
direct bearing on the outcomeof the pregnancy. If seen as part
of the VACTERL association, however, polyhydramnios may
appear after 28 weeks of gestation if associated esophageal
atresia is present (Greenwood et al., 1975; Smith et al., 1988).

FETAL INTERVENTION

There are no fetal interventions indicated for imperforate
anus.

MANAGEMENT OF PREGNANCY

A fetus in which imperforate anus is suspected should un-
dergo a targeted sonographic examination to rule out asso-
ciated anomalies. In particular, a detailed examination of the
genitourinary tract is indicatedbecauseof thepossibilityofas-
sociated renal agenesis, renal dysplasia, andhorseshoe kidney.
Careful examinationsof the central nervous systemand spine,
as well as the gastrointestinal tract, are indicated. Because of
the increased risk of structural heart disease, an echocardio-
gram should be obtained. Because there is also an increased
incidence of chromosome abnormalites, such as trisomies
18 and 21, cat eye syndrome, and tetrasomy 12p, amnio-
centesis for karyotype analysis is recommended. The nature
of this anomaly does not alter the indications for delivery.

Vaginal delivery should be planned except when standard
obstetric indications suggest cesarean delivery. Because the
child will require immediate postnatal evaluation and treat-
ment, delivery in a tertiary care center with pediatric radiol-
ogists, surgeons, and dysmorphologists available is advisable.
Because of the complex nature of this anomaly and the ex-
tensive nature of the reconstructive surgery, prenatal consul-
tation with a pediatric surgeon is recommended.

TREATMENT OF THE NEWBORN

The newborn with imperforate anus should be expeditiously
evaluated to rule out serious potential associated malforma-
tions. Plain chest, abdominal, and pelvic radiographs should
be obtained to exclude vertebral anomalies and assess the
sacrum,which has a direct bearing on the prognosis in imper-
forate anus.Anabdominal ultrasoundexamination shouldbe
obtained to evaluate the genitourinary tract and the level of
the rectal pouch (Willital, 1971).

Once the infant’s respiratory status has been assessed, a
nasogastric tube should be passed into the stomach to exclude
the presence of esophageal atresia. The infant’s perineum
should be inspected to confirm imperforate anus and look for
signs of low imperforate anus, rectoperineal, or rectovesti-
bular fistula (Figure 76-3). The adequacy of the sphincter
complex can be evaluated at the bedside by eliciting a reflex
contraction by gently scraping the perineum with a swab.

The infant should receive nothing orally and should
receive intravenous fluids until the evaluation is complete
and a decision is made to proceed with perineal anoplasty
(in low lesions) or colostomy (for intermediate and high le-
sions). An echocardiogram should be obtained, as cardiovas-
cular anomalies are frequently associated with imperforate
anus (Boocock and Donnai, 1987; Greenwood et al., 1975;
Templeton and Ditesheim, 1985). Duodenal obstruction due
to either atresia or to malrotation occurs in 1% to 2% of
cases (Greenwood et al., 1975; Partridge and Gough, 1961).
Hirschsprung’s disease also occurs in association with im-
perforate anus (Arbell et al., 2006; Kiesewetter et al., 1965;
Wangensteen and Rice, 1930).

A flat perineum with missing sacral segments on the
pelvic radiograph and poor contraction following perineal
scratch suggests a high imperforate anus. Inmales, passage of
meconium via the urethra suggests an intermediate or high
lesion.Meconiumpassing throughaperinealfistula suggests a
low imperforate anus. After 24 hours, air should have reached
the distal rectum. A plain lateral radiograph can be obtained
with the body prone and the hips raised, amodification of the
so-called invertogram (Narasimharao et al., 1983). A gap of
1cmormorebetweentherectumandtheskinof theperineum
usually represents a high lesion, while a gap of less than 5mm
usually indicates a low lesion.

The infant should remain on prophylactic antibiotics
until vesicoureteral reflux is ruledout.Voidingcystourethrog-
raphy will exclude or confirm vesicoureteral reflux, and may
also demonstrate a rectovesical fistula. An ultrasound exam-
ination or magnetic resonance imaging (MRI) scan of the
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Figure 76-3 Postnatal appearance of the fe-
male infant whose prenatal sonographic im-
age is shown in Figure 76-1.

spine should also be obtained to exclude a tethered spinal
cord.

SURGICAL TREATMENT

In low imperforate anus several options for management are
available. In cases of perineal fistula some form of anal trans-
position, Y-Vanoplasty, or a limitedposterior sagittal anorec-
toplasty are treatment possibilities (Nixon and Puri, 1977;
Stone, 1936).

In cases of intermediate and high levels of imperforate
anus, a diverting colostomy is performed in the first few days
of life. A loop colostomy or colostomy with mucous fistula
will allow an antegrade contrast study to determine the level
of rectourethral fistula. Anorectal reconstruction can then be
carried out at 4 to 8 weeks of age, using the posterior anorec-
toplasty technique described by deVries and Pena, (1982).

LONG-TERM OUTCOME

The mortality rate associated with imperforate anus is low
usually due to associated cardiac or renal abnormalities (Kiely
and Pena, 1998). In addition to the usual postoperative com-
plications, voiding dysfunction, stenosis, mucosal prolapse,
and constipation may occur. It is uncertain if voiding dys-
function is a consequence of the surgery or reflects a preexist-
ing problem (Kazizoke, 1994; Sheldon, 1991). Anal stenosis
may occur in up to 30% of cases but responds to anal dilata-
tions (Nixon and Puri, 1977). Mucosal prolapse may occur
after PSARP but requires only trimming the mucosa back in
cases that are symptomatic. Constipation is a very common

problem in patients following reconstruction for imperforate
anus, but this usually responds to medical management.

Continence is usually achieved in about 90%ofpatients
with a low imperforate anus (Matley, 1990; Nixon and Puri,
1977; Rintala et al., 1991). Total continence in high imper-
forate anus has been disappointing, with rates varying from
0% for cases of bladder neck or vaginal fistula to 26% of cases
with a prostatic fistula. Cases of intermediate-level imperfo-
rate anus with bulbar or vestibular fistula have continence
rates of 34% and 66%, respectively. Voluntary bowel move-
ments occur in cases of intermediate-level imperforate anus
at rates of 80% to 93%.

In cases in which continence cannot be achieved, either
because of inadequate sphincter complex or inadequate in-
nervation, the Malone antegrade continent enema or MACE
procedure may provide a means of staying clean and avoid-
ing a colostomy (Levitt et al., 1997; Malone et al., 1990). In
this procedure the appendix is brought out as a catheterizable
stoma to deliver daily antegrade enemas to clear the colon and
prevent soilage during the day (Squire, 1993).

GENETICS AND RECURRENCE RISK

Imperforate anus occurs in association with a number of
syndromes (see Table 76-1). Recurrence risks will depend
on whether the anorectal atresia is isolated or syndromic.
Most isolated cases are thought to be sporadic, but rare fa-
milial cases have been described. Anorectal anomalies may
occur as part of a syndrome of multiple malformations
(Pinsky, 1978). These patterns of malformations have oc-
curred in clusters, suggesting an autosomal dominant trait
that has been transmitted to succeeding generations (Nour
et al., 1989; Schwoebel, 1984).



526

Part II Management of Fetal Conditions Diagnosed by Sonography

References
Amussat JZ. Ustuire d’hune operation d’anus artificial practique

avec succes par un nouveau procede. Gaz Med Paris. 1835;3:735-
740.

Arbell D, Gross E, Orkin B, et al. Imperforate anus, malrotation, and
Hirschsprung’s disease: a rare and important association. J Pediatr
Surg. 2006;41:1335-1337.

BeanWJ,CalonjeMA,AprillCN,et al.Anal atresia: aprenatalultrasound
diagnosis. J Clin Ultrasound. 1978;6:111-114.

Boocock GR, Donnai D. Anorectal malformation: familial aspects and
associated anomalies. Arch Dis Child. 1987;62:576-579.
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SECTION H

Genitourinary Tract

77
CHAPTER

Echogenic Kidneys

Key Points

■ Echogenic kidneys can be a normal variant but
are also seen in association with renal dysplasia,
chromosomal abnormality, adult and fetal
polycystic disease, Pearlman syndrome,
Beckwith–Wiedemann syndrome, and CMV
infection.

■ The incidence of echogenic kidneys has been
estimated at 1.6 cases per 1000 sonograms.

■ Kidneys are considered echogenic if the reflectivity
of the renal parenchyma is greater than the
reflectivity of the liver.

■ Once diagnosed, other sonographic features of
aneuploidy, renal anomalies, and CMC infection
should be sought.

■ Consider genetic amniocentesis, TORCH titers, and
fetal MRI to better evaluate the genitourinary tract
and renal parenchyma.

CONDITION

There are some conditions that render the renal parenchyma
echogenic on ultrasound examination. While increased re-
nal echogenicity can be a normal variant in children, it has
been associated with nephrotic syndrome, glomerulonephri-
tis, and renal dysplasia (Krensky et al., 1983; Brenbridge
et al., 1986; Cramer et al., 1986; Kraus et al., 1990). Prema-
ture infants alsohavean increased incidenceof increased renal
echogenicity (Benacerraf, 1998). While increased echogenic-
ity is a subjective assessment, kidneys that are brighter than
liver are considered to be echogenic. This becomes a poten-
tial indicator of fetal disease because of the association of
this findingwith chromosomal abnormality, adult and infan-
tile polycystic kidneydisease, Pearlman syndrome,Beckwith–
Wiedemann syndrome, and cytomegalovirus infection. The
cause of the increased echogenicity of the kidney in these
conditions is unknown.

INCIDENCE

Little data are available to estimate a true incidence of
echogenic kidneys in the fetus, in either normal fetuses or
those with underlying pathology. However, De La Vega and
Torres (2005) ina retrospective reviewofprenatallydiagnosed
renal disease found 13 cases among 7714 sonographic studies
for an incidence of 0.16% or 1.6 cases per 1000 sonograms
(Han et al., 2003).

SONOGRAPHIC FINDINGS

Thekidneys shouldbeconsidered tobeechogenic if the reflec-
tivity of the renal parenchyma is greater than the reflectivity
of the liver (Figure 77-1). Once identified, it is important
to note other possible associated findings that would aid in
the differential diagnosis. It is important to look for other
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Figure 77-1 Axial image through fetal abdomen demonstrating
bilateral echogenic kidneys.

sonographic features that are associated with aneuploidy, es-
pecially trisomy 13, including ventriculomegaly, holoprosen-
cephaly, agenesis of the corpus callosum, cleft lip or palate,
cyclasia, or microphthalmia. Because of the association of
echogenic kidneys with cytomegalovirus infection, attention
should be paid to the presence of intracranial calcifications,
echogenic bowel, ascites, hydrops, or cardiomegaly (Choong
et al., 1993). If the possible renal abnormalities seen with
echogenic kidneys (including severe obstructive uropathy at
any level from the bladder outlet to the ureteropelvic junc-
tion) occur during the second trimester, they can result in
increased echogenicity from renal dysplasia. The kidneys
in adult and infantile polycystic kidney disease can also be
echogenic, but they are usually much larger than normal and
may lack normal renal architecture andhave severe associated
oligohydramnios (see Chapter 79).

DIFFERENTIAL DIAGNOSIS

As noted above, it is important to remember that increased
renal echogenicity is a normal variant and there may be no
underlying pathology. The differential diagnosis of echogenic
kidneys includes cytomegalovirus infection, aneuploidy, par-
ticularly trisomy 13, other chromosomal abnormalities such
as partial trisomy 10, adult and infantile forms of polycystic
kidney disease, and renal dysplasia secondary to obstructive
uropathy (see Table 77-1).

ANTENATAL NATURAL HISTORY

What is known about the antenatal natural history of
echogenic kidneys is basedon two small retrospective reports.
Chitty et al. (1991) reported five fetuses with enlarged
echogenic kidneys in which the amniotic fluid volume was
preserved. The causes of renal echogenicity in their cases in-

Table 77-1

Differential Diagnosis of Echogenic Kidneys

1. Cystic kidney diseases
Autosomal recessive polycystic kidney disease
Autosomal positive polycystic kidney disease
Multicystic dysplastic kidney disease

2. Kidney neoplasms∗

Congenital mesoblastic nephroma
Wilms tumors

3. Infectious agents
Cytomegalovirus infections
Candida infections

4. Chromosomal abnormalities
Trisomy 9 (nonmosaic)
Trisomy 10 (partial)
Trisomy 13
Trisomy 21

5. Idiopathic echogenic kidney

∗Leclair MD, El-Ghoneimi A, Audry G, Ravasse P, Moscovici J, Heloury Y;
French Pediatric Urology Study Group. The outcome of prenatally
diagnosed renal tumors. J Urol. 2005 Jan;173(1):186-189.

cluded infantile or autosomal recessive polycystic kidney dis-
ease, adult or autosomal dominant polycystic kidney disease,
trisomy 13, Pearlman syndrome, and cystic renal dysplasia.
Estroff et al. (1991) reported their experiencewith 19 patients
with echogenic kidneys in which the process was bilateral in
14 and unilateral in 5 patients. This group excluded cases of
renal dysplasia induced by obstructive uropathy as a cause
of increased echogenicity. Surprisingly, only 21% of these fe-
tuses proved to be normal at birth. Five fetuses (26%) did
not survive because of associated oligohydramnios in cases
of infantile polycystic kidney disease or bilateral multicystic
dysplastic kidneys.Therewas a 53%survival rate in this series.
However, all infants had abnormalities, including unilateral
renal dysplasia, unilateral multicystic dysplastic kidney and
hydronephrosis. Themost important prognostic factor in this
report was the presence or absence of oligohydramnios. If the
amniotic fluid volume is preserved and the fetus is otherwise
normal except for echogenic kidneys of uncertain cause, the
prognosis is good but the infant will be expected to have non-
lethal renal disease. In contrast, in cases of echogenic kidneys
associated with oligohydramnios the survival rate is dismal
(Benacerraf, 1998).

MANAGEMENT OF PREGNANCY

The sonographic detection of echogenic kidneys indicates
the need for a targeted fetal anatomy scan to be performed to
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evaluate potentially associated conditions. In particular, it is
important to evaluate the amniotic fluid volume and geni-
tourinary tract for signs of obstructive uropathy or features
of adult or infantile polycystic kidneydisease. In addition, fea-
tures of cytomegalovirus infection should be sought. Because
of reported cases of chromosomal abnormality associated
with echogenic kidney, we recommend that a genetic amnio-
centesis be performed (Chitty et al., 1991; Estroff et al., 1991).
Because of the prognostic significance of the development of
oligohydramnios in patients with echogenic kidneys, serial
scans are indicated. Estroff et al. (1991) noted that echogenic
kidneys associatedwithmoderate-to-severeoligohydramnios
have an extremely poor postnatal outcome. In contrast, nor-
mal amniotic fluid volume in a fetus with echogenic kidney
was associated with a good prognosis. The most important
aspect of management of a pregnancy in which echogenic
kidneys are detected is to appropriately counsel the parents
and systematically exclude potential causes. TORCH titers
should be obtained. A family history is essential to rule out
polycystic kidney disease. In addition, maternal and paternal
renal ultrasound examinations should be performed because
of the high prevalence of adult polycystic kidney disease in
the general population (see Chapter 79). The infantile or re-
cessive form of polycystic kidney disease is more commonly
observed prenatally, and a fetus with large echogenic kidneys
is more likely to have the infantile form if both parents have
normal renal ultrasound examinations.

Decisions regarding mode and site of delivery can be
deferred until a definitive diagnosis is made or serial scans
have demonstrated oligohydramnios or preserved amniotic
fluid volume.

FETAL INTERVENTION

There are no fetal interventions for echogenic kidneys.

TREATMENT OF THE NEWBORN

The newborn noted to have echogenic kidneys in utero
should undergo careful postnatal examination to exclude
potential underlying causes. If a karyotype has not been
obtained prenatally, it should be done postnatally. A renal
ultrasound examination should be obtained to assess the
size and echogenicity of the kidney. If hydronephrosis of any
degree is detected, the infant should alsoundergo voiding cys-
toureterography (VCUG) and a diuretic renal scan to assess
function and to evaluate for obstruction and vesicoureteral
reflux (see Chapters 80, 81, 82, 83). By 36 to 48 hours of post-
natal age, the newborn’s serum creatinine and blood urea
nitrogen levels should reflect the infant’s renal function. The
newborn’s blood pressure should be carefully monitored in
cases of adult or autosomal dominant polycystic kidney dis-
ease (Cole et al., 1997) (see Chapter 79).

LONG-TERM OUTCOME

Tsatsaris et al. (2002) in a prospective cohort study of 43 cases,
prenatally detected isolated bilateral echogenic kidneys and
followed them for 34 to 132months. Therewere 20 autosomal
recessive, 8 autosomal dominant polycystic kidney diseases,
9 other renal disorders, and 6 symptom-free survivors with-
out etiological diagnosis. Therewere 19 terminations of preg-
nancy, 5 neonatal deaths, and 19 survivors, of whom 14 had
normal renal function 3 had mild and 2 had end-stage re-
nal failure. There were no survivors among those with severe
oligohydramnios and enlarged fetal kidneys measuring more
than 4 SD above the mean (n = 14, 10 terminations and
4 neonatal deaths), whereas of the 17 with normal amniotic
fluid volume and kidneys measuring less than 4 SD above
the mean, 14 survived of whom 9 were symptom free. As
this is a sonographic finding and not a specific etiologic
diagnosis, the reader is referred to chapters on the specific un-
derlying diagnoses, including polycystic kidneys (see Chapter
79), hydronephrosis (see Chapters 80, 81, 82, 83), multicys-
tic dysplastic kidneys (see Chapter 78), and trisomy 13 (see
Chapter 129).

GENETICS AND RECURRENCE RISK

The risk of recurrence of echogenic kidney depends on
whether the underlying cause is sporadic (cytomegalovirus
infection, trisomy 13, Beckwith–Wiedemann syndrome) or
has a recognized pattern of inheritance. Infantile polycystic
kidney disease is inherited as an autosomal recessive condi-
tion, and there is a 25% chance that a subsequent pregnancy
will be affected, while the adult form of autosomal dominant
polycystic kidney disease has a 50% chance of affecting
subsequent fetuses. It is not known what percentage of
affected fetuses will present in utero with echogenic kidneys
in a subsequent pregnancy. However, in autosomal domi-
nant polycystic kidney disease, families should have blood
samples collected for DNA analysis prior to a subsequent
pregnancy (Breuning et al., 1990). Once a mutation has been
identified in a specific family, prenatal DNA diagnosis is
available as early as 10 weeks via chorionic villi sampling (see
Chapter 79).
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CHAPTER

Multicystic Dysplastic
Kidney

Key Points

■ Multicystic dysplastic kidney (MCDK) is a severe
renal abnormality associated with atretic ureter
and absence of normal renal parenchyma, which is
replaced by multiple large noncommunicating
cysts.

■ MCDK is generally easily diagnosed prenatally,
often due to the large size of the kidney and its
constituent cysts.

■ It is usually unilateral, while the rare cases of
bilateral MCDK present as Potters syndrome.

■ In almost half of the cases of unilateral MCDK, the
contralateral kidney will have associated
malformations, the severity of which determines
the overall prognosis.

■ Management of pregnancy and delivery generally
does not need to be changed following the
prenatal diagnosis of MCDK.

■ While some cases of unilateral MCDK will regress
prenatally or in pediatric life, there is no agreement
on need for nephrectomy in those cases with
persistent MCDK.

■ MCDK greater than 6 cm, cases in which the MCDK
obstructs the diaphragm or gastrointestinal tract,
or cases in which hypertension develops will
generally require nephrectomy.

CONDITION

Multicystic dysplastic kidney (MCDK) is the second most
commoncauseof aflankmass in thenewborn (Kaplan, 1998).
MCDK was first described by Schwartz in a 7-month-old
child in 1929 as a “bunch of grapes” replacing the kidney
with associated ureteral atresia. Spence (1955) subsequently
describedMCDK and distinguished it from other cystic renal
diseases.

MCDK is an extreme form of dysplasia associated with
an atretic ureter. There is often a lack of normal reniform
shape, with multiple large cysts and little stroma, giving the
“bunch of grapes” appearance. MCDK is typically unilateral,
but bilateral MCDKs have been reported in stillborn infants
with oligohydramnios and Potter syndrome facies. In unilat-
eral MCDK, the contralateral kidney is normal but at high
risk for other abnormalities (Greene et al., 1971; DeKlerk
et al., 1977). The contralateral kidney may be affected by
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ureteropelvic junction obstruction, vesicoureteral reflux, or
obstructive megaureter.

MCDK often presents as an asymptomatic abdominal
mass in the neonate (Langino and Martin, 1958). However,
currently approximately 85% to 100% of MCDKs are de-
tected by prenatal sonographic examination (Manzoni and
Caldamone,1998;Kuwertz-Broekingetal., 2004).MCDKwas
oftendiscoveredduring thecourseof investigationofotheras-
sociated congenital anomalies. In particular, esophageal atre-
sia and cardiac anomalies may be associated with MCDK.
Other associated nongenitourinary anomalies include anen-
cephaly, hydrocephalus, spina bifida, cleft palate, microph-
thalmia, duodenal stenosis, tracheoesophageal fistula, and
imperforate anus. The pathogenesis of this disorder is poorly
understoodbut is thought to involve failureof theuretericbud
to integrate and branch appropriately into the metanephron
during thedevelopmentof the kidneys (Kitagawa et al., 2000).

INCIDENCE

The incidence ofMCDK is estimated at between 1 in 1000 and
1 in 4300 livebirths (Sanders, 1996; Kaplan, 1998). The inci-
dence of bilateralMCDK is estimated at 1 in 10,000 livebirths
(ResnickandVernier, 1981).Themale-to-female ratio is 2:1 in
contralateral MCDK (Sanders and Hartman, 1984). No esti-
mates are available for the prenatal incidence ofMCDK, but it
maybemore common than the incidencefigures abovewould
indicate. It has been also suggested that MCDK is the major
cause of apparent unilateral renal agenesis in adults (Aslam
and Watson, 2006) as a result of progressive involution.

SONOGRAPHIC FINDINGS

The sonographic features of MCDK include a cystic
paraspinal flank mass. The cysts are usually of various sizes,
are distributed along the periphery, do not appear to com-
municate with each other, and are absent of normal renal si-
nus echos and normal renal parenchyma (Stuck et al., 1982)
(Figure 78-1). The large cysts often distort the kidney shape
and no normal renal parenchymal tissue is seen (Mahony,
1994). The size and shape of an MCDK may change sig-
nificantly during the course of gestation (Hashimoto et al.,
1986). The cysts may regress or enlarge and then, subse-
quently, regress in size. Once the condition is identified, the
kidney opposite to theMCDKbecomes of paramount impor-
tance because of the 40% incidence of contralateral anomalies
(Kleiner et al., 1986). Preservation of normal amniotic fluid
volume suggests normal renal function in the contralateral
kidney. However, oligohydramnios and absence of bladder
filling suggest a lethal fetal renal disease, which occurs in 30%
of fetuses with MCDK. In two-thirds of the cases of oligo-
hydramnios there is bilateral MCDK, and in the remaining
third there is renal agenesis.

The development of oligohydramnios in bilateral
MCDK may occur as early as 12 weeks of gestation (Stiller

Figure 78-1 Prenatal sonographic image of a fetal kidney in
sagittal view demonstrating multiple cysts that do not have a uni-
form shape and do not communicate, consistent with the diag-
nosis of multicystic dysplastic kidney.

et al., 1988). A first trimester ureteropelvic junction obstruc-
tionmay be observed to progress during the second trimester
toMCDK. In approximately 10%of cases ofMCDK, the con-
tralateral kidney shows signs of hydronephrosis, often from
obstruction at the ureteropelvic junction (Mahony, 1994).

DIFFERENTIAL DIAGNOSIS

The main differential diagnosis of MCDK includes uretero-
pelvic junction obstruction, adult or infantile forms of
polycystic kidney disease, trisomy 13, and Meckel–Gruber
syndrome (D’Alton et al., 1986). Perhaps the most difficult
distinction is betweenureteropelvic junctionobstruction (see
Chapter 81) and the hydronephrotic form of MCDK (Rizzo
et al., 1987). The sonographic detection of renal parenchymal
cysts that communicate with the renal pelvis suggests the di-
agnosis of ureteropelvic junction obstruction (Romero et al.,
1988). In adult polycystic kidney disease (see Chapter 79),
the cysts are randomly distributed, in contrast to MCDK, in
which the cysts tend to be at the periphery (Sanders, 1996). In
Meckel–Gruber syndrome, the cysts are small, uniform, and
scattered throughout the kidney. In contrast to MCDK, the
kidneys in infantile polycystic kidney disease are very large
and echogenic and discrete cysts are not visible (see Chapter
79). In trisomy 13, the kidney is brightly echogenic and has
small cysts scattered in the renal parenchyma. The appear-
ance of MCDK should be distinguished from Wilms’ tumor
orhamartoma,whichmayhaveareasof cysticnecrosis (Aslam
and Watson, 2006).

ANTENATAL NATURAL HISTORY

Thenatural history ofMCDK is becoming better understood,
basedon studies of serial sonographic examinations of fetuses
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with MCDK. Among 64 fetuses diagnosed prenatally with
MCDK at the Hospital for Sick Children in London, 33%
were diagnosed at 18 to 20 weeks of gestation, 44% between
20 and 30 weeks of gestation, and 33% between 30 and
40weeksof gestation (Manzoni andCaldamone, 1998).These
authors noted that 36% of sonographic examinations were
reported as normal on the 18- to 20-week scans, which may
indicate that MCDK is easier to diagnose in the latter half of
gestation.

In 11% of cases, the MCDK increased in size while in
11%of cases theMCDKdisappeared.MCDKcan grow to sig-
nificant proportions, occasionally filling the abdomen. These
masses usually regress with time. In cases in which there are
bilateral MCDKs, oligohydramnios and absent bladder are
observed and this situation is uniformly fatal. In unilateral
MCDK, there may be abnormalities in the contralateral sys-
tem or other nongenitourinary anomalies may be present.
However, if renal function is preserved in the contralateral
kidney, the prognosis is excellent. One situation that requires
careful monitoring is MCDK associated with ureteropelvic
junction obstruction in the contralateral kidney. If the ob-
struction is of high grade, there may be reduced amniotic
fluid volume and renal dysplasia may result in the obstructed
kidney.

MANAGEMENT OF PREGNANCY

The fetus identified with MCDK should undergo a targeted
sonographic examination to evaluate possible associated gen-
itourinary and nongenitourinary anomalies (Table 78-1).
Amniocentesis for karyotype analysis should be offered in
all cases of MCDK because of the potential for associated
chromosomal abnormalities. In cases of bilateral MCDK or
unilateral MCDK with contralateral renal agenesis, if diag-
nosed prior to 24 weeks of gestation, termination of the preg-
nancy can be considered. If the mother chooses to carry the
pregnancy to term, there should be no intervention for fetal
distress and neonatologists should be aware of the diagnosis
so that no inappropriate attempts at resuscitation are under-
taken. In the case of unilateralMCDK, the prognosis depends
on other associated abnormalities. Isolated MCDKs have a
uniformly good prognosis. It is not necessary to change either
the timing or site of delivery in such cases and cesarean de-
livery should be reserved for standard obstetrical indications.
In cases of MCDKs associated with contralateral high-grade
ureteropelvic junction obstruction, delivery once lungmatu-
rity is likely or decompression in utero may be indicated (see
below).

FETAL INTERVENTION

The diagnosis of MCDK does not warrant consideration of
fetal intervention except in instances that are associated with
high-grade obstructive uropathy, involving either the blad-
der outlet or the contralateral ureteropelvic junction, with

Table 78-1

Syndromes Associated with MCDK

Meckel-Gruber syndrome∗

Short-rib polydactyly syndrome∗

Zellweger syndrome∗

Roberts syndrome∗

Fryns syndrome∗

Smith–Lemli–Opitz syndrome∗

Apert syndrome†

Brachiootorenal syndrome†

Saldino-Noonan syndrome∗

Ivemark syndrome∗

Retinal–renal dysplasia∗

Majewsky syndrome∗

∗Autosomal recessive inheritance
†Autosomal dominant inheritance
Source: Sanders RC. Structured Fetal Abnormalities: The Total Picture. St.
Louis, MO: Mosby–Year Book; 1996:100-102.

associated oligohydramnios. Under such circumstances, vesi-
coamniotic shunting for bladderoutlet obstructionorpelvic–
amniotic shunting for high-grade ureteropelvic junction ob-
struction can be considered. It should be pointed out that
experience with such rare clinical scenarios is limited, and
so it may be difficult to recommend such intervention in all
cases (Kitagawa et al., 2003).

TREATMENT OF THE NEWBORN

In unilateral MCDKs with a normal contralateral kidney, an
excellent prognosis is anticipated and no special measures
should be required at delivery. However, if oligohydramnios
or a contralateral renal abnormality is present, then newborn
resuscitation may be complicated by pulmonary hypoplasia.
The newborn should be carefully examined to exclude non-
genitourinary abnormalities. The following postnatal studies
should be considered for each newborn: renal ultrasound ex-
amination to confirm the diagnosis, diuretic renal scan to as-
sess function, andvoiding cystourethrography (VCUG) to ex-
clude vesicoureteral reflux. Serum creatinine and blood urea
nitrogen levels will begin to reflect newborn renal function
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Prophylactic
antibiotics

Antenatally
detected MCDK

Renal US and MAG-3
(or DMSA) and VCUG

Follow up Follow up Follow up

MCDK

Renal US and DMSA
at 4 weeks

Discontinue antibiotics

Prophylactic
antibiotics 

VURUPJO

Contralateral pelvicaliectasis,
APD ≥ 10 mm

Contralateral kidney
normal, APD < 10 mm

Renal US at
1 week

Figure 78-2 Suggested management algorithm for postnatal
evaluation of a baby with antenatally detected multicystic dys-
plasia of the kidney.

after 36 to 48 hours of postnatal age. The infant should be
treated with prophylactic antibiotics until vesicoureteral re-
flux is excluded. Figure 78-2 outlines the management al-
gorithm for postnatal evaluation of a baby with antenatally
detected MCDK. If no abnormal pelvic dilation in the con-
tralateral kidney is observed, then follow-up renal ultrasound
and DMSA scan should be obtained at 1 month. In contrast,
Rabelo et al. reported that spontaneous total involution of
MCDKs occurred in 20% and partial involution occurs in
67% (Rabelo et al., 2005). In this study, only those with re-
nal length of ≤62 mm on initial ultrasound had complete
involution during follow up (Rabelo et al., 2005). Aslam et al.
observed complete involution in 33% during the first 2 years,
47% at 5 years, and 59% at 10 years (Aslam and Watson,
2006).

SURGICAL TREATMENT

See “Long-Term Outcome.”

LONG-TERM OUTCOME

Manzoni and Caldamone (1998) compiled the results of 114
patients treated in five series to define the postnatal outcome

inMCDKs (Gordon et al., 1988; Rickwood et al., 1992;Gaugh
et al., 1995; Webb et al., 1997). Prenatal involution was ob-
served in 6 cases (5%), and there were an additional 16 cases
(17.5%)of involutionpostnatally. Two-thirds of these involu-
tionswereobserved tooccurduring thefirst year of life. Sizeof
theMCDKmay influencewhether involutionoccurs.MCDKs
less than 5 cm in length will get smaller, disappear, or remain
unchanged. Dilation of the contralateral renal pelvis should
prompt renal ultrasound,MAG-3 (mercaptoacetyltriglycine-
Technetium99m)orDMSA(technetiumdimercaptosuccinic
acid), andvoidingcystourethrography. If vesicoureteral reflux
is found, then thepatient shouldbemaintainedonprophylac-
tic antibiotics and followed. Similarly, if ureteropelvic junc-
tion (UPJ) obstruction is diagnosed, it should be followed
closely. Those with MCDK size greater than 6 cm often do
not involute. In this study, there was a high incidence of asso-
ciated genitourinary abnormalities, affecting both the upper
and lower urinary tract. Ureteropelvic junction obstruction
andmegaureter were themost common abnormalities affect-
ing thecontralateralkidney. In fourcases, renal function in the
solitary kidney was already compromised. Hypertension de-
veloped in three patients fromManzoni and Caldamone’s se-
ries, but their blood pressures normalized after nephrectomy.
In a review of 29 studies, only 6 cases with MCDK among
1115 cases developed hypertension. Hypertension resolves
with nephrectomy in almost all instances (Snodgrass, 2000;
Narchi, 2005). The role of nephrectomy in MCDK remains
controversial, but for certain indications most authors agree
that nephrectomy is warranted. These include cases in which
the MCDK represents a large mass that compromises either
respiratory or gastrointestinal function (Holloway and We-
instein, 1990). In instances in which the diagnosis of MCDK
is in doubt or becomes questionable because of increasing
size (Minevich et al., 1996), and in instances in which the
MCDK produces symptoms including pain, hematuria, or
infection (Ambrose et al., 1982), surgery may be considered.
Other authors consider concomitant abdominal surgery rea-
son enough for removal of a MCDK (Hartman et al., 1986).
Lastly, maintenance of an observational approach assumes
that parents can complywith the long-term follow-upneeded
to detect hypertension or malignant transformation. If long-
term follow-up is in question, nephrectomy should be con-
sidered.

The issue of nephrectomy rests on the potential devel-
opment of hypertension or malignant transformation. In the
past 30 years, there have only been 12 cases of malignancy re-
ported in association with MCDK, only 6 of which occurred
in children (Raffensperger and Abousleiman, 1968; Oddone
et al., 1994; Minevich et al., 1996; Manzoni and Caldamone,
1998). All six pediatric patients hadWilms’ tumor, while five
adults had renal cell carcinoma and one adult had mesothe-
lioma.

As of 1995, no cases of renal tumor had been de-
scribed in patients with MCDK reported to the Multicystic
Kidney Registry of the Section of Urology of the American
Academy of Pediatrics (Wacksman, 1995). Similarly, during
the past 30 years there have beenonly 24 cases of hypertension
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reported that arose as a result of MCDK (Susskind et al.,
1989; Angermeier et al., 1992; Andretta et al., 1995; Elder
et al., 1995; Patterson and Klauber, 1996; Webb et al., 1997;
Manzoni and Caldamone, 1998). In 13 of these cases, the hy-
pertension responded to nephrectomy. The long-term data
on malignant transformation and hypertension is meager
and may not support routine prophylactic nephrectomy, but
long-term surveillance is necessary in this group of patients
at risk.

GENETICS AND RECURRENCE RISK

Isolated MCDKs are usually sporadic, with no risk of recur-
rence in subsequent pregnancies. However, there have been
familial cases whose defects range from bilateral renal agen-
esis to hydronephrosis, with an autosomal dominant pattern
of inheritance and a 50% chance of a subsequent pregnancy
being affected. MCDKs can also be seen as part of numerous
syndromes(seeTable78-1).Featuresof thegenetic syndromes
shouldbe sought andexcluded, as theymaybe associatedwith
a specific recurrence risk.
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CHAPTER

Polycystic Kidney Disease

Key Points

■ Autosomal recessive polycystic kidney disease
(ARPKD) is characterized by bilaterally enlarged
echogenic kidneys.

■ Autosomal dominant polycystic kidney disease
(ADPKD) is the most common lethal genetic
disease inherited as a dominant Mendelian trait.

■ ARPKD is less common in the general population
because of its early mortality, with an incidence of
1:40,000 births.

■ ADPKD has an incidence of 1 in 1000 living
individuals with near 100% penetrance.

■ The differential diagnosis of PKD includes
Bardet–Biedl syndrome, Meckel–Gruber syndrome,
Ivemark syndrome, and Jarcho–Levin syndrome.

■ In the absence of associated malformations,
bilaterally symmetrically enlarged echogenic
kidneys with renal cysts and oligohydramnios are
most likely due to either ARPKD or ADPKD.

■ Renal ultrasound examinations of both parents
should be obtained to evaluate for ADPKD.

■ Oligohydramnios-induced pulmonary hypoplasia
is a leading cause of perinatal mortality in
polycystic kidney disease.

■ The clinical course for prenatally presenting
ADPKD is generally milder than for ARPKD.

■ Aggressive neonatal management of infants with
ARPKD has led to 1-year survival rates of the order
of 82% to 85%.

CONDITION

Polycystic kidney disease (PKD) is an inherited disorder with
diffuse involvement of both kidneys. Aside from the presence
of the cysts, there is no evidence of renal dysplasia. Multiple
renal cysts frequently coexist with lesions in other viscera,
especially the liver (Kaplanet al., 1989a).Arenal cyst isdefined
as an enclosed sac or nephron segment lined by epithelial cells
dilated tomore than 200μm. A cystic kidney is a kidney with
three ormore cysts present. Cystic kidney disease is the illness
caused by a cystic kidney (Kaplan et al., 1989a).

As early as 1902, it was known that the age distribu-
tion of cystic renal disease had two peaks: one close to birth
and the other between 30 and 60 years of age (Kaplan et al.,
1989b). In general, the use of the term polycystic kidney dis-
ease is restricted to single-gene disorders: autosomal dom-
inant PKD (traditionally known as adult onset) and reces-
sively inherited PKD (traditionally known as the infantile
form). Since the 1970s, physicians have understood that the
adult form can also present during infancy. In the recessive
form of PKD, generalized dilatation of the collecting tubules
exists, whereas in dominant PKD, cysts develop in localized

segments of the kidney anywhere along the nephron (Kaplan
et al., 1989a).

The dominantly inherited form of PKD (ADPKD) is a
highly penetrant nephropathy with variable clinical expres-
sion that presents mainly during adulthood, but the disease
can also occur at any other time during life. Autosomal dom-
inant polycystic kidney disease is themost common lethal ge-
netic disease inherited as a dominantMendelian trait (Wilson
et al., 2006). Mutations in the PKD1 on chromosome 16 and
PKD2 on chromosome 4 are responsible for 85% and 15%,
respectively, of cases of ADPKD (Harris, 1999). In ADPKD,
progressive asymptomatic enlargement of both kidneys oc-
curs with a gradual decline in renal function. Ultrasonogra-
phy can detect renal cysts in 56% of affected patients during
the first decade of life, 80% during the second decade of life,
and almost 100% of individuals by the third decade of life
(Michaud et al., 1994). The infantile presentation of the adult
onset form of PKD was not appreciated until 1971 (Shokeir,
1978).

Bilateral PKD can be attributed to two genetically de-
termined conditions. The so-called infantile form of PKD
is inherited as an autosomal recessive condition. The cystic
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dilations are fusiform and arranged radially throughout the
kidney. The cysts are due to dilations of the distal convoluted
tubules and collecting ducts. Concomitant cystic hepatic in-
volvement is observed. Among survivors, hepatic fibrosis, cir-
rhosis, and portal hypertension occur.

Fromtheperspectiveofprenataldiagnosis andneonatal
presentation, the adult form of PKD is much rarer. It usually
presents during the fourth to fifth decade of life. The kidney
contains multiple cysts, ranging in size from microscopic to
gross, located in both the cortex and the medulla. The inter-
vening areas of the kidney may be normal (Shokeir, 1978).

ADPKD is now considered a systemic disorder. The
extrarenal manifestations include liver cysts, cysts of the pan-
creas, and intracranial aneurysms, which occur in 5% of pa-
tients and lead to subarachnoid hemorrhage. There is also
an increased prevalence of cardiac valve defects, hernias, and
colonic diverticulum (European Polycystic Kidney Disease
Consortium, 1994).

The recessively inherited form of polycystic disease
(ARPKD)manifests during the neonatal period with respira-
tory distress or during early infancy with renal insufficiency.
There is a wide variation in clinical course (Wisser et al.,
1995). The renal involvement in autosomal recessive polycys-
tic kidney disease (ARPKD) is invariably bilateral and largely
symmetrical. It is always associated with generalized portal
and interstitial fibrosis of the liver (Romero et al., 1984; Zerres
et al., 1988). In1971,Blyth andOckenden subdividedpatients
with ARPKD into four groups according to the proportion of
dilated renal tubules present. The perinatal classification was
associated with the onset of renal failure in utero or at birth
andresulted inperinatalorneonataldeath.Thesepatientshad
at least 90% involvement of the renal tubules. The neonatal
presentation resulted in a smaller kidney size andmildhepatic
fibrosis, but these patients died within 1 year and had 60%
of their kidneys affected. The infantile presentation resulted
in clinical symptoms by the age of 3 to 6 months, moderate
hepatic fibrosis, and hepatosplenomegaly with progressive
chronic renal failure, and systemic and portal hypertension.
These patients had 25% of their kidneys affected. The latest
presentation was the juvenile onset, which occurred between
6 months and 1 year of age and had only 10% of the kidney
affected (Blyth and Ockenden, 1971).

INCIDENCE

ADPKD is one of the most common hereditary disorders in
humans. It is 10 times more common than sickle cell disease,
15 times more common than cystic fibrosis, and 20 times
more common than Huntington disease (Gabow, 1993). The
incidence of ADPKD is 1 in 1000 living individuals, with a
penetrance rate of 100% (McHugo et al., 1988). Approxi-
mately half of the affected patients present during the third
to fifth decade of life with hypertension or uremia. ADPKD
has been noted to occur in 1 of 500 autopsies (Pretorius
et al., 1987). Because of its effect on mortality, ARPKD is

less common in the general population, but it is dispropor-
tionately increased in the prenatally diagnosed population.
The incidence of ARPKD is 1 in 40,000 births (Zerres et al.,
1988).

SONOGRAPHIC FINDINGS

Malformations of the urinary tract are detected at a high
rate because they are associated with two easily visualized
sonographicmarkers: cystic accumulationoffluidandchange
in amniotic fluid volume.

Bronshtein et al. (1990) described transvaginal sono-
graphic studies in 1940 in pregnant women at between 10
and 16 weeks of gestation. In the study population, 35 fe-
tuseswith renal anomalieswere identified (1.8%), and among
this group, 2 cases of ARPKD were diagnosed. These authors
demonstrated that the fetal kidneys could be imaged as early
as the 12th week of gestation, when they appear as hypoe-
chogenic oval masses on both sides of the fetal spine. Indirect
evidence of urine production can be inferred by observing
emptying of the bladder as early as 18 weeks of gestation. In
two cases, the study’s authors were able to identify fetal kid-
neys as early as 9 weeks of gestation. In this report, two types
of cystic renal anomalies were described: microcystic, which
was defined as the presence of multiple small cysts in the af-
fected kidney, resulting in a spongiform enlarged kidney that
comprisedmost of the fetal abdomen on the longitudinal and
transverse scans; macrocystic, in which the sonographic ap-
pearance of the affected kidney resembled polycystic ovaries
seen in adult women. In the two cases of ARPKD, the amount
of amniotic fluid observed was normal. Zerres et al. (1988)
described theirobservations in theprenatal sonographicdiag-
nosis of ARPKD. They noted that increased echogenicity and
renal enlargementwere the characteristic findings of ARPKD.
Oligohydramnios can be present, but it is not required for the
diagnosis. These authors thought that themost useful param-
eter in the prenatal diagnosis of ARPKD in families known
to be at risk were repeated sonographic measurements of fe-
tal kidney length. They concluded that prenatal sonographic
diagnosis was possible only in severe cases of ARPKD. Oligo-
hydramnios presenting during the first or second trimester
carried a very poor prognosis. In a third study, Romero et al.
(1984) described their observations in 19 fetuses at risk for
ARPKD because of a known family history. Ten (53%) of
these fetuses were affected. A definitive antenatal diagnosis
of ARPKD was made by the presence of oligohydramnios, an
absent urinary bladder, and bilateral renal enlargement, as
measured by the kidney circumference to abdominal circum-
ference ratio. The ratio in affected fetuses was >2 standard
deviations (SD) above the mean. These authors described a
typical hyperechogenic appearance of the kidneys in ARPKD.
They had no false-positive diagnoses, but there was one false-
negative diagnosis. In contrast, the unaffected neonates had
normal bladders, normal amniotic fluid volume, and normal
kidney texture. False-negative diagnosis has been reported in
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ARPKD.Luthy andHirsch (1985)describeda couplewith two
previously affected pregnancieswithARPKD.Ultrasound ex-
amination performed at 25 weeks of gestation in a subse-
quent pregnancy revealed oligohydramnios, increased renal
parenchymal echogenicity, and a normal renal size and nor-
mal bladder. The pregnancy was terminated electively, and at
autopsy, the kidneys were shown to be normal.

Okumura et al. reported that ARPKD can be associ-
ated with densely echogenic renal pyramids (Okumura et al.,
2006). They foundonhistology that thiswas due to the ectatic
tubules of the pyramids in ARPKD producing multiple re-
flection interfaces resulting in increased echogenicity. This is
a pattern of increased echogenicity that can also be seen in
medullary nephrocalcinosis. This appearance has also been
observed in a neonate with ARPKD (Herman and Siegel,
1991).

The prenatal diagnosis of ADPKDwas first reported by
Zerres et al. in 1982, who described enlarged abnormally re-
flective kidneys with cysts (see Figure 79-1). In a subsequent
study, McHugo et al. (1988) described the presence of en-
larged fetal kidneyswithaccentuationof thecorticomedullary
differentiation but no cysts. These authors thought that this
specific finding distinguished between the recessive anddom-
inantly inherited forms of PKD. Of concern in ADPKD is
the fact that the sonographic lesions are detected long before
the appearance of symptoms. Very few data exist concern-
ing the rate of progression of disease in ADPKD. One report
described normalization of fetal renal size in an unaffected
fetus (Jeffery et al., 1998). No ultrasonographic criteria exist
for clinical staging of this disease except for the presence of
oligohydramnios, which carries a poor prognosis (Michaud
et al., 1994). One review of 83 reported cases of ADPKD pre-
senting in utero showed a 67% incidence of hypertension in

Figure 79-1 Prenatal sonographic image of a fetus with ADPKD.
Note the bilateral enlarged kidneys with increased echogenicity.
(S, spine; LK, left kidney; RK, right kidney.)

childhood and a 43% incidence of death in the first year of
life (MacDermot et al., 1998).

In a study of prenatal diagnosis of ADPKD, Pretorius
et al. (1987) described five cases ascertained at their center
and combined their clinical information with eight cases re-
viewed in the medical literature. All 13 fetuses identified had
1 parent affected, but only 5 of the 13 affected parents were
aware of their diagnosis prior to pregnancy. Eleven of the 13
affected fetuses with ADPKD had renal enlargement, 10 had
increased echogenicity, and 9 had specific echogenicity of the
renal parenchyma. Only 6 of 13 had cysts large enough to be
detected by antenatal ultrasound examination.

Echogenic kidneys with normal amniotic fluid volume
pose a distinct diagnostic challenge. As reported byMashiach
et al., this can be a normal variant, as was the case in one of
their seven patients (Mashiach et al., 2005). However, six of
the seven patients had significant renal parenchymal disease,
four patients had ADPKD, and two patients had multifocal
renal dysplasia.

FetalMRI has been usedmore frequently to help delin-
eate theetiologyof enlargedkidneysbecauseof the limitations
of ultrasound examination in the setting of oligohydramnios.
Liu et al., described the followingMRIfindings on single-shot
fast spin echo (SSFSE) sequences in ARPKD: hypointensity
of the lungs (because of decrease in airway fluid from oligo-
hydramnios), oligohydramnios, symmetrical nephromegaly,
and nonvisualization of fluid in the renal pelvis and blad-
der (Liu et al., 2006). Hawkins et al., found MRI helpful in
diagnosing the underlying basis for severe renal anomalies
(Hawkins et al., 2008). Similarly, Cassart et al., found MRI
to be complementary to ultrasound examination, and in the
case of ARPKD, found a hyperintense signal in the pyramids
similar to the increased echogenicity observed by sonography
byOkumura et al. (Cassart et al., 2004,Okumura et al., 2006).

DIFFERENTIAL DIAGNOSIS

When cysts are observed in the fetal kidney, it is important to
determine whether they are present in only one kidney or in
both. Bilateral presentation is more characteristic of ARPKD.
Caution must be observed, however, as ADPKD can be dif-
ficult or impossible to prenatally distinguish sonographically
from ARPKD (Pretorius et al., 1987). Furthermore, the dif-
ferential diagnosis of diseases that causes echogenic kidneys
in the fetus and newborn differs from that of older pediatric
patients (Estroff et al., 1991). Renal cysts can be characteris-
tically found as part of other single-gene disorders, including
tuberous sclerosis (Blethyn et al., 1991). It is of interest that
one of the genes for tuberous sclerosis maps very closely to
one of the genes for ADPKD. Blethyn et al. (1991) described
a fetus with a large echogenic kidney diagnosed at 28 weeks
of gestation. This infant was later noted to have seizures at
5 weeks of postnatal age, and computed tomographic (CT)
scan revealed the presence of cortical tubers. Renal lesions oc-
cur in 54% to 100% of patients with tuberous sclerosis. These
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Figure 79-2 Prenatal sonographic image demonstrating in-
creased echogenicity and multiple small cysts in a fetus with
Meckel–Gruber syndrome.

consist of angiomyolipomas or renal cysts. Another condi-
tion that can present with increased echogenicity of the fetal
kidneys and renal enlargement is Beckwith–Wiedemann syn-
drome. The other condition with bilateral renal enlargement,
oligohydramnios, and increased echogenicity that presents
prenatally is Meckel–Gruber syndrome (Wapner et al., 1981;
Celentano et al., 2006). Sgro et al., have also reported the
association of ARPKD and Caroli’s disease, which is a rare
autosomal recessive condition (Sgro et al., 2004). This fetus
was diagnosed at 33 weeks of gestation with dilated intra-
hepatic bile ducts and enlarged echogenic kidneys (see Figure
79-2). Other conditions that can present with renal cysts are
listed in Table 79-1.

Whenechogenic kidneys are associatedwith renal cysts,
Chaumoitre et al. suggest a differential diagnosis of ADPKD,
ARPKD, Bardet–Biedl syndrome,Meckel–Gruber syndrome,
Ivemark syndrome, and Jarcho–Levin syndrome, based on
their reviewof93 fetuses (Chaumoitreet al., 2006).Thisgroup
found that the key to prenatal diagnosis was the demonstra-
tion of associated anomalies that suggested a specific syn-
drome. In the absence of associatedmalformations, the main
differential is between ARPKD and ADPKD.

ANTENATAL NATURAL HISTORY

The transient embryonic excretory organs—the pronephros
and mesonephros—develop around 5 to 7 weeks of ges-
tation. The first fetal urine is formed at approximately
11 weeks of gestation, and this may maintain the patency
of themesonephric duct. At aroundweek 7, the wolffian duct
develops a bud from its caudal end that grows medially and
dorsally until itmeets the caudal end of the nephrogenic cord.
This is called the “metanephric blastema,” and it induces for-
mation of the definitive kidney. This begins as an interaction
between the ureteral bud and metanephros, which results in
a series of branching divisions of the ureteral bud, forming

Table 79-1

Conditions Associated with Renal Cysts

Chromosomal abnormalities
Trisomy 8 mosaic
Trisomy 13
Trisomy 18
Triploidy
Turner syndrome (45,X)

Single-gene disorders
Ehlers–Danlos syndrome
Orofacial digital syndrome
Zellweger syndrome
Tuberous sclerosis
Lawrence–Moon–Biedl syndrome
Multiple acyl CoA dehydrogenase defect
Meckel-Gruber syndrome
Acromandibular–renal syndrome

Other
Beckwith–Wiedmann syndrome
Noonan syndrome
Goldenhar syndrome
Lissencephaly

the renal pelvis and major calices around 12 to 14 weeks of
gestation. This branching reaches its maximum at 22 weeks
of gestation but continues until 34 to 36 weeks of gestation,
when the kidney is fully formed (Bronshtein et al., 1990).
Pathogenesis of kidney diseases result from one of the six
causes (Bronshtein et al., 1990):

1. failure of union between primitive collecting ducts and
nephrons;

2. failure of involution of the first generation of nephrons;
3. obstruction of urine flow at the level of the pelvis, urethra,

or bladder outlet;
4. intratubular obstruction;
5. abnormalities of the tubular wall and supporting tissues;
6. adrenocortical maternal steroid ingestion.

PKD is characterized by enlargement of renal cysts, in-
terstitial fibrosis, and gradual loss of normal renal tissue in
association with progressive deterioration of renal function.
In one study, apoptotic DNA fragmentation was detected in
polycystic kidneys from five patients with renal failure (Woo,
1995). Apoptotic cells were demonstrated in glomeruli, cyst
walls, and both cystic and noncystic tubules of the polycys-
tic kidneys. These authors hypothesize that apoptotic loss of
renal tissue may be associated with progressive deterioration
of renal function that occurs in patients with PKD. The spe-
cific findings in ARPKD, consisting of large, coarsely hypere-
choic kidneys, are thought to be secondary to the presence of
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innumerable microscopic cortical and medullary cysts. The
interfaces of these cysts provide increased echogenicity.

ADPKD is the only form of cystic disease that involves
a collecting tubule as well as the nephron. Normal and ab-
normal nephrons are intermixed (Pretorius et al., 1987). In
ADPKD, cysts occur inonly 1%to2%of renal tubules, but it is
thought that the affected abnormal nephrons enlarge steadily
until they compress anddistort thenormalparenchyma to the
point of causing impaired renal function (Grantham, 1988).
Michaud et al. (1994) reported on three cases of ADPKD
and performed a literature review. Of 32 affected fetuses,
28 had prenatal sonographicmanifestations of disease or sib-
lings with early onset of disease. Pathologic studies demon-
strated that the cysts could be found in newly formed
nephrons or inmoremature nephrons of the deep cortex. The
glomeruli were predominantly affected in the fetus. These au-
thors hypothesized that cysts develop in most patients with
ADPKD during fetal life and that the rate at which these cysts
increase in size determines the clinical severity of the disease
(Michaud et al., 1994).

MANAGEMENT OF PREGNANCY

The diagnosis of fetal renal cystic disease mandates complete
ascertainment of the family history. It is also recommended
that both parents have a renal ultrasound examination per-
formed because of the high prevalence of the ADPKD gene in
the general population. Because of the higher prevalence of
ARPKD in the prenatally diagnosed population, a fetus with
bilateral renal enlargement and echogenicity is more likely
to have ARPKD if both parents have normal ultrasound ex-
aminations. However, caution must be observed because of
the apparent false-positive diagnoses of ARPKD reported in
the literature (Lilford et al., 1992). Several authors have de-
scribed additional diagnostic testing to help with determi-
nation of the underlying cause. For example, Tsuda et al.
(1994) diagnosed ARPKD in a fetus at risk by measuring
hourly fetal urine production. Thiswas reduced in an affected
fetus as compared with a normal fetus. Magnetic resonance
imaging (MRI) has been performed at 25 weeks of gestation
in a fetus diagnosed with bilateral enlarged hyperechogenic
kidneys, oligohydramnios, and a small bladder at 22 weeks
of gestation. The MRI revealed corticomedullary differenti-
ation but could not demonstrate the presence of renal cysts.
The kidneys were noted to bemassively increased in size with
a very high water content in the renal parenchyma (Nishi
et al., 1991). Nicolini et al. (1992) aspirated fetal urine from
21 large cystic renal masses in 18 fetuses diagnosed between
20 and 35weeks of gestation. They demonstrated that urinary
concentrations of sodium, calcium, and phosphate were sig-
nificantly higher in the multicystic group as compared with
the hydronephrotic group. They concluded that reabsorption
of phosphate was impaired in multicystic kidneys.

In the absence of the demonstration that one of the par-
ents is affected with ADPKD, counseling regarding expected

prognosis can be difficult. Even when one of the parents is
known to have ADPKD, the short-, mid-, and long-term
prognoses for fetuses in whom renal cysts are demonstrated
early in life is unknown (Journel et al., 1981). In the past, fe-
tuses diagnosed with ARPKD were given a dismal prognosis;
however, increasing information from the pediatric literature
indicates that general health and lifespan for these infants
can be better than was previously thought (Guay-Woodford
and Desmond, 2003; Beaunoyer et al., 2007). For a presumed
diagnosis of ARPKD, the prospective parents should have a
complete discussionwith apediatric nephrologist andneona-
tologist regarding the extent of resuscitation for the affected
newborn. Delivery should be planned to occur in a tertiary
care center because of the expected problems with respira-
tory insufficiency due to pulmonary hypoplasia secondary to
oligohydramnios and hypertension.

FETAL INTERVENTION

There are no fetal interventions for PKD.

TREATMENT OF THE NEWBORN

Newborns with ARPKD often receive minimal intervention
because poor respiratory and renal outcomes are anticipated.
In 1995, Bean et al. described two unrelated infants with
ARPKD whose respiratory failure was successfully treated
with surfactant and mechanical ventilation. Of interest was
the fact that themassive kidney size restricted gastrointestinal
capacity and limited feeding and growth. In these two cases,
unilateral nephrectomy allowed improved feedings. Both pa-
tients had their caloric intake supplemented by nightly feed-
ings by gastrostomy tube, to give a caloric equivalent of 120 to
130 kcal per kilogram of body weight per day. Both patients
required long-term medications for treatment of hyperten-
sion; however, both exhibited normal neurodevelopment for
age at 4 years 9 months and 19 months of follow-up. Both
of these patients required minimal hospitalization after the
neonatal period.

Aggressive neonatal resuscitation was considered to be
controversial for ARPKD, but increasing reports have indi-
cated that with ventilatory support, nutrition, and peritoneal
dialysis survival rates canbeashighas82%to85%(Bergmann
et al., 2005). Those who survive have hypertension, progres-
sive renal insufficiency, and hepatic fibrosis and will ulti-
mately need renal transplantation (Beaunoyer et al., 2007).
All of these issues must be discussed with the prospective
parents.

Fetuses affected with ADPKDhave far fewer symptoms
and are unlikely to present with spontaneous pneumothorax,
oligohydramnios, or liver or spleen enlargement (Cole et al.,
1997). In the absence of severe oligohydramnios, standard
resuscitation and neonatal supportive treatment are appro-
priate for infants with ADPKD.
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Figure 79-3 A neonate with ARPKD. Mas-
sive and rapid enlargement of the right
kidney compressed the inferior vena cava,
which necessitated emergency nephrec-
tomy.

SURGICAL TREATMENT

The only surgical treatment available for severe PKD is
nephrectomy(unilateralorbilateral)or renal transplantation.
We have performed unilateral nephrectomy on an emergency
basis for an infant with ARPKD because the rapid and mas-
sive enlargement of the right kidney compressed the inferior
vena cava and seriously impeded venous blood return to the
heart (Figures 79-3 and 79-4).

LONG-TERM OUTCOME

A critical milestone for PKD appears to be survival past the
first few months of age. Kaplan et al. (1989b) reviewed the
clinical features in 55 cases of ARPKD. Of the 24 patients

who presented during the neonatal period, 12 (50%) sur-
vived beyond 2 years of age. These authors performed an
actuarial analysis and showed that once a patient survived
beyond 1 year of age, the projected chance of survival beyond
15 years of age was 78%. This data is in agreement with that
of Cole et al. (1987), who performed a retrospective survey
of 48 patients with PKD who survived the first month and
were seen before 1 year of age. These authors indicated that
most children diagnosed with PKD who survived the first
months of life lived for many years. The majority of all af-
fected children require long-term antihypertensive therapy
for persistent problems with high blood pressure.

What is not clearly known, however, is the prognosis
for fetuseswith the dominant formof PKDwho are identified
antenatally. In a review of 13 prenatal diagnoses of ADPKD,
Pretorius et al. (1987) showed that 10 of 13 infants were alive

Figure 79-4 Postnatal CT scan from the
same infant in Figure 79-3 showing bilat-
eral presence of multiple cysts in enlarged
kidneys.
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at the time of follow-up. Three were dead because of elec-
tive termination of pregnancy, sepsis, or respiratory distress
syndrome. Of the 10 surviving children, 8 had normal renal
function at the time of follow-up. There is some indication
that the neonatal detection of ADPKD correlates with devel-
opment of hypertension and renal failure in early childhood.
However, it is unclear what the fetal presentation of ADPKD
implies for future symptoms (Journel et al., 1981).

A review of the literature suggests that fetuses with se-
vere oligohydramnios are unlikely to survive the perinatal
period. Improvements in neonatal care permit moderate to
severely affected infants with ARPKD to survive the perinatal
period. Survival beyond 1 month of life generally indicates
the propensity for long-term survival in affected infants with
ARPKD. These children require long-term medication and
close medical follow-up; however, the literature does not in-
dicate that they spend their entire lives in the hospital. The
long-term prognosis for children affected with the domi-
nantly inherited form of PKD is good because in childhood
they are more mildly affected. Their clinical situation is also
complicated by the fact that inmost cases, one of their parents
also has the disease, and they may, therefore, be more likely
to continue the pregnancy.

GENETICS AND RECURRENCE RISK

Several authors have discussed the difficulties associated with
the dual identification of both fetus and parent affected with
ADPKD. In Pretorius’s study (1987) only 5 of 13 parents were
aware of their disease prior to pregnancy. The diagnosis of re-
nal cystic disease in the fetus and young infant should trigger
an investigation of the family history. Sonography should be
performed on the parents. In ADPKD, however, the severity
of parental involvement does not predict either the severity
of the child’s involvement or the age at onset of symptoms
(Michaud et al., 1994). It is well known that difficulties exist
in genetic counseling for ADPKD. In one study, 23% of sub-
jects were aware of the hereditary nature of the disease, only
18%had genetic counseling, and 9%had familymembers ex-
amined by sonography (Journel et al., 1981). Fertility is not
reduced in ADPKD.

Because it is difficult to distinguish between ADPKD
and ARPKD on sonographic examination, and many young
parents who have ADPKD are normal on sonographic exam-
ination, most geneticists believe that DNA diagnosis is more
reliable for prenatal detection of the affected fetus. Fortu-
nately, much recent investigative activity has been directed
toward mapping the various genes associated with ARPKD
and ADPKD.

ARPKDappears to be genetically homogeneous (Guay-
Woodford et al., 1995). ARPKD is caused by a single gene
(PKHD1) with multiple mutant alleles. This accounts for the
relatively high phenotypic concordance within families as
well as the broad range of phenotypes evident among differ-
ent families. The ARPKD gene was mapped to chromosome
6p21-cen in 1994 (Zerres et al., 1994). Most of the families
analyzed in this initial report, however, had a milder clinical

phenotype compatible with survival beyond infancy. In
1995, Guay-Woodford et al. confirmed and extended Zerres
et al.’s findings by performing linkage analysis in families
that manifested the severe perinatal lethal form of ARPKD.
They narrowed the interval for the gene to 6p21.1-p12 and
confirmed that ARPKD results from a single mutant gene.

In contrast, ADPKD is genetically heterogeneous. At
least three genes are known to cause ADPKD (Grantham,
1995). ADPKD-1 maps to chromosome 16p13.3 and is re-
sponsible for 85% of cases. ADPKD-2 has been mapped to
chromosome 4q13-q23 (Peters et al., 1993). It has been pos-
tulated that a third gene, ADPKD-3, may be responsible for
a small minority of cases, but its chromosomal location is
unknown. Spontaneous mutations occur in less than 10% of
cases of ADPKD (Gabow, 1993).

DNA linkage analysis in ADPKD was first demon-
strated in 1985, when Reeders et al. described a DNA marker
located near the α-globin gene cluster on chromosome 16
that was coinherited with ADPKD. The existence of a second
gene causingADPKDwas first suspected in 1988 (Kimberling
et al., 1988; Romeo et al., 1988). Peters et al. (1993) reported
the assignment of a second gene for ADPKD to chromosome
4.Of interest is that patients who donot haveADPKD-1 seem
to be diagnosed at an older age, are less likely to have hyper-
tension, live longer, and have fewer renal cysts present at the
time of diagnosis. This indicates phenotypic as well as geno-
typic heterogeneity for ADPKD(Ravine et al., 1992). The first
DNA-based prenatal diagnosis of ADPKD was performed in
1986 by Reeders et al.

The PKD1 gene was cloned and sequenced in 1994
(European Polycystic Kidney Disease Consortium, 1994). It
is a very large gene whose protein product is called “poly-
cystin,” which is a glycoprotein of approximately 4300 amino
acid residues (Harris et al., 1995). Polycystin-1 is a cell–cell
matrix interactionprotein. It is important for production and
maintenance of renal tissue and connective tissue in other or-
gans. It is also expressed in arterial smooth muscle (Griffin
et al., 1997). This explains the multisystem nature of the dis-
ease. Large sections of the gene are duplicated at separate
locations on chromosome 16, and all of these segments of
DNA are transcriptionally active.Most PKD1 mutations have
been detected in the single copy 3′ end of the gene, but a
group of patients with deletion of PKD1 and the adjacent
tuberous sclerosis 2 gene (with severe infantile PKD) have
been characterized (Harris et al., 1995). In the typical patients
with adult-onset PKD1, small deletions, splicing defects, or
a nonsense mutation have been detected in the 3′ end of the
gene. In each case, a transcript is produced by the mutant
gene.Rarely, largedeletions that disrupt, or completely delete,
the PKD1 gene are detected. In every case, these mutations
also disrupt the adjacent tuberous sclerosis gene. PKD2 has
also been cloned and sequenced. Both PKD1 and PKD2 code
for novel proteins (van Adelsberg, 1999). Polycystin-1 is a
receptor and similarities between the polycystins and calcium
channel subunits suggest that these proteins are subunits of
a novel channel.

Families at risk for either ARPKD or ADPKD should
have blood samples collected for DNA analysis prior to
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contemplating a future pregnancy. For ADPKD, because of
the genetically heterogeneous nature of the disorder, there
should be enough affected family members tested to deter-
mine whether the disease is due to ADPKD-1, ADPKD-2, or
other genes (Breuning et al., 1990).

A large review of prenatal DNA analysis in families at
risk of ARPKD analyzed 65 diagnoses (Zerres et al., 1998).
In the majority of the requesting families, the index child
was dead; DNA was extracted from paraffin-embedded tis-
sue. In 4 of the 65 cases, a recombination event occurred
between flanking markers and no diagnosis was possible.
Forty-three fetuses were diagnosed correctly as unaffected. In
18 fetuses, homozygosity for the disease-associated haplo-
type was demonstrated. Pathologic changes consistent with
ARPKD were seen as early as 13 weeks of gestation in 2 fe-
tuses, both of which were terminated. This study showed that
haplotype-based prenatal testing is feasible and reliable in
pregnancies at risk for ARPKD (Zerres et al., 1998). Once
a mutation has been identified in a specific family, prenatal
DNAdiagnosis is available as early as 10weeks of gestation via
chorionic villus sampling. DNA diagnosis is recommended
for definitive prenatal diagnosis over prenatal sonographic
diagnosis, which can be nonspecific. Preimplantation genetic
diagnosis is also available for both ARPKD andADPKD if the
familial mutations are known.
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80
CHAPTER

Hydronephrosis: Minimal

Key Points

■ Minimal fetal hydronephrosis is defined as anterior
posterior renal pelvic diameter >4 mm and
<9 mm.

■ Minimal fetal hydronephrosis is associated with a
slightly increased risk of aneuploidy.

■ 90% of cases will resolve on their own.

■ Newborns with persistent hydronephrosis should
be treated with prophylactic antibiotics until
postnatal urologic evaluation.

CONDITION

Hydronephrosis is the most common abnormality reported
on prenatal sonographic screening (Thomas, 1990; Blyth
et al., 1993). The vast majority of cases are mild, so-called
physiologic hydronephrosis, which are of no clinical signif-

icance. Numerous theories have been proposed to try to
account for this common finding. In the past, one popu-
lar theory was that mild fetal hydronephrosis resulted from
changes in maternal hydration. However, Hoddick et al.
(1985) demonstrated that the degree of maternal hydration
had no significant influence on fetal urinary tract dilation.
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These findings were subsequently confirmed by Allen et al.
(1987). Other potential causes suggested for mild dilation of
the fetal urinary tract include transient obstruction, com-
pression by fetal vessels crossing the ureter, vesicoureteral
reflux, and natural kinks and folds in the ureter that may
occur during development, hyperfiltration of fetal kidneys,
or the influence of metabolic or hormonal factors (Homsy
et al., 1986; Najmaldin et al., 1990; Zerrin et al., 1993). The
hormonal milieu of the fetus may influence the renal pelvic
diameter.Maternal hydronephrosis commonly occurs during
pregnancy because of the influence of progesterone, a known
smooth muscle relaxant. It has been suggested that mater-
nal progesterone may also be responsible for mild fetal upper
urinary tract dilation (Cendron et al., 1994).

Distinguishing physiologic fetal renal pelvic disten-
tion from significant or pathologic hydronephrosis is a
challenge that requires accurate prenatal sonography and
follow-up evaluation. Renal pelvic distention may range in
anterior/posterior (A-P) diameter from 3 to 11 mm in up
to 18% of normal fetuses studied after 24 weeks of gesta-
tion (Hoddick et al., 1985). Because fetal hydronephrosis is
so common, Arger et al. (1985) proposed criteria to help dis-
tinguish abnormal renal pelvic dilation. They suggested that a
pelvic diameter of> 10mmor a ratio of the A-P pelvic diam-
eter to the A-P renal diameter> 0.5 indicated significant fetal
hydronephrosis (Figure 80-1A and B). These criteria were
subsequently modified by addition of caliectasis as an addi-
tional indicator of significant hydronephrosis (Kleiner et al.,
1987). This study suggested that caliectasis might be an even
more sensitive and reliable indicator for predicting patho-
logic hydronephrosis than simple pelviectasis (Figure 80-1A).
Renal pelvic dilation less than these criteria for pathologic
hydronephrosis is considered minimal fetal hydronephrosis.
Morin et al. (1996) defined minimal hydronephrosis as renal
pelvic dilation > 4 mm but < 10 mm in a fetus that was less
than 24 weeks of gestation.

Classification of the degree of renal pelvic dilation is
also dependent upon when during gestation it is diagnosed.
Fetuses at 15 to 20 weeks of gestation with a renal pelvic
diameter of 4–7mm are considered to have minimal fetal hy-
dronephrosis, while those fetuses with A-P diameter greater
than 7 mm are classified as having moderate hydronephro-
sis. In contrast, after 30 weeks of gestation, the threshold for
defining mild, moderate, and severe hydronephrosis is de-
fined as 5–8 mm, 9–15 mm, and over 15 mm, respectively
(Pates and Dashe, 2006).

INCIDENCE

Antenatal hydronephrosis is a common finding on antenatal
ultrasound with incidence reported from 0.3% to 4.5% with
most reports around 1%(Havutcu et al., 2002).When a num-
ber of clinical studies are pooled, the calculated incidence of
detectable dilation of the fetal urinary tract approaches 1 in
100 pregnancies (Thomas, 1990). However, difficulties in as-
sessing the true incidence of pathologic fetal hydronephrosis
stem from the high incidence of physiologic hydronephro-
sis and the limitations of criteria used to define pathologic
urinary tract dilation (Gruppe, 1987). The overall incidence
of congenital hydronephrosis in a large-scale maternal–fetal
screening program in Sweden was 0.17% (Helin and Persson,
1986). This figurewas lower than the one reported (0.76%) in
Britain, in a well-designed prospective study using antenatal
ultrasonography at a specific time during pregnancy (Livero
et al., 1989). In many of these cases, however, a large number
of the fetuses displayedwhatwould be considered physiologic
hydronephrosis, in other words,minimal pyelectasis. Follow-
up studies in patients diagnosed with prenatal hydronephro-
sis showed that only 1 in 500 fetuses required prenatal or
postnatal intervention for hydronephrosis (Thomas, 1990).

A B

Figure 80-1 A. Prenatal sonographic image demonstrating minimal fetal hydronephrosis on the left with an A-P
pelvic diameter of 7 mm. The right kidney demonstrates caliectasis even though the A-P pelvic diameter is only 8
mm, which would be considered pathologic. B. During bladder contraction there was slight increase on the left in A-P
pelvic diameter to 8.3 mm suggesting vesicoureteral reflux.
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SONOGRAPHIC FINDINGS

The role of ultrasound examination in the evaluation of the
fetal urinary tract is twofold: to monitor the extent of fetal
urinary tract dilation and to identify fetuses affected with
such severe lesions that intervention or termination of the
pregnancy should be considered. Prenatal sonography has ir-
revocablychangedtheapproach tocongenitalmalformations,
particularly those involving the urinary tract (Harrison et al.,
1982; Golbus et al., 1983; Mahoney et al., 1984; Harrison
and Filly, 1991; D’Alton and DeCherney, 1993). Current di-
agnostic capabilities allow for the detection of urinary tract
anomalies as early as 12 to 14 weeks of gestation (Glazer
et al., 1982; Bronshtein et al., 1990; Patten et al., 1990; Blyth
et al., 1993). Variables to be considered in the evaluation of
fetal hydronephrosis include gestational age at diagnosis, area
of urinary tract involved, degree of dilation, and evidence of
significant obstruction. Several series have reviewed the accu-
racy of the diagnosis of hydronephrosis by ultrasound exami-
nation of the fetus (Blane et al., 1983; Avni et al., 1985;Watson
et al., 1988). Unfortunately, a fairly high rate of false-positive
results have been noted, varying between 9% and 22% (Scott
and Renwick, 1987; Reznick et al., 1988). It is thought that
as our ability to distinguish physiologic from pathologic hy-
dronephrosis becomesmore refined, this rate of false-positive
scans will be reduced. In order to better define the severity of
hydronephrosis, the Society of Fetal Urology has proposed a
grading system that uses two parameters: 1) the central renal
complex; and 2) renal parenchymal thickness to grade density
of the hydronephrosis (seeTable 80-1).Most cases ofminimal
hydronephrosis will fall in the Grade 0 or 1 categories.

Table 80-1

Density of Hydronephrosis

Renal
Parenchymal

Grade Central Renal Complex Thickness

0 Intact Normal

I Slight splitting of pelvis
and calices

Normal

II Evident splitting of pelvis
and calices

Normal

III Wide splitting of pelvis
and calices

Normal

IV Further splitting of pelvis
and calices

Reduced

Adopted from the Society of Fetal Etiology.

Most authors recommend that all fetuses with an A-
P diameter of ≥6 mm should undergo postnatal evaluation
(Odibo et al., 2004; Becker and Baum, 2006; Belarmino and
Kogan, 2006). Certainly fetuses with an A-P pelvic diameter
10 mm and those who have an A-P pelvic renal cortex ratio
>0.5 or with evidence of caliectasis should certainly undergo
postnatal evaluation (Cendron et al., 1994).

DIFFERENTIAL DIAGNOSIS

Thedifferential diagnosis ofminimal fetal hydronephrosis in-
cludes extrarenal pelvis, prominent renal veins crossing over
the renal pelvis, and vesicoureteral reflux (Table 80-2). The
degree of dilation in an extrarenal pelvis can be sufficient to
bemistaken for ureteropelvic junction (UPJ) obstruction (see
Chapter 81).Color flowDoppler studies shouldbe able to dis-
tinguish the crossing renal vein from the true renal pelvis. In
vesicoureteral reflux thedegreeofpelvicdilationwill varyover
time. Inparticular, increased renal pelvic diametermaybeob-
served at the time of bladder contractions. Other possibilities
include an overlying loop of intestine mistaken for the renal
pelvis, a dilated superior pole of a duplex collecting system,
and dilated ureter secondary to ureterovesical obstruction. In
each of these cases careful sonographic examination should
be able to define the fetal anatomy.

ANTENATAL NATURAL HISTORY

Our understanding of the natural history of fetal hy-
dronephrosis is still evolving, especially in cases of hy-
dronephrosisdetectedbefore20weeksofgestation. Inareport
describing the use of transvaginal ultrasound screening dur-
ing the early stages of pregnancy, fetal hydronephrosis was
found to vary greatly over the course of gestation (Bron-
shtein et al., 1990). In fact, of 27 cases of fetal hydronephrosis
(renal pelvis >3 mm) diagnosed between 13 and 17 weeks
of gestation, only 6 displayed any evidence of hydronephro-
sis postnatally (Bronshtein et al., 1990). Ten cases of unilat-
eral hydronephrosis gradually disappeared between 15 weeks
of gestation and term. The parameters of what constitutes
abnormal pelvic distention in fetuses less than 20 weeks of
gestation have yet to be clearly established.

Inorder tobetterdefine fetalhydronephrosis and its im-
pact on the developing urinary tract, many ultrasonographic
features must be systematically reviewed. The evaluation of
the urinary tract should include an assessment of the overall
growth and development of the fetus, amniotic fluid index,
genitalia, renal parenchymal appearance, extent of dilation
of the collecting system, whether involvement is unilateral
or bilateral, as well as bladder size, thickness, and emptying.
Because of the increased incidence of associated malforma-
tions, the fetus should be scanned for extrarenal anomalies.
The fetus with hydronephrosis should be evaluated at sev-
eral points in gestation. In the very early second trimester
of pregnancy, a renal pelvic diameter of only 5–8 mm may
have functional significance (Blyth et al., 1993). As noted pre-
viously, after 20 weeks of gestation, a renal pelvic dilation of
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Table 80-2

Differential Diagnosis of Minimal Fetal
Hydronephrosis

Frequency
Cause (% of total)

Renal

Transient HN 48

Physiological HN 15

UPJ obstruction 11

VUR 9

Megaureter 4

MCDK 2

Ureterocele 2

Renal cyst 2

PUV 1

Ectopic ureter

Prune belly syndrome

Ureteral atresia

Urachal cyst

Not renal

Ovarian cyst

Hydrocolpos

Sacrococcygeal teratoma

Enteric duplication

Duodenal atresia

Meningocele

Retroperitoneal and/or pelvic masses

Abbreviations: UPJ, ureteropelvic junction; VUR, vesico-ureteral reflux;
MCDK, multicystic dysplastic kidney; PUV, posterior urethral valve.

>6mm should be considered significant, requiring close pre-
natal observation and postnatal evaluation. In antenatal hy-
dronephrosis, defined as ≥6 mm A-P renal pelvic diameter,
vesicoureteral reflux is themost common cause with uretero-

pelvic junctionobstruction,moreoften thecausewhen the re-
nal pelvic diameter is>10mm(Woodward and Frank, 2002).

Occasionally, progression of physiologic to pathologic
hydronephrosis can be seen later in gestation, but the inci-
dence is probably less than 10%. Progression to pathologic
hydronephrosis is most often associated with UPJ obstruc-
tion and with vesicoureteral reflux (Noe and Magill, 1987;
Watson et al., 1988; Zerrin et al., 1993; Morin et al., 1996).
Because no criteria are currently available to identify fetuses
inwhichminimal hydronephrosis in the second trimesterwill
progress to pathologic hydronephrosis later in gestation, we
currently recommend that a single follow-up sonography be
performed at 32 weeks of gestation to rule out progression.

MANAGEMENT OF PREGNANCY

The fetus diagnosed withminimal fetal hydronephrosis prior
to 24 weeks of gestation has a 90% chance of complete reso-
lution with no postnatal sequelae. Conversely, 10% of these
patients will have worsening of their hydronephrosis (Morin
et al., 1996).Becausenosonographic criteriadiscernwhich fe-
tuses constitute the10%inwhichminimal fetal hydronephro-
siswill progress, we currently recommend that all fetuseswith
minimal hydronephrosis undergo a repeat ultrasound exam-
ination at 32 to 34 weeks to determine which fetuses will
require postnatal evaluation. In a review of 127 cases of min-
imal fetal hydronephrosis, Morin et al. found that 9% had
worsening of hydronephrosis during the third trimester and
required postnatal evaluation. A retrospective analysis of the
sonograms of the fetuses in which minimal hydronephrosis
worsened or progressed had one or more of the following
features present: caliectasis, in utero progression, or abnor-
mal renal echogenicity. Of the 9% of fetuses with progres-
sion of minimal fetal hydronephrosis, four fetuses required
postnatal surgery to preserve renal function. This number
may be small, but it represents a much larger percentage of
pathologic hydronephrosis among fetuses with minimal fe-
tal hydronephrosis than previously described. Of the 23 pa-
tientswithabnormalfindingsdocumentedpostnatally, 4were
found to have functionally significant UPJ obstruction, 1 had
severe vesicoureteral reflux, and all of them required surgical
correction of the urologic condition.

Hydronephrosis can be associatedwith aneuploidy and
is a component of several syndromes and the VACTERL as-
sociation (Benacerraf et al., 1990). A multicenter prospective
observational study of unselected fetuses examined between
16 and 26weeks gestation identified 737 fetuses withmild hy-
dronephrosis in a population of 101,600 births. Of these 737
fetuses, 12 (1.7%)hadchromosomalabnormalities (6 trisomy
21, 1 trisomy 13, 1 trisomy 8, 2 Turner’s syndrome, 1 unbal-
anced translocation, and 1 47XXX) (Chudleigh et al., 2001).
In this study, the risk of aneuploidy inminimal hydronephro-
sis was found to be 0.33% and 2.22% in women less than 36
years and greater than or equal to 36 years, respectively. These
authors suggested that the presence of hydronephrosis should
at least prompt discussion of amniocentesis for karyotype
analysis.
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Once the fetus is diagnosed sonographically as having
progressive minimal fetal hydronephrosis, careful follow-up
should be planned to ensure proper postnatal management.
At the time of the initial prenatal diagnosis of hydronephro-
sis, parental counseling is recommended. Amultidisciplinary
team approach is extremely helpful to inform the parents and
to help them understand the implications of this diagnosis.

FETAL INTERVENTION

There is no indication for fetal intervention for minimal fetal
hydronephrosis.

TREATMENT OF THE NEWBORN

Every newborn with a prenatal diagnosis of hydronephrosis
should undergo a complete physical examination at birth,
with specific emphasis on identifying the urethral orifice.
Monitoring of the urinary output within the first 24 to
48 hours is unreliable. Failure to void during the first 2 days
after birth may reflect normal fluid shifts or may be the first
sign of a significant urologic anomaly (Arant, 1992). The dif-
ferential diagnosis in the neonate who does not void within
the first 48 hours includes obstructive uropathy, renal failure,
neurogenic bladder, and the effects of maternal medication
(Arant, 1992). However, most patients with urinary obstruc-
tion will still void, albeit with a weak stream, within the first
2daysof life. Serumelectrolyte,bloodureanitrogen, andcrea-
tinine levels obtainedwithin thefirst day of life are a reflection
ofmaternal renal function via placental exchange. It is best to
wait at least 24 hours to obtain these values. Themost helpful
test in the initial evaluation in the newborn with prenatally
diagnosed hydronephrosis is an ultrasound examination of
the abdomen, including a scan of the bladder. Timing of the
ultrasoundexaminationdependson the extentofprenatal hy-
dronephrosis (Dejter and Gibbons, 1989). If severe dilation
of the renal pelvis has been detected antenatally, then early ul-
trasound evaluationwithin the first 1 to 2 days should be per-
formed to permit early intervention. Otherwise, ultrasound
evaluation can be postponed for 3 to 7 days in order to let
the physiologic diuresis that occurs during the first 48 hours
of life to resolve (Arant, 1992). If the initial postnatal re-
nal ultrasound examination is normal, the evaluation should
be pursued with a repeat ultrasound examination in 3 to
4weeks.The reason for this is that ahigh incidenceofneonates
diagnosed with antenatal hydronephrosis have a normal up-
per urinary tract at the time of their first ultrasound, and
are subsequently diagnosed with ureteropelvic obstruction
or vesicoureteral reflux (Dejter and Gibbons, 1989).

SURGICAL TREATMENT

Mild cases of hydronephrosis can be observed clinically,
and may warrant only one or two ultrasound examinations
during the postnatal period. It is rare for mild dilation of
the urinary tract to progress. In cases in which additional

findings are observed, such as cortical thinning or upper-
tract dilation with a normal bladder noted, voiding cys-
tourethrography (VCUG) should be performed to evaluate
the presence of vesicoureteral reflux. If vesicoureteral reflux
is noted, then a renal nuclear or radionuclide scan, either
99 technetium-diethylenetriaminepentraaccetic acid (DTPA)
or mercaptoacetyltriglycine (MAG-3) scans, will be helpful
in documenting renal function and degree of obstruction, if
present. If no evidence of reflux is noted on VCUG, then a
MAG-3 scan with furosemide should be obtained to evaluate
the upper renal tract for possible UPJ obstruction (see Chap-
ter 81). If UPJ obstruction is noted, subsequent management
is determined by the severity of the obstruction. In severeUPJ
obstruction, in which a kidney shows 35% or less function,
pyeloplasty should be performed. In the cases in whichmild-
to-moderate obstruction is noted, and the kidney has more
than 35% function, observation alonemay be indicated, with
a repeat scan in three months. A repeat renal scan will help
to assess the changes occurring in renal function. As stated
earlier, growing evidence suggests that a mild degree of UPJ
obstruction may not be functionally significant and does not
warrant surgical intervention (Koff, 1990;Gordonet al., 1991;
Duckett, 1993; Woodward and Frank, 2002).

Current recommendations in treatment of the neonate
with prenatally diagnosed hydronephrosis include the ad-
ministration of prophylactic antibiotics, usually a penicillin
derivative (Berman and Maizels, 1983). In the past, most pa-
tients with hydronephrosis presented with a urinary tract in-
fection later in life. The incidence of urinary tract infection
in the setting of prenatally diagnosed hydronephrosis has not
been thoroughly evaluated, but a study found that 3% of
the patients being evaluated radiologically during the first
6 months of life were found to have a positive urinary culture
from a catheterized specimen (Daucher et al., 1992). We cur-
rently recommend antibiotic prophylaxis, pending postnatal
evaluation, for all neonates with persistent or worsening hy-
dronephrosis diagnosed prenatally. This can be discontinued
if no significant urinary tract obstruction or vesicoureteral
reflux is noted on the postnatal evaluation.

LONG-TERM OUTCOME

The fetus diagnosed with minimal fetal hydronephrosis who
shows no progression at 32 to 34 weeks of gestation requires
no postnatal follow-up. Postnatal evaluation is indicated, as
discussed above, in fetuses in which there is progression. The
long-term outcome is entirely dependent on the diagnosis. In
cases of vesicoureteral reflux, complete resolution can often
be observed over the first several months of life. Similarly,
mild-to-moderate UPJ obstruction, not requiring pyelo-
plasty, usually has no long-term sequelae. The long-termout-
come for specific causes of fetal hydronephrosis is discussed in
Chapters 80–83. It is unusual forminimal fetal hydronephro-
sis that developed during the second trimester to result in re-
nal dysplasia. Good long-term follow-up in these patients is
lacking, butwe currentlydonot anticipate late compromiseof
renal function in these patients. However, recent prospective
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studies have found that even mild hydronephrosis that is sta-
ble or resolves during pregnancy can redevelop, progress, and
may even require surgery later in life (Ismaili et al., 2004; Sig-
norelli et al., 2005).

GENETICS AND RECURRENCE RISK

The risk of recurrence of minimal hydronephrosis with sub-
sequent pregnancies has not been studied. However, given
that this condition affects 18% of all pregnancies, chances are
at least that high that minimal fetal hydronephrosis will be
coincidentally detected in a subsequent pregnancy.

Hydronephrosis can be associated with aneuploidy or
syndromes, or the VACTERL association (Benacerraf et al.,
1990). Mild hydronephrosis may be associated with a risk
of aneuploidy that is slightly higher than age-adjusted risk
(Chudleigh et al., 2001).
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81
CHAPTER

Hydronephrosis:
Ureteropelvic Junction

Obstruction

Key Points

■ Ureteropelvic junction obstruction (UPJ) prevents
urinary flow from the renal pelvis to the ureter, and
is the most common cause of significant neonatal
hydronephrosis.

■ The timing of onset of obstruction determines the
clinical presentation, ranging from multicystic
dysplastic kidney to pelvicaliceal dilation for first
trimester compared with third trimester
obstruction respectively.

■ Most cases are unilateral, with bilateral cases, or
cases in which the contralateral kidney has
multicystic dysplastic changes, having much worse
prognosis.

■ Pregnancy management is generally unchanged in
unilateral UPJ cases, while fetal intervention by
means of urinary shunting may be necessary in
rare cases of severe bilateral UPJ.

■ Management of the neonate usually includes
delaying imaging until 3–7 days of life to allow
completion of normal physiologic diuresis and
initiation of prophylactic antibiotics.

■ Indications for surgical intervention include renal
function less than 40% expected, worsening
hydronephrosis, renal pelvic diameter greater than
5 cm, or febrile morbidity.

CONDITION

Obstruction at the ureteropelvic junction (UPJ) is the
most common cause of significant neonatal hydronephro-
sis (Lebowitz and Griscom, 1986). Because 85% to 90% of
affected newborns appear entirely normal on physical exam-
ination at birth, prenatal recognition permits treatment of
a condition that may otherwise be unrecognized (Grignon
et al., 1986). This form of hydronephrosis is characterized by
obstruction to the flow of urine from the renal pelvis to the
ureter. UPJ obstruction may be classified as either primary
or secondary. Primary causes of UPJ obstruction would in-
clude intrinsic problems such as intraluminal valves, polyps,
congenital mucosal folds, muscular hypertrophy, and func-
tional obstruction and extrinsic causes of obstruction such as
aberrant crossing vessels. Secondary causes of UPJ obstruc-
tion would include vesicoureteral reflux or more distal ob-
struction. Among the suggested causes are intrinsic valves at
the UPJ, abnormally thickened or oriented muscular bands
at the UPJ, high insertion of the ureter on the renal pelvis,
anomalous crossing bands or vessels at theUPJ, ischemia, and
segmental ureteral dismotility (Williams and Karlaftis, 1966;

Kelalis et al., 1971; Johnston et al., 1977; Hendren et al., 1980;
Maizels and Stephens, 1980). In the majority of cases, how-
ever, a patent UPJ is found at the time of surgical correction.
In most cases therefore, the obstruction appears to be more
functional than mechanical.

While the pathogenesis of UPJ obstruction is poorly
understood, some aspects of the prenatal history are known.
Complete obstruction at the UPJ before 8 to 10 weeks of
gestation results in severedysplastic changes in thedeveloping
kidney (Scholtmeijer and van der Harten, 1975; Potter, 1976;
McGrory, 1980; Sanders and Hartman, 1984). The result is
a multicystic dysplastic kidney (see Chapter 78). In contrast,
incomplete UPJ obstruction that occurs during the second
trimester does not result in multicystic dysplastic kidney but
may result in variable degrees of renal dysplasia, in addition to
pelvicaliceal dilation. In contrast,UPJobstruction that occurs
during the third trimester may result in marked pelvicaliceal
dilation, but usually does not cause renal dysplasia.

Most cases of antenatal hydronephrosis are nonob-
structive and will resolve spontaneously in the postnatal pe-
riod (Belarmino and Kogan, 2006; Becker and Baum, 2006;
Hanna, 2006). The diagnosis of UPJ obstruction in the fetus
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is based on pelvicaliceal dilation that exceeds proposed cri-
teria for minimal fetal hydronephrosis (see Chapter 80).
There is no agreement on the absolute cut-off limit for
pathologic antenatal pelvic dilation. Most reports suggest
postnatal investigation for pelvic dilation of more than 5mm
(Woodward and Frank, 2002; Becker and Baum, 2006). To
distinguish primary UPJ obstructions, an anterior-posterior
(AP) pelvic diameter of the renal pelvis ≥10 mm or the pres-
ence of caliectasis could be used (Arger et al., 1985; Kleiner
et al., 1987).TodistinguishUPJobstruction fromother causes
of obstructive uropathy, theremust also be pelvic dilation and
an absence of findings suggestive of obstructive uropathy at a
lower level, such as ureterectasis, vesicomegaly, ectopic urete-
rocele, and dilated posterior urethra. Although UPJ obstruc-
tion is, in a large part, a diagnosis of exclusion, ultrasound
examination has proven reliable in determining the level of
obstruction (Kleiner et al., 1987).

INCIDENCE

The overall incidence of genitourinary defects diagnosed by
prenatal ultrasound examination has been estimated to be
between 0.2% and 0.9%. The incidence of UPJ obstruction
is estimated at 0.001% with a male to female ratio of 3:1
(Woodward and Frank, 2002). In newborns the left side is af-
fected in almost two thirds of cases. Bilateral UPJ obstruction
is seen postnatally in only 15%of cases (Johnston et al., 1977)
but may be more common in prenatally diagnosed cases, as
observed by Flake et al. (1986).

SONOGRAPHIC FINDINGS

In unilateral UPJ obstruction the renal pelvis and infundibu-
lum are dilated (Figure 81-1). Dilation of the calices may also

Figure 81-1 Sonogram at 24 weeks of gestation in coronal sec-
tion of the fetal kidneys demonstrating characteristic features
of UPJ obstruction affecting both kidneys with markedly dilated
renal pelvis and calices with associated urinary ascites.

Figure 81-2 Fetal MRI coronal image of the same fetus in Figure
81-1, demonstrating bilateral UPJ obstruction with dilated renal
pelvis, caliceal dilation, and urinary ascites.

be seen. The anterior to posterior pelvis to kidney ratio is
greater than 50% (Arger et al., 1985). The following findings
are not seen in primary UPJ obstruction: dilated ureter, ec-
topic ureterocele, dilated or thickened urinary bladder, or a
dilated posterior urethra. Inmore severe cases of primaryUPJ
obstruction only a single fluid-filled structure may be seen,
which is the dilated pelvis with only a thin rim of surround-
ing cortex (Figure 81-2) (Mahony, 1994). In evenmore severe
cases, the renal pelvis may be so dilated that it appears as an
abdominal cyst inwhichnot evena rimof renal parenchyma is
seen. Such severeUPJobstructions can reacha significant size,
distending the fetal abdomen and elevating the diaphragm
(Jaffe et al., 1987). In rare instances, both the infundibulum
and the renal pelvis are stenotic and only caliceal dilation is
seen (Lucaya et al., 1984). In the most severe form of UPJ
obstruction, the collecting system can rupture, with the for-
mationof a perinephric urinomaor urinary ascites. Although
some reports suggest it is unusual to have salvageable renal
function in a kidney with a perinephric hematoma, in some
instances this rupture may be protective (Callen et al., 1983;
Friedland et al., 1983; Adzick et al., 1985; Harrison and Filly,
1991). In unilateral UPJ obstruction, the contralateral kidney
produces a normal volume of amniotic fluid and the bladder
fills and empties normally, even in cases in which the UPJ
obstruction has resulted in renal dysplasia. It is important
to recognize that UPJ obstruction may be seen frequently
in association with contralateral multicystic dysplastic kid-
ney or renal agenesis. Either condition, in association with
high-grade UPJ obstruction, may produce profound oligo-
hydramnios and Potters syndrome features (Mahony, 1994).

Bilateral UPJ obstruction is present in 15% to 50% of
cases, depending on the series reported (Flake et al., 1986;
Kleiner et al., 1987). Fortunately, the involvement is often
asymmetric and severe bilateral obstruction is rare. How-
ever, as reported by Flake et al. up to 5% mortality can
be seen with bilateral UPJ obstruction, which progresses to
oligohydramnios and secondary pulmonary hypoplasia. UPJ
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obstruction paradoxically results in polyhydramnios in up to
25% of cases (Kleiner et al., 1987). The pathophysiology of
the polyhydramnios is uncertain but is thought to be due to
hyperfiltration occurring in the partially obstructed kidneys.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of UPJ obstruction includes all
other causes of hydronephrosis, including vesicoureteral re-
flux, megaureter, obstructed duplicated collecting system,
andbladder-outlet obstruction (Table 81-1). Adetailed sono-
graphic evaluation of the kidneys should differentiate the
anatomic level of obstruction causing hydronephrosis. Blad-
der outlet obstruction, whether due to urethral atresia or pos-
terior urethral valves, should be associated with vesicomegaly
with a thick and often trabeculated bladder wall. Cases of
ureterovesical obstruction, such as megaureter, are distin-
guished by the lack of vesicomegaly, with a dilated tortuous
ureter extending from the renal pelvis to the ureterovesical
junction. A duplex collecting system frequently results in hy-
dronephrosis due to obstruction at the site of the ureteral in-
sertion, often at an ectopic site. Thismay occur in association
with an ureterocele (see Chapter 83). In such cases, the ureter
is uniformly dilated up to the superior pole of the kidney,
whichmay have cystic dysplastic changes from long-standing
high-grade obstruction.

Vesicoureteral refluxmayoccur in associationwithUPJ
obstruction and may be difficult to distinguish from UPJ
obstruction as a cause of hydronephrosis. One sonographic

Table 81-1

Differential Diagnosis of Ureteropelvic
Junction Obstruction

Bilateral hydronephrosis
Supravesical obstruction

Bilateral UPJ obstruction
Bilateral ureterovesical junction obstruction

Infravesical obstruction
Posterior urethral valves
Urethral atresia
Obstructing ureterocele

Vesicoureteral reflux (bilateral, usually high-grade)
Prune belly syndrome
Megacystis–megaureter complex

Unilateral hydronephrosis
UPJ obstruction
Ureterovesical junction obstruction
Multicystic dysplastic kidney
Megaureter (nonobstructing, nonrefluxing) (may be

bilateral)
Renal duplication (may be bilateral)
Dilated loop of bowel

observation that is helpful in distinguishing between these
two diagnoses is observing the degree of pelvic dilation that
occurs with bladder emptying. UPJ obstruction is minimally
affected by voiding; however, vesicoureteral reflux is usually
evidenced bymarked fluctuations in the size of the ureter and
renal pelvis associated with bladder contraction.

ANTENATAL NATURAL HISTORY

Themost important determinants of the outcome of UPJ ob-
struction in the fetus are the gestational age at onset, severity
of obstruction, and whether the UPJ obstruction is unilateral
or bilateral. In early gestation, high-grade obstruction at the
ureteropelvic junction that occurs during the first trimester
results in a multicystic dysplastic kidney. In UPJ obstruction
that occurs during the second trimester, the fetal kidneys are
at risk for renal dysplasia and compromised renal function at
birth. In contrast, UPJ obstruction that occurs during the last
trimester rarely causes renal dysplasia, even in cases of high-
gradeobstruction.Thisvulnerabilityof thedevelopingkidney
to obstruction-induced dysplasia likely reflects the effect of
increased pressure during the nephrogenic phase of renal de-
velopment between 20 and 30 weeks of gestation (Harrison
and Filly, 1991).

Our understanding of the antenatal natural history of
UPJ obstruction is still evolving. UPJ obstruction is usually
thought to be a benign condition. Flake et al. (1986) chal-
lenged this view with their results of a review of 28 fetuses
referred to a fetal treatment center with prenatally diagnosed
UPJ obstruction in 44 kidneys. This series was unusual, in
that over half the cases were bilateral, as compared with
the usually quoted lower rates of 5% to 20% (Williams and
Karlaftis, 1966; Kelalis et al., 1971; Johnston et al., 1977;
Hendren et al., 1980). In some cases, pelvicaliceal dilation
due toUPJ obstruction resolves during gestation. In the series
reported by Flake et al. (1986), 2 cases resolved. All but five
newborns required surgical intervention postnatally, rang-
ing from nephrostomy to pyeloplasty, ureteroureterostomy,
or nephrectomy. Nongenitourinary anomalies were noted in
5 of the 28 fetuses. Therewas a 5%mortality rate in this series,
with all deaths occurring in cases of bilateral UPJ obstruction
(Flake et al., 1986).

Antenatal progression in the degree of hydronephro-
sis in cases of UPJ obstruction is a reliable predictor of the
need forpostnatal surgical decompression.Harrison andFilly
(1991) felt that progression was more likely in bilateral UPJ
obstruction. However, the degree of hydronephrosis seen in
utero does not always correlate with postnatal parenchymal
function.

Polyhydramnios may be seen in 25% to 33% of cases
of UPJ obstruction (Flake et al., 1986; Kleiner et al., 1987).
Polyhydramnios has been described in association with im-
paired renal function and bilateral obstruction (Henderson
et al., 1980;Hadlock et al., 1981; Laing et al., 1984). It has been
suggested that polyhydramnios occurring inUPJ obstruction
is due to impaired renal concentrating ability, resulting in
higher urine output (Harrison and Filly, 1991).
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While the prognosis in unilateral UPJ obstruction is
usually excellent, there is a high incidence of genitourinary
abnormalities in the contralateral side. These abnormalities
may range frommulticystic dysplasia to vesicoureteral reflux.
However, because there is usually a normally functioning kid-
ney on the contralateral side, amniotic fluid volume is main-
tained, and there is noadverse affect onoutcomeofpregnancy
and neonatal survival. Even in cases in which renal dysplasia
complicates UPJ obstruction, there is often a compensatory
increase in renalmass and function in the contralateral kidney
(Sauer et al., 1986).

The prognosis in bilateral UPJ obstruction is some-
what more guarded. There is a 5% mortality associated with
high-grade bilateral UPJ obstruction (Flake et al., 1986). In
addition, fetuses with bilateral UPJ obstruction are at in-
creased risk for polyhydramnios, progression in the degree of
obstruction, and oligohydramnios in the most severe cases.
While unilateral UPJ obstruction is an indication for postna-
tal genitourinary evaluation, it usually has few implications
for the management of the pregnancy. In contrast, fetuses
with bilateral UPJ obstruction should undergo serial sono-
graphic assessments of the degree of dilation, renal parenchy-
mal changes, and amniotic fluid volume.

In the series by Flake et al. (1986), oligohydramnios de-
veloped in 4 fetuses with bilateral UPJ obstruction, prompt-
ing early delivery. All 4 were delivered at 32 to 35 weeks of
gestation and underwent pyeloplasty during the neonatal pe-
riod, with normal renal function after repair. Nineteen of the
23 patients underwent pyeloplasty. Seven pyeloplasties were
performed in cases of unilateral UPJ obstruction, with evi-
dence of impaired function in the kidney. All had improved
or stable function following pyeloplasty. Twelve pyeloplasties
were performed in 9 patients with bilateral UPJ obstruction.
In 5 of the 9, renal function was abnormal but became nor-
mal after pyeloplasty. An indication of the severity of UPJ ob-
struction in this group of patients is the 9 nephrectomies per-
formed, either formulticystic dysplastic kidneys, perinephric
urinomas, or kidneys with no demonstrable renal function
on preoperative diuretic renal scan.

MANAGEMENT OF PREGNANCY

The fetus diagnosed with UPJ obstruction should have
a prompt referral for detailed sonographic assessment to
confirm the diagnosis, evaluate associated genitourinary ab-
normalities, and possible associated nongenitourinary ab-
normalities. There is an overall increased incidence of
chromosomal abnormalities in cases of obstructive uropa-
thy, and consideration should be given to amniocentesis for
karyotype analysis. It is important to perform a detailed fe-
tal anatomical scan to exclude other associated renal and
extrarenal anomalies such as horseshoe kidney, multicystic
dysplastic kidney, as well as diaphragmatic hernia, hydro-
cephalus, and congenital cystic adenomatoid malformation
(Harrison and Filly, 1991).

Pregnant women carrying a fetus suspected of having
UPJ obstruction should be referred to a pediatric surgeon
or pediatric urologist for prenatal consultation. In cases of
isolated UPJ obstruction, a favorable prognosis can be an-
ticipated, and routine obstetric care can be performed with
planned postnatal genitourinary evaluation. In cases of bilat-
eral UPJ obstruction or unilateral UPJ obstruction associated
with either multicystic dysplastic kidney or renal agenesis,
serial sonographic examinations at least every 2 to 3 weeks
should be performed to evaluate progression in obstruction
and development of oligohydramnios or polyhydramnios.

FETAL INTERVENTION

In unilateral UPJ obstruction there is no indication for fetal
intervention. However, in high-grade bilateral UPJ obstruc-
tionorunilateralUPJobstruction associatedwith a contralat-
eral multicystic dysplastic or renal agenesis, consideration
may be given to fetal intervention. In such cases presenting
after 30 weeks of gestation, consideration should be given to
steroid administration and early delivery (Flake et al., 1986;
Harrison andFilly, 1991). Cases that present prior to 30weeks
of gestation may be candidates for evaluation for fetal inter-
vention. Prognostic evaluation consists of direct sampling of
fetal urine from the renal pelvis in bilateral UPJ or from the
bladder in unilateral UPJ with associated MCDK or renal
agenesis. Laboratory values associated with a good progno-
sis include a fetal urine sodium of less than 100 meq per
liter, chloride of less than 90 meq per liter, osmolarity of less
than 210mOsm per liter, and a β2-microglobulin of less than
4 mg per liter (Crombleholme et al., 1990; Mandelbrot et al.,
1991; Cendron et al., 1994). Laboratory values for fetal urine
electrolytes above these limits may prompt serial fetal uri-
nary sampling in order to be certain that the elevated values
accurately reflect renal function.

Fetuses with bilateral high-grade UPJ obstruction,
complicated by oligohydramnios, in which a good prognos-
tic profile was obtained by direct renal pelvic tap for fetal
urine electrolyte analysis, may be candidates for interven-
tion. Placement of a Harrison catheter into the renal pelvis
under ultrasound guidance has been rarely done but may re-
store amniotic fluid volume and prevent ongoing damage to
the obstructed kidney.

TREATMENT OF THE NEWBORN

Once a fetus has been found on prenatal ultrasound exami-
nation to have a significant degree of hydronephrosis, care-
ful follow-up should be planned to ensure proper postnatal
treatment. At the time of the initial prenatal diagnosis of hy-
dronephrosis, parental counseling is recommended. A team
approach is extremely helpful to inform the parents and to
help them understand the implications of this prenatal diag-
nosis (Cendron et al., 1994).
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Every newborn with a prenatal diagnosis of hy-
dronephrosis should undergo a detailed physical examina-
tion at birth for signs of sequelae from obstructive uropa-
thy. Monitoring of the urinary output within the first 24 to
48 hours is unreliable. Failure to void during the first 2 days
after birth may reflect normal fluid shifts or may be the first
sign of a significant functional urologic abnormality (Arant,
1992). The differential diagnosis in the neonate who does not
void within the first 48 hours includes obstructive uropathy,
renal failure, neurogenic bladder, and the effects of mater-
nal medication (Arant, 1992). However, most patients with
an obstruction will void, albeit with a weak stream, within
the first 2 days of life. Serum electrolytes, blood urea nitro-
gen, and creatinine levels measured within the first day of life
are a reflection of maternal renal function via placental ex-
change. It is therefore best to wait at least 24 hours tomeasure
these values. The most helpful test in the initial evaluation
of the newborn with prenatally diagnosed hydronephrosis is
an ultrasound examination of the abdomen, including the
bladder. Timing of the postnatal ultrasound examination de-
pends on the degree of prenatal hydronephrosis (Dejter and
Gibbons, 1989). If severe dilation of the renal pelvis has been
detected antenatally then early ultrasound evaluation should
be performed so as to permit early intervention. Otherwise,
ultrasound examination can be postponed for 3 to 7 days in
order to let the physiologic diuresis that usually occurs in the
first 48 hours of life to resolve (Arant, 1992). If the initial
postnatal renal ultrasound examination is normal, the eval-
uation should be pursued with a repeat study in 3 to 4 weeks.
Fifty percent of neonates with UPJ and vesicoureteral reflux
who were diagnosed antenatally with hydronephrosis have a
normal upper urinary tract at the time of the first postnatal
ultrasound examination (Dejter and Gibbons, 1989).

Mild cases of hydronephrosis can be treated conserva-
tively with observation, and may warrant only one or two
ultrasound examinations during the postnatal period. It is
rare for mild dilation of the upper urinary tract to progress.
In cases inwhich other findings are seen, such as cortical thin-
ning or upper tract dilation with a normal bladder, voiding
cystourethrography (VCUG) should be performed to evalu-
ate for the presence of vesicoureteral reflux (VUR). If VUR
is noted, then a renal nuclear medicine scan using 99 tech-
netiumdiethylenetriaminepentaacetic (DTPA) or preferably
mercaptoacetyltriglycine (MAG-3) will be helpful in docu-
menting function of the kidneys (Ismaili et al., 2004). MR
urography is an alternative imaging study that provides both
anatomic and functional information in children with UPJ
obstruction in a single test that does not expose the child
to ionizing radiation. Anatomic evaluation combined with
renal transit time classification provides a reliable parame-
ter for the identification of obstruction. However, sophisti-
cated software, technical expertise, and cost are limitations
of MR urography (McDaniel et al., 2005). If no evidence of
reflux is noted on VCUG, then a MAG-3 with furosemide
should be obtained to evaluate the upper urinary tract for a
possible UPJ obstruction. If UPJ obstruction is noted, treat-
ment is determined by the severity of the obstruction. There

is no unanimity of opinion on the indications for surgical
treatment of UPJ obstruction. Among the more commonly
agreed indications some include reduced renal function to
less than 40%, deterioration in differential renal function of
more than 5%, persistent or worsening hydronephrosis, uni-
lateral gross hydronephrosis of more than 5 cm renal pelvic
A-P diameter, severe hydronephrosis in a solitary kidney, se-
vere bilateral hydronephrosis of more than 3 cm renal pelvic
A-P diameter, and febrile breakthrough infection. In severe
UPJ obstruction, in which a kidney shows 40% or less func-
tion, pyeloplasty should be considered. In the cases in which
mild-to-moderate obstruction is noted, and the kidney has
more than40%function, observation alonemaybe indicated,
with a repeat ultrasound examination in three months. A re-
peat renal scan will help to assess changes in renal function.
As stated earlier, there is growing evidence to suggest that
a mild degree of UPJ obstruction may not be functionally
significant and does not warrant surgical intervention (Koff,
1990; Gordon et al., 1991; Duckett, 1993).

If prenatal ultrasound examination shows a multicys-
tic dysplastic kidney, a VCUG and a renal scan should be
obtained. These studies can confirm the lack of function in
the affected kidney and rule out any abnormalities in the
contralateral kidney (Flack and Bellinger, 1993).

Surgical intervention at birth is required in cases in
which a severe obstruction will jeopardize renal function.
This applies most often to cases of posterior urethral valves,
obstructing ureterocele, and severe UPJ obstruction affect-
ing a solitary kidney. Emergency surgical treatment is seldom
warranted. Reconstruction of the urinary tract should not be
attempted until the newborn has stabilized from a medical
standpoint and has been fully evaluated. Temporary decom-
pressionof theurinary tract in cases of severeUPJobstruction
can be achieved by placement of a nephrostomy tube until
definitive repair of the urinary tract can be accomplished. In
the presence of a solitary kidney, every attempt should be
made to ensure adequate drainage so as to not further jeop-
ardize renal function.

Finally, current recommendations for treating the
neonate with prenatally diagnosed hydronephrosis include
the administration of prophylactic antibiotics, usually a peni-
cillin derivative (Woodward and Frank, 2002; Becker and
Baum, 2006; Belarmino and Kogan, 2006; Hanna, 2006). In
the past, most patients with hydronephrosis presented with
a urinary tract infection later in life. The incidence of uri-
nary tract infection in the setting of prenatally diagnosed
hydronephrosis has not been thoroughly evaluated, but one
study found that 3%ofpatients being evaluated radiologically
during the first 6 months of life were found to have a positive
culture from a catheterized specimen (Dacher et al., 1992).

LONG-TERM OUTCOME

Most pediatric urologists manage the majority of severe fe-
tal hydronephrosis cases due to UPJ obstruction with ob-
servation and reserve surgery for patients with deterioration



554

Part II Management of Fetal Conditions Diagnosed by Sonography

in renal function or clinical symptoms. No prospective ran-
domized studies comparing operative to nonoperative man-
agement of UPJ obstruction have been conducted. There
are, however, longitudinal follow-up studies with conversion
from observation to surgery when renal function deterio-
rated by 10% or symptoms occurred (Ransley et al., 1990;
Cartwright et al., 1992; Koff and Campbell, 1994). Chertin
et al., recently reported that among children diagnosed pre-
natally with UPJ obstruction that did not appear to need
pyeloplasty in infancy, 50%went on to pyeloplasty by 16 years
of age (Chertin et al., 2006). The long-term outcome of UPJ
obstruction depends on whether it is unilateral or bilateral
and if there is an underlying renal dysplasia. In the absence of
renal dysplasia, renal function often returns to baseline lev-
els following pyeloplasty. In cases in which UPJ obstruction
has caused dysplastic changes, compensatory hypertrophy in
the normal contralateral kidney ensures an excellent progno-
sis. However, in cases of contralateral multicystic dysplastic
kidney or renal agenesis, renal dysplasia induced by UPJ ob-
struction will lead to progressive renal insufficiency and ulti-
mately renal failure necessitating renal transplantation. This
latter group of patients requires follow-up with a pediatric
nephrologist as well as a pediatric urologist.

GENETICS AND RECURRENCE RISK

In general, VUR has a high familial incidence. It is thought
to be an autosomal dominant condition with reduced pen-
etrance (Devriendt et al., 1998). Although UPJ obstruction
is a common entity, it is usually sporadic. It is important
to note that UPJ obstruction can remain clinically stable for
years only to present in adult life with symptoms such as
stone formation, pain, or infection. The natural history of
antenatal UPJ obstruction may take 30 or more years to fully
evolve.Multiple case reports suggest inheritanceof a gene that
specifically predisposes to UPJ obstruction. These include af-
fected identical twin females, a mother and two children, and
multiple siblings in different families (Cohen et al., 1978;
Sidebottom and Sadlowski, 1984; Buscemi et al., 1985; Dabra
et al., 2003). Inone report, histocompatibility typingof a fam-
ily with 15 members and a history of UPJ stenosis suggested
that the renal malformation and histocompatibility haplo-
type were linked (Senger et al., 1979). More recently, study
of a large affected kindred using DNA linkage markers on
the short arm of chromosome 6 concluded that there was no
linkage between the presence of ureteral abnormalities and
the HLA genes (Klemme et al., 1998).

Whether inheritance ofUPJ obstruction is dominant or
multifactorial, it is clear that siblings are at increased risk for
uropathology. In one study, 37 siblings of 20 probands with
UPJ obstruction were evaluated with intravenous pyelogra-
phy and VCUG. Fourteen of the 37 (38%) had some form
of uropathology that required subsequent therapy (Dwoskin,
1979). We recommended that siblings of children with UPJ
obstructionbe investigated for uropathology regardless of age
or sex.
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82
CHAPTER

Hydronephrosis: Bladder
Outlet Obstruction

Key Points

■ Posterior urethral valves (PUVs) are the most
common cause of bladder outlet obstruction in
males.

■ PUVs account for 10% of all urologic anomalies
detected by prenatal ultrasound.

■ PUVs have a broad range of severity from
completely asymptomatic to complete
obstruction, oligohydramnios, pulmonary
hypoplasia, and renal dysplasia.

■ Oligohydramnios due to a PUV, if untreated, is
associated with nearly uniform neonatal mortality
due to pulmonary hypoplasia.

■ Sonographic prognostic criteria predicting poor
outcome include presence of subcortical cysts and
increased echogenicity of the kidneys, which are
associated with renal dysplasia.
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Key Points (cont.)

■ Fetal urine electrolytes (Na <100, Cl <90, Osm
<210, β2-microglobulin <6) are associated with
preserved renal function and favorable prognosis
with treatment.

■ Fetal urine electrolytes are only valid for fetuses at
20 weeks of gestation or later.

■ Treatment options include vesicoamniotic shunt
placement, fetoscopic ablation of PUV, and open
fetal surgery for vesicostomy.

■ Fifty percent of successfully treated fetuses with
PUV develop growth failure and chronic renal
failure requiring dialysis and/or transplantation.

CONDITION

Unlike obstruction of the urinary tract at other levels, bladder
outlet obstruction has the potential to affect the development
of the whole urinary tract as well as the lungs. In males, the
most commoncauseofbladderoutlet obstruction isposterior
urethral valves (PUVs) (Atwell, 1983). In contrast, in females
the most common cause of bladder outlet obstruction is ure-
thral atresia. As inmany other congenital anomalies, there is a
broad range of severity, with bladder outlet obstruction rang-
ing fromcompletely asymptomatic to the infantwhopresents
at delivery with respiratory insufficiency due to pulmonary
hypoplasia caused by long-standing oligohydramnios and
renal failure from renal dysplasia.

PUVs are thought to be embryologically derived from
mullerian duct remnants or remnants of the cloacal mem-
brane dating back to between the 7th and 11thweeks of gesta-
tion (Dewan et al., 1992, 1995). Young et al. (1919) described
a classification scheme for PUVs. In type I, the valves are sail-
like leaflets that arise from the crista-urethralis distal to the
verumontanum. These valves may cover only the lower half
of the urethra ormay encircle the urethra and cause complete
obstruction. Type II valves are nonobstructing folds of the su-
perficial muscle and mucosa that extend from the verumon-
tanum to the bladder neck (Cuckow, 1998). Type III valves
usually cause a diaphragm-like obstruction at the level of the
verumontanum, but can be seen at the level of the anterior
urethra distal to the external urethral sphincter (Hendren,
1971).

The characteristic prenatal presentationof bladder out-
let obstruction is that of a dilated bladder and bilateral hy-
droureteronephrosis. The severity of prenatal bladder outlet
obstruction ranges from mild to severe as is seen postna-
tally. At the better end of the spectrum, the fetus may have
obstructive uropathy with preservation of amniotic fluid vol-
ume, minimal changes in the bladder and ureters, and no
dysplastic changes in the kidneys. At the severe end of the
spectrum are fetuses with profound oligohydramnios, dis-
tended bladder, and ureters with cystic dysplastic changes
in the kidneys. The longstanding oligohydramnios results in
pulmonary hypoplasia, which leads to severe respiratory in-
sufficiency at birth and is a leading cause of death during
the neonatal period. Fetuses with obstructive uropathy can
alsohave other associatednongenitourinary anomalies, chro-
mosomal abnormalities, and deformations related to oligo-

hydramnios, emphasizing the importance of careful prenatal
evaluation. In cases of isolated bladder outlet obstruction due
to PUVs, vesicoamniotic shunting may be lifesaving.

INCIDENCE

The figures reported for the incidence of bladder outlet ob-
struction vary widely, reflecting the spectrum of severity seen
in obstructive uropathy. In PUVs, the most common cause,
the range in severity extends from fetuses presenting with
oligohydramnios, renal dysplasia, and pulmonary hypopla-
sia to asymptomatic octogenarians noted to have PUVs at the
time of cytoscopy for benign prostatic hypertrophy. The in-
cidence of PUVs has been reported to be between 1 in 5000
and 1 in 25,000 births (Atwell, 1983). PUVs account for 10%
of all urologic anomalies detected by prenatal ultrasound,
which occur as frequently as 1 in 800 livebirths (Thomas and
Gordon, 1989;Hutton et al., 1994). Prenatal ultrasound picks
up 50% of new cases of PUVs, suggesting an incidence of 1
in 4000 livebirths (Cuckow, 1998). Recently, there has been
increased awareness of PUVs, and Richmond and Atkins re-
ported an increase in apparent prevalence from1.9 per 10,000
births to 2.4 per 10,000 births (Richmond and Atkins, 2005).
This estimate does not take into account cases of intrauter-
ine fetal death, loss to pregnancy termination, stillbirths, or
the asymptomatic cases that present later in life with voiding
difficulty (Hendren, 1971; Pieretti, 1993).

SONOGRAPHIC FINDINGS

Urinary tract obstruction at the level of the bladder outlet is
usually due to PUVs in male fetuses and urethral atresia in
females. The cardinal features of bladder outlet obstruction
includemarked and persistent dilation of the urinary bladder
with a thickened, often trabeculated, bladderwall (Glick et al.,
1984; Mahony et al., 1985). The posterior urethra is dilated
in urethral obstruction due to PUVs. This dilated proximal
urethra resembles a keyhole, extending from the bladder to-
ward the fetal perineum (Figure 82-1). The dilated bladder
can become quite large, filling both fetal pelvis and abdomen.
The mural thickness of the normal bladder is quite thin and
bladder wall thickness greater than 2 mm is pathologic. In
cases of severe bladder outlet obstruction, the nondilated
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Posterior Urethral Valves (PUS Images)

Figure 82-1 The upper panel shows four MRI images of the same fetus. The panel at the left shows a small per-
inephric urinoma (small yellow arrow). The second panel shows the dilated bladder and posterior urethra. The third
panel shows in coronal section the dilated urethra and hydronephrosis and calyceal dilatation. The blue arrow points
out the dilated posterior urethra. The panel on the right shows the very dilated bladder with thickened walls.

Lower panel demonstrates characteristic findings on ultrasound in posterior urethral valves in a fetus at 21 weeks
of gestation. The left panel shows the dilated thick-walled bladder in sagittal plane. The middle panel shows the hy-
dronephrotic kidney with calyceal dilatation. The right panel demonstrates the dilated tortuous ureter. (Courtesy of
Pramod Reddy, MD, Pediatric Urology, Fetal Care Center of Cincinnati)

bladder (either following bladder tap or spontaneous void-
ing) can be as thick as 10 to 15 mm (Mahony, 1994). Often,
severe bladder outlet obstruction will result in ureterectasis
and caliectasis due to vesicoureteral reflux induced by high
intravesical pressure. However, the absence of these features
does not preclude the diagnosis of bladder outlet obstruction
because only 40% of fetuses will demonstrate ureterectasis
andpyelectasis in bladder outlet obstruction (Mahony, 1994).
In high-grade bladder outlet obstruction, the urinary blad-
der may spontaneously decompress through rupture of the
urinary tract, resulting in either fetal urinary ascites or per-
inephric urinoma (Callen et al., 1983; Mahony et al., 1984).
The end-stage effects of early gestation high-grade blad-
der outlet obstruction is often bilateral renal dysplasia. This
may be sonographically evident frommarkedly increased re-
nal parenchymal echogenicity and, most specifically, from
the presence of subcortical cysts (Mahony et al., 1984;
Crombleholme et al., 1991). Paradoxically, the lack of caliec-
tasis in the otherwise obstructed urinary tract may suggest
the presence of renal dysplasia and reflects the lack of urine
production by severely damaged kidneys. Oligohydramnios
is indicative of high-grade obstruction and, if long-standing,

may result in deformations including Potter facies and
clubfeet.

Fetal MRI has been found to be a useful adjunctive
imaging modality in the evaluation of the fetus with ob-
structive uropathy (Caire et al., 2003). MRI may be more
sensitive in defining subcortical cysts, suggesting renal dys-
plasia. In addition, fetal MRImay provide anatomic detail on
pelvic structures not available with ultrasound, particularly
in the setting of bladder outlet obstructionpresenting prior to
16 weeks of gestation. In these early cases, persistent cloaca
may be more clearly diagnosed by MRI than by ultrasound
alone.

The functional capacity of the fetal kidney affected
by obstructive uropathy depends on the extent and severity
of renal dysplasia caused by the obstruction. The dysplastic
fetal kidney is characterized by the presence of disorganized
metanephric structures surrounded by fibrous tissue which,
in addition, may have cortical cysts (Rubenstein et al., 1961;
Beck,1971;Potter, 1972;Risdon,1975;Bernstein,1976).More
than 90% of dysplastic kidneys with cortical cysts are asso-
ciated with obstruction during nephrogenesis (Rubenstein
et al., 1961; Bernstein, 1976). Detection of cortical cysts
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sonographically implies the presence of severe renal dysplasia
and irreversible renal damage, excluding the patient from in-
tervention. A normal kidney will display an echotexture sim-
ilar to that of the liver, with an internal architecture showing
a differentiation between cortex and medulla. The medulla
containing tubules and fluid will appear darker. A dysplas-
tic kidney, however, will show no internal architecture and
may display an increased echogenicity due to a disruption in
the normal renal histology. Renal dysplasiamay be associated
with cystic formation with the parenchyma (Harrison et al.,
1982a; Risdon, 1975). Features of multicystic dysplasia of the
kidney (MCDK) include the presence of multiple noncom-
municating cysts of variable sizes, interfaces between the cysts
(presence of echogenic areas within the renal parenchyma),
nonmedial locationof the largest cyst, and absence of anorga-
nized parenchyma (seeChapter 78) (Fong et al., 1986; Kleiner
et al., 1986). Multicystic dysplasia of the kidney is most of-
ten seen unilaterally and is associated with a high incidence
of contralateral urologic anomalies that will warrant postna-
tal evaluation by a pediatric urologist (Thomas, 1990). Cystic
dysplasia should not be confusedwith severe hydronephrosis.

Mahony et al. (1984) studied the kidneys of 49 fetuses
with obstructive uropathy and found that the presence of
cortical cysts had a positive predictive value of 100% for the
presence of renal dysplasia. Sonography was also 100% spe-
cific asno fetuswithoutdysplasiahaddetectable cortical cysts.
The presence of cortical cysts reliably predicts the presence of
renal dysplasia and irreversible renal damage, but the absence
of cortical cysts cannot ensure the absence of renal dysplasia.
Of the kidneys without cortical cysts in the study by Mahony
et al., only 44%were free of dysplastic changes. Renal dyspla-
sia may be present without cysts, or the diameter of the cysts
may be below the resolution of ultrasound. Technical factors
may also limit the ability of the sonographer to adequately
image the fetal kidneys, including shadowing from the ad-
jacent spine and oligohydramnios, which often accompanies
obstructive uropathy.

In thedysplastic kidney, there is abundantfibrous tissue
that may increase the echogenicity of the renal parenchyma.
It has been suggested that increased echogenicity at the re-
nal cortex may be a sign of renal dysplasia. However, when
this sonographic sign was evaluated, it was shown to be less
specific and to have a lower positive predictive value than the
presence of cortical cysts (Mahony et al., 1985). The evalua-
tion of renal echogenicity is also amore subjective assessment
with inherent interobserver variability, which further limits
its utility.

Ultrasonographic examination of the fetal kidneysmay
provide prognostic information if cortical cysts and increased
echogenicity are detected, but is less specific in their absence
(Mahony et al., 1985; Crombleholme et al., 1991). Similarly,
the volume of amniotic fluid is not a useful prognostic indi-
cator except at the extremes (Harrison et al., 1981a, 1982a,
1987; Glick et al., 1985). Zaccara et al. found that amniotic
fluid index remains a reliable predictor of renal function in
cases of obstructive uropathy (Zaccara et al., 2005). Preserved
amniotic fluid almost always predicts normal renal function

at long-term evaluation. Fetuses with bilateral hydronephro-
sis and normal amniotic fluid may not require intervention.
Similarly, fetuses with bilateral hydronephrosis, severe oligo-
hydramnios, and severely dysplastic renal cortex as seen on
ultrasound are unlikely to benefit from in utero therapy. It
is for the fetuses between these two extremes that prognostic
criteria aremost important. Assessment of residual fetal renal
function by indirect methods such as ultrasound determina-
tion of bladder filling and emptying or furosemide stimula-
tion of urine production have not proven reliable (Campbell
et al., 1973; Wladimiroff, 1975; Chamberlain et al., 1985). A
more sensitivemeans of assessing fetal renal function is essen-
tial for the appropriate selection of fetuses with obstructive
uropathy for treatment.

An evaluation of the fetal urinary tract should include
an assessment of the overall growth and development of the
fetus, amniotic fluid index, gender, renal parenchymal ap-
pearance, extent of dilatation of the collecting system, unilat-
eral or bilateral involvement, and bladder size, thickness, and
emptying (Cendron et al., 1994). Because of the increased
incidence of associated malformations, the fetus should be
scanned for extrarenal anomalies. Serial sonographic eval-
uation is also essential to evaluate for progression of these
sonographic features.

DIFFERENTIAL DIAGNOSIS

The sex of the fetus will help narrow the differential diag-
nosis. Sonographic demonstration of male external genitalia
in the setting of bladder outlet obstruction strongly suggests
the diagnosis of PUVs. In a female fetus, one should con-
sider the diagnosis of urethral atresia, persistent cloaca, cau-
dal regression anomaly, or megacystis-microcolon–intestinal
hypoperistalsis syndrome (Table 82-1). An unusual cause of
bladder outlet obstruction that can occur in either sex is
prolapse of an ectopic ureterocele from a duplex collecting

Table 82-1

Causes of Bilateral Hydronephrosis

Supravesical obstruction
Bilateral ureteropelvic junction obstruction
Bilateral ureterovesicular junction obstruction

Infravesical obstruction
Posterior urethral valves
Urethral atresia
Obstructing ureterocele

Vesicoureteral reflux (bilateral, usually high-grade)

Prune belly syndrome

Megacystis-microcolon–hypoperistalsis syndrome
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system. In distinguishing urethral atresia in a female fetus, the
oligohydramnios is profound and long standing. Particularly
when diagnosed prior to 16 weeks of gestation, a dilated
“bladder” on ultrasound should raise the possibility of per-
sistent cloaca. The presence of a persistent cloaca may be sus-
pected from the anatomy of the “bladder” and the presence of
debris in the cloaca fromthe intestinal communication. Intra-
luminal calcifications within bowel loops suggest a commu-
nication between intestinal and genitourinary tracts. Caudal
regression should be evident from images of the fetal spine.
In themegacystis-microcolon–intestinal hypoperistalsis syn-
drome, the bladder is very dilated but with a thin wall even
after decompression, as opposed to the pressure-induced hy-
pertrophyobserved inbladder outlet obstruction fromPUVs.
This is a rare, usually lethal, anomaly inwhich 80%of affected
fetuses are females (Winter and Knowles, 1986). Other fea-
tures that are clues to this diagnosis include small-bowel di-
lation, a microcolon with malrotation, and polyhydramnios
in the third trimester (Stramm et al., 1991). This is inher-
ited as an autosomal recessive condition and therefore has
implications for future pregnancies.

ANTENATAL NATURAL HISTORY

A thorough understanding of the pathophysiology of fetal
obstructive uropathy and its sequelae in the developing fetus
is essential in formulating a rational approach to clinical
management. It is important to understand why obstruc-
tive uropathy results in pulmonary hypoplasia, renal dyspla-
sia, and associated malformations and whether or not these
changes can be reversed by decompression in utero.

Obstruction of the urethra during the latter half of ges-
tation results in dilatation and hypertrophy of the bladder
and megaureter and bilateral hydronephrosis. But obstruc-
tion that starts this late in gestation does not usually pro-
duce the dysplastic changes in the renal parenchyma seen in
human fetuses. Some have argued that dysplasia is caused
by an abnormal interaction between the ureteric bud and
the metanephric mesenchyme and is only incidentally asso-
ciated with obstruction. Experiments in a fetal chick in which
ureteric buds were denuded of metanephric mesenchyme
formed primitive ducts, suggesting that in the chick, dyspla-
sia may be due to nonobstructive causes. These studies have
questionable relevance to the pathogenesis in higher animals
and humans.

The proponents of obstruction-induced dysplasia ar-
gue that after 8 to 10 weeks of gestation, when the kidney
begins to make urine, obstruction results in back pressure
into the developing nephrons. Potter demonstrated that the
collecting tubules of the nephrogenic kidney are straight and
short and may be more susceptible to injury from back pres-
sure than the mature nephron. Chevalier (1993) confirmed
that early in development, renal injury fromureteral obstruc-
tionoccursmore frequently than in theadultkidney. It follows
that in order to preserve renal function in the face of an ob-

struction, early recognition and prompt decompression may
be necessary. Early obstruction will cause the development of
dysplastic changes in the kidney, but further impairment in
renal function may occur not so much as a result of nephron
loss from a pressure-mediatedmechanism, but by a vasocon-
strictive effect mediated by an overactivation of the renin–
angiotensin system (Chevalier, 1993).

In humans, oligohydramnios, because of obstructive
uropathy, renal agenesis, or prolonged amniotic fluid leak, re-
sults in severe pulmonary hypoplasia (Kemper and Mueller-
Wiefel, 2007). The lungs of infants affected by obstructive
uropathy show decreased airway branches from segmental
bronchi, reflecting compromised development during the
first half of gestation (pseudoglandular stage, 5 to 16 weeks).
Although the lung made hypoplastic by compression during
the pseudoglandular stage would not be expected to develop
new airway branches, it would retain the capacity to make
new alveoli and intra-acinar arteries. To evaluate the effect
of obstructive uropathy on pulmonary development in an
early gestation model, Adzick et al. (1987) performed bilat-
eral ureteral ligation at 60 days of gestation, during the pseu-
doglandular stage of lung development (60–80 days of gesta-
tion), on lambs. Morphometric analysis of the lungs at birth
revealed significant reduction of lung volume, radial alveo-
lar count, and mean linear intercept (an indicator of airspace
size) in the lambs with bilateral ureteral ligation as compared
with the controls (Adzick et al., 1987). In addition, muscu-
larization of the intra-acinar arteries was greater in lambs
with bilateral ureteral ligation, indicating increased periph-
eral pulmonary arteriolar muscularization. These morpho-
metric findings were the same as those in human infants who
died from oligohydramnios-induced pulmonary hypoplasia
from obstructive uropathy (Potter, 1972; Hislop et al., 1979).
These experimentalmodels replicated both the renal dysplas-
tic changes and the pulmonary hypoplasia that are observed
in human fetuses who die from severe obstructive uropathy
and oligohydramnios.

Themechanism bywhich oligohydramnios causes pul-
monaryhypoplasia isuncertain. Severalpossible contributing
factors include the small uterine cavity, which causes thoracic
compression and limited intrathoracic space. Fetal breathing
movements may be limited by uterine compression of the fe-
tal chest and abdomen. Fetal respiration is thought to be an
important factor in lung growth (Wigglesworth and Desai,
1982). Ablation of fetal breathing by cord transection, curare-
induced paralysis, or damping fetal breathing movements by
thoracoplasty—all result in pulmonary hypoplasia (Liggins
et al., 1979;WigglesworthandDesai, 1979;Moessinger, 1983).
Oligohydramniosmay also increase the loss of lungfluid,with
decreased lungfluid volumewithin the airway (Lanman et al.,
1971). Chronic fetal tracheal drainage of lung fluid results in
pulmonary hypoplasia. The amniotic fluid may also act as
a hydraulic stent. Increases in amniotic pressure are trans-
mitted to the fluid in the fetal airway and prevent increases
in transthoracic pressure, which might restrict lung growth
from chest compression. Another possibility is the loss of a
growth factor produced by the kidneys (Lanman et al., 1971).
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These studies form the basis for in utero interven-
tion to decompress the urinary tract and restore amniotic
fluid dynamics to prevent neonatal death due to pulmonary
hypoplasia and renal dysplasia.

MANAGEMENT OF PREGNANCY

A fetus with suspected bladder outlet obstruction should
undergo a detailed sonographic survey to detect nongeni-
tourinary anomalies. In particular, sonographic features of
trisomies 13, 18, and 21 should be ruled out because chro-
mosomal abnormalities can be seen in bladder outlet ob-
struction in as many as 12% of cases (Crombleholme et al.,
1991; Cusick et al., 1995). Deformations due to oligohydram-
nios such as clubfoot and Potter facies should be ruled out.
A sonographic evaluation of the urinary tract should include
the sex of the fetus, amniotic fluid volume, presence or ab-
sence of ascites, and a detailed examination of the urinary
tract itself. Not only the presence of the keyhole sign, but the
size of the bladder and evidence of bladder wall hypertrophy
should be noted. The presence or absence of an ureterocele
should be sought, and the bladder should be observed during
voiding for evidence of vesicoureteral reflux. The degree of
ureteral dilation, hydronephrosis, and/or caliectasis may in-
creasewith voiding in thepresenceof vesicoureteral reflux.All
fetuses with bladder outlet obstruction should have a genetic
consultation and should consider amniocentesis. Echocar-
diography should be performed to rule out structural heart
disease. In less severe cases of bladder outlet obstruction, in
which amniotic fluid volume is preserved, there should be
no adverse effects on pulmonary development and the site,
timing, and mode of delivery should be unaffected. In severe
cases in which oligohydramnios has occurred, either a deci-
sion should bemade not to aggressively resuscitate the infant,
or the baby should be delivered in a tertiary care setting. In
the case of severe long-standing bladder outlet obstruction
associated with oligohydramnios and renal dysplasia, there
should be no intervention for nonreassuring fetal testing or
attempts at resuscitation because these infants have severe
pulmonary hypoplasia and renal dysplasia that are incompat-
ible with life. Prenatal consultation with pediatric specialists
in urology, nephrology, and neonatology may be helpful in
counseling parents about the options for treatment and long-
term outcome. The approach to the fetus with bladder outlet
obstruction is outlined in the algorithm in Figure 82-2.

It is important to stress that the appearance of the fetus
with bladder outlet obstruction may evolve during gestation.
The fetuswithcompleteorhigh-gradebladderoutletobstruc-
tion associated with oligohydramnios may spontaneously
evolvewithdevelopment of less-severe outlet obstruction and
restoration of amniotic fluid volume. Conversely, the fetus
with high-grade partial bladder outlet obstruction but pre-
servedamnioticfluidvolumemayprogressduringpregnancy,
with the kidneys becomingmore echogenic and demonstrat-
ing subcortical cysts consistent with the development of dys-
plasia. Serial sonographic surveillance should be a part of a

prenatal management plan of all fetuses with bladder outlet
obstruction.

FETAL INTERVENTION

During the past decades, much has been learned about the
natural history of obstructive uropathy, and the pathophys-
iology has been replicated in animal models (Glick et al.,
1984; Harrison et al., 1985, 1987; Nakayama et al., 1986;
Bronshtein et al., 1990; Crombleholme et al., 1988b, 1991;
Mandell et al., 1992; D’Alton and DeCherney, 1993). It
has been demonstrated experimentally that bladder decom-
pression in utero can prevent the progression of dysplastic
changes seen inobstructiveuropathy(Glicket al., 1983,1984).
There are those who question whether animal models ac-
curately replicate the pathophysiology in humans (Berman
and Maizels, 1982; Lissauer et al., 2007). A major problem in
management is the proper selection of fetuses with bilateral
hydronephrosis who might be candidates for intervention,
i.e., fetuses with obstruction severe enough to compromise
renal and pulmonary development, but not so severe that re-
nal damage is irreversible even if the obstruction is relieved.
Several methods have been suggested to assess the functional
capacity of the kidneys in a fetus with obstructive uropathy,
including the sonographic appearance of the kidneys, am-
niotic fluid volume, and various fetal urine electrolytes and
proteins.

In the 13th week of gestation, the fetus begins to make
urine, which is best characterized as an ultrafiltrate of fetal
serum (McCance and Widdowson, 1953; Alexander and
Nixon, 1961; McGrory, 1972; Mellor and Slatter, 1972; Hill
and Lumbers, 1988). The urine is hypotonic because of se-
lective tubular resorption of Na and Cl in excess of free water
(Glick et al., 1985). The urine compositionnormally becomes
progressivelyhypotonicbetween16and21weeks andmaybe-
come even slightlymore hypotonic late in gestation as a result
of tubular maturation and increased fetal glomerular filtra-
tion rate (Glick et al., 1985; Nicolini et al., 1992). Glick et al.
(1985) observed that fetuses with congenital hydronephrosis
andnormal renal functionafter birthhadhypotonicurinebut
those with poor function produced urine that was isotonic.
Similar observationsweremade in fetuseswith hydronephro-
sis but good renal and pulmonary function was evaluated
postnatally by Weinstein and McFaydon and their colleagues
(Weinstein et al., 1982; McFaydon et al., 1983).

It is uncertain why the fetus produces isotonic urine in
the presence of long-standing obstruction. It has been sug-
gested that dysplastic changes may alter tubular function suf-
ficiently to prevent the resorption of Na and Cl. Rappaport
et al. (1960) suggested that the stagnant urine may equili-
brate with serum. The fluid aspirated from the fetus with
severe obstructive uropathy may also present fluid produced
by bladder urothelium.

In order to develop more sensitive fetal renal function
tests, Glick et al. (1985) used bladder catheterization to eval-
uate 20 fetuses with obstructive uropathy. The fetuses who
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Management algorithm for prenatally
diagnosed lower urinary tract obstruction (LUTO)

Fetal ultrasound, amniocentesis/PUBS

Lungs immature

Delivery for
postnatal management

>20 weeks
Consider fetoscopic

intervention,
open fetal vesicostomy

or VA shunts

<20 weeks
Consider FETURP,

fetoscopic transurethral
catheterization,

or VA shunts

Lungs mature

Good
prognosis

Poor
prognosis

Delivery at term
postnatal

management

Normal amniotic
fluid

Counseling
Close surveillance
Weekly ultrasound

Prognostic evaluation
Serial fetal vesicocentesis

(measure electrolytes,
osmolarity, beta 2

microglobulin)
Fetal MRI and ultrasound
for evidence of dysplasia

(echogenicity, cysts)

Delivery at term
or consider

comfort care/
hospice care

Consider
termination

or

NoYes NoYes

Fetus < 24 weeks Oligohydramnios

Isolated GU defects
Other life-threatening

or lethal defects

Bilateral hydronephrosis

Figure 82-2 Algorithm for prenatal and perinatal management of the fetus with bladder outlet obstruction. VA,
vesicoamniotic; GU, genitourinary; FETURP, fetoscopic transuterine release of posterior urethral valves; PUBS, per-
cutaneous umbilical blood sampling. (Lim FY, Crombleholme TM. In: Mattei P, ed. Surgical Directives: Pediatric Surgery.
2nd ed. In Press.)
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Table 82-2

Prognostic Criteria in Obstructive Uropathy

No Cortical Cyst,
Sonography Normal Echogenicity

Na <100 mEq per liter

Cl <90 mEq per liter

Osm <210 mEq per liter

Ca <2 mmol per liter

PO4 <2 mmol per liter

β2-microglobulin <2 mg per liter

subsequently had a poor outcome were all “salt wasters” and
those who had a good outcome had hypotonic urine. On
the basis of this study, prognostic criteria for renal function
in congenital hydronephrosis were proposed (Table 82-2).
These results were questioned by other groups, who reported
that these prognostic criteria did not accurately predict the
renal function at birth. Wilkins et al. (1987) reported results
using these prognostic criteria in nine cases of fetal obstruc-
tive uropathy. The criteria were accurate in predicting a poor
outcome, as all four patients died and three of these four had
evidence of renal dysplasia. In the fetuses with a predicted
good prognosis, four of the five had poor renal function and
the only patient with a good outcome underwent in utero
decompression with a vesicoamniotic shunt.

The reports questioning the utility of fetal urine elec-
trolyte levels as prognostic criteria prompted a reevalua-
tion in a series of 40 fetuses with bilateral hydronephrosis.
Crombleholmeet al. (1991) retrospectively assigned fetuses to
a good prognostic group only if they had a Na <100, Cl <90,
osmolarity <210, and there was no sonographic evidence
of dysplasia (Figure 82-3). Fetuses were assigned to a poor-
prognosis group if even one of these criteria was not met.
There was a statistically significant difference in survival in
the good versus the poor-prognosis group (81% vs. 12.5%)
even after excluding pregnancy terminations (87% vs. 30%).
These prognostic criteria were intended as a means to select
fetuses for in utero intervention. They accurately select the
fetuses that have sufficient renal function to have a favorable
outcome if decompressed in utero. If the fetal obstruction is
unrelieved, however, the renal function is likely to deterio-
rate despite a favorable prognostic profile. Fetal obstructive
uropathy is a dynamic process, and experimental studies in
fetal lambs have demonstrated that the severity of renal dam-
age from obstruction depends on the timing, duration, and
severity of the obstruction (Harrison et al., 1981a, 1983; Glick
et al., 1983, 1984). The fetal urine electrolytes obtained at

20 to 24weeks of gestationmay only reflect the renal function
at the time they are assayed. In fact, Nicolini et al. (1992) have
demonstrated by serial fetal bladder aspirations the worsen-
ing urinary electrolyte profile and renal function in fetuses
with obstructive uropathy in which the obstruction was un-
treated. In the report from Wilkins et al. (1987), the fetuses
in the favorable group had unrelieved obstruction and pro-
gression in their renal deterioration. The one fetus that was
successfully decompressed in utero had a good outcome.

These prognostic criteria for in utero intervention in
obstructive uropathy have become widely used and are being
more appropriately applied as selection criteria for interven-
tion. However, Nicolini et al. (1992) have pointed out that
one potential problem with these criteria is that they fail to
take into account the gestational age of the fetus and that
threshold values were established in fetuses with obstruc-
tive uropathy and not normal fetuses. The effect of gesta-
tional age on fetal urine electrolytes is most marked prior to
21 weeks of gestation, becoming progressively more hypo-
tonic and then remaining relatively stable throughout the
remainder of gestation. The criteria proposed by Glick et al.
(1985)were selected toestablish the threshold for apoorprog-
nosis as 2 SD from themean value of the patients with a good
prognosis. This does skew the criteria toward including po-
tentially compromised fetuses into thegood-prognosis group.
But as the results reported by Crombleholme et al. (1991)
confirm, this has not resulted in the treatment of fetuses with
irrevocably compromised renal function. In fact, overly strin-
gent selectioncriteria for interventionasproposedbyNicolini
et al. (1992)may excludemany potentially salvageable fetuses
from treatment. There are, however, no established fetal urine
electrolyte parameters for fetuses less than 20 weeks of gesta-
tion.

In addition to the use of fetal urine Na, Cl, and os-
molarity, other groups have suggested the addition of urine
Ca2+, PO4, and β2-microglobulin to assess fetal renal func-
tion. Nicolini et al. (1992) studied fetal urine creatinine, urea,
and electrolytes, notably Ca2+, Na, and PO4 in a group of
24 fetuses with obstructive uropathy and 26 normal controls.
They found that the urinary Ca2+ and Na were significantly
higher in fetuses with renal dysplasia as compared with those
with lower urinary tract obstruction but normal renal his-
tology or normal clinical outcome. Urinary Ca2+ levels were
found to be the most sensitive (100%) indicator of renal dys-
plasia but lacked specificity (60%). Urinary Na was slightly
less sensitive (87%) but was found to be the most specific
(80%). Urinary PO4, creatinine, and urea were not signifi-
cantly different in fetuses with dysplastic kidneys versus those
without dysplasia.

The predictive value of fetal urine electrolytes in blad-
deroutlet obstructionhasbeen found tobe enhancedby serial
bladder taps (Johnson et al., 1995). Johnson et al. have rec-
ommended complete bladder drainage at 24-hour intervals
for a minimum of three taps to best establish a clear pattern
of increasing or decreasing urinary hypertonicity. While val-
ues clearly in the normal range on initial bladder tap may
not require additional bladder taps to establish a prognosis, a
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Postnatal radiographic evaluation
of prenatally diagnosed hydronephrosis

Prenatal evaluation:
 -Urine
 -BUN/creatinine
 -Associated anomalies

Prenatal hydronephrosis

Repeat ultrasonography
in 1 month

Antibiotic
prophylaxis

No obstruction

Intervention Observation

Mild/moderateSevere

Obstruction

MAG III + Furosemide

No VURVUR

VCUG
Observation

vs
Surgery

VCUG + DMSA renal scan

MCDK

F/U PRNReturn to I

No hydronephrosisHydronephrosis

Mild or no
hydronephrosis

Cortical thinning
Upper-tract dilatation

Normal bladder

Ultrasound (day 2–7)

I II III

Figure 82-3 Algorithm for the postnatal evaluation of fetal hydronephrosis. MCDK, multicystic dysplastic kidney; VUR,
vesicoureteral reflux; VCUG, voiding cystourethrography; F/U PRN, follow up as needed.

fetus with elevated values may show a clear trend of improv-
ing electrolyte valueswith sequential taps. The sequential taps
are thought to clear stagnant urine that may not accurately
reflect renal function (Qureshi et al., 1996).

It has been observed that obstructive uropathy due
to PUVs has a long natural history (Parkhouse et al., 1988;
Harrison and Adzick, 1991). Renal failure may not develop
for years in a newborn with PUVs. A fetus with obstruc-
tive uropathy, a favorable prognostic profile, and normal am-
niotic fluid is currently not considered a candidate for in
utero decompression. A small number of fetuses diagnosed
with hydronephrosis were observed to have findings consis-
tent with obstructive uropathy, a favorable prognostic profile,
and normal amounts of amniotic fluid, but progressive renal
insufficiency subsequently developed during infancy despite
good renal function initially. We, thus, have lacked criteria

that allow us to identify a fetus with obstructive uropathy
and a good prognostic profile that, despite the presence of
normal amniotic fluid volume, is at risk for ongoing renal
damage. Muller et al. (1993) reported the use of fetal urinary
β2-microglobulin as a predictor of postnatal renal function
at 1 year of age. They reported that 17 of 40 patients with
normal amniotic fluid volume and a good prognostic profile
had a creatinine level of >0.56 mg/L at 1 year of age. This
value was selected as the threshold since it was 2 SD from the
mean creatinine of normal 1-year-old infants. In this groupof
patients, the β2-microglobulin was found to be significantly
elevated as compared with patients with the same prognostic
profile but with a creatinine of <0.56 mg/L at 1 year of age.
β2-Microglobulin may allow us to identify fetuses at risk for
renal damage by unrelieved obstruction even though their
amniotic fluid has not diminished.
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Our current approach to in utero treatment for ob-
structive uropathy is to intervene in fetuses with a good prog-
nostic profile only for decreasing amniotic fluid or frank
oligohydramnios (Crombleholme et al., 1991; Cendron et al.,
1994) (see Figure 82-3). Fetal therapy of obstructive uro-
pathy up to now has been aimed at restoration of amni-
otic fluid volume to allow pulmonary development, averting
neonatal death from pulmonary hypoplasia. The potential
utility of β2-microglobulin is that it may allow us to select
for in utero therapy among fetuses with a good prognostic
profile those at risk for ongoing renal damage. The goal of
this treatment would be preservation of renal function as op-
posed to prevention of pulmonary hypoplasia. This would
significantly expand the indications for fetal intervention in
obstructiveuropathy.However, this report is preliminary, and
longer follow-up of these children as well as confirmation
by other investigators will be necessary to define the role of
fetal intervention in the setting of an elevated urinary β2-
microglobulin in fetuses with good prognostic profiles and
normal amniotic fluid volume.

One major question that is difficult to address in fetal
treatment of obstructive uropathy is assessing the efficacy of
prenatal decompression. In a report of a large experiencewith
vesicoamniotic shunts at a single institution, Johnson et al.
(1995) described the outcome in 55 fetuses that underwent
shunt placement. Unfortunately, this was a heterogeneous
group of patients with good- and poor-prognosis patients
with a range of diagnoses including PUVs, prune belly, ure-
thral atresia, and a variety of other anomalies. In the group
with PUVs, the postnatal survival was 60%. Of note is that
the incidence of an elevated nadir creatinine level >1 mg/dL
in the first year of life was 33%. Coplen et al. (1996) in a
review of prenatal intervention for lower urinary tract ob-
struction from five reported series found an overall survival
rate of only 48% and a catheter-related complication rate of
45%. In the report by Crombleholme et al. (1991), in both
the good-prognosis and poor-prognosis groups, survival was
greater in fetuses who were decompressed in utero as op-
posed to those who were not decompressed. In the group
of 10 fetuses with a poor prognosis, 3 were electively ter-
minated, 4 neonatal deaths were from pulmonary hypopla-
sia or renal dysplasia, and 3 had survived. All three sur-
vivors had restoration of normal amniotic fluid levels, but
renal failure developed in two of the three survivors and
they have since undergone renal transplantation. Among the
14 patients with no intervention, there were no survivors
(11 terminations and 3 neonatal deaths from pulmonary
hypoplasia).

In the good-prognosis group of nine fetuses, one was
electively terminated, and there were no deaths, leaving eight
neonatal survivors. One infant died at 9 months of age from
unrelated causes,withnormal renal function.Of the sevenpa-
tients in the good-prognosis group whowere not treated, five
survivedand twodiedafterbirth.Renal failure laterdeveloped
in two of the survivors. The incidence of oligohydramnios in
the good-prognosis group was 7 out of 16. All six patients
with oligohydramnios who had fetal intervention survived.

One patient with oligohydramnios that was untreated died at
birth from pulmonary hypoplasia.

When in utero intervention restores amniotic fluid vol-
ume, neonatal death from pulmonary hypoplasia is averted.
When oligohydramnios develops during the canalicular stage
of lung development (16–24 weeks) the fetus usually has
pulmonary hypoplasia precluding survival. In the group of
fetuses reported by Crombleholme et al. (1991), there was
a preponderance of oligohydramnios in the poor-prognosis
group (23 of 24 as compared with 7 of 16 in the good-
prognosis group). Fetuses from the good-prognosis group
appear to survive as a result of fetal treatment in the face
of variable rates of oligohydramnios. In the good-prognosis
group, six of the seven fetuses with oligohydramnios had in-
tervention and all six survived with normal renal function.
However, the seventh patientwith oligohydramnios, whowas
not treated, died at birth frompulmonary hypoplasia. Uncor-
rected oligohydramnios was associated with a 100% neonatal
mortality. Normal or restored amniotic fluid volume was as-
sociated with a 94% survival (Crombleholme et al., 1991).

In utero decompression appears to prevent neonatal
death from pulmonary hypoplasia, but the effect on renal
function is less clear. The development of postnatal renal
failure in two infants who were not treated because amni-
otic fluid volume remained normal raises a question about
treating obstructed fetuses before oligohydramnios develops.
Because renal development or maldevelopment is complete
at birth, relief of obstruction in infancy or childhoodmay not
prevent the progression to end-stage renal failure (Warshaw
et al., 1982).

The severity of renal dysplasia at birth depends on the
timing and severity of obstruction before birth (Glick et al.,
1984; Adzick et al., 1987). Experimental work suggests that
relief of obstruction during the most active phase of nephro-
genesis (20–30 weeks of gestation) may obviate further dam-
age and allow normal nephrogenesis to proceed (Bronshtein
et al., 1990; Patten et al., 1990; Thomas, 1990; Blyth et al.,
1993). One fetus in this series evaluated at 18 weeks of ges-
tation had a favorable prognostic profile, but because the
amniotic fluid level was normal, it was not a candidate for in-
tervention.While the sonographic appearance of the kidneys
was normal at 18 weeks of gestation, postnatal sonography
suggested renal dysplasia and development of chronic renal
insufficiency.

The maternal morbidity of vesicoamniotic shunts was
minimal, but there was a high incidence of chorioamnioni-
tis, in 3 of 21 procedures. However, all cases of chorioam-
nionitis were early in this particular study experience, before
the routine use of prophylactic antibiotics and during a pe-
riod when long-term (4–16 hours) bladder catheterization
rather thanaspirationwasused for fetal urine sampling (Glick
et al., 1985; Crombleholme et al., 1991). Among the five open
cases of fetal surgery, there was no fetal morbidity or mortal-
ity, but preterm labor was observed in eachmother requiring
aggressive tocolytic therapy (Crombleholme et al., 1988a).

Harrison et al. (1981a, 1981b) first proposed the con-
cept of in utero decompression in a report of poor outcome
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Figure 82-4 Newborn with iatrogenic gas-
troschisis due to herniation of viscera
through the abdominal wall defect created
by attempted vesicoamniotic shunt place-
ment. (Courtesy of Burton Harris, MD)

in 13 fetuses with obstructive uropathy. This same group sub-
sequently reported the first case of vesicoamniotic shunting
for obstructive uropathy using a “Harrison” double pig-tail
catheter. Other groups quickly followed suit, and in a 1986 re-
port of the International Fetal SurgeryRegistry, 62 fetuses had
been treated by percutaneous vesicoamniotic shunts (Man-
ning et al., 1986). The overall survival was only 48%; the
survival rate was 76% in cases due to PUVs. The procedure-
related mortality rate in the registry was 3%. There were sev-
eral problems with this early experience with vesicoamniotic
shunts. Many fetuses were treated inappropriately prior to
the development of selection criteria. Secondly, many cases
were assessed by indwelling fetal bladder catheters for several
hours, which along with the lack of prophylactic antibiotics,
predisposed to chorioamnionitis. In addition, as noted by
Glick et al. (1985), multiple shunt insertions are often neces-
sary because of shunt occlusion, or dislodgment. Iatrogenic
“gastroschisis” has also been reported when trocars used for
insertion lacerated the abdominal wall during placement of
vesicoamniotic shunts (Manning et al., 1986) (Figure 82-4).
Rodeckhas reported experiencewith theKCHcatheter,which
appears to functionbetter than theHarrisoncatheter (Rodeck
et al., 1988). The utility of vesicoamniotic shunts is limited,
however, by thebrief durationofdecompression, riskof infec-
tion, catheter obstruction or dislodgment, fetal injury during
placement, and potentially inadequate decompression of the
fetal urinary tract. These factors make vesicoamniotic shunt-
ing inappropriate for early gestation decompression of the
urinary tract. It is not clear that vesicoamniotic shunting has
any benefit beyond restoring amniotic fluid volume. Both the
Harrison catheter as well as the KCH catheter have a small di-
ameter and are relatively long. According to Poiseuilles’s law,
very high intravesical pressures are necessary to force urine
through the shunt from the bladder to the amniotic cavity.
In most cases of high-grade bladder outlet obstruction, there
is incompetence of the vesicoureteral junction and intravesi-

cal pressure is transmitted to the developing kidney. Despite
restoring amniotic fluid volume, vesicoamniotic shunts do
not completely decompress the genitourinary tract and do
not protect the developing kidneys. This view is consistent
with thepoor long-termrenaloutcomesof fetuses successfully
treated by vesicoamniotic shunting. Freedman et al., found
that 50% of successfully treated fetuses had severely compro-
mised growth and 55% had renal insufficiency or chronic
renal failure requiring dialysis or transplantation (Freedman
et al., 1999). Biard et al., reported similar growth problems
but slightlybetter renal outcomes inPUVversusurethral atre-
sia. Another underappreciated complication of vesicoamni-
otic shunts is subsequent severe bladder dysfunction, which
may be sufficiently severe to preclude kidney transplantation
(Biard et al., 2005).

The presence of oligohydramnios in the second-
trimester fetus with bilateral hydronephrosis due to bladder
outlet obstruction is uniformly fatal if untreated (Glick et al.,
1985; Crombleholme et al., 1991). Complete decompression
of the genitourinary tract and elimination of high intrav-
esical pressure can only be achieved by vesicostomy. Vesi-
coamniotic shunts are inadequate to completely decompress
the genitourinary tract and protect the bladder and kidneys
from high intravesical pressures, and Harrison et al. have re-
ported their experience with open fetal surgery in eight cases
(Crombleholme et al., 1988a, 1991; Harrison et al., 1991).
Six of the eight treated were delivered by cesarean section
at 32 to 35 weeks of gestation. Four of the six had restora-
tion of amniotic fluid levels by the procedure and had no
evidence of pulmonary hypoplasia. The other two fetuses
died postnatally of severe pulmonary hypoplasia because of
persistent oligohydramnios due to renal dysplasia. They dis-
played long-standingoligohydramniosprior to treatmentand
suffered pulmonary hypoplasia despite intervention. These
cases would be excluded from treatment by current selec-
tion criteria. There were two stillbirths; one pregnancy was
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Figure 82-5 Intraoperative photograph taken during open fe-
tal surgery for vesicostomy creation in a 19-week gestation fetus
with bladder outlet obstruction due to posterior urethral valves.

terminated (by parental request) because of cloacal anomaly
and the other when the mother discontinued tocolytic ther-
apy. Three of the four survivors have had no evidence of renal
insufficiency during follow-up of up to 8 years. Progressive
renal insufficiency developed in the fourth patient, requiring
renal transplantation at 5 years of age; the childwas doingwell
4 years after transplantation.

Recently, Crombleholme et al. have reintroduced open
fetal surgery for vesicostomy in bladder outlet obstruction
due to PUVs (T.M. Crombleholme, personal oral communi-
cation, 2010) (Figure 82-5). Preliminary experience with this
approach suggests that open vesicostomy successfully decom-
presses the genitourinary tract and preserves renal function
and bladder function. No maternal complications have oc-
curred in these patients. However, prematurity with deliv-
eries from 29 to 35 weeks of gestation have been observed.
Long-term follow-up will be necessary to accurately assess
renal function and bladder function. Open fetal surgery for
fetal vesicostomy to relieve bladder outlet obstruction is tech-
nically feasible and has been successful in restoring amniotic
fluid dynamics and preventing death from pulmonary hy-
poplasia. However, this is achieved at potentially significant
risk to mother and fetus in the form of preterm labor pre-
cipitated by hysterotomy. Fetal cystoscopic treatment of blad-
der outlet obstruction offers the appeal of a minimally inva-
sive approach that can be performed under local anesthesia
(Quintero et al., 1998; Agarwal et al., 1999). Fetal cystoscopy
can be used to disrupt the valves by hydroablation, guide-wire
passage, or laser ablation (Quintero et al., 1995a, 1995b, 2000;
Welsh et al., 2003). Clifton et al., have recently reported suc-
cess with antegrade passage of a transurethral stent, not only
restoring amniotic fluid but with normal renal function out
to 2 years (Clifton et al., 2008). A limitation of all fetoscopic
approaches is the angulation of the posterior urethra, which
increases at 20weeks of gestation,making this approach tech-
nically more difficult.

It has been recognized that there is a paucity of high-
quality evidence to inform counseling and decision-making
regarding fetal therapy (Clark et al., 2003). As a result, a ran-
domized controlled trial of percutaneous shunting in lower
urinary tract obstruction (PLUTO trial) is underway (funded
by Wellbeing for Women). Even if shunting proves not to be
efficacious, other interventions such as fetoscopic techniques
and open fetal surgerywill still need to be evaluated. (Lissauer
et al., 2007).

TREATMENT OF THE NEWBORN

A team approach is extremely helpful to inform the parents
and to help themunderstand and copewith the diagnosis and
understand the postnatal evaluation (see Figure 82-2).

Any newborn with a prenatal diagnosis of hy-
dronephrosis shouldundergo aphysical examination at birth.
Monitoring of the urinary output within the first 24 to
48hours is unreliable. Failure to voidduring thefirst 2days af-
ter birthmay reflect normal fluid shifts ormay be the first sign
of a significant urologic anomaly. In the neonate who does
not void within the first 48 hours, the differential diagnosis of
anuria includes obstructive uropathy, renal failure, urogenic
bladder, and the effects of maternal medication. However,
most patients with an obstructive process will void, albeit
with a weak stream, within the first 2 days of life. Serum
electrolytes, blood urea nitrogen, and creatinine levels mea-
sured within the first day of life are a reflection of maternal
renal function via placental exchange. It is best to wait for
24 hours to measure these levels. The most helpful test in the
initial evaluation of the newborn with prenatally diagnosed
hydronephrosis is ultrasonography of the abdomen including
a scan of the bladder. Timing of the ultrasonography depends
on the degree of prenatal hydronephrosis. If severe dilatation
of the renal pelvis has been detected antenatally, then early
ultrasound evaluation should be performed so as to permit
early intervention.Otherwise,ultrasoundexaminationcanbe
postponed for3 to7days inorder to let thediuresis thatoccurs
during the first 48 hours of life to resolve (Arant, 1992). If the
initial postnatal renal ultrasound is normal, the evaluation
should be pursued, with a repeat ultrasound in 3 to 4 weeks.
There is a high incidence (50%) of additional lesions, such as
ureteropelvic junction obstruction (UPJ) and vesicoureteral
reflux, diagnosed in neonates with antenatal diagnosis of hy-
dronephrosis that have a normal upper urinary tract at the
time of the first ultrasound (Detjer and Gibbons, 1989).

Mild cases of hydronephrosis can be watched and may
warrant only one or two ultrasounds during the postnatal
period (see Figure 82-2). It is rare for mild dilatation of
the upper urinary tract to progress. In cases in which other
findings are seen (such as cortical thinning, upper tract di-
latation, and a normal bladder) voiding cystorurethrography
(VCUG) should be performed. If there is reflux, then a re-
nal scan with 99 technetium diethylenetriaminepentaacetic
acid (DTPA) or mercaptoacetyltriglycine (MAG-3) will be
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helpful in documenting function within each kidney. If no
evidence of reflux is noted by VCUG, then a MAG-3 scan
with furosemide should be obtained to evaluate possible UPJ
obstruction. If UPJ obstruction is noted, treatment is de-
termined by the severity of the obstruction. In severe UPJ
obstruction, in which a kidney shows 35% or less function,
pyeloplasty should be performed. In cases in which mild-to-
moderate obstruction is noted and the kidney has more than
35% function, observation alone may be indicated, with re-
peat ultrasonography in 3 months. A repeat renal scan will
help to assess changes in renal function. As stated earlier,
there is growing evidence to suggest that a mild degree of
UPJ obstruction may resolve and may not warrant surgical
intervention (see Chapter 81).

If prenatal ultrasound reveals a multicystic dysplastic
kidney, a VCUG and renal scan should be obtained. These
studies confirm the lack of function in the affected kidney
and rule out any abnormalities in the contralateral kidney
(Flack and Bellinger, 1993).

SURGICAL TREATMENT

Surgical intervention at birth is required in cases when a se-
vere obstruction will jeopardize renal function. This applies
most often to cases of PUVs, obstructing ureterocele, and se-
vere UPJ obstruction affecting a solitary kidney. Emergency
surgical treatment is seldom warranted. Reconstruction of
the urinary tract should not be attempted until the newborn
has stabilized from a medical standpoint and has been fully
evaluated. Drainage of the urinary tract can provide decom-
pression by placement of either a urethral catheter, suprapu-
bic catheter, or a nephrostomy tube until definitive repair of
the urinary tract can be accomplished.

PUVsandobstructingureterocele are amenable to early
endoscopic treatment but may require further surgical in-
tervention once the child has stabilized and grown. In the
presence of a solitary kidney, every attempt should be made
to ensure adequate drainage so as to not further jeopardize
renal function.

LONG-TERM OUTCOME

Reports in the urologic literature in the late 1970s and early
1980s reviewing experience with PUVs in newborns were no-
table for the lack of respiratory problems encountered. In
contrast, Nakayama et al. (1986) reported 11 cases of PUVs,
clinically evident at birth, in which five of the infants died.
Three died within hours of birth as a result of respiratory
insufficiency and two survived their respiratory insufficiency
only to die from renal failure within 3 weeks. Of the six sur-
vivors, four had severe respiratory problems requiring pro-
longed ventilatory support. In addition to the two infants
who died early from renal failure, three others developed re-
nal failure despite urinary diversion. Only two of the patients

in this series had normal renal function after reconstruction
of their urinary tracts.

Clinical experience suggests that the pulmonary and
renal consequences of bladder obstruction will vary with the
severity of the obstruction. The degree of obstruction will
determine the volume of amniotic fluid, the extent of pul-
monary hypoplasia, and the dysplastic effects of obstruc-
tion on the developing kidney. High-grade bladder outlet
obstruction causes megacystis, bilateral hydronephrosis, and
oligohydramnios,which results in pulmonaryhypoplasia and
postnatal respiratory insufficiency. In addition to pulmonary
hypoplasia and renal dysplasia, fetal urethral obstructionpro-
duces a wide variety of deformations, including Potter fa-
cies, limb abnormalities such as clubfoot and hip dislocation,
and abnormal abdominal wallmuscular development (prune
belly). Less severe obstructionmay permit enough urine out-
put to allow sufficient pulmonary development for survival.
Despite adequate pulmonary development for survival, par-
tialhigh-gradeobstructionmayresult in renaldysplasia, blad-
derdysfunction, and irreversible renal failure.Milder formsof
obstruction may have normal pulmonary development and
mild renal insufficiency or normal renal function. This broad
spectrum of severity of fetal obstructive uropathy presents a
diagnostic and therapeutic challenge: which cases are severe
enough to warrant prenatal intervention, which should be
delivered early to prevent ongoing renal damage, and which
are best managed postnatally at term?

Freedman et al. (1987) have reported on the long-
term outcome of 14 patients who underwent vesicoamniotic
shunting for obstructive uropathy. This was amixed group of
patients, with seven cases of prune belly, four cases of PUVs,
and one case each of urethral atresia, megacystis–microcolon
syndrome, andbilateral vesicoureteral reflux.Growthwasob-
served to be below the 5th percentile in 7 and below the 25th
percentile in 12. Four of the patients required ventilatory sup-
port at birth; two required it for up to a month. Two children
had reactive airway disease and four had chronic bronchitis.
Eight of the fourteen void spontaneously, four catheterize in
addition to voiding, and the remaining two catheterize only.
Bladder augmentation was required in three of the four pa-
tients with PUVs. Renal function was normal in six, renal
insufficiency in three, and the remaining five had end-stage
renal disease and had undergone renal transplantation. Biard
et al., reported only slightly better outcomes in the setting of
PUVs (Biard et al., 2005).

Sexual function may be impaired because of a much
higher incidence of undescended testes, impaired ejaculatory
mechanism, and effects of renal failure on potency. The inci-
dence of undescended testes is 12% in patients with PUVs as
comparedwith0.8%in thenormalpopulation (Kruegar et al.,
1980). Woodhouse et al. (1989) reported that half of 21 adult
patients aged 19 to 37 years with PUVs had dry, slow, or
retrograde ejaculations. In addition, one patient had poor
erections and another was impotent as a result of renal fail-
ure and dialysis. Despite these problems, semen analysis re-
vealed all to be potentially fertile, and 3 of the 21 had fathered
children.
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GENETICS AND RECURRENCE RISK

Inmost cases, bladderoutletobstructiondue toPUVs is a spo-
radic event, with no risk of recurrence. However, if associated
with chromosomal abnormality, there may be an increased
risk of having an affected fetus, depending on the nature
of the abnormality. The megacystis–microcolon–intestinal
hypoperistalsis syndrome is a rare cause of bladder outlet
obstruction that may be difficult to distinguish from other
causes. This is an important distinction, as this syndrome has
an autosomal recessive inheritance pattern with a 25% risk of
affecting a subsequent pregnancy.
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83
CHAPTER

Hydronephrosis: Ectopic
Ureterocele

Key Points

■ Ectopic ureteroceles are associated with duplex
collecting systems and are more common in
females.

■ An ectopic ureterocele can be stenotic or refluxing.

■ Ectopic ureteocele can result in dysplastic changes
in the superior pole of ipsilateral kidney.

■ Ectopic ureteroceles can be challenging to
diagnose as they intermittently decompress.

■ Ectopic ureteroceles are a rare cause of bladder
outlet obstruction.

CONDITION

A ureterocele is a cystic dilatation that occurs at the distal end
of the ureter at its junction with the bladder. Simple uretero-
celes are those that are located in the normal location of the
ureteral orifice in the trigone of the bladder. Simple uretero-
celes are more commonly detected in adults and usually are
associatedwith a single collecting system. Simple ureteroceles
are rarely associated with the upper pole ureter of a complete
duplication of the collecting system. Simple ureteroceles may
be associated with a varying degree of obstruction, but this is
not significant in most patients. In contrast, with an ectopic
ureterocele the ureteral orifice is located in an ectopic posi-
tion, usually distal to the trigone, and this form is typically as-
sociated with a duplex collecting system. Ectopic ureterocele
is also associated with an increased incidence of duplication
in the contralateral kidney. The ureterocele may vary in size,
from a tiny cystic lesion within the submucosal ureter, to that
of a large cystic balloonlike structure that fills the bladder.
The size of the ureterocele may fluctuate from one examina-
tion to the next. Histologically, the ureterocele is covered by
the mucosa of the bladder and lined by the mucosa of the
ureter, with varying degrees of attenuated smooth muscle
bundles and connective tissue between the two layers of
mucosa.

Several theories have been proposed to account for the
embryonic development of a ureterocele. In one theory, a
membrane covering the ureteral orifice persists for a long pe-
riod, leading to the development of the ureterocele (Chwalle,
1927). In another theory, a ureterocele forms as a result of a
stimulus to an expansion that transforms the bladder into a

globular cap, creating an expanded thin-walled distal ureter
(Stephens, 1971). Lastly, a localized embryonic arrest has
been hypothesized as the cause of the ureterocele (Tokunaka
et al., 1981).

Ectopic ureterocele has been classified anatomically by
Stephens (1958, 1983). In this classification scheme, stenotic
ectopic ureterocele is characterized by a small stenotic orifice
and accounts for approximately 40% of cases. In sphincteric
ectopic ureterocele, the orifice of the ureterocele is within
the internal sphincter and accounts for an additional 40% of
cases. In sphincteric ectopic ureterocele the ureteral orifice
may be of normal caliber or may be enlarged and may open
either in theposterior urethra inmales or distal to the external
sphincter in females. Sphincterostenotic ectopic ureterocele
accounts for approximately 5% of cases. The stenotic orifice
of this type of ectopic ureterocele is located within the ure-
thral floor. There are other rarer types of ectopic ureterocele,
including cecoureterocele, in which the lumen extends distal
to the level of the orifice as a long tongue or cecum; blind
ectopic ureterocele, in which there is no orifice so that the
ureter is completely obstructed; and nonobstructive ectopic
ureterocele, inwhich theorifice is enlargedwithin thebladder.

In complete ureteral duplication, the ureter draining
the upper polemoiety usually opens caudal andmedial to the
ureter draining the lower pole moiety. This upper pole moi-
ety ureter is commonly associated with ureterocele. When a
duplex system is found to be present on one side, there is
contralateral duplication in approximately 50% of the cases.
This occurs far more frequently in females and can poten-
tially result in bladder outlet obstruction if the ureterocele
is sufficiently large. The orifice of the ureterocele is usually
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obstructed either by stenosis or because it opens at the level
of the urogenital diaphragm and is obstructed by the closed
bladder neck. Not only can the ureterocele cause obstruc-
tion of the ureter fromwhich it arises, but the ureterocele can
also result in obstruction of the ureter draining the lower pole
moiety, placing the entire kidney at risk. In ectopicureterocele
the upper pole moiety is commonly dysplastic and has poor
or no function because of long-standing high-grade obstruc-
tion. The ectopic ureterocele may also affect the contralateral
ureter and renal unit. Large ectopic ureterocelesmay obstruct
the ipsilateral lower pole moiety and, if extensive enough,
they may even obstruct the contralateral side or induce vesi-
coureteral reflux (Koyanagi et al., 1980; Harrison and Filly,
1991).

INCIDENCE

The incidence of ureterocele is estimated to be 1 in 4000 au-
topsies in children (Brock and Kaplan, 1978). Ureteroceles
are far more common in whites than in blacks. Ureteroceles
are also five times more common among girls than among
boys (Brock andKaplan, 1978). Approximately 80%of urete-
roceles are associated with a duplex collecting system. No in-
formation is available about the prenatal incidence of ectopic
ureteroceles.

SONOGRAPHIC FINDINGS

The common mode of presentation for a fetus with ectopic
ureterocele is unilateral hydronephrosis. The dilated upper
pole of a duplex collecting system and a normal-appearing
lower pole collecting system are key features that permit an
accurate sonographic diagnosis of an obstructed duplex col-

lecting system (Mahony, 1994). The dilated upper pole moi-
ety may enlarge sufficiently so that it displaces the nondilated
lower pole of the kidney inferiorly and laterally. Sonographic
detectionof twodistincturetersmaybequitedifficult inutero.
It is important to search for a thin-walled fluid-filled ectopic
ureterocelewithin thebladder (Figure 83-1).Thismaybe very
challenging, as the ureterocele may expand and decompress
with ureteral peristalsis and bladder emptying. The uretero-
celemay also prolapse into the urethra if intravesical pressure
exceeds intraurethral pressure. The ureterocele will initially
collapse then subsequently prolapse or herniate into the ure-
thra (Cremin et al., 1977; Fitzsimmons et al., 1986). Ultra-
sonographers should be mindful of this potential diagnostic
pitfall, especially since ultrasonographic urinary bladder ex-
aminations with a full bladder are the very condition most
likely to cause difficulty in identifying ureteroceles because
of the flattening or intraurethral prolapse it causes. In every
patient in whom hydronephrosis is antenatally diagnosed, a
detailed examinationof the fetal bladder shouldbeperformed
to look for an intravesical cystic structure or the appear-
ance of an extravesical diverticulum due to the intraurethral
prolapse of the ureterocele during micturition (Fitzsimmons
et al., 1986).

Antenatal recognition of the ectopic ureterocele and as-
sociated duplex collecting system can be exceedingly difficult.
While upper pole hydronephrosismay be diagnosed, its cause
is often missed. In a series reported by Winters and Lebowitz
(1990), of 40 cases of hydronephrosis, prenatal diagnosis of
duplex systemwith upper pole hydronephrosis was suggested
in only one-third and only 1 of 19 ureteroceles were correctly
diagnosed. This low specificity is thought to be due to the fact
that many prenatal sonographers are unfamiliar with this en-
tity. In addition, the duplex collecting system associated with
ectopic ureterocele is difficult to diagnose even postnatally.
The ureterocele can be mistaken for a bladder if the blad-
der is empty, or the full bladder can result in effacement

Figure 83-1 Prenatal sonographic image of
a fetus that presented with unilateral hy-
dronephrosis and was found to have a large
ectopic ureterocele filling the bladder. This
sagittal section through the bladder (black
arrowheads) demonstrates the crescentic
membrane (white arrow) of the ureterocele
filling the bladder. (Reprinted, with permis-
sion, from Cendron M, D’Alton ME, Cromble-
holme TM. Prenatal diagnosis and manage-
ment of the fetus with hydronephrosis. Semin
Perinol. 1994;18:163-181.)
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of the ureterocele (Lebowitz and Griscom, 1980). Another
sonographic pitfall is the recognition of an ectopic uretero-
cele that on subsequent examinations is not visualized and
therefore is thought to have resolved. As noted by Garmel
et al. (1996) the “vanishing ureterocele” may be missed as
a result of this same phenomenon, either by dilation in an
empty bladder or effacement by a full bladder. It is impor-
tant to recognize that a ureterocele will persist despite failure
to demonstrate it on follow-up sonographic examinations.
In some cases, the diagnosis may be facilitated by the use of
a fetalMRI. As noted by Sozubir et al. (2003) fetalMRI can be
an important adjunct to ultrasound enabling the diagnosis,
in this case, of ectopic ureterocele with prolapse through the
urethra onto the perineum in a female fetus (Sozubir et al.,
2003).

DIFFERENTIAL DIAGNOSIS

The presenting sonographic features determine the differ-
ential diagnosis. If the most prominent feature is the cystic
dilatation of the superior pole moiety of the kidney, then
ureteropelvic junction obstruction, adrenal cyst, and mesen-
teric cyst are part of the differential diagnosis. Megaureter
is also considered if a tortuous dilated ureter draining the
upper pole moiety is a prominent feature. If the ureterocele
prolapses into the urethra and causes bladder outlet obstruc-
tion, the fetus may present with a dilated bladder and bi-
lateral hydronephrosis. This needs to be distinguished from
posterior urethral valves, urethral atresia, and megacystis–
microcolon. In addition, with ureteral dilatation of one or
both sides, an ectopic ureterocele should be distinguished
from vesicoureteral reflux. This can often be differentiated by
the increase in ureteral size noted during fetal bladder con-
traction. However, the sonographic appearance of the cres-
centic membrane within the bladder is pathognomonic for
ectopic ureterocele and narrows the differential diagnosis to
this one condition (Figure 83-1).

ANTENATAL NATURAL HISTORY

Ureterocele is the third most common structural cause of
congenital hydronephrosis (Chinn and Filly, 1982). The pre-
natal history of this condition is usually benign. In most in-
stances the ectopic ureterocele is associated with some degree
of obstruction, which, because of its long-standing nature,
results in cystic dysplastic changes of the upper pole moiety
(Cendron et al., 1994). The presence of the duplex collecting
system and the ectopic ureterocele, however, places the ipsi-
lateral kidney at some risk. If the ureter draining the lower
pole moiety becomes obstructed this lower pole moiety is
also at risk for renal dysplasia. Extremely large ureteroceles or
ureteroceles that prolapse through the urethramay present as
bladder outlet obstruction. It is onlywith careful sonographic
evaluation that the true nature of the condition can be dis-

tinguished from other causes of bladder outlet obstruction.
The prolapse of the ureterocele through the urethra results in
vesicomegaly and bilateral hydronephrosis. This is the one in-
stance in which ectopic ureterocele must be followed closely
because its potential consequences for amniotic fluid vol-
ume and dysplastic renal changes in both kidneys are essen-
tially equivalent to other causes of bladder outlet obstruction,
such as posterior urethral valves. In most instances, however,
the fluctuation in the size of the ectopic ureterocele allows
adequate bladder emptying and maintenance of amniotic
fluid volume. All fetuses with this form of ectopic ureterocele
should be followed closely with serial sonography to exclude
the possibility that amore significant degree of bladder outlet
obstruction is compromising amniotic fluid volume or that
there is an error in diagnosis and another form of bladder
outlet obstruction exists.

The most important aspect of prenatal diagnosis of ec-
topic ureterocele is the prevention of postnatal urosepsis and
loss of renal function (Caione et al., 1989). The vast majority
of patients with ectopic ureterocele who present postnatally
present with urosepsis, a decrease in renal function, or failure
to thrive. It has been suggested by some authors that prenatal
diagnosis of ectopic ureterocele identifies a group of patients
whowouldotherwisebeentirely asymptomatic and forwhom
a less aggressive approach to their postnatal treatment is indi-
cated. While it may be true that the need for surgery remains
to be defined in this group of patients, the identification of
such patients warrants immediate initiation of prophylactic
antibiotics to prevent reflux associated upper tract infections
and secondary decrease in renal function.

MANAGEMENT OF PREGNANCY

The diagnosis of an ectopic ureterocele should prompt a de-
tailed sonographic assessment of the contralateral kidney and
exclusion of potential associated nongenitourinary anoma-
lies. All fetuses with suspected ectopic ureterocele should be
evaluated by a pediatric surgeon or pediatric urologist. In
most instances, the presence of the ureterocele will have no
effect on the pregnancy and should not have an impact on the
clinical site, mode, or timing of delivery. The only exceptions
are ureteroceles that cause bladder outlet obstruction, either
because of their very large size or because they prolapse into
the urethra. In these cases serial ultrasound examinations are
warranted to observe amniotic fluid volume, which may be
compromised. Decreasing amniotic fluid volume or oligo-
hydramnios may require intervention. If a fetus is beyond
32 weeks of gestation, consideration should be given to
steroid administration and early delivery.

FETAL INTERVENTION

At present there is no indication for fetal intervention follow-
ing the prenatal diagnosis of an ectopic ureterocele.
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TREATMENT OF THE NEWBORN

Chertin et al., have shown that prenatal diagnosis of ectopic
ureterocele and associated duplex collecting system leads to
fewer urinary tract infections and earlier endoscopic treat-
ment (Chertin et al., 2005). All newborns with suspected du-
plex collecting systems and associated ectopic ureteroceles
should undergo a complete urologic evaluation. It is prudent
to wait 72 hours from the time of birth to obtain a postnatal
sonogram so that an accurate assessment of the upper tract
anatomy can be made. It is not uncommon in patients diag-
nosed prenatally with hydronephrosis, without a more spe-
cific etiologic diagnosis, to have a duplex collecting system
with an ectopic ureterocele as the cause of hydronephrosis
postnatally. If there is some doubt as to the cause of the hy-
dronephrosis, the most useful test for defining the anatomy
is voiding cystourethrography (VCUG). Function of the af-
fectedupperpolemoietycanbestbeassessedbya technetium-
99m DMSA renal scan.

The management of ectopic ureteroceles is controver-
sial as there are several options for treatment (Rickwood
et al., 1992). Churchill et al. (1992) have suggested an ap-
proach based on the function of the upper pole moiety.
In cases in which there is nonfunctioning of the upper
pole and only grade I vesicoureteral reflux, an upper pole
nephroureterectomy can be performed in association with
cystoscopic ureterocele drainage. If upper pole nonfunction
is associatedwith grade II or III vesicoureteral reflux, then the
upper pole nephrectomy can be combined with ureterocele
excision and lower pole moiety ureteral reimplantation. If
the function of the upper pole moiety is indeterminate, then
endoscopic incision of the ureterocele can be performed and
the subsequent degree of vesicoureteral reflux and function
can be reassessed. In cases inwhich function of the upper pole
moiety is preserved and there is only grade I vesicoureteral re-
flux, ureteropyelostomy and cystoscopic ureterocele drainage
is indicated. If there is associated grade II or grade III reflux
in these cases then ureteropyelostomy, ureterocele excision,
and ureteral reimplantation are indicated.

Other groups have suggested a more conservative ap-
proach tomanagementwith initiallyonly a transurethral inci-
sionof theureterocele (Castagnetti et al., 2004).Transurethral
incision of the ureterocele is effective in most patients with
only a 5% rate of vesicoureteral reflux requiring reimplanta-
tion of the incised moiety. Other secondary surgery may be
necessary in up to 50% of cases usually due to pre-existing
vesicoureteral reflux in either the lower pole moiety or the
contralateral system.

LONG-TERM OUTCOME

In general, the long-term outcome in ectopic ureterocele is
excellent. Prenatal diagnosis allows initiation of prophylactic
antibiotics at birth to prevent urosepsis. The presence or ab-
senceofupperpoledysplasia andvesicoureteral refluxwill de-

termine the surgical approach taken.Theprospects forpreser-
vation of renal function and avoiding urosepsis are excellent.
It is not uncommon for ectopic ureterocele to be difficult to
diagnose postnatally; therefore, persistence is necessary. Ul-
trasound examination, voiding cystourethrography, and even
cystoscopymay be necessary tomake the diagnosis. These ef-
forts are rewarded by the avoidance of urinary tract infection
and preservation of upper pole renal function if dysplasia has
not already developed.

GENETICS AND RECURRENCE RISK

Ectopic ureterocele is a sporadically occurring genitourinary
anomalywithout a known associationwith chromosomal ab-
normality or an increased risk for recurrence in subsequent
pregnancies or offspring of an affected patient.
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84
CHAPTER

Ambiguous Genitalia

Key Points

■ Incidence is 1 in 5,000 livebirths. Most common
cause is congenital adrenal hyperplasia (CAH),
resulting in a virilized genetic female. This
autosomal recessive condition has an incidence of
1 in 14,000 livebirths.

■ Prenatal classification of ambiguous genitalia is
based on cause. Fetuses can be virilized genetic
females, undervirilized genetic males, or true
hermaphrodites with both ovarian and testicular
tissue present.

■ Sonographic prenatal diagnosis of ambiguous
genitalia is more accurate in males. Clitoromegaly
is associated with false-positive diagnosis in
females. The presence of a normal fetal uterus after
19 weeks is strongly predictive of a virilized genetic
female.

■ Differential diagnosis in a virilized female includes
androgen exposure due to CAH or maternal
tumors. An undervirilized male may be due to

defects in the synthesis of testosterone or its
precursor, androgen insensitivity, chromosome
abnormalities, or true hermaphroditism.
Single-gene disorders, such as Smith–Lemli–Opitz
syndrome, should be considered.

■ Prenatal management should include fetal
karyotype and testing of 7-dehydrocholesterol
(7-DHC) levels in the amniotic fluid. Delivery
should occur at a tertiary center.

■ Fetal treatment is available for CAH and
Smith–Lemli–Opitz syndrome.

■ Infant sex assignment should occur after birth
using a team approach.

■ The role of genital surgery in children with
ambiguous genitalia is controversial.

■ Recurrence risk depends on the etiology of the
ambiguous genitalia.

CONDITION

Although the genotype of a fetus is determined at conception,
sexual differentiation does not occur until 6 to 7 weeks of
gestation (McGillivray, 1992). Before that point, the embryo
has bilateral undifferentiated gonads and bothmüllerian and
wolffian duct systems. Fetuseswith a Y chromosome contain-
ing the gene for the testis-determining factor (SRY) will con-
vert the undifferentiated gonad to a testis, which involves the
formation of seminiferous tubules that surround the prim-
itive germ cells. As shown in Figure 84-1, Leydig cells begin
to produce testosterone, which acts on the wolffian ducts to
produce male internal genitalia. Sertoli cells produce anti-
müllerian hormone (AMH), also known as müllerian duct
inhibiting substance (MIS), which causes regression of the
müllerian system (McGillivray, 1992).

At 6–7 weeks of gestation, the external genitalia are un-
differentiated and consist of a genital tubercle, genital folds,
and swellings. During male embryogenesis, masculinization
of the common primordia is induced by the activity of di-
hydrotestosterone (DHT). DHT is formed from testosterone
via the enzyme 5α-reductase. The urogenital tubercle then
differentiates into the glans. The urogenital folds differen-
tiate into the shaft of the penis and a male type of urethra
by 12 to 14 weeks of gestation. The urogenital swellings fuse
at the midline into the scrotum. Without testosterone, the
müllerian duct develops into the fallopian tubes, uterus, and
upper vagina. The genital tubercle becomes the clitoris, and
the genital folds and swellings become the labia. Two X chro-
mosomes are needed to maintain the ovaries and germ cells.

Most fetuses with genital ambiguity are otherwise well
formed, althoughmalformations of the sexorgans sometimes
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Figure 84-1 Development of genitalia in male and female fetuses. Normal sexual differentiation. SRY: sex determining
region on Y chromosome; AMH: anti-Müllerian hormone; T: testosterone; DHT: dihydrotestosterone; Wnt4: Wnt = a
group of secreted signaling molecules that regulate cell to cell interactions during embryogenesis; DAX1: DSS-AHC
critical region of the X chromosome. (Reprinted with permission from, Ogilvy-Stuart AL, Brain CE. Early assessment of
ambiguous genitalia. Arch Dis Child. 2004;89:401-407.)

combine with malformations of the urinary tract (Aarskog,
1992). Abnormalities of sexual differentiation can be clas-
sified into disorders of chromosomal sex, gonadal sex, or
phenotypic sex. One system of classification is based on
the actual gonad found at surgical exploration. This classi-
fication divides infants with ambiguous genitalia into five
subgroups:

1. Only an ovary is present (female pseudohermaphrodi-
tism).

2. Ovary and testis are present (true hermaphroditism).
3. Only a testis is present (male pseudohermaphroditism).
4. Testis and gonadal streak are present (mixed gonadal dys-

genesis).
5. Only a gonadal streak is present (pure gonadal dysgenesis).

Unfortunately, this system is not practical to use in the
prenatal context.

The more practical classification to use prenatally is
based on cause. Three categories can be delineated:

1. True hermaphrodite—these fetuses have both ovarian and
testicular tissue present.

2. Female pseudohermaphrodites—these are virilized fe-
males.

3. Male pseudohermaphrodites with and without müllerian
structures—these are undervirilized males.

Female pseudohermaphrodites have a normal female
karyotype (46, XX) and have ovarian gonadal tissue present.
They have normal müllerian duct structures (uterus, fallop-
ian tubes, and upper vagina) and no wolffian duct structures
(epididymis, vas deferens, seminal vesicles). The female fetus
becomes virilized because of exposure to androgens in utero.
The causes for this include congenital adrenal hyperplasia
(CAH), ingestion of androgens by the mother, and maternal
virilizing tumors. Male pseudohermaphrodites with a nor-
mal 46, XY karyotype have only testicular tissue present. The
Sertoli cells produce anti-müllerian hormone, but the under-
virilization is due to inadequate synthesis of testosterone or
dihydrotestosterone (see Figure 84-1), or the presence of an
androgen receptor defect. Male pseudohermaphrodites with
müllerian structures usually have a mixture of cell lines, with
at least one cell line having a Y chromosome present, but no
cells having two X chromosomes. The gonadal tissue in these
cases is either normal testis or a streak gonad.

INCIDENCE

The incidence of ambiguous genitalia is 1 in 5000 livebirths
(Kutteh et al., 1995). Hypospadias occurs in 2.5 to 8.2 per
1000 live male births (Bronshtein et al., 1995). Ambiguous
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genitalia due toCAHoccurs in 1 in 14,000 newborns (Hurtig,
1992).

SONOGRAPHIC FINDINGS

Axial scans often provide optimal visualization of the per-
ineum and external genitalia when the fetal lower extremities
are held in flexion. Sagittal scans of the perineum may be
helpful to demonstrate the penis. When the fetus is male,
testes can be identified within the scrotum after 28 weeks of
gestation. de Elejalde et al. (1985) described the sonographic
determination of fetal gender in 722 fetuses between 13 and
35 weeks of gestation. They compared their prediction with
fetal karyotype, and all of these patients were studied prior
to amniocentesis. These authors stated that the fetal genitalia
couldbe imaged in60.5%of fetuses examinedbefore18weeks
of gestation and 100% of those examined later than 20 weeks
of gestation. In 3% of the cases, an error in sex assignment
occurred, but these fetuses were all at less than 24 weeks of
gestation. In female fetuses, the labia majora, labia minora,
and occasionally the clitoris were visualized. In male fetuses,
the scrotum was visualized in coronal and transverse planes.
The transverse scan was useful for recognizing the penis.
These authors stated that a fetal erectioncouldbe seen inutero
by 20 weeks of gestation (de Elejalde et al., 1985). In an even
larger study, Natsuyama (1984) determined fetal sex in 1879
pregnantwomenbetween 12 and40weeks of gestation. These
authors used transverse, frontal, and sagittal scans of the fetal
lower pelvic region. They were able to image 97.1% of cases
and stated 99.9% accuracy in fetal gender assignment. These
authors confirmed their findings postnatally. The most help-
ful findings were that between 12 and 23 weeks of gestation,
the penis was pointed anteriorly toward the amniotic cavity
but the clitoris was turned inferiorly. Another difference was
the distance between the anal and genital regions. Males were
noted to have a longer distance than females at later than
10 weeks of gestation (Natsuyama, 1984). Other authors
described the “dome” sign, which was the sonographic visu-
alization of the fetal scrotum and cranially directed phallus.
In females, the diagnostic criterion is the presence of two
or four parallel lines representing labial folds and a caudally
directed clitoris. Some authors use the length of the phallus as
a diagnostic criterion for gender assignment and some do not
(Bronshtein et al., 1995). Benacerraf et al. (1989) have stated
that sonographic visualization of the fetal genitalia is accom-
plished 80% to 90%of the time, with a correct sex assignment
given 92% to 100% of the time. Fetal cephalic presentation
is more favorable than breech for gender determination (Ali,
1992). Subsequent studies have established normal reference
ranges for both penile length (Johnson and Maxwell, 2000;
Zalel et al., 2001) and uterine development (Soriano et al.,
1999).

In a pregnant woman with a positive family history of
prior affected children with CAH, ambiguous genitalia were
documented by the presence of two angulated lines repre-

Figure 84-2 Prenatal sonographic study from a fetus with am-
biguous genitalia at 27 weeks of gestation. This fetus had ap-
parent fusion of the labia minora and a straight (as opposed to
curved) clitoris/phallus. Fetal karyotype was 46, XX and the un-
derlying cause of the masculinization was congenital adrenal hy-
perplasia.

senting labia and the presence of a central, domelike struc-
ture representing an apparent “scrotum” (Sivan et al., 1995)
(Figure 84-2). In a follow-up study of 17 fetuses with gen-
ital malformations, 12 were raised as males, 4 were raised
as females, and 1 genetic male was raised as a female due
to congenital absence of a penis. In all cases an extremely
small fetal phallus was observed, with undescended gonads
(Figure 84-3). Fourof the 17 fetuses had a sonographically ab-
normal phallus. The underlying diagnosis in 3 of the 4 fetuses
with an abnormal phalluswas congenital adrenal hyperplasia;
1 case was due to panhypopituitarism. The other underlying

Figure 84-3 Fetoscopic view of a fetus at 20 weeks of gestation
undergoing selective fetoscopic laser photocoagulation for twin-
to-twin transfusion syndrome. This fetus was found to have am-
biguous genitalia by preoperative ultrasound examination and
MRI. This fetoscopic view demonstrates the virilized genitalia of
a 46, XX female fetus with 21-hydroxylase deficiency. Note the
elongated downward curving phallus and vaginal introitus still
visible beneath the clitoris.
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diagnoses in the remaining 13 cases included 2 cases of male
pseudohermaphroditism, 3 cases of severe hypospadias with
chordee, 2 cases of microphallus, 2 cases of cloacal anomaly,
2casesofpenoscrotal transposition,1caseof intra-abdominal
testes, 1 case of megaureter, and 1 case of cloacal exstrophy
(Mandell et al., 1995).

The accuracy of the sonographic prenatal diagnosis
of ambiguous genitalia was addressed by Cheikhelard et al.
(2000). In this study, 34/43 cases were accurately diagnosed
prenatally. The diagnoses were 100% correct when the fetus
was diagnosed as an undervirilized male, but only 46% cor-
rect when the fetus was diagnosed as a virilized female. The
authors diagnosed clitoromegaly when the clitoris measured
more that 5 mm beyond the labia majora. This finding was
clearly over diagnosed.

The use of three dimensional (3-D) sonography has
been reported to improve visualization of a male fetus with
ambiguous genitalia (Naylor et al., 2001). There have been
no reports of prenatal use of MRI to diagnose ambiguous
genitalia. However, a postnatal study compared 10 children
with intersex disorders and foundMRI and sonography to be
equally sensitive (Biswas et al., 2004). For external detection
of the gonads, MRI was marginally more sensitive.

Pinhas-Hamiel et al. (2002) identified 16 fetuses with
ambiguous genitalia amongst their practice experience of
over 10,000 fetuses. These affected fetuses underwent a full
evaluation, including (1) repeated sonographic studies, (2)
metaphase karyotype and FISH for SRY, and (3) hormonal
assays of amniotic fluid. Twelve of the sixteen fetuses were
referred because of an abnormal sonogram and 4 had a kary-
otype discrepancy. The underlying diagnoses were the fol-
lowing: 5 were virilized female fetuses (3 cases of CAH, 2 of
urorectal septum malformation), 4 were undervirilized male
fetuses (1 steroid sulfatasedeficiency, 1 campomelicdysplasia,
2 unknown cause), 5 had chromosome abnormalities, and 2
were 46, XX, SRY+ males. These authors concluded that a
screening ultrasound examination at 13 to 15 weeks was not
sufficiently sensitive or specific to rule out ambiguous geni-
talia, and that the size and structures of the reproductive tract
evolve throughout gestation. Importantly, after 19 weeks the
sonographic presence of a normal uterus was strongly pre-
dictive of a virilized genetic female.

DIFFERENTIAL DIAGNOSIS

Ambiguous genitalia are either noted as a primary finding
on sonographic examination, or as a secondary finding when
karyotype and external genitalia are discordant. The key con-
siderations in the differential diagnosis include determining
whether the fetus is a virilized female or an undervirilized
male (Table 84-1). The important diagnostic considerations
include an inborn error of metabolism due to a single gene
(mendelian) defect, an underlying chromosomal disorder, or
amultiplemalformation syndrome. Furthermore, the umbil-

ical cord can be misinterpreted as a penis. Careful attention
should be paid to distinguishing between the umbilical cord
on longitudinal sectionand thegenitalia (Ali, 1992).Themost
common cause of virilization of a female fetus is CAH, due
primarily to the enzyme 21-hydroxylase deficiency (see Fig-
ures 84-2 and84-3). In this disorder, 17-hydroxyprogesterone
is not converted to 11-deoxycortisol. Cortisol is not synthe-
sized and ACTH levels rise due to the lack of negative feed-
back. Subsequently, the levels of androgenic precursors rise,
exposing the female embryo to androgen excess. In the severe
form, limited secretion of cortisol as well as aldosterone leads
to increased plasma renin activity and ultimately to hypona-
tremic dehydration and vascular collapse after birth. Other,
rarer causes of CAH include 11β-hydroxylase deficiency and
3β-hydroxysteroid dehydrogenase deficiency.

Undervirilized males can occur due to a testosterone
synthetic defect (Figures 84-4 and 84-5). The various causes
of inadequate synthesis of testosterone are listed inTable 84-1.
Testosterone is normally converted to dihydrotestosterone by
the action of the enzyme 5α-reductase. Deficiency of 5α-
reductase is also known as pseudovaginal perineoscrotal hy-
pospadias. Affected subjects have ambiguous genitalia with
hypospadias and a clitoris-like phallus. They also have a bifid
scrotum and a blind vaginal pouch. The wolffian structures
are normally differentiated, and the müllerian derivatives are
fully regressed (al-Attia et al., 1993). Affected infants are usu-
ally assigned as female at birth but they virilize selectively
at puberty. Because the fetal brain is exposed to a normal
level of testosterone in utero and after birth, these patients
usually take on the male gender at puberty. Another cause
of undermasculinization of a male is the testicular feminiza-
tion syndrome. The term Reifenstein syndrome has been ap-
plied to several disorders that were formerly thought to be
separate entities. They are now known collectively to be mu-
tations of the same androgen receptor gene present on the
X chromosome and to cause familial partial androgen in-
sensitivity. Affected children present with micropenis, small
testes, andgenital abnormalities, includinghypospadias, bifid
scrotum, and vaginal pouch remnants.Most affected patients
are reared as males; however, in the setting of complete an-
drogen insensitivity, female gender assignment may be most
appropriate (Griffin,1992;Lumbrosoet al., 1994).Atpuberty,
gynecomastia develops and virilization is poor. Considerable
phenotypic variability has been reported depending on the
molecular basis for the disorder.

A variety of multiple malformation syndromes have
ambiguous genitalia as one component, primarily undermas-
culinization of affected male fetuses. These include Robinow
syndrome, which consists of short stature, short arms, and
a characteristic facies. The males have micropenis and the
females have hypoplastic clitoris and labia minora. Opitz
syndrome is characterized by hypertelorism and hypospa-
dias. Affected females are normal. Aarskog syndrome is an
X-linked disorder with short stature, hypertelorism, short
nose, anteverted nostrils, a long philtrum, and genital dys-
plasia. There is a characteristic scrotal fold that extends
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Table 84-1

Approach to the Fetus with Ambiguous Genitalia

Fetus with ambiguous genitalia or discordance between karyotype and external genitalia
↓

Karyotype
↓ ↓ ↓

46, XX 46, XY Other abnormality/other chromosomal cause
Masculinized due to androgen

exposure
Undermasculinized due to

synthetic or receptor
defect

Partial or full gonadal dysgenesis
True hermaphrodite 46, XX/69, XXY

Congenital adrenal hyperplasia:
21-hydroxylase
11β-hydroxylase
3β-hydroxysteroid dehydrogenase

deficiency

Inadequate synthesis of
T:20,22-desmolase
3-β hydroxysteroid

dehydrogenase
17β-hydrolase
17,20-desmolaseMaternal androgen

Virilizing tumors 17α-hydroxylase deficiency
17β-hydroxysteroid deficiencies

Leydig-cell hypoplasia
Inadequate synthesis of

dihydrotestosterone:
5α-reductase deficiency

Receptor defect:
Reifenstein (androgen

insensitivity) syndrome
Testicular feminization

dorsally around the base of the penis (Aarskog, 1992). Other
reasonably common multiple malformation syndromes that
include ambiguous genitalia as a component include Smith–
Lemli–Opitz syndrome, which is due to an inherited defect in
7-deoxycholesterol (seeFigure 84-4).Affected fetuseshave in-
trauterine growth restriction and may have a variety of other
malformations, includingholoprosencephaly andcleft palate.
Patients with Prader–Willi syndrome may have micropenis.
Patients withWAGR (Wilms tumor, aniridia, growth restric-
tion, and genital anomalies) may have ambiguous genitalia.
This disorder can be associated with a deletion on the short
arm of chromosome 11. Other chromosomal abnormalities
can also be associated with ambiguous genitalia. The urorec-
tal septum malformation, a lethal condition, consists of am-
biguous genitalia with absence of perineal and anal openings
(Wheeler et al., 1997).

ANTENATAL NATURAL HISTORY

In the normal scenario, at less than 8 weeks of gestation the
male and female genitalia appear identical. Normal female
structures form in the absence of testicular hormones. Testos-

terone is needed by 8 weeks of gestation to induce normal
male differentiation. Male differentiation occurs rapidly over
8 to 10 weeks of gestation. By 14 to 16 weeks of gestation, a
normal penile urethra has formed. At over 20 weeks of ges-
tation, the androgen levels in male and female fetuses are
similar; by this time, the urethral and introital positions are
fixed. Testicular descent into the scrotum occurs between 20
and 30 weeks of gestation in 62% of males and in 93% of
males by 32 weeks of gestation (Cooper et al., 1985).

In cases of ambiguous genitalia, between8 and12weeks
of gestation, increased androgen levels in the female produce
clitoromegaly, labial fusion, and persistence of the urogenital
sinus. Decreased androgen levels in male fetuses may result
in microphallus, incomplete fusion of the penile urethra (hy-
pospadias), cryptorchidism, inadequate scrotal fusion, and
the presence of a vaginal pouch (Meyers-Seifer and Charest,
1992).

MANAGEMENT OF PREGNANCY

When ambiguous genitalia is identified in a fetus, the preg-
nant woman should be asked whether there is any possibility
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Figure 84-4 Prenatal sonographic study from an undermasculin-
ized male fetus. The arrow indicates an enlarged clitoris rather
than a small phallus. No definite testicles are seen lateral to this
structure. This image is from a fetus with Smith–Lemli–Opitz syn-
drome.

that she ingestedmedications, suchasprogesterone for threat-
ened miscarriage or androgens for endometriosis during the
first trimester. The pregnant woman should be examined for
signs of androgen overproduction, such as acne, a deep voice,
or the development of hirsutism during pregnancy. A com-
plete family history should be obtained, with specific ques-
tions asked regarding history of infertility in family mem-
bers, prior cases of ambiguous genitalia, neonatal deaths, or
consanguinity (Meyers-Seifer and Charest, 1992). Antenatal
workup and treatment of the fetus with ambiguous genitalia
is best performed in the setting of a multidisciplinary team
that includes specialists in pediatric endocrinology, genetics,
neonatology, pediatric urology and surgery, and psychology.
It is recommended, however, that only one member of the
team communicate with the family. We recommend that a
prenatal karyotype be offered to determine the genetic sex,
as well as to rule out the presence of associated chromosomal
abnormalities. If the parents decline an invasive procedure,
such as amniocentesis, noninvasive fetal gender testing may
be performed using cell-free fetal DNA in maternal blood
(Pajkrt and Chitty, 2004). If a Y chromosome sequence is
present the fetus is a genetic male. However, the parents
should be informed that definitive gender assignment may

Figure 84-5 Postnatal photograph of an infant with ambiguous
genitalia. Note small phallus, split foreskin, urethral opening at
base of penis and split scrotum. Urine is streaming out of the ure-
thral opening.

not be possible until 2 to 3 days after birth. We recommend
that fetuses with ambiguous genitalia be delivered in a ter-
tiary care center to avoid confusion on the admitting papers
and birth certificate because when the sex of rearing differs
from the sex assignment at birth, parents experience a lot
of difficulties with changing medical records and the birth
certificate. We also recommend admitting the baby to the
newborn intensive care unit or special care nursery as “baby,”
not “baby boy” or “baby girl.”

At the time of amniocentesis (if performed), am-
niotic fluid should be analyzed for the presence of 7-
dehydrocholesterol (7-DHC). This metabolite is normally
quite low in amniotic fluid; elevated levels are strongly sug-
gestive of Smith–Lemli–Opitz syndrome (Kratz and Kelley,
1999).Measurement of 7-DHC in amniotic fluid is rapid and
straightforward. Furthermore, there is a strong correlation
between the level of amniotic fluid 7-DHC and clinical sever-
ity of the affected fetus. Amniocytes should also be saved as
a source of DNA for mutation analysis of the 21-hydroxylase
gene.
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FETAL INTERVENTION

In families known to be at risk for affected fetuses with con-
genital adrenal hyperplasia (CAH), prenatal diagnosis for
chromosomal sex andDNAanalysis canbeperformedas early
as 10weeks of gestationby chorionic villus sampling (CVS). If
the fetus is diagnosed as female and affected with congenital
adrenal hyperplasia, consideration can be given to admin-
istering dexamethasone to the pregnant woman as early as
5 to 7 weeks of gestation in order to minimize the effect of
androgens, not only on the genitalia but also the developing
fetal brain. Once the genotype is known, dexamethasone can
be discontinued in fetuses found to be 46, XY. Some groups
are using analysis of cell-free fetal DNA in maternal blood
in the first trimester to noninvasively determine fetal gender
(Rijnders et al., 2001). If the fetus is male, maternal steroids
are not indicated.

Later in gestation, while consideration must be given
to the potential maternal side effects of dexamethasone treat-
ment, we recommend steroid treatment to arrest the growth
of the clitoris and limit the severity of virilization that will
be present by the time of birth. This may reduce or poten-
tially eliminate the need for clitoral recession and feminizing
genitoplasty. In addition, successful prenatal treatment of an
affected female with CAH due to 11β-hydroxylase deficiency
has also been described (Cerame et al., 1999).

A review of 403 at-risk pregnancies evaluated at the
New York Cornell Medical Center diagnosed 84 fetuses with
classical 21-hydroxylase deficiency (21-OHD) (Carlson et al.,
1999). Of these 52 were female. In 23 affected female fe-
tuses, dexamethasone administered to themother at or before
10weeks of gestationwas effective in reducing virilization.No
significant or permanent side effects were noted in themoth-
ers or the fetuses, indicating that dexamethasone treatment
is safe. Treated newborns did not differ in weight, length,
or head circumference from untreated affected newborns
(Carlson et al., 1999).

Smith–Lemli–Opitz syndrome, a disorder of choles-
terolmetabolism, canpresent inuterowith growth restriction
and ambiguous genitalia. Postnatal treatment with choles-
terol supplementation improves plasma sterol levels and en-
hances growth and development. In one reported case, ante-
natal treatment of a fetus with Smith–Lemli–Opitz syndrome
by administration of fresh frozen plasma (cholesterol level =
219mg/dl) via repeated transfusions resulted in improved fe-
tal cholesterol levels and increased fetal red cell volume (Irons
et al., 1999).

TREATMENT OF THE NEWBORN

Parents of an affected fetus or infant with ambiguous geni-
talia should be told that their infant has a sex that is incom-
pletelydevelopedandhas yet tobedetermined (Izquierdoand
Glassberg, 1993). The major considerations in the treatment

of the newborn include: (1) to rule out life-threatening pro-
cesses, (2) to determine the sex of rearing and gender identity,
(3) to plan for surgery if necessary, (4) to plan for as normal
pubertal development and fertility as possible, and (5) to
provide genetic counseling. The affected newborn with am-
biguous genitalia shouldbe admitted to a tertiary carenursery
capable of providing diagnostic tests and treatment. The in-
fant’s blood pressure should be closely monitored. Physical
examination of the genital area should include a measure-
ment of the phallus length as precisely as possible along the
dorsum of the stretched penis from the pubic ramus to the
tip of the glans (a measurement of 2.5 cm is 2.5 SD below the
mean at term) (Meyers-Seifer and Charest, 1992). Although
the clitoris reaches a term size at 27 weeks of gestation, the
penis continues to grow until full term. On physical exami-
nation, an attempt should be made to palpate gonads. If they
are palpable, are they symmetric, and is the position above
or below the inguinal ring? The infant should be specifically
examined for the presence of hypospadias and/or chordee.
An assessment should be made of the labioscrotal folds for
the degree of fusion (see Figure 84-4). The perineum should
be examined for the presence of a urethra, vagina, vaginal
pouch, or urogenital sinus. A rectal examination should be
performed to try to palpate the uterus (Meyers-Seifer and
Charest, 1992). A complete physical examination should be
obtained to look for the presence of other abnormalities. A
clinical geneticist can help in this regard.

After physical examination of the external genitalia the
infant can be classified as having one of Prader’s five stages.
Stage 1 is isolated clitoral hypertrophy. Stage 2 is clitoral hy-
pertrophywithvisibly separateurethral andvaginalopenings.
Stage 3 is clitoral hypertrophy with a single urogenital sinus
opening. Stage 4 is a micropenis with hypospadias. Stage 5
includes the findings of Stage 4 plus cryptorchidism (Sultan
et al., 2002).

The initial blood work recommended includes
serum electrolytes, glucose, and cholesterol, serum 17-
hydroxyketosteroids, and a chromosome analysis, if it was
not performed antenatally. The use of the buccal smear is
no longer recommended. Fluorescence in situ hybridiza-
tion (FISH) studies using X- and Y-chromosome–specific
probes on nondividing cells is equally rapid and more
accurate.

Additional studies that can be performed during the
newborn period include urogenital sinography, which will
outline theurethral andvaginal anatomy,magnetic resonance
imaging of the pelvic region, and abdominal sonography.
Kutteh et al. (1995) studied 100 term infants with the ex-
ternal genitalia covered. A neonatal uterus was identified in
47 of 50 female infants (sensitivity, 94%). The absence of
the uterus correctly predicted 49 of 50 male infants (speci-
ficity, 98%). Most of the time the neonatal uterus demon-
strated the typical linear echo of the endometrial cavity. The
only false-positive was a distended bowel that was incor-
rectly identified as a uterus. These authors recommended that
the bedside determination of the presence of the uterus was
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important in the initial studies regarding gender assignment,
as infantswhohave auteruswill almost always be assigned as a
female.

Infants with ambiguous genitalia who require medi-
cal treatment during the newborn period include those with
CAH, who are treated with adrenogenital steroids. This pre-
vents potentially life-threatening urinary salt wasting and de-
hydration. In addition, it arrests virilization and permits nor-
mal growth and development of normal female secondary
sex characteristics, menstruation, and fertility. In males who
are undermasculinized due to 5α-reductase deficiency, an
elevatedplasma testosterone:dihydrotestosterone ratio is seen
after human chorionic gonadatropin (hCG) stimulation. The
diagnostic test is the presence of diminished 5α-reductase ac-
tivity in skin fibroblasts, usually in the setting of a positive
family history. Infants affected with 5α-reductase deficiency
who are 46, XY should be assigned as male and given topi-
cal dihydrotestosterone therapy. This will enlarge the phallus
and allow eventual repair of the hypospadias (al-Attia et al.,
1993).

It is beyond the scope of this chapter to thoroughly
discuss all of the underlying enzyme abnormalities that
can cause ambiguous genitalia. However, female pseudo-
hermaphrodites with 21-hydroxylase deficiency and 3β-
hydroxysteroid dehydrogenase deficiency will have hyper-
kalemia and hyponatremia. Male pseudohermaphrodites
with cholesterol side-chain cleavage defects and 3β-hydro-
xysteroid dehydrogenase defects will also have hyperkalemia
andhyponatremia. Female pseudohermaphroditeswith 11β-
hydroxylase deficiency andmale pseudohermaphrodites with
17α-hydroxylasedeficiencywillhavehypokalemia.Diagnoses
of most of these inborn errors of metabolism rely on the
demonstration of the elevated immediate precursor in the
affected infant’s serum.

SURGICAL TREATMENT

The role of genital surgery in the management of ambiguous
genitalia is becoming increasingly controversial (Creighton,
2004; Crouch and Creighton, 2004; Diamond et al., 2006). In
theory, for the virilized female, clitoral recession, labioscrotal
reduction, and vaginoplasty can all be performed between 2
and 5 months of age. Undervirilized males who are assigned
a female gender can undergo a clitoral reduction, vagino-
plasty, gonadectomy, and removal of wolffian ducts if surgery
is elected. These patients will require estrogen at puberty
(IzquierdoandGlassberg, 1993).Pseudohermaphroditeswho
are assigned as male can undergo correction of the hypospa-
dias at about 1 year of age. At this time, if indicated, the testes
can be placed into the scrotum. Some of these patients will re-
quirehCGstimulationduring thenewbornperiodand testos-
terone therapy at puberty. In patients with gonadal dysgene-
sis, the dysgenetic gonads are prone to neoplasia and should
be removed. For patients who are true hermaphrodites, it is
recommended that the tissue that is contrary to the sex of

rearing be removed. For example, in patients being raised as
female, testes andwolffianduct structures shouldbe removed.

In practice, a recent survey of 185members of the Pedi-
atric Urology section of the American Academy of Pediatrics
demonstrated a distinct shift in recommendations (Diamond
et al., 2006). These physicians were given two clinical sce-
narios with photographs. One infant was a severely virilized
female with CAH. All respondents favored a female sex as-
signment to preserve potential fertility. The other infantwas a
geneticmale with phallic disruption due to cloacal exstrophy.
Two-thirds of respondents recommended a sex assignment as
male due to androgen brain imprinting, but the other third
wanted to assign as female due to the difficulty of creating a
functional penis.All respondents agreed that a teamapproach
was needed, that parents should be actively involved, and that
surgery, if performed, should occur at less than 18 months of
age.

Others advocate for a need to re-evaluate “automatic
progression” to surgery, especially for feminizing genitoplasty
(Creighton, 2004; Crouch and Creighton, 2004). In feminiz-
ing genitoplasty some of the clitoris is removed and a vagina
or vaginal opening is constructed. The main complication of
genitoplasty is vaginal stenosis,whichoccurs in30%–100%of
cases and necessitates revision in adolescence. Most authors
agree that there is a paucity of objective long-term outcome
data. In one study, using objective criteria, 66% of patients
had good outcomes if their surgery was performed by a sur-
geon with specific experience in the treatment of children
with intersex disorders (Lean et al., 2005).

LONG-TERM OUTCOME

Increasing attention is beingpaid to the long-termpsycholog-
ical difficulties experienced by adults who encountered a con-
flict between the appearance of their surgically reconstructed
external genitalia and their sexual identity (Reiner, 1999).Fur-
thermore, several groups of adult patients currently advocate
that genitalia should be left ambiguous permanently. Support
groups such as the Intersex Society of North America and the
Androgen Insensitivity Support Group can serve as clearing-
houses of information for prospective parents (Warne et al.,
1998).

GENETICS AND RECURRENCE RISK

The genes involved in gonadal differentiation are given in
Table 84-2. CAH is inherited as an autosomal recessive con-
dition. Partial androgen insensitivity is familial and is now
known as Reifenstein syndrome. The androgen receptor gene
has been mapped to Xq11–12. Defects in the androgen re-
ceptor are responsible for approximately 50%–70% of males
with pseudohermaphroditism (Lumbroso et al., 1994). With
molecular analysis, it is nowknown that themainmechanism
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Table 84-2

Consequences of Mutations/Deletions and Duplications/Translocations of Genes Involved
in Gonadal Differentiation

Sex Reversal /
Chromosome Gonadal Associated Genital Müllerian
Location Development Disorder Ambiguity Development

Gene mutations or deletion (loss of function)
WTI 11p13 Dysgenesis ( & ) WAGR syndrome Genital ambiguity ( ) Variable ( )

Denys–Drash
syndrome

Sex reversal or genital
ambiguity ( )

Variable ( )

Frasier syndrome Sex reversal ( ) Yes ( )
SF1 9q33 Dysgenesis ( ) Adrenal failure Sex reversal ( ) Yes ( )
SRY Yp11.3 → ovary Sex reversal or genital

ambiguity ( )
(variable)

DAX1 Xp21 Dysgenesis Adrenal failure and
hypogo-
nadotrophic
hypogonadism/
impaired
spermatogenesis

No No

SOX9 17q24.3–25.1 Dysgenesis or
ovary/ovotestis

Campomelic
dysplasia

Sex reversal or genital
ambiguity ( )

Variable

AMH 19p13.3–13.2 Normal Yes ( )

Gene duplication or translocation (gain of function)
SRY Y fragment

translocation
Yp11.3 → testis Sex reversal or genital

ambiguity ( )
No

DAX1 duplication dupXp21 Dysgenesis or
ovary/ovotestis

Sex reversal or genital
ambiguity ( )

Variable

Wnt4 duplication dup 1p35 Dysgenesis Genital ambiguity ( ) Yes
SOX9 duplication dup17q24.3–25.1 → Testis Genital ambiguity ( ) No

WAGR: Wilms’ tumor, aniridia, genitourinary anomalies, mental retardation; Denys–Drash (exonic mutations): WT, diffuse mesangial sclerosis; Frasier
(intronic mutations): no WT, focal segmental glomerulosclerosis. Other abbreviations as for Figure 84–1.
Reprinted with, permission from, Ogilvy-Stuart AL, Brian CE. Early assessment of ambiguous genitalia. Arch Dis Child. 2004;89:401-407.

that causes androgen insensitivity syndrome is a single nu-
cleotide change that introduces a premature stop codon or
an amino acid substitution into the coding sequence of the
androgen receptor gene. Over 100 pointmutations have been
reported in this gene (Lobaccaro et al., 1994).

It is of interest that the gene abnormality in the 5α-
reductase deficiency, inherited as an autosomal recessive dis-
order, causes abnormal sexual development only in 46, XY
homozygotes. Heterozygous 46, XY males are apparently
completely normal. In addition, 46, XX homozygotes with
5α-reductase deficiency are completely normal and fertile
(al-Attia et al., 1993). Several Santo Domingan families have
been described in the literature with this condition (al-
Attia et al., 1993). All of the chromosomal disorders that
are the underlying basis for gonadal dysgenesis are generally
sporadic.

It is important to make an accurate diagnosis of the
underlying cause of the ambiguous genitalia, as the genetic
bases for many of these conditions are known and prenatal
diagnosis is available for subsequent pregnancies. In partic-
ular, prenatal diagnosis and treatment options are available
for CAH and Smith–Lemli–Opitz syndrome. Therefore, it is
important to rule out these diagnoses in the family of a fetus
that presents with ambiguous genitalia.
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Persistent Cloaca

Key Points

■ Persistent cloaca refers to the continuation of the
early embryological stage of a common opening
for the rectum, vagina, and urinary tract.

■ This is an extremely rare abnormality, being seen
in only 1 in 50,000 births.

■ Fetal abdominal cystic masses are the most typical
prenatal diagnostic features, usually due to
hydrocolpos and associated bladder outlet
obstruction.

■ Following the prenatal diagnosis, targeted fetal
ultrasound, amniocentesis, and fetal MRI are

helpful in accurately delineating the fetal
anatomy.

■ Postnatal surgical reconstruction is complex and
should be undertaken only by a multidisciplinary
pediatric surgical team after complete neonatal
radiological and endoscopic anatomic
evaluation.

■ Long-term outcome appears favorable after
surgical correction with the majority of patients
being continent of urine and feces and several
having successfully delivered children.

CONDITION

Cloaca, the Latin word for sewer, is aptly named as it rep-
resents the persistence of a developmental phase (typically
in a female fetus) in which the rectum, vagina, and urinary
tract share a common channel. In normal human develop-
ment, there is a stage during which the cloaca forms from
the confluence of the allantois and hindgut (Stephens and
Smith, 1971). At 4 to 6 weeks of development, the urorectal
septum descends, separating the allantois from the hindgut.
Failureof thisurorectal septumtodescendresults inpersistent
cloaca (Figure 85-1). The infantwith persistent cloaca usually
presents at birth with abdominal distention and an abnormal
perineum.Typically, these childrenhave only a single perineal
opening without an anus or a vaginal introitus. The geni-
talia are ambiguous, oftenwith ahoodedphalluslike structure
suggesting a masculinized gender, yet their chromosomes are
consistently 46,XX and they have two normal ovaries. The
length of the common channel to the perineum may vary,
from 1 to 12 cm (Canning et al., 1998, Pena et al., 2004).
In cases with a common channel <3 cm, there is usually a
well-developed sacrum and sphincter complex. In contrast,
longer common channels aremore likely to have an abnormal
sacrum and a poor sphincter complex, and these are usually
more complex defects. Inmore than 50%of cases, there is hy-
drocolpos due to partial obstruction of the entry of the vagina

into the commonchannel. The hydrocolpos can compress the
trigone of the bladder, with resulting bladder outlet obstruc-
tion and hydroureteronephrosis. The prenatal sonographic
detection of hydronephrosis may be the only indication of
cloacal malformation. Duplicated vagina and uterus didel-
phys are commonly seen in persistent cloaca (Figure 85-2).

In90%of casesofpersistent cloaca, there areother asso-
ciated urogenital anomalies (Rich et al., 1988). There is also
a high incidence of nongenitourinary anomalies associated
with persistent cloaca, including esophageal atresia, duode-
nal atresia, diaphragmatic hernia, vertebral anomalies, con-
genital heart disease (particularly tetralogy of Fallot), spina
bifida, and caudal regression syndrome.

INCIDENCE

Persistent cloaca occurs in approximately 1 in 50,000 live-
births (Gray and Skandalakis, 1972). Because of the rarity of
prenatal diagnosis of persistent cloaca, no data are available
on its prenatal incidence.

SONOGRAPHIC FINDINGS

The prenatal sonographic features of persistent cloaca are of-
ten secondary effects of the anomaly. A septated or bilateral
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Figure 85-1 Line drawing depicting the anatomic relations typi-
cally observed in persistent cloaca with dilated rectum and, in this
case, hydrocolpos. (From Pena A. Atlas of Surgical Management of
Anorectal Malformations. New York: Springer-Verlag; 1990:60. Lois
Barnes Medical Illustrator. Used with permission.)

Figure 85-2 Fetal MRI image in saggittal view of a fetus with
cloaca demonstrating hydronephrosis, hydrocolpos, and dilated
rectum. (Provided by Marc Levitt, MD, Colorectal Center for Children,
Cincinnati Children’s Hospital.)

cysticpelvicmassmaybeobserved. Inasmanyas50%ofcases,
hydrocolposmay be present andmay be themost striking fea-
ture. This may also partially obstruct the trigone of the blad-
der, with resulting vesicomegaly and hydroureteronephrosis.
The distinction between hydrocolpos and a distended blad-
der may be very difficult to make. We have had one patient
who presented with a dilated cystic pelvic mass (Figure 85-3)
due to hydrocolpos and vesicomegaly. It was notable thatmu-
cus or meconium from the vagina or colon had refluxed into
the bladder, forming a sediment in the trigone of the blad-
der. With passage of urine from the ureters to the bladder,
a striking swirling of this sediment could be observed sono-
graphically. We believe this to be a specific sonographic sign
of communication between the urinary tract and either the
vagina or colon. This can be seen in either persistent cloaca
or, perhaps, a persistent urogenital sinus. The presence of
calcifications within the lumen of the bowel should raise the
possibility of either imperforate anus and rectourethral fis-
tula or a cloaca, as urine mixing with meconium will create
luminal calcifications.

In addition to the cloacal anomaly, thepresenceof other
associated genitourinary anomalies should be sought, includ-
ing hydronephrosis and horseshoe kidney. The combination
of hydronephrosis and sacral anomalies should raise the pos-
sibility of a cloacal malformation. In cases of VACTERL (ver-
tebral, anus, cardiac tracheal, esophagus, renal, limbs), cloaca
can be seen in association with absent radius, cardiac abnor-
malities, or esophageal atresia with polyhydramnios and ab-
sent stomach. Spinal abnormalities and neural tube defects,
such as sacral agenesis, have been reported in associationwith
persistent cloaca.

DIFFERENTIAL DIAGNOSIS

The differential diagnoses to be considered when confronted
with a fetus with a cystic pelvic mass, in addition to cloaca,
should include urethral atresia, imperforate anus, presacral
meningocele, ovarian cyst, bladder duplication, and imper-
forate hymen with hydrometrocolpos.

ANTENATAL NATURAL HISTORY

There are few reported cases of prenatally diagnosed persis-
tent cloaca, and there is scant information available about its
natural history (Cilento et al., 1994, Geipel et al., 2001).

MANAGEMENT OF PREGNANCY

Any fetus suspected of having a persistent cloaca should have
a targeted ultrasound, not only to define the genitourinary
anatomy but also to exclude potential associated anoma-
lies. An echocardiogram should be obtained because of the
increased incidence of congenital heart disease, especially
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Figure 85-3 Prenatal sonographic image of
a fetus at 24 weeks of gestation referred for
evaluation of hydronephrosis. This fetus was
found to have ambiguous genitalia and an un-
usual dilated pelvic cystic structure. A layer
of sediment can be appreciated in the more
anterior cystic space, which is the bladder.
The more posterior space is the hydrocolpos
outlined by ‘‘×” and ‘‘+” signs. Dilated colon
was not appreciated at this gestational age. In
the real-time study of the urine draining from
the ureters to the bladder, the sediment was
noted to ‘‘swirl” in the bladder.

tetralogy of Fallot in persistent cloaca. An amniocentesis
should be performed to determine genotype. Ultrafast fetal
magnetic resonance imaging (MRI)may be extremely helpful
in confirming the diagnosis and defining the anatomy of the
cloaca (Hubbard and Pena, 1997). Extensive prenatal coun-
seling should be initiated to not only explain the complex
nature of the anomaly but also explain the reconstruction.
Consultation with a pediatric surgeon, pediatric urologist,
and geneticist may be extremely helpful. The delivery should
be in a center with pediatric surgeons and pediatric radiolo-
gists who are capable of evaluating an infant with persistent
cloaca and can initiate treatment once the anatomy has been
defined (Levitt and Pena, 2005). There is no reason to alter
the delivery plan, and cesarean section should be reserved for
standard obstetric indications.

FETAL INTERVENTION

There is only a single reported case of fetal intervention for
cloaca reported by Shimada et al. (Shimada et al., 2001).
These cases were decompressed in utero by vesicoamniotic
shunt when the diagnosis was presumed to be bladder outlet
obstruction. However, in general, most experts consider the
presence of an obstructed cloacal anomaly a contraindica-
tion to shunt placement. This is because there are no data to
demonstrate that the prognosis can be improved in these fe-
tuses by in utero decompression. While decompression may
be considered in cases associated with oligohydramnios and
evidence of obstruction, evidence of preserved renal func-
tion should be demonstrated by fetal urine electrolyte anal-
ysis. In addition, the anatomy should be clearly defined by
ultrafast fetal MRI. Lastly, parents considering fetal interven-
tion should be extensively counseled about the implications
of this diagnosis and have the opportunity to meet with a
pediatric surgeon to discuss the extensive reconstructive pro-
cedures that may be necessary and the quality of life that

the children with this anomaly may expect. Termination of
pregnancy should be included in the options available to the
parents when a diagnosis of fetal cloaca is made.

TREATMENT OF THE NEWBORN

The first priority in treating a newborn with persistent cloaca
is to define the anatomy and to exclude other anomalies. A
nasogastric tube should be passed to exclude esophageal atre-
sia. Plain chest, abdominal, and pelvic radiographs should be
obtained to exclude vertebral anomalies, especially involving
the sacrum. The anatomy of the cloaca can best be defined by
a combination of retrograde contrast studies through the sin-
gle perineal opening and panendoscopy. Typically, the vagina
is markedly distended with urine and vaginal secretions
(Figure 85-4) (Pena and Levett, 2003). Only after a complete
understanding of the anatomy has been achieved should
treatment be undertaken (Hendren, 1998). In unusual cases,
the entry of the rectum is low in the urogenital sinus, which
may be amenable to perineal anoplasty (Hendren, 1980).
More commonly, the level of entry of the rectum into the uro-
genital sinus is above the level of the levators, and this type is
bestmanaged by a diverting (as opposed to a loop) colostomy
with a rectal pull-through procedure later. The adequacy of
urinary tract decompression should be assessed to determine
if a perineal cutback procedure is necessary to relieve
obstruction.

Cystoscopic examination of the urogenital sinus may
simultaneously allow dilation of the vaginal opening into the
urogenital sinus to provide decompression of the hydrocol-
pos. Catheterization via the urogenital sinus preferentially
goes to the vagina and not the bladder, allowing catheter de-
compression.Hydrocolpos, if present,mayneed tobedrained
with a tube vaginostomy if these other methods are not suc-
cessful. In rare circumstances, if drainage of the hydrocolpos
fails to improve the associated hydronephrosis, a vesicostomy
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Figure 85-4 Postnatal study demonstrating the cloacal
anatomy. A catheter has been passed into the urogenital sinus
and contrast medium opacifies the bladder anteriorly and the
rectum posteriorly.

may be needed to drain the urinary tract. A complete recon-
struction by a posterior sagittal anorectovaginourethroplasty
can then be performed at approximately 6 months of age
(deVries and Pena, 1982). The diverting colostomy should
be performed with an end colostomy to prevent contaminat-
ing the urinary tract. The downstream mucous fistula allows
evaluation to the distal rectum and defines its entry into the
urogenital sinus.Ourpractice is toobtainanMRIscanprior to
reconstruction to define adequacy of the musculature, which
will aid in planning the surgery and may provide prognostic
information about the likelihood of eventual continence. In
addition, one-third of these infants will have a tethered spinal
cord, which MRI can help in defining (Sato et al., 1988).

SURGICAL TREATMENT

In reconstructing persistent cloaca, a posterior sagittal
anorectovaginourethroplasty is performed (Pena and de-
Vries, 1982; Pena et al., 2004). Themuscle fibers are separated
in themidline via a posterior sagittal incision from the coccyx

to the center of the sphincter complex as defined by electri-
cal stimulation. The rectum is identified and the urogenital
sinus is opened posteriorly up to the confluence with rectum
and vagina. The rectum is dissected free from the vagina. If
there is a common channel of less than 4 cm, the urogenital
sinus can be mobilized as a unit (Pena, 1997). If the length
of the urogenital sinus is greater than 4 cm, a form of vaginal
interposition may be necessary. This can be achieved using
a segment of small intestine on its mesentery to bridge the
gap between the vagina and perineum. The rectum is then
mobilized to create a neo-anus within the sphincter complex,
with or without a tapering rectoplasty. The new vaginal and
anorectal passages are routinely dilated by parents, using a
Hegar dilator of appropriate size, beginning several weeks af-
ter reconstruction. The colostomy closure is performed 4 to
6 weeks later as long as there is no stricture formation in the
new anorectum and an urethrovaginal fistula is ruled out by
endoscopy.

LONG-TERM OUTCOME

Hendren’s (1998) series of 154 patients and Pena’s (2004)
series of 339 patients with persistent cloaca are the largest re-
ported experiences of individual surgeons. In Hendren’s se-
ries, voluntarybowelmovementswith satisfactorycontinence
were achieved in 82 of 141 individuals (58%). An additional
38 patients were on an enema program and were focally con-
tinent; 9 patients had a permanent colostomy; 7 young chil-
dren continued to soil and their parents had elected further
treatment; 5 had undergone surgery too recently to evaluate.
In Pena’s experience, 203 of 339 (60%) had voluntary bowel
movements and the remaining 135 (40%) were fecally incon-
tinent, but all patients were clean with a specifically designed
bowel management program.

In terms of urinary continence, in Hendren’s series 83
of 141 patients voided spontaneously, 40 of 141 needed to
catheterize to empty their bladders, 4 had urinary diversions,
and 1 had a continent diversion. Five other patients had uri-
nary incontinence and required further surgery. Eight pa-
tients had undergone surgery too recently to judge urinary
continence. InPena’s series,when theurogenital sinuswas less
than 3 cm, 72% were continent of urine and 28% required
intermittent catheterization. In those patients who had a uro-
genital sinus ofmore than 3 cm, 22%were continent and 78%
required intermittent catheterization.

In Hendren’s series, 24 patients were adults, of whom
14 were married, 17 had had coitus, and 6 had had children.
Five adult women delivered their children by cesarean section
and one by vaginal delivery (Greenberg and Hendren, 1997).

GENETICS AND RECURRENCE RISK

Persistent cloaca is a complex embryologic anomaly that is
sporadic, with no increased risk of recurrence.
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Renal Agenesis

Key Points

■ Developmental anomaly that occurs at 4 to
6 weeks of embryonic life.

■ Incidence of bilateral renal agenesis is 1 in 3000
livebirths; for unilateral renal agenesis it is 1 in
500–1300 livebirths and higher in twins.

■ Sonographic findings are severe oligohydramnios
or anhydramnios occurring after 14 to 16 weeks in
bilateral renal agenesis. In unilateral cases, the
remaining kidney may be >95% in length for
gestational age.

■ Syndromes associated with bilateral renal agenesis
are sirenomelia, caudal regression,
branchio-oto-renal, cerebro-oculo-facial, Fraser,
and Rokitansky–Kuster–Hauser. DiGeorge

syndrome is also associated with unilateral renal
agenesis.

■ Consider amnioinfusion to obtain a karyotype.

■ Most hereditary cases are inherited as an
autosomal dominant condition with variable
expressivity.

■ Sonographic screening of the parental kidneys is
recommended.

■ Outcome is uniformly fatal for bilateral renal
agenesis.

■ For unilateral renal agenesis consider postnatal
radionucleide scan, voiding cystourethrography,
and prophylactic antibiotics.

CONDITION

Renal agenesis is the congenital absenceofoneorbothkidneys
as a result of the complete failure of the kidney to form. The
sequence of renal agenesis, severe oligohydramnios, amnion

nodosum,flattened face, low set andfloppy ears, bilateral pul-
monary hypoplasia, and perinatal death was first described
by Potter in 1946.

Renal agenesis is a developmental anomaly that occurs
at 4 to 6 weeks of embryonic life (Kaffe et al., 1977). Normal
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renal embryogenesis requires that three events take place: the
ureteric buds must arise bilaterally from mesonephric (wolf-
fian) ducts; subsequently, bilateral metanephric blastema
must form from mesoderm in the caudal region of the
nephrogenic cord; and finally, ureteric buds must grow, con-
tact, and invaginate themetanephricblastema, thereby induc-
ing differentiation of the blastema into two mature kidneys
(Wax et al., 1994). Failure of the metanephros to develop
results in complete absence of the kidney. This can be due
to either nonexistence of the ureteral bud or failure of the
ureteral bud to develop from the wolffian duct.

In unilateral renal agenesis, there is complete absence
of the kidney onone side,with compensatory hypertrophy on
the contralateral side. Most cases of unilateral renal agenesis
are due to lack of induction of the metanephric blastema by
the ureteral bud, but some cases of absent kidney may be due
to in utero regression of a multicystic dysplastic kidney (see
Chapter 78) (Mesrobian et al., 1993). In cases of unilateral
renal agenesis, compensatory hypertrophy of the remaining
kidney occurs prenatally (Zalel et al., 2002). This has been
demonstrated by Hartshorne et al. (1991), who performed a
retrospective analysis of 20 fetuses who died with unilateral
renal agenesis. Total renalmass wasmeasured andwas shown
to comprise 82.7% of the weight of both kidneys removed
from control fetuses at the same gestational age. Had prena-
tal compensatory hypertrophy not occurred, the total renal
masswouldhavebeenonly50%ofcontrol values (Hartshorne
et al., 1991). It is of biologic interest that in unilateral renal
agenesis, symmetrical hypertrophy of all nephron compo-
nents occurs during prenatal life, when the placenta clears all
metabolic waste products. These authors hypothesized that
it is the change in renal mass, rather than abnormality in
function, that triggers compensatory growth of the contralat-
eral kidney. This may be due to an as yet uncharacterized
renotropic humoral growth factor (Hartshorne et al., 1991).

INCIDENCE

The incidence of bilateral renal agenesis is 1 in 3000 live-
births (Cardwell, 1988; Droste et al., 1990) and 1 in 240
stillbirths (Whitehouse and Mountrose, 1973). A recent ul-
trasound study performed in 12 European countries by the
EUROSCAN group demonstrated a prevalence of 95 cases
of bilateral renal agenesis in 709,030 pregnancies (Weisel
et al., 2005). The antenatal detection rate was 91% at a mean
gestational age of 21.2 weeks. Bilateral renal agenesis is 2.5
times more common in males than in females. Bilateral renal
agenesis is alsomore common in twins as comparedwith sin-
gletons. Some authors have postulated a common cause for
twinning and the development of renal agenesis (Roodhooft
et al., 1984). An increased incidence of bilateral renal agene-
sis is not associated with advanced maternal age or maternal
illness.

Unilateral renal agenesis occurs in 1 in 500 to 1 in
1300 livebirths, although many cases are clinically silent

(Bronshtein et al., 1995). In the EUROSCAN study, unilateral
renal agenesis was found in 58 of 709,030 studied pregnancies
(Weisel et al., 2005). The antenatal detection ratewas 62%at a
mean gestational age of 28.6 weeks. In one study, the missing
kidneywasnearly always the left one (Hartshorne et al., 1991),
but in another study of 46 consecutive cases of unilateral renal
agenesis, the right kidney was absent in 19 of 46 individuals
(Cascio et al., 1999). The true incidence of unilateral agenesis
is likely to be even greater because this abnormality can be
asymptomatic throughout life.

SONOGRAPHIC FINDINGS

The sonographic criterion for the diagnosis of bilateral renal
agenesis is the presence of severe oligohydramnios or anhy-
dramnios occurring after 14 to 16 weeks of gestation with
failure to visualize the fetal urinary bladder and both kid-
neys (Droste et al., 1990). Prior to the 16th week of gestation,
the fetal kidneys contribute relatively little to the amniotic
fluid volume. After 28 weeks, premature rupture of themem-
branes or placental dysfunction may reduce amniotic fluid
volume (Dubbins et al., 1981). The accuracy of the diagnosis
of renal agenesis was addressed in one study, in which three
groups of patients were analyzed (Romero et al., 1985). In
the first group, 16 patients who had a positive family history
of bilateral renal agenesis were studied. In the second group,
an additional 3 patients were diagnosed with possible renal
agenesis during a routine anatomic scan. In the last group,
30 patients were studied who had a previously abnormal
level 1 scan that was highly suspicious for renal agenesis. In
the overall study, 19 truly affected fetuses were present and of
these 18 were correctly diagnosed. Seven cases were correctly
diagnosed at <24 weeks of gestation. One case was a false-
negative due to difficulty in imaging the kidneys at 36 weeks
of gestation in a fetus with massive hydrocephaly and oligo-
hydramnios. There were no false-positive diagnoses. In the
19 affected fetuses, no bladder was visualized in 18 of them.
All 19 fetuses had oligohydramnios. These authors concluded
that an absent fetal bladder diagnosed after 16 weeks of ges-
tation should prompt further investigation for bilateral renal
agenesis (Romero et al., 1985). This study demonstrated that
sonographic diagnosis of renal agenesis was highly accurate
in the second or third trimester (Table 86-1). Figure 86-1
demonstrates the sonographic findings in a case of unilateral
renal agenesis.

Other reports of false-negative diagnoses in cases of bi-
lateral renal agenesis have been attributed to the sonographic
misidentification of apparently enlarged fetal adrenal glands
as fetal kidneys. To answer the question about whether the
adrenals were really enlarged, autopsy records were reviewed
from 11 affected fetuses with bilateral renal agenesis. These
authors compared normal values on 240 fetuses at the same
gestational age.They established regression curves for adrenal
weights versus foot and crown-to-rump length as an indicator
of gestational age. The adrenal weights from the 11 patients
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Table 86-1

Diagnostic Accuracy of Ultrasound in the Antenatal Diagnosis of Bilateral Renal Agenesis

Diagnosis

Study Group No. of Cases True Positive True Negative False-Positive False-Negative

Family history of bilateral renal agenesis 16 3∗ 13 0 0

Incidental finding on routine scan 4949 3 † 0 †

Previous suspicious scan in level I facility 30 12 17 0 1

∗In one case the diagnosis was delayed until the third trimester.
†Precise figures not available as not all perinatal deaths underwent autopsy.
Source: Romero R, Cullen M, Grannum P, Jeanty P, Reece EA, Venus I, Hobbins JC. Antenatal diagnosis of renal agenesis with ultrasound. Am J Obstet Gynecol.
1985;151:38-43.

with bilateral renal agenesis were all within the normal limits.
Therefore, these authors concluded that adrenal hypertrophy
was not a commonfinding in renal agenesis and that the false-
negative diagnosis of renal agenesis was due to a change in the
normal adrenal shape rather than an increase in adrenalmass
(Figure 86-2) (Droste et al., 1990). In approximately 10% of
patients with unilateral renal agenesis, the ipsilateral adrenal
gland is also absent (Fortune1927;Ashley andMostofi, 1960).

First trimester diagnosis of bilateral renal agenesis is
complicated by the fact that at that point in gestation, amni-
otic fluid volume is not significantly reduced.Bronshtein et al.
(1994) identified 9 of 13,252 fetuses with bilateral renal agen-
esis by transvaginal sonography between 12 and 18 weeks of
gestation.The fetal kidneys canbe visualized from10weeks of
gestation by transvaginal sonography, and they appear as bi-
lateral echogenic masses with the same density as fetal lungs.

In contrast, the adrenal glands are relatively hypoechogenic.
Diagnosis of renal agenesis consists of demonstration of oval
bilateral hypoechogenic masses in the renal bed interpreted
as adrenal glands. In this study, one false-positive diagno-
sis was made in a fetus with hypoplastic kidneys due to tri-
somy 22. These authors noted that the early second trimester
sonographic findings in fetuses with bilateral renal agenesis
consisted of three different presentations: (1) absence of any
masses in the fetal flanks without sonographic evidence of
ectopic kidneys, (2) the presence of bilateral hypoechogenic
masses in the fetal flankswithno sonographic evidenceof a fe-
tal bladder and positive evidence of oligohydramnios at <17
weeks of gestation, and (3) bilateral hypoechogenic masses
demonstrated in the fetal flanks with a small bladder present
and a normal amount of amniotic fluid (Bronshtein et al.,
1994).

A B

Figure 86-1 Axial image demonstrating normal left kidney with empty right renal fossa suggestive of unilateral renal
agenesis (A) and coronal image of the same fetus using color Doppler to demonstrate the presence of a normal left
renal artery and absence of the right renal artery (B).
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Figure 86-2 Postmortem photograph of a fetus at 17 weeks of
gestation. This fetus had multiple congenital anomalies, includ-
ing bilateral renal agenesis, absent ureters, absent bladder, ab-
sent uterus, absent fallopian tubes, and vaginal atresia. The ar-
rows indicate the discoid-shaped adrenal glands. The centrally
placed beanlike structure is a dysmorphic ovary. (Courtesy of
Dr. Joseph Semple.)

Figure 86-3 Coronal image with power Doppler
demonstrating absence of both the right and
left renal artery in a fetus with bilateral renal
agenesis.

Because oligohydramnios can impair visualization of
the fetal kidneys and bladder, color Doppler sonography is
recommended as an adjunct to the diagnosis of bilateral renal
agenesis (Figure 86-3) (Sepulveda et al., 1998). In one study
of 33 consecutive second trimester pregnancies complicated
by severeoligohydramnios, high-resolution colorDopplerul-
trasonography was used to establish the presence or absence
of renal arteries. The results showed that neither renal artery
was visualized in eight fetuses; postmortemexamination con-
firmed bilateral renal agenesis in seven fetuses and unilateral
renal agenesiswith a contralateral atrophicmulticystic kidney
in one fetus. In three cases, only one renal artery was visu-
alized; postmortem examination confirmed unilateral renal
agenesis in two fetuses and bilateral multicystic dysplastic
kidneys in one fetus. When both renal arteries were identi-
fied prenatally (22 cases), postnatal or postmortem evalua-
tion confirmed the presence of both kidneys (Sepulveda et al.,
1995). Nomograms exist that predict the location of the renal
arteries (distance from the bifurcation of the iliac arteries),
using the fetal femur length as a reference (DeVore, 1995). In
cases in which uncertainty remains after ultrasound,MRI is a
useful adjunct to identify fetal kidneys or confirm unilateral
or bilateral renal agenesis.

Late second- and third trimester fetuses with bilateral
renal agenesis may also have intrauterine growth restriction.
Affected infants have an increased incidence of associated
malformations, most commonly of the genital system, car-
diovascular system, vertebral bodies, or imperforate anus
(Roodhooft et al., 1984). In the study by Bronshtein et al.
(1994), six of the eight fetuses with renal agenesis had associ-
ated malformations. In five of the six affected fetuses, cardiac
malformations were demonstrated.

Nomograms exist for kidney length from13 to 22weeks
of gestation (Zalel et al., 2002). In one study, four cases with
unilateral renal agenesis had a single kidney with a length
greater than 95% (Zalel et al., 2002). In a postnatal study,
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nearly half of the patients with unilateral renal agenesis had
associated urological abnormalities, including vesicoureteral
reflux, ureterovesical junction obstruction, and uteropelvic
junction obstruction in the remaining kidney (Cascio et al.,
1999).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of bilateral renal agenesis includes
sirenomelia (see Chapter 87), caudal regression syndrome,
and other nonanatomic causes for severe oligohydramnios,
such as placental insufficiency. Sirenomelia is almost always
associatedwithbilateral renal agenesis. Syndromes that are as-
sociated with renal agenesis include branchio-oto-renal syn-
drome, which is inherited as an autosomal dominant trait.
This syndrome consists of preauricular pits, hearing loss, cer-
vical fistulae, and renal abnormalities (Fitch, 1977). In one
study, 6% of affected infants born to a parent with branchio-
oto-renal syndrome were demonstrated to have severe renal
anomalies (Greenberg et al., 1988). An additional syndrome
that canpresentwith renal agenesis is the cerebro-oculo-facial
syndrome, which is inherited as an autosomal recessive trait.
Affected infants with this condition have a dysmorphic face,
micrognathia, flexion contractures, and severe renal anoma-
lies. Unilateral and bilateral renal agenesis are often associ-
ated with bicornuate uterus and atresia of the vagina in fe-
males (also known as Rokitansky–Kuster–Hauser syndrome)
and absence of the seminal vesicles and vas deferens in males
(Holmes, 1989; Intaraprasert and Benchakan, 1985). Fraser
syndrome is a rare autosomal recessive disorder that presents
with cryptophthalmos, syndactyly, and renal anomalies. Bi-
lateral renal agenesis is present in 47% of cases and unilateral
renal agenesis in 37% (Wellesley and Howe, 2001). Bilateral
renal agenesis should also be considered in twin gestations
where one twin appears “stuck” due to severe oligohydram-
nios (Kuller et al., 1994). The differential diagnosis for uni-
lateral renal agenesis includes renal aplasia, multicystic dys-
plastic kidney (see Chapter 78), crossed and double-crossed
renal ectopia, and DiGeorge syndrome (22q11.2 microdele-
tion) (see Chapter 139) (Stewart et al., 1999).

ANTENATAL NATURAL HISTORY

Asmanyas33%ofaffected fetuseswithbilateral renal agenesis
are stillborn (Droste et al., 1990). It is becoming increasingly
appreciated that a multicystic dysplastic kidney may result in
the apparent absence of a kidney on sonography. The pres-
ence of microscopic residual renal tissue in these cases indi-
cates that renal aplasia, not renal agenesis, is present. Family
studies, however, suggest a relationship between renal agen-
esis and renal dysgenesis (Holmes, 1989). In one study, nine
neonates who were previously known by prenatal sonogra-
phy to have renal abnormalities were subsequently shown

on postnatal studies to have unilateral renal absence (Hitch-
cock and Burge, 1994). Five of these infants had multicystic
dysplastic kidney, and two had hydronephrosis noted ante-
natally. Unilateral renal absence may represent the prenatal
involution of a multicystic dysplastic kidney, although this is
controversial.

Unilateral renal agenesis is associated with genital
anomalies in 12% of males and 40% of females (Heaney et
al., 1987). In males, cysts of the seminal vesicle occur because
of the common embryologic origin of the ureteral bud and
the seminal vesicle from the mesonephric duct at 12 weeks
of gestation (Heaney et al., 1987). In 68% of cases of sem-
inal vesicle cysts, ipsilateral renal agenesis exists (Carvalho
et al., 1986). In females, bicornuate or unicornuate uterus
are common coexisting abnormalities. Also, ipsilateral blind
vaginas and müllerian duplications are caused by lesions of
the mesonephric duct. These lesions result in a closed uro-
genital sinus, which is due to the absent upward migration
of the ureteral bud toward the metanephric blastema. This
prevents the normal subsequent development of the kidney
(Acien et al., 1991).

MANAGEMENT OF PREGNANCY

Further management of pregnancy when bilateral renal age-
nesis has been diagnosed will depend on the indication for
the initial sonography and time of gestation. Serial sonogra-
phy with color Doppler flow studies or MRI can be helpful
when any doubt exists regarding the diagnosis. Attempts to
diagnose bilateral renal agenesis in the first trimester are com-
plicated by the fact that the renal contribution to amniotic
fluid is minimal before 17 weeks of gestation and oligohy-
dramnios is not necessarily present. Bronshtein et al. (1994)
showed that an apparent urinary bladder may be seen during
the first trimester in cases of bilateral renal agenesis due to
retrograde filling or a small urachal cyst. Diagnosis at 13 to 16
weeks of gestation by transvaginal sonography can be made
by demonstrating the presence of bilateral hypoechogenic
structures that are clearly visualized in the renal bed with-
out evidence of ectopic kidneys in the pelvis. These authors
recommend at least a 60-minute period of observation to
monitor filling of the bladder. If no bladder is visualized,
a presumptive diagnosis of renal agenesis may be made, and
theparents shouldbeoffered theopportunity to terminate the
pregnancy. If, however,minimal amniotic fluid is present and
a cystic structure is detected within the pelvis, these authors
recommended fetal karyotyping, with follow-up sonography
occurring at 17 to 19 weeks of gestation.

Sonographic diagnosis of bilateral renal agenesis can
be complicated by poor fetal imaging due to lack of amniotic
fluid. Intra-amniotic instillation of physiologic fluids can im-
provevisualizationof the fetus in casesof severeoligohydram-
nios. Cameron et al., recommend a single amnioinfusion, if
needed, for sonographic diagnosis of renal agenesis. The am-
nioinfusion also permits fetal karyotyping. Another option
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to visualize fetal anatomy is to perform magnetic resonance
imaging (MRI) of the fetal abdomen, although there has been
at least one case report of a false diagnosis of renal agenesis
onMRI (Sgro et al., 2005). In practice, however,MRI is rarely
needed to make the diagnosis.

In one study, pregnancies complicated by known lethal
fetal renal anomalies were shown to have higher rates of an-
tepartum complications (such as bleeding) and intrapartum
complications (such as breech presentation) that led to
statistically and significantly higher rates of primary cesarean
section delivery (Carpenter et al., 2000). For fetuses with
bilateral renal agenesis, there is no indication for a cesarean
section. In cases of unilateral renal agenesis, routine obstetric
management should prevail.

FETAL INTERVENTION

In one case report, a fetus with bilateral renal agenesis was
presented. Serial amnioinfusions were performed to attempt
to prevent pulmonary hypoplasia because the parents insisted
that all therapeutic options be maintained. This infant was
deliveredat33weeksof gestationbecauseof chorioamnionitis
following multiple amnioinfusions. The infant had no clini-
cal symptoms of pulmonary hypoplasia and no compressive
effects on the face and limbs. Aggressive neonatal treatment
was undertaken to achieve a goal of eventual renal trans-
plantation. Peritoneal dialysis was initiated, but it ultimately
proved unsuccessful. Cameron et al. (1994) strongly discour-
age this aggressive type of treatment of fetuses with bilat-
eral renal agenesis. While it is possible to achieve survival
without pulmonary hypoplasia in some cases with serial am-
nioinfusion, the family should be well informed regarding
the postnatal challenges these infants face. Peritoneal dialysis
is difficult to maintain in infants and allow growth to 10 kg,
the usual minimal weight required for renal transplantation.
In addition, previous experience with neonatal dialysis was
associated with significant neurodevelopmental delay later in
life. While management of neonatal dialysis has improved,
parents should be aware of uncertain neurodevelopmental
outcomes, difficulty in getting children to grow to 10 kg and
the scarcity of appropriate infant donor kidneys.

TREATMENT OF THE NEWBORN

If the sonographic diagnosis is absolutely certain, no resus-
citation of the newborn is indicated. However, if any ques-
tion exists regarding the diagnosis, a neonatologist should
be present at the delivery to confirm the presence of Potter-
like features and clinical evidence of pulmonary hypoplasia.
Bilateral renal agenesis is considered a lethal diagnosis. Intu-
bation and mechanical ventilation of the newborn, however,
may be considered appropriate in the setting of an unknown
diagnosis. Once it has been confirmed postnatally that the

infant lacks both kidneys, withdrawal of life support systems
is appropriate.

Most newborns with bilateral renal agenesis die from
pulmonary insufficiency resulting from severe oligohydram-
nios. In one study, a detailed quantitative analysis of the lungs
of eight infants who died from bilateral renal agenesis or dys-
plasia was described (Hislop et al., 1979). The total lung vol-
ume and number of airway generations were reduced. This
impliedan interferencewithnormalpulmonarydevelopment
when the amniotic fluid volume was normal. Even at 12 to 16
weeks of gestation, the alveoli were reduced in size and num-
ber. These authors hypothesized that factors other than the
oligohydramnios affected early lung growth. This was possi-
bly due to the decreased production of proline, which is nor-
mally manufactured by the kidneys. Cases of bilateral renal
agenesis have the lowest ratio of lung weight to body weight
as compared with other types of kidney anomalies (Hislop
et al., 1979).

In most newborns, unilateral renal agenesis is clini-
cally silent. For fetuses that have been identified antenatally
as having unilateral renal agenesis, a physical examination
with palpation of the kidneys is indicated as well as post-
natal abdominal sonography. Consideration should also be
given to a radionucleide scan of the remaining kidney to doc-
ument renal function. Because of the increased incidence of
vesicoureteral reflux in the remaining kidney, voiding cys-
tourethrography is also recommended. Prophylactic antibi-
otics are recommended in all cases of unilateral renal agenesis
until vesicoureteral reflux has been ruled out.

SURGICAL TREATMENT

There are no surgical treatments for renal agenesis.

LONG-TERM OUTCOME

The longest surviving baby with bilateral renal agenesis was
39 days old (Whitehouse and Mountrose, 1973). Effectively,
there is no long-term outcome for infants with bilateral renal
agenesis.

In cases of unilateral renal agenesis, the infant may
be asymptomatic, but patients with this diagnosis are at in-
creased risk for proteinuria, hypertension, and renal insuffi-
ciency. Thirty percent of patients with unilateral renal age-
nesis have contralateral vesicoureteral reflux (Atiyeh et al.,
1993).

GENETICS AND RECURRENCE RISK

Genetic counseling for renal agenesis is complicated by the
fact that etiologic heterogeneity exists for this condition.
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Many, but not all, cases of renal agenesis are inherited as
multifactorial traits. The recurrence risk for an affected fetus
or infant with isolated bilateral renal agenesis and a negative
family history is in the order of 3% to 4% (Roodhooft et al.,
1984; Holmes, 1989). If the renal agenesis is part of a complex
of multiple abnormalities, the recurrence rate for siblings is
8% (Holmes, 1989). Chromosomal abnormalities, X-linked
inheritance, autosomal dominant and autosomal recessive
inheritance have all been reported for this condition. The
chromosomal abnormalities most commonly seen in cases of
bilateral renal agenesis include trisomy 22 (Bronshtein et al.,
1994; Van Buggenhout et al., 1995), microdeletion of 22q11
(Stewart et al., 1999), trisomy 21 (Cardwell, 1988), trisomy 7,
trisomy 10 (Schwarzler et al., 1999), 45, X/46, XY (Wax et al.,
1994), 45, X/47, XXX (Roodhooft et al., 1984), and double
aneuploidy for chromosomes 7 and X (Biri et al., 2005). An
association between XYY and renal agenesis may also exist
(Rudnik-Schoneborn et al., 1996). Fetuses with renal agen-
esis and other anomalies may have an underlying syndrome
(see “Differential Diagnosis”).

As stated earlier, the incidence of renal agenesis is
higher in twin pregnancies than in singleton pregnancies.
Monozygotic twins can either be concordant (Yates et al.,
1984) or discordant (Cilento et al., 1994). Cilento et al. de-
scribed a monoamniotic twin gestation with normal renal
function that provided enough amniotic fluid to avoid the
extrarenal manifestations of Potter syndrome. The twin with
bilateral renal agenesis had no pulmonary abnormalities be-
cause there was enough urine being produced by the other
twin. There is an increased incidence of recurrent renal age-
nesis in families, especially in those affected by hereditary
hydronephrosis (Finn and Carruthers, 1974). Several fami-
lies have been reported with two or more siblings of the same
sex who were born with bilateral renal agenesis (Kaffe et al.,
1977).

In one report, 9% of parents or siblings of patients with
bilateral renal agenesis or dysgenesis had asymptomatic re-
nal malformations (Roodhooft et al., 1984). In this study, 71
parents and 40 siblings of 41 index cases with bilateral renal
agenesis, unilateral renal agenesis with dysgenesis of the other
kidney, and bilateral severe dysgenesis were studied. Ten of
these 111 relatives had an asymptomatic renal malformation.
Most commonly, this was unilateral renal agenesis. The inci-
dence of unilateral renal agenesis was 4.5% in the relatives of
affected individuals with bilateral renal agenesis versus 0.3%
in control adults. The malformation seen in the relatives in-
cluded a double ureter, hydronephrosis, multicystic kidney,
andmultiple renal cysts. In addition, 2 of 37 mothers studied
had a bicornuate uterus. These authors recommended sono-
graphic screening for parents and siblings of affected fetuses
or infants (Roodhooft et al., 1984). In families in which there
is evidence of both unilateral and bilateral renal agenesis, the
term “hereditary renal adysplasia” has been used. In most
cases, this is due to a single gene inherited in an autosomal
dominant pattern with variable expression (Pallotta et al.,
2004).

To date, specific genes have not been identified in as-
sociation with bilateral renal agenesis. Prenatal diagnosis in
subsequent pregnancies should consist of serial sonographic
examinations.
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87
CHAPTER

Sirenomelia

Key Points

■ Incidence is 1 in 60,000 livebirths.

■ Results from localized injury or insult to caudal end
of developing embryo between days 13 and 22.

■ Classified into 7 types according to the number of
long bones present in the lower extremity.

■ Associated with monozygotic twinning.

■ First trimester sonographic findings include fused
lower limb and increased nuchal translucency.

■ Second trimester sonographic findings include
single umbilical artery, bilateral renal agenesis,
oligohydramnios, and growth restriction.

■ Differential diagnosis includes bilateral renal
agenesis and caudal regression syndrome.

■ Chromosomes are usually normal.

■ Prognosis is extremely poor for extrauterine
survival.
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CONDITION

Sirenomelia, also known as “mermaid syndrome,” has been
noted since the Greco-Roman period. Initially described in
the medical literature by Rocheus in 1542 (Murphy et al.,
1992), the condition is characterized by a single lower ex-
tremity, with the concomitant presence of severe anomalies
of the urogenital and gastrointestinal system. Although his-
torical and mythological accounts portray sirens and mer-
maids as females, the majority of patients with sirenomelia
are male (deJonge et al., 1984). In all likelihood, the confu-
sion originated as a result of the fact that most patients with
sirenomelia had no obvious external genitalia.

It is often stated that sirenomelia is characterized by
apparent fusion of the lower limbs. This terminology is em-
bryologically incorrect because fusion refers to two processes
joining after breakdown of intervening epithelia. Merging is
the more correct term, because it does not imply intervening

A B

Figure 87-1 A. Fetus with symelia apus, demonstrating a single lower extremity and a single foot with four toes.
B. Radiograph of a fetus with sirenomelia, demonstrating a single femur with broad metaphyses, paired tibiae, sco-
liosis, hemivertebrae, and minimal ossification of the lumbosacral spine. (Reprinted, with permission, from Van Zalen-
Sprock MM, Van Vugt JMG, Van Der Harten JJ, Van Geijn HP. Early second trimester diagnosis of sirenomelia. Prenat Diagn.
1995;15:171-177.)

breakdown of epithelium. Sirenomelia, therefore, is a syn-
drome of merging, malrotation, and dysgenesis of the lower
extremities (Kapur et al., 1991).

In 1865, Förster classified sirenomelia into three groups
according to the number of feet present (van Zalen-Sprock
et al., 1995). In symelia apus, the most common of the three
conditions, both legs are merged completely into a single
lower extremity. Both feet are absent or rudimentary. On
radiographic studies, only one femur is present; there are no
fibulae and one or two tibulae. In symelia unipus, 1 foot is
present andup to10 toes alsomaybe seen (seeFigure 87-1). In
this type of sirenomelia, two femora, two tibia, and two fibu-
lae are present. In symelia dipus, two distinct feet are present,
although generally they aremalrotated, and often give the ap-
pearance of fins. Stocker andHeifetz (1987) further classified
sirenomelia according to seven types. In type I, all thigh and
leg bones are present. In type II, there is a single fibula. In
type III, there is an absent fibula. In type IV, the femurs are
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partially fused and the fibulae are fused. In type V, the femurs
are partially fused. In type VI, there is a single femur and a
single tibia. In type VII, there is a single femur and an absent
tibia.

In 1961, Duhamel coined the term caudal regression
syndrome and first recognized an association between caudal
regression and lower extremity abnormalities. He noted the
presence of additional associated anomalies in sirenomelia,
including sacral agenesis, anorectal atresia, renal agenesis,
single umbilical artery, and ambiguous genitalia (Duhamel,
1961).

The cause of sirenomelia is still debated. Most agree
that the site of injury to the embryo is the caudal mesoderm
(Murphy et al., 1992). Sirenomelia probably results from a
localized insult to the caudal end of the developing embryo
between days 13 and 22 of development (Hoyme, 1988). By
23 days of embryonic age, the prospective limb bud regions
normally assume a lateral position, separated by allantoic
structures. If the lower extremity remains unipodal, the insult
must have occurredprior to this point in gestation (Stevenson
et al., 1986). Two theories have been developed to explain
the occurrence of sirenomelia: vascular and caudal injury.
In 1927, Kampmeier reviewed 52 cases of sirenomelia and
was the first to note the constant finding of a single umbili-
cal artery. He postulated that the single umbilical artery was
very important in the etiology of the sirenomelia and that
a vascular abnormality would affect the allantoic circulation
with subsequent abnormal development of caudal elements.
More recently, Talamo et al. (1982) performed postmortem
arteriography on an infantwith sirenomelia and documented
a persistent vitelline artery and a dorsal hypoplastic distal
aorta. They demonstrated that the femoral arteries ran ante-
riorly and posteriorly along the single femur, rather than in
the normal orientation of right and left. They thought that
this demonstrated a failure of rotation during early embry-
onic life and supported the pathogenetic concept of limb bud
merging and malrotation after damage to the posterior axis
mesoderm. Stevenson et al. (1986) dissected the abdominal
vasculature in 11 cases of sirenomelia and documented the
common feature of a single large artery arising from high in
the abdominal cavity, which they thought diverted nutrients
from the caudal end of the embryo in a vascular “steal” phe-
nomenon. The steal vessel was a derivative from the vitelline
artery complex, an early embryonic vascular network impor-
tant in supplying nutrients to the yolk sac. They showed that
the fetal arteries below the level of this steal vessel were under-
developed; the tissues dependent on the normal vasculature
for supply of nutrients subsequently failed to develop. This
study demonstrated that in sirenomelia, the celiac and supe-
riormesenteric arteries areusually present andnormal in size.
The inferior mesenteric artery may be missing. If present, it
is very small and supplies the distal colon, which usually ends
blindly in sirenomelia. In all the cases described by Stevenson
et al. (1986), the major abdominal artery was a derivative
of the vitelline artery complex; this was the primary artery
carrying blood from the fetus to the placenta. Of note, the
abdominal aorta distal to the origin of the vitelline artery

gave off no tributaries. However, there were renal or inferior
mesenteric arteries present proximal to the aortic bifurcation
into the iliac arteries. These authors stated that the presence
of the vitelline artery alone did not predispose to sirenomelia;
rather, it was the stealing of nutrients normally intended for
the caudal structures of the body that increased the risk for
development of sirenomelia. While single umbilical artery is
quite common and occurs in 1% of all livebirths (see Chapter
109), it was the unique point of origin of this single umbili-
cal artery just distal to the celiac axis that predisposed to the
caudal steal (Stevenson et al., 1986).

Any hypothesis regarding sirenomelia must also ex-
plain the association between this condition and monozy-
gotic twinning (Young et al., 1986). Vascular abnormalities
are common in monozygotic twin gestations; thus, develop-
ment of a vascular steal sequence could be related to abnor-
malities in development of the placenta occurring in early
monozygotic twinning. Alternatively, an abnormal division
of the embryo couldpotentially result in adeficiencyof caudal
determinants in one of the embryos (Kapur et al., 1991).

INCIDENCE

The incidence of sirenomelia is 1 in 60,000 livebirths (deJonge
et al., 1984). A male predominance exists, with a male-
to-female ratio of 2.7:1. A strong association between
sirenomelia and all caudal regression defects has been noted
with maternal diabetes (Kucera, 1971; van Zalen-Sprock
et al., 1995). As previously noted, there is a 100- to 150-
fold increase in the incidence of sirenomelia in monozygotic
twins as opposed to singletons (Smith et al., 1976; Wright
and Christopher, 1982; Di Lorenzo et al., 1991; McCoy et al.,
1994). In all cases of sirenomelia, 8% to 15% are associated
withmonozygotic twinning (Stocker andHeifetz, 1987). The
associationmightbe evenmore commonthan suspected, as at
least one case of sirenomelia with a vanishing twin has been
reported (Kapur et al., 1991). One case has been described
in association with an in vitro fertilization triplet gestation
and early intrauterine death of one of the triplets (Drossou-
Agakidouetal., 2004). SarpongandHeadings (1992) reported
two cases of sirenomelia associated with a history of cocaine
exposureduring thefirst trimester, aswell as an18-foldhigher
than normal incidence of sirenomelia in a cocaine-exposed
population. A case of partial sirenomelia has been reported
in which the mother took large amounts of vitamins A and E
during the periconceptual period (Von Lennep et al., 1985).

SONOGRAPHIC FINDINGS

The diagnosis of sirenomelia may be easier to make in the
first trimester as the amniotic fluid volume is relatively nor-
mal. The earliest reported diagnosis was made at 9 weeks of
gestation in which an intra-abdominal cystic structure was
observed (Schiesser et al., 2003). Subsequent scans at 11 and
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Table 87-1

Characteristic Anomalies in Sirenomelia

Lower limb Fusion, flexion, external rotation

Vertebral Sacral agenesis

Anorectal Imperforate anus, blind-ending colon

Urinary tract Bilateral renal agenesis, ureteral, vesical,
urethral agenesis

Genital Absent or rudimentary external
genitalia, gonads present

Craniofacial Potter facies

Pulmonary Hypoplastic lungs secondary to severe
oligohydramnios

13 weeks demonstrated fusion of the lower limbs. In an-
other report, two cases of sirenomelia diagnosed in the first
trimester were associated with increased nuchal translucency
measurement (Monteagudo et al., 2002).

Later in pregnancy, sonographic diagnosis of
sirenomelia may be obscured by severe oligohydramnios.
Oligohydramnios, intrauterine growth restriction, a large
single umbilical artery, and bilateral renal agenesis are the
second- and third trimester hallmarks of the diagnosis.
Other findings characteristic of this condition are listed in
Table 87-1 (Mok, 1990; Chenoweth et al., 1991). A more
subtle finding may be the defective movement of the single

lower limb withmedially positioned fibulae. In symelia apus,
the presence of a single femur may alert the sonographer
to the correct diagnosis. When more than one femorae are
present, the diagnosis is more challenging, particularly in the
setting of little amniotic fluid. van Zalen-Sprock et al. (1995)
described two cases at 14 and 16 weeks of gestation detected
by transvaginal sonography (Figures 87-2 and 87-3). These
cases were notable for the fact that despite the presence of
bilateral renal agenesis, the amniotic fluid volume was only
slightly decreased as compared with normal fetuses at the
same gestational age. A larger series of 11 cases of sirenomelia
diagnosed prenatally noted oligohydramnios as a universal
finding. In only 5 of 11 cases (45%) was the correct diagnosis
made prenatally. The remaining cases were diagnosed as
bilateral renal agenesis. Significant additional anomalies
noted included cardiovascular defects (36%), abdominal
wall defects (36%), severe scoliosis (45%), and other skeletal
deformities (90%) (Sirtori et al., 1989). Sonographic features
that permit the correct antenatal diagnosis of sirenomelia
include consideration of the diagnosis whenever bilateral
renal agenesis is demonstrated, demonstration of persis-
tently opposed lower extremities, and observation of a single
hypoplastic foot with absent fibulae (Kapur et al., 1991).

Three-dimensional sonography has been used to fur-
ther characterize the abnormalities in cases of sirenomelia
(Monteagudo et al., 2002). The dynamic “live 3D” mode
demonstrates the lack of normal fetal leg movement in this
condition (Blaicher et al., 2001). Color flow and power
Doppler studies may be of benefit in imaging the renal arter-
ies when bilateral renal agenesis is suspected (Sepulveda et al.,
1998) and to document abnormal vascular anatomy (Patel
and Suchet, 2004).Magnetic resonance imaging has also been
suggested as a helpful adjunct to characterize sirenomelia in
the setting of oligohydramnios (Fitzmorris-Glass et al., 1989;
Twickler et al., 1993).

Figure 87-2 Sonographic image of a sin-
gle midline femur with two iliac bones.
(Reprinted, with permission, from Van Zalen-
Sprock MM, Van Vugt JMG, Van Der Harten
JJ, Van Geijn HP. Early second trimester diag-
nosis of sirenomelia. Prenat Diagn. 1995;15:
171-177.)
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Figure 87-3 Sonographic image of scoliosis and abnormal vertebrae seen in a case of sirenomelia. This antenatally
obtained image corresponds to the radiograph shown in Figure 87-1B. (Reprinted, with permission, from Van Zalen-
Sprock MM, Van Vugt JMG, Van Der Harten JJ, Van Geijn HP. Early second trimester diagnosis of sirenomelia. Prenat Diagn.
1995;15:171-177.)

DIFFERENTIAL DIAGNOSIS

Sirenomelia should be considered when the fetus has severe
oligohydramnios. The differential diagnosis for sirenomelia
includes isolated bilateral renal agenesis, which is 11 times
more common than sirenomelia (Wright and Christopher,
1982), and caudal regression syndrome, which is generally
associated with normal amniotic fluid volume.

ANTENATAL NATURAL HISTORY

Most patients with sirenomelia have bilateral renal agene-
sis. Consequently, oligohydramnios begins during the second
trimester, when the kidneys would normally be producing
fetal urine. Uterine size may be smaller than the gestational
dates indicate. The consequences of severe oligohydramnios
eventually manifest during the third trimester and include
pulmonary hypoplasia andPotter facies. There is an increased
risk of spontaneous pregnancy loss with this condition.
Sirenomelia occurs in 4 in 1000 pregnancies that are sponta-
neously lost (Malinger et al., 1987).

MANAGEMENT OF PREGNANCY

When sirenomelia is suspected antenatally, consideration
should be given to obtaining a fetal radiograph to look for
the bony abnormalities seen in the lower merged extremity
(Wright and Christopher, 1982) (see Figure 87-1B). If there

is concern about inability to visualize the fetal bladder, am-
nioinfusion should be considered (Langer et al., 1996). Ma-
ternal furosemide administration is no longer recommended
because of the high incidence of false-positive results. In the
setting of severe oligohydramnios, chromosome studies from
amniocytes may be very difficult to obtain and their indica-
tion is debatable. More than 300 cases of sirenomelia have
been reported in the literature and the majority have had
normal chromosome studies. Only two cases of chromoso-
mal abnormalities have been reported, and in each case the
abnormal chromosomes were obtained from specific organ
tissue. In one case, chromosome studies were performed on
pericardial tissue; they revealed mosaicism for a tandem du-
plication of the long arm of chromosome 1–46, XX/46, XX,
dir dup (1) (q12 → qter) (Stevenson et al., 1986). In the
other case, a fibroblast culture was obtained from the ab-
normal lower limb of an infant with sirenomelia. Metaphase
spreads from this culture had a 6-fold increase in chromoso-
mal breaks and a 23-fold increase in abnormal chromosome
associations. Thereweremultiple quadriradials observed that
involved nonhomologous chromosomes. In contrast, fibro-
blasts obtained from a skin biopsy from the normal upper
limb of the same patient had a normal karyotype (Sprague
et al., 1970).Despite these intriguingfindings, postnatal kary-
otyping in a confirmed case of sirenomelia is not indicated.

FETAL INTERVENTION

There are no fetal interventions indicated for sirenomelia.
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TREATMENT OF THE NEWBORN

In the past, sirenomelia was considered uniformly fatal due to
the known association with other major anomalies, includ-
ing bilateral renal agenesis. Since 1989, however, there have
been two reports of survivors with this condition. Lethality in
this condition is due to the associated visceral anomalies that
determine prognosis. If adequate renal function is present,
survival outside the womb is possible. Savader et al. (1989)
described the first survivor with this condition. This patient
was noted to have fusion of the lower extremity to the level
of the heels with a normal anus and kidneys, a normal heart,
and single umbilical artery and transposition of the external
genitalia and urethral opening. Postnatalmagnetic resonance
imaging confirmed the presence of distinct epiphyseal ossi-
fication centers and well-developed normal anatomic mus-
cle groups that would permit future separation of the lower
extremities. Subsequently, Murphy et al. (1992) described a
patient who was diagnosed at 29 weeks of gestation and not
expected to survive.Cesareandeliverywas performedat term.
The infant weighed 2.38 kg and had Apgar scores of 8 and 9.
Her physical examination was notable for a fused lower ex-
tremity, an imperforate anus, colonic atresia, bilaterally fused
pelvic kidneys, a preauricular skin tag, and posterior fusion
of two ribs. She did not require aggressive support in the new-
born intensive care unit. Because of her stable clinical status,
a laparotomy was performed on the second day of life and re-
vealed a malrotation with a blind-ending colon. A colostomy
was performed and she was discharged to home. She was
reported again at 3 months of age by Clarke et al. (1993),
where she was described as neurologically normal. Her only
medical problem has been prolapse of the colostomy. Tissue
expanders were placed to facilitate a planned reconstruction
of her lower limbs.

SURGICAL TREATMENT

The rare survivor with sirenomelia will need postnatal as-
sessment of the genitourinary and gastrointestinal systems.
Most patients will have imperforate anus, so a colostomy
will be necessary. Postnatal renal imaging and functional
studies will be necessary to determine the extent of re-
nal function. Ultimately, there will be significant surgical
issues related to appearance of the external genitalia and
ambulation.

LONG-TERM OUTCOME

The long-term outcome is currently unknown, as there are
only two examples of long-term survivors with sirenomelia
that have been reported in the medical literature (Savader
et al., 1989; Murphy et al., 1992; Clarke et al., 1993).

GENETICS AND RECURRENCE RISK

Sirenomelia is a developmental abnormality related to early
embryogenesis. For most humans, it does not appear to be
inherited as a single-gene defect (Gellis et al., 1973). In mice,
however, a “sirenomelic syndrome” has been described that
is inherited as an autosomal recessive gene (Orr et al., 1982).
One family presented with a spectrum of four cases of renal
anomalies, including a case of sirenomelia. The inheritance
pattern in this family suggests that there is an autosomal dom-
inant gene mutation present that affects renal development
(Selig et al., 1993). Sirenomelia is associatedwith themonozy-
gotic twinning process. Families at risk for increased inci-
dence of monozygotic twins may also have an increased risk
of sirenomelia. In general, chromosomal abnormalities have
not been described in the etiology of this condition.
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CHAPTER

Hemivertebrae

Key Points

■ Hemivertebrae are a major cause of congenital
scoliosis and kyphoscoliosis.

■ Incidence is 0.3 to 1 per 1000 livebirths. More
common in females.

■ Vertebral anomalies develop during first 6 weeks
of gestation.

■ Hemivertebrae act as a wedge within the vertebral
column, causing curvature away from side of
defect.

■ Prognosis for isolated hemivertebra(e) is good.

■ Can be associated with neural tube defects, occult
intraspinal defects, renal anomalies,
tracheoesophageal atresia/fistula.

■ Associated syndromes in the differential diagnosis
include: Goldenhar, Jarcho–Levin, Poland,
Robinow, chondrodysplasia punctat, Alagille, and
Pallister–Hall.

CONDITION

Hemivertebrae are vertebral anomalies that can be detected
sonographically by the second trimester of pregnancy. These
anomalies develop during the first 6 weeks of gestation, when
the future anatomical pattern of the spine is formed in mes-
enchyme.Once themesenchymal pattern is established in the
embryo, subsequent cartilaginous and osseous stages follow
(McMaster and Ohtsuka, 1982). At approximately 6 weeks
of gestation, a chondrification center appears for each mes-
enchymal vertebra. Each vertebral body has a dorsal and ven-
tral primary ossification center. These centers fuse, resulting
in three primary centers of ossification, which can be visual-
ized sonographically as early as 12weeks of gestation, but his-
tologically as early as 8 weeks of gestation (Zelop et al., 1993).
Abnormalities of the vertebral bodies result from either fail-
ureof formationor failureof segmentation (AbramsandFilly,
1985). Abnormalities in vertebral segmentation result in bar

or block vertebrae, whereas abnormalities in formation result
in hemivertebrae (McMaster andOhtsuka, 1982). Nasca et al.
(1975) classified hemivertebrae by theirmorphologic appear-
ance and described six different types: single supernumerary
hemivertebrae, single wedge-shaped hemivertebrae,multiple
hemivertebrae, multiple hemivertebrae with a unilateral bar
defect on the contralateral side, balanced hemivertebrae, and
posterior hemivertebrae. This latter defect occurs when the
anterior part of the vertebral body fails to develop. Clinically
this results in a kyphosis rather than a scoliosis. The medical
significanceofhemivertebrae is that they act as awedgewithin
the vertebral column, causing a curvature away from the side
of thedefect (Zelop et al., 1993). The abnormal vertebral body
elongates the convex side of the spine. When growth occurs
on the affected side, it causes compression of the superior and
inferior vertebral end plates, resulting in decreased growth on
the concave side (Nasca et al., 1975).

Hemivertebrae are a major cause of congenital scolio-
sis and kyphoscoliosis. Prenatal detection of this abnormality
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has become possible only within the past few years, so rela-
tively little is known about the clinical significance of isolated
asymptomatic vertebral defects.

INCIDENCE

In a study of more than 15,000 chest radiographs, the inci-
dence of congenital scoliosis due to vertebral anomalies was
0.5 in 1000 livebirths (Wynne-Davies, 1975). This estimate
of vertebral anomalies is low, as only thoracic abnormali-
ties were included in this study. The probable incidence of
hemivertebrae is more on the order of 1 in 1000 livebirths
(Wynne-Davies, 1975). All vertebral defects are more com-
mon in females. The male to female ratio for patients with
multiple vertebral anomalies is 0.31 and 0.68 for patientswith
single vertebral anomalies (Wynne-Davies, 1975). In a retro-
spective study over a 17-year period (1985–2001) performed
in Israel, 26 cases of hemivertebra(e) were identified among
78,500 liveborn infants (Goldstein et al., 2005). Seventeen
cases had a single hemivertebra and 9 had multiple vertebral
defects.

SONOGRAPHIC FINDINGS

Examination of the fetal spine should include views in three
planes: sagittal, coronal, and transverse (de Elejalde and de
Elejalde, 1985). Figures 88-1 and88-2demonstrate transverse
and sagittal views. The sonographic criterion for hemiverte-
brae is a disruption in the alignment of one ormore vertebral
body ossification centers on a coronal section of the fetal

spine obtained at 15 weeks of gestation or later. Benacerraf
et al. (1986) initially described three cases of hemivertebrae
identified sonographically between 17 and 28 weeks of ges-
tation. In a study of 27 fetuses with sonographically detected
vertebral anomalies, Zelop et al. (1993) described irregulari-
ties along the parallel line formed by vertebral body ossifica-
tion centers and/or the two posterior neural arch ossification
centers on either side (Figure 88-2). In another study, Harri-
son et al. (1992) described 20 cases of fetal scoliosis. In their
study, all fetal spines were examined in the transverse and
longitudinal planes for normal vertebral body configuration
and curvature. Abnormal spinal curvature was defined as any
focal, fixed kyphosis or a fixed curvature of the spine that per-
sisted despite fetal movement. In this latter study, only one
case of isolated hemivertebrae accounted for the fetal spinal
curvatures. The remaining patients had various associated
anomalies. Neural tube defects were the most common, de-
scribed in 12 of the 20 fetuses studied. This study noted a
poor outcome for the fetuses with scoliosis. Only 3 of the
20 infants survived and of these 2 had myelomeningoceles.
Twelve of the remaining fetuses were electively terminated, 3
were stillborn, and 2 died on the first day of life.

Zelop et al.’s (1993) study ismore relevant to the issue of
diagnosis and management of the fetus with hemivertebrae.
She and her colleagues described 27 fetuses with abnormali-
ties in the spinal ossification centers visualized during the sec-
ond and third trimesters.Of the 27 patients studied, 11 (41%)
had hemivertebrae as the only anomaly documented. The
hemivertebrae were distributed all along the spinal column:
four were present in the thoracic region, two were present in
the thoracolumbar region, and five were lumbar. All of the
patients with isolated hemivertebrae had normal karyotypes.
Nine of these 11 fetuses were born alive; 1 was electively ter-
minated and 1 died at 32 weeks of gestation after premature

Figure 88-1 Transverse section demonstrat-
ing disruption of the vertebrae. The arrow in-
dicates a cleft in the vertebral body.
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Figure 88-2 Sonographic scan in sagittal
plane. The arrow indicates an irregularity in
the anterior aspect of the vertebral body.

rupture of the membranes with sepsis. Of the nine liveborn
infants, two required spinal surgery during infancy. The oth-
ers remained well. In the other 16 cases that comprised this
report, multiple additional defects were noted. The following
abnormalities were noted: renal in 11 cases, gastrointestinal
in 6 cases, cardiac in 4 cases, facial in 4 cases, extremity in 2
cases, cranial in 2 cases, andchest in1 case. Sevenof the fetuses
had renal dysgenesis and severe oligohydramnios, consistent
with Potter sequence. Four of the patients had polyhydram-
nios. Of the fetal patients with additional anomalies, seven
had a chromosome analysis performed and all had normal
karyotypes. Of the 16 patients with additional anomalies, 5
of the 16 survived postnatally, an additional 5 died during
the newborn period, and 6 were terminated electively. The
study concluded that the prognosis for a fetus with isolated
hemivertebrae was good. Of note, however, more than half
of the patients with hemivertebrae had significant additional
anomalies that affected the prognosis.

DIFFERENTIAL DIAGNOSIS

The main consideration in the differential diagnosis of
hemivertebrae is to determine whether the anomaly is iso-
lated or part of a syndrome or association. The anatomic
location of the hemivertebrae will also affect the differential
diagnosis. For example, hemivertebrae in the cervical region
are more likely to be part of the Klippel–Feil syndrome or be
onemanifestationof oculoauriculovertebral dysplasia (Gold-
enhar syndrome) (Anderson and David, 2005). Hemiverte-
brae that are present in the sacral region may suggest cau-
dal regression syndrome. Vertebral abnormalities are also
significantly associated with neural tube defects. Therefore,
demonstration of hemivertebrae or other spinal abnormal-

ities mandates exclusion of myelomeningocele (see Chapter
19). Approximately 2% of cases of esophageal atresia with
tracheoesophageal fistula have associated vertebral anoma-
lies (see Chapter 40) (Stevenson, 1972). Thus, a diagnosis of
vertebral anomalies, particularly in the thoracic region, re-
quires demonstration of a normal stomach bubble. Vertebral
anomalies and tracheoesophageal anomalies are commonly
seen as part of the VACTERL association.

Hemivertebrae are a prominent abnormality in the
Jarcho–Levin and Robinow syndromes. Jarcho–Levin syn-
drome (see Chapter 96) is a single-gene disorder that presents
withmultiple vertebral anomalies at all levels of the spine and
rib malformations (Jarcho and Levin, 1938; del Rio Holgado
et al., 2005). Robinow syndrome is a recessively inherited
disorder that includes mesomelic brachymelia, hemiverte-
brae, micropenis, a flat facial profile, and midline cleft lip
(Vera-Roman, 1973; Wadlington et al., 1973).

There are also individual case reports of families that
have constellations of abnormalities, including hemiverte-
brae, aphalangy, and urogenital and intestinal dysgeneses
(Johnson and Munson, 1990). Other disorders in which
hemivertebrae infrequently are part of the phenotypic spec-
trum include: oculoauriculovertebral dysplasia (see Chapter
24); chondrodysplasia punctata, Conradi–Hünermann type
(see Chapter 99); Alagille syndrome (arteriohepatic dyspla-
sia), which includes neonatal jaundice, peripheral pulmonic
stenosis, andanunusual face;Noonansyndrome;Marfansyn-
drome; and Pallister–Hall syndrome, a disorder that includes
hypothalamic hamartoblastoma, hypopituitarism, imperfo-
rate anus, and postaxial polydactyly. Vertebral anomalies are
also associatedwith bladder and cloacal exstrophy (Loder and
Dayioglu, 1990).More recently, a fetuswithPoland syndrome
(unilateral chest wall hypoplasia, ipsilateral hand abnormal-
ities, and hemivertebrae) has been described in the literature
(Paladini et al., 2004).
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ANTENATAL NATURAL HISTORY

The antenatal natural history for fetuses with hemivertebrae
is based primarily on the studies of Zelop et al. (1993) and
Harrison et al. (1992). In both of these reports, comprising
a total of 47 fetuses, there was no evidence for increased in
utero mortality. However, 18 of the fetuses were electively
terminated. Harrison’s group of patients had severe scoliosis
and were presumably more severely affected than the cases
described by Zelop. Both studies noted a strong association
with extraspinal anomalies, which affect the overall progno-
sis for the fetus. In Harrison et al.’s study, neural tube de-
fects were the most common finding, whereas in Zelop et al.’s
study 41% of fetuses had renal anomalies. The strong asso-
ciation with the renal malformations has been documented
in a postnatal study of 231 children with congenital scoliosis
(Macewen et al., 1972).Of this group, 42 of the 231 (18%)had
an asymptomatic urologic abnormality. The most common
finding was unilateral renal agenesis, which was documented
in 6.5% of the total cases. This is significantly increased as
comparedwith the 0.2% incidence of unilateral renal agenesis
observed in pediatric autopsies. The second most common
abnormality demonstrated was a duplication of the kidney
or ureter, seen in 4% of total cases. This is also increased as
compared with the general pediatric autopsy population, in
which a duplication of the kidney or the ureter was seen in
0.7% of cases. Obstructive uropathy, unsuspected clinically,
was demonstrated in 6 of 42 cases of congenital scoliosis. In
addition, renal ectopiawas seen in another six cases. Postnatal
studies have also documented a very high association of oc-
cult intraspinal anomalies with vertebral defects (McMaster,
1984).

MANAGEMENT OF PREGNANCY

When a fetal hemivertebra has been diagnosed, a detailed
anatomic scan should be performed to rule out associated
abnormalities. Special attention should be paid to the pres-
ence of either oligohydramnios or polyhydramnios. If the
vertebral defect is isolated, there is no evidence that there
is an increased risk for an abnormal fetal karyotype. All
of the patients in Zelop et al.’s study had normal chro-
mosomes. If a vertebral anomaly is seen in association
with another anatomic abnormality, we recommend offer-
ing an amniocentesis to document the fetal chromosome
constitution.

Hypoplastic vertebrae, hemivertebrae, and vertebral
coronal clefts have been noted in patients with microdele-
tions of chromosome 22q11 (see Chapter 139) (Ming et al.,
1997). Thus, if congenital heart malformations and/or renal
anomalies are noted, fluorescence in situ hybridization stud-
ies using a probe for 22q11.2 should be considered.

In the setting of an isolated fetal vertebral defect, there
is no indication for delivery in a tertiary care center or for ce-

sareandelivery.Recommendations for delivery of fetuseswith
hemivertebrae and associated anomalies should be guided by
the nature and severity of the anomalies. Antenatal consulta-
tion with a pediatric orthopedic surgeon may be warranted
to reassure the parents.

FETAL INTERVENTION

There are no fetal interventions for hemivertebrae.

TREATMENT OF THE NEWBORN

When a fetal vertebral defect has been identified antenatally,
a detailed and thorough physical examination of the new-
born is indicated to specifically rule out congenital scoliosis.
Postnatal radiography is indicated to confirm the prenatal
sonographic finding and to more specifically delineate the
vertebral defect. If scoliosis is absent at birth, the infant can
be observed and followed conservatively by a pediatric or-
thopedic surgeon. If scoliosis is present, approximately one-
fourth of cases will progress rapidly, half will progress slowly,
and one-fourth will not progress at all (Zelop et al., 1993).
Infants with scoliosis need close follow-up by a pediatric or-
thopedic surgeon. If adequate views of the fetal renal anatomy
were not obtained antenatally, consideration should be given
to documentation of renal anatomy during the newborn pe-
riod either by ultrasonography or by intravenous pyelogram.
As previously noted, infants with vertebral anomalies have
a high incidence of associated renal abnormalities (18% of
cases) (Macewen et al., 1972). In addition, in one large study
of 251 patients with congenital scoliosis, 18% had occult in-
traspinal abnormalities. The most frequent abnormality was
diastematomyelia, which is a partial or complete sagittal split
ina localized segmentof either the spinal cordorcaudaequina
(McMaster, 1984).Theproblemwithdiastematomyelia is that
an osseous or fibrocartilaginous spur projects backward into
themidline from the posterior aspect of one ormore adjacent
vertebral bodies. This spur invaginates the dura and causes
neurologic abnormalities. It is very important to identify di-
astematomyelia because sensory deficits, bowel or bladder
incontinence, muscle weakness, or shortening of one lower
extremity can result if the condition is left untreated. In Mc-
Master’s study, other occult intraspinal abnormalities were
noted, including neurenteric cysts, epidermoid or dermoid
cysts, teratoma, lipofibroma, absence of nerve roots, fibrous
bands, or a tight filum terminale (McMaster, 1984). Occult
neurologic defects are frequently missed because the skin
overlying the dura usually appears normal, although some
cases of hairy patches have been documented. Thus, new-
borns with congenital scoliosis due to hemivertebrae should
undergo postnatal studies of their spinal cords by magnetic
resonance imaging (MRI).
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SURGICAL TREATMENT

As indicated above, most newborns are treated nonopera-
tively. The infant is generally followed with clinical examina-
tion and radiography for the development or progression of
scoliosis.The indications for surgery include rigiddecompen-
sation of the spine, progression of the scoliotic curve, pain,
desire for improvement of appearance, or development of
dyspnea on exertion due to a restrictive pulmonary disease.
Surgery is generally not performed during the newborn pe-
riod, but the optimal age for surgical treatment has not yet
been determined (Holte et al., 1995). In Zelop et al.’s (1993)
report, of the nine patients with isolated hemivertebrae, only
two required surgery during the first few years of life. Holte
et al. (1995) described their experience with 37 patients
treated with anterior and posterior wedge resection of
hemivertebrae. All of their patients required a cast or brace
for a period of 4 to 6 months, and most had to remain on
bed rest for a period of more than 2 months. The average age
at the time of these spinal operations was 12 years. Postoper-
atively, the curve containing the hemivertebrae was reduced
from 55 to 33 degrees in all the patients. In approximately
half of the patients, a measurable improvement in balance
was achieved and maintained. This type of treatment is rec-
ommended only for patients with the most severe types of
scoliosis. More recently, Deviren et al. (2001) described 10
consecutive patients (mean age, 13 years) who underwent
excision of thoracic or thoracolumbar hemivertebrae. The
mean preoperative coronal curve was 78.2 degrees. This was
corrected to 33.9 degrees. Therewere nomajor complications
and no neurological damage.

LONG-TERM OUTCOME

For fetuses and infants identifiedwith isolatedhemivertebrae,
the long-term outcome is expected to be good. For patients
identified with associated anomalies, the long-term outcome
will be related to the underlying cause for the multiple
malformations.

GENETICS AND RECURRENCE RISK

As noted in the “Differential Diagnosis” section, many syn-
dromes exist that include hemivertebrae as one component.
Recurrence riskwoulddependupon theparticular syndromic
diagnosis. In addition, a three-generation pedigree has been
described with isolated hemivertebrae, inherited as an au-
tosomal dominant trait (Ishida and Taute, 1973). There is,
however, likely an environmental component to the develop-
ment of hemivertebrae, as many sets of monozygotic twins
have been described that are discordant for hemivertebrae
(Peterson and Peterson, 1967; Wynne-Davies, 1975). The re-

currence risk for isolatedvertebral anomalies ison theorderof
2% to 3% (Wynne-Davies, 1975). Significantly, an additional
increased risk (on the order of 4%) for neural tube defects has
been identified for siblings of children with isolated hemiver-
tebrae (Connor et al., 1987). Thus, in subsequent pregnan-
cies,womenwhoseprevious childrenhavehadhemivertebrae
should have detailed scanning for sonographic abnormalities
consistent with neural tube defects.

PAX1 is under investigation as a candidate gene for
vertebral malformations (Giampetro et al., 2005).
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CHAPTER

Achondroplasia

Key Points

■ Most common form of short-limbed dwarfism.

■ Incidence is 1 in 26,000 livebirths.

■ Most consistent sonographic finding is shortening
of long bones between 21 and 27 weeks.
Additional findings include macrocrania, frontal
bossing, trident-shaped hand.

■ Differential diagnosis includes diastrophic
dysplasia, achondrogenesis, Ellis–van Creveld
syndrome, hypochondroplasia.

■ Condition is due to mutations in fibroblast growth
factor receptor 3 (FGFR3) gene, which is a negative
regulator of chondrocyte proliferation. Mutations
activate the receptor and cause gain of function.

■ Pregnant women affected by achondroplasia need
baseline pulmonary function tests and cesarean
section delivery.

■ Prenatal diagnosis can be performed by
sonography or by DNA analysis.

■ Major pediatric complications include short
stature, foramen magnum compression,
hydrocephalus, spinal stenosis, restrictive
pulmonary disease, hypotonia, and recurrent ear
infections. IQ is normal.

■ Inherited as an autosomal dominant condition, but
80% of cases are new mutations that always derive
from the father and are associated with advanced
paternal age.

CONDITION

Achondroplasia is the most common form of short-limbed
dwarfism. The condition has been recognized since ancient
times. Dwarfs were accepted socially in ancient Egypt, and
their daily activities, recorded through art, suggest not only
assimilation into daily life, but also in some cases, a high-
ranking position in society (Kozma, 2006). The term achon-
droplasia, meaning total absence of cartilage, was first used
by Parrot in 1878 (Scott, 1976). Although this is not cor-
rect in a pathologic sense, the designation is commonly
accepted.

INCIDENCE

The incidence of achondroplasia is 1 in 26,000 livebirths
(Oberklaid et al., 1979). Earlier studies that indicated an inci-
dence of as high as 1 in 10,000 births probably included other
causes of short-limbed dwarfism.More than 80% of cases are
due tonewmutations (Shiang et al., 1994).Advancedpaternal
age was initially thought to be correlated with an increased
incidence of new mutations resulting in achondroplasia
(Murdoch et al., 1970). However, more recent observations
have led to the alternative theory that sperms bearing the
fibroblast growth factor receptor 3 (FGFR3) mutation that
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causes achondroplasia have a selective advantage over sperms
without this mutation (Horton et al., 2007).

SONOGRAPHIC FINDINGS

Virtually all of the bones in the body are affected by
achondroplasia. Postnatal radiographic studies of the lumbar
spine, pelvis, and cranial regions permit definitive diagnosis
(Figure 89-1). Antenatally, diagnosis is complicated by a rel-
atively normal appearance until the early second trimester.
The most consistent sonographic finding is shortening of the
long bones, particularly the femur, occurring between 21 and
27 weeks of gestation (Figure 89-2) (Kurtz et al., 1986). The
overall shape of the femurs is within normal limits. Initially, a

Figure 89-1 Postnatal radiograph of a patient with achondropla-
sia demonstrating flattened vertebral bodies with increased in-
tervertebral space, cupped anterior ends to ribs, and hypoplastic
midfacial bones. (Reprinted, with permission, from Cordone M, Litu-
ania M, Bocchino G, Passamonti U, Toma P, Camera G. Ultrasono-
graphic features in a case of heterozygous achondroplasia at 25
weeks’ gestation. Prenat Diagn. 1993;13:400. Copyright 1993 John
Wiley & Sons, Ltd. Reprinted, with permission, of John Wiley & Sons,
Ltd.)

Figure 89-2 Shortening (<5%) and bowing of the femur in a fe-
tus at 29 weeks of gestation with heterozygous achondroplasia.

normal relationshipofbiparietal diameter to femur ispresent,
but these measurements become progressively asynchronous
over time (Filly et al., 1981). Additional findings that have
beendescribedduring the second trimester include largehead
(macrocrania), abnormal facial profile due to frontal boss-
ing (Figure 89-3), protuberant abdomen, and trident-shaped
hand (Figure 89-4) (Cordone et al., 1993).

Figure 89-3 Antenatal facial profile of the fetus in Figure 89-4
and the infant in Figure 89-1, demonstrating frontal bossing,
depressed nasal bridge, and an elongated philtrum. (Reprinted,
with permission, from Cordone M, Lituania M, Bocchino G,
Passamonti U, Toma P, Camera G. Ultrasonographic features in
a case of heterozygous achondroplasia at 25 weeks’ gestation.
Prenat Diagn. 1993;13:398. Copyright 1993 John Wiley & Sons, Ltd.
Reprinted, with permission, of John Wiley & Sons, Ltd.)
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Figure 89-4 Prenatal sonogram of fetal hand at 25 weeks of ges-
tation demonstrating relatively short phalanges and tridentlike
appearance. (Reprinted, with permission, from Cordone M,
Lituania M, Bocchino G, Passamonti U, Toma P, Camera G. Ultra-
sonographic features in a case of heterozygous achondroplasia at
25 weeks’ gestation. Prenat Diagn. 1993;13:397. Copyright 1993
John Wiley & Sons, Ltd. Reprinted, with permission, of John Wiley &
Sons, Ltd.)

For prenatal diagnosis in the setting of one parent af-
fected with achondroplasia, the fetus is considered to be af-
fected if the length of the long bones is less than the third per-
centile or if polyhydramnios is present (Lattanzi and Harger,
1982; Elejalde et al., 1983). If both parents are affected by
achondroplasia, the fetus is at 25% risk of inheriting both
mutant alleles. In a retrospective review of 15 fetuses at 25%
risk of homozygous achondroplasia, Patel and Filly (1995)
demonstrated that fetal femoral length dropped below the
third percentile at a mean of 15.6 weeks and 21.5 weeks in
fetuses with homozygous and heterozygous achondroplasia,
respectively.

If both parents are unaffected, prenatal diagnosis is
more challenging. A fetus in which long bone growth is ini-
tially normal but then drops below the 10th percentile during
the third trimester needs to be serially evaluated for the pos-
sibility of achondroplasia or hypochondroplasia. Hypochon-
droplasia is considered to be an allele of achondroplasia, with
less severe clinical manifestations.

Krakow et al. (2003) compared 2D and 3D imaging
in the diagnosis of skeletal anomalies. In a case of achon-
droplasia, 3D imaging captured the trident hands and more
clearly delineated the disproportionate aspects of the limbs.
For example, the left arm raised to the fetal forehead demon-
strated that the level of the elbowwas at the chin instead of the
nose due to foreshortening of the proximal part of the arm
(rhizomelia).

In one case report, an increased nuchal translucency
measurement was noted in a fetus that was subsequently con-
firmed by molecular diagnosis to have achondroplasia. Rhi-
zomelia, narrow thorax, and macrocrania were not observed
until 18 weeks (Tonni et al., 2005).

DIFFERENTIAL DIAGNOSIS

The most likely diagnosis for a fetus with shortened long
bones is that the fetus is normal or has intrauterine growth
restriction that is not due to a skeletal dysplasia. However, the
differential diagnosis includes chromosomal abnormalities as
well as other types of dwarfism, some of which may be lethal
at birth. An important prenatal finding that distinguishes
heterozygous achondroplasia from some of the other skeletal
dysplasias is the initially normal first and second trimester
long bone measurements.

Other considerations in the differential diagnosis in-
clude diastrophic dysplasia, a recessively inherited form of
short-limbed dwarfism, with the additional findings of thick-
ening of the external ear and the characteristic “hitch-hiker”
thumbs (see Chapter 93). In achondrogenesis, a lethal, reces-
sively inherited condition, there is deficient ossification of the
vertebral bodies. As compared with achondroplasia, a greater
discrepancy between head size and trunk exists in achon-
drogenesis (see Chapter 97). In chondroectodermal dysplasia
(Ellis–van Creveld syndrome), progressive distal shortening
of the extremities and postaxial polydactyly are present (see
Chapter 94). In addition, congenital heart malformations are
present in 50% of cases. In hypochondroplasia, the major
findings are short stature and an increased upper-to-lower
body segment ratio. The facial features are within normal
limits.

ANTENATAL NATURAL HISTORY

Achondroplasia is due to mutations in the fibroblast growth
factor receptor 3 (FGFR3) gene. FGFR3 is a negative regu-
lator of chondrocyte proliferation and differentiation in the
growth plate. Mutations in the gene therefore activate the re-
ceptor and cause a gain of function (Horton, 2006). They pre-
dominantly affect bones that develop by endochondral ossifi-
cation (Kurtz et al., 1986; Horton, 2006). Membranous bone
formation occurs at a normal rate (Murdoch et al., 1970).
The abnormality in achondroplasia is confined to cartilage,
andconsists of a failureof interstitial cells toproliferate. Bones
that are initially formed from cartilage, such as the long bones
of the extremities, bones at the base of the skull, and vertebral
bodies are affected by this condition.

In histologic studies of bone and cartilage frompatients
with achondroplasia, morphology is normal (Rimoin et al.,
1976). The arrangement of rows and columns of cells is regu-
lar and well organized. The rate of endochondral ossification
is reduced and this contrasts with the normal periosteal os-
sification. This disparity results in periosteal bone extending
beyond the growth plate and gives the appearance of short
squat bones with cupped ends. Ultrastructural studies are
also generally normal. The only abnormalities demonstrated
have been a relative increase in the number of dead cells sur-
rounded bymicroscars that contain focal aggregations of col-
lagen fibrils (Rimoin et al., 1976).
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Figure 89-5 Postnatal photograph of an
infant with homozygous achondroplasia,
demonstrating the narrow chest and short,
malformed bones. Homozygous achondropla-
sia is nearly uniformly fatal.

MANAGEMENT OF PREGNANCY

For an unaffected pregnant woman, the antenatal course for
this condition is usually benign. When achondroplasia is
suspected, serial sonography may be useful to determine if
macrocrania is developing, which may necessitate cesarean
delivery.

For the pregnant woman affected with achondroplasia,
special problems include increased incidence of fetal loss, pre-
eclampsia, and respiratory compromise in the third trimester
(Trotter et al., 2005). Baseline pulmonary function studies
should be performed. Cesarean delivery is mandatory for
cephalopelvic disproportion secondary tomarkedpelvic con-
tracture (Lattanzi andHarger, 1982;AllansonandHall, 1986).

The identification of the gene responsible for achon-
droplasia, FGFR3 (Shiang et al., 1994), allows DNA-based
prenatal diagnosis. This is especially important for couples in
which both partners are affected. In this situation, there is a
25% chance that the fetus will inherit the two mutant genes,
resulting in homozygous achondroplasia that is associated
with a very high incidence of fetal and neonatal death (Figure
89-5). In one report, first trimester DNA diagnosis has been
described in a couple at risk for homozygous achondroplasia
(Bellus et al., 1994).

In recent years, fetal chromosome analysis has been in-
creasingly performed for short fetal bones due to the concerns
of possible trisomy 21 (see Chapter 131). In the setting of a fe-
tus with short bones and a normal karyotype, amniotic fluid
cells may be used as a source of fetal DNA to test for FGFR3
mutations. If an FGFR3 mutation is found, this is diagnostic.

FETAL INTERVENTION

There is no fetal intervention for achondroplasia.

TREATMENT OF THE NEWBORN

Most newborn infants with achondroplasia do not require
special medical treatment and can be cared for in the regular
nursery. In fact, many cases of achondroplasia are missed at
birth. According to one study, even at 1 year of age, only 60%
of cases are diagnosed (Saleh and Burton, 1991). Due to in-
creased use of prenatal sonography inmore recent studies it is
estimated that approximately 20%of cases aremissed at birth
(Horton, 2006). For infantswith achondroplasia, themain is-
sues are definitive diagnosis and coordination of subspecialty
care. All infants with a suspected diagnosis of achondroplasia
should have radiographs taken of their long bones.

The salient clinical findings of achondroplasia in the
newborn include short stature of the rhizomelic type. This
means that the proximal arms and legs are relatively more
shortened than the distal segments of the extremities. How-
ever, the short stature may be mild or even absent. Horton
et al. (1978) showed that the range of birth length in new-
borns with achondroplasia overlaps the normal population.
Mean growth velocity is also normal during the first year of
life. It is after the first year that growth velocity drops sig-
nificantly. Other features of achondroplasia during the new-
born period may include macrocrania, frontal bossing, and
midface hypoplasia with coarsened facial features. The lum-
bar lordosis that is apparent later in life is rarely appreciated
at birth. Cognitive development, socialization, speech, and
language milestones are achieved normally, but initial gross
motor milestones may be delayed (Scott, 1976). The mus-
cular hypotonia responsible for delayed motor development
disappears spontaneously at 4 to 6 years of age. The general
pediatric recommendations for health supervision for chil-
dren with achondroplasia have been summarized and up-
dated (Trotter et al., 2005).

A serious potential problem in achondroplasia is cer-
vicomedullary junction compression due to a small foramen
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magnum. The foramen magnum is narrowed in a transverse
direction (Hecht et al., 1989). This can result in occipitocer-
vical pain, ataxia, incontinence, or the more serious compli-
cation of apnea and sudden infant death (Pauli et al., 1984).
Magnetic resonance imaging (MRI) studies in five affected
patients have demonstrated the discrepancy between the size
of the brainstem and the foramen magnum (Thomas et al.,
1988). In addition, hydrocephalus is frequently found due to
anatomic abnormalities in the occipital bone that produce
intracranial venous hypertension. It has been hypothesized
that obstruction at the jugular foramen elevates intracranial
venous pressure, resulting in decreased absorption of cere-
brospinal fluid into the sagittal sinus, producing a communi-
cating hydrocephalus (Thomas et al., 1988). Approximately
5% of affected children require placement of a shunt (Haga,
2004).

Approximately 10% of patients with achondroplasia
have respiratory complications due to foramen magnum
compression (Stokes et al., 1983;Thomaset al., 1988). It is rec-
ommended that computed tomographic (CT) orMRI be per-
formed in conjunctionwith somatosensory evokedpotentials
to screen for this problem (Reid et al., 1987). Although poste-
rior fossa decompression and atlantal laminectomy represent
major surgical intervention, symptoms have been reported to
improve postoperatively (Ryken andMenezes, 1994). The in-
creased mortality seen in achondroplasia (Hecht et al., 1987)
is due to this brainstem compression and it primarily affects
children younger than 4 years old.

SURGICAL TREATMENT

Cervicomedullary compressive surgery is indicated for in-
dividuals with symptoms of foramen magnum compression

(Ho et al., 2004). This surgery can treat central apnea that
may result in death, and/or relieve neurologic complications
secondary to spinal cord damage. In one study, the qual-
ity of life and morbidity of individuals with achondropla-
sia who underwent cervicomedullary decompression surgery
was indistinguishable from age and gender matched controls
(Ho et al., 2004).

The orthopedic deformities in achondroplasia consist
of bowing of the legs, hyperlordosis, and spinal stenosis. In
approximately 25% of cases, the bowing of the legs is treated
with corrective osteotomies of the tibia. This surgery is usu-
ally performedbetween 3 and 10 years of age. Although spinal
stenosis is universal, only in relatively few cases does it cause
cauda equina syndrome, which manifests as a lower motor
neuron flaccid paralysis. This becomes evident during very
late adolescence or adulthood and requires a decompressive
laminectomy. The most severe but least common orthopedic
problem is thoracolumbar kyphosis, which can cause para-
plegia earlier in childhood. This requires aggressive spinal
surgery.

Surgical therapies currently being optimized may also
significantly improve the cosmetic aspects of achondroplasia.
Craniofacial surgery is possible to advance midfacial bones
and correct severe dental malocclusion (Denny et al., 1992).

Leg lengtheninghas receivedmuchattention as ameans
of improving height and appearance for patients with achon-
droplasia (Figure 89-6). This has been utilized more com-
monly outside of North America. The surgery is painful; it
should be performed on only adolescents; and it may take up
to 2 years to complete (Saleh and Burton, 1991). Aldegheri
andDall’Oca (2001) reviewed their experience in performing
limb lengthening on 80 achondroplastic individuals. Ten of
these individuals also underwent humeral lengthening to im-
prove ability to independently attend to matters of personal

Figure 89-6 Patient with achondroplasia demon-
strating cosmetic effects of multiple leg-length-
ening operations over an almost 4-year period.
(Courtesy of Professor Michael Saleh, Sheffield
Children’s Hospital, Sheffield, United Kingdom.)
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hygiene. Patients gained an average of 20.5 cm in height but
39%of themhad complications. The treatment time required
was approximately 33 months. Limb lengthening surgery is
invasive, complex, and potentially dangerous.

LONG-TERM OUTCOME

The long-term consequences of achondroplasia are cervi-
comedullary compression, hydrocephalus, spinal stenosis, re-
strictive and obstructive lung disease, otitismedia, and thora-
columbar kyphosis (Hunter et al., 1998; Trotter et al., 2005).
Mental development is generally normal.

Standard growth curves exist to assess normal growth
for children with achondroplasia (Horton et al., 1978).
The average adult height for an affected male is 52 inches
(129 cm) and an affected female 48.6 inches (122 cm). The
average adult weight for a male is 120 lb (55kg) and a female
100 lb (45kg) (Murdoch et al., 1970; Scott, 1976). Obesity
is common (Hecht et al., 1988). In sporadic cases, parental
height does not significantly influence the adult height of af-
fected offspring (Murdoch et al., 1970; Scott, 1976).

In an initial clinical trial, recombinant human growth
hormone given to patients with achondroplasia at doses of
0.3 mg per kilogram of body weight per week moderately in-
creased overall height velocity, particularly in the short term.
There were no untoward effects, particularly with regard to
worsening of the degree of spinal stenosis (Horton et al.,
1992). Further clinical trials have not shown a clear long-term
benefit. Currently, most experts do not recommend growth
hormone for achondroplasia (Horton et al., 2007).

Further medical problems for children with achon-
droplasia include recurrent ear infections (in90%ofchildren)
and conductive and sensorineural hearing loss. Patients with
achondroplasia have specific structural changes of the tem-
poral bone, although it is unclear how these changes relate
to hearing loss (Shohat et al., 1993). Approximately half of
the affected children undergo placement of ventilation tubes
in the tympanic membrane (Haga, 2004). For many patients,
dental crowding necessitates orthodontic treatment.

Intelligence quotient (IQ) is normal for individuals
with achondroplasia. One study compared 20 adults affected
with achondroplasia with siblings of the same sex and found
that themean number of years of formal education was com-
parable for each group. Females, more than males, have a
significantly lower occupational level as compared with their
same-sex siblings (Roizen et al., 1990). It was questioned
whether this was due to a self-esteem problem that was more
profound in females. The psychiatric aspects of achondropla-
sia have also been studied. In general, patients with achon-
droplasia had achieved satisfactory life adjustment and had
secure identities as “little people” (Brust et al., 1976). The
functional health status of adults with achondroplasia is not
drastically reduced in comparison with the general United
States population (Mahomed et al., 1998).

Looking toward the future, novel therapies will be di-
rected toward countering the effects of the overactive FGFR3

(Horton, 2006, Horton et al., 2007). Chemical inhibitors that
downregulate the tyrosine kinase activity of FGFR3 might
be used in a manner analogous to the treatment of chronic
lymphocytic leukemia with inhibitors to Bcr-abl tyrosine ki-
nase. Alternatively, antibodies could be used to interfere with
the binding of FGF ligands to FGFR3. The molecular mech-
anism responsible for achondroplasia is the same as in many
cancers. Also, C-type natriuretic peptide (CNP) downregu-
lates FGF-induced activation of MAP kinase signaling path-
ways in growth plate chondrocytes. It has been suggested as
a treatment for achondroplasia because of therapeutic effects
observed in mouse models (Horton, 2006).

GENETICS AND RECURRENCE RISK

Achondroplasia is inherited as an autosomal dominant con-
dition. Fifty percent of an affected parent’s offspring will
also have achondroplasia. The phenotype is 100% penetrant,
which means that all offspring who carry the gene will ex-
press the full clinical appearance of achondroplasia. If both
parents are affected, there is a 50% chance of having a child
with heterozygous achondroplasia, a 25% chance of having
a child with homozygous achondroplasia, and a 25% chance
of having a child with normal stature.

As stated earlier, the majority of cases (80%) are due to
new mutations. Murdoch et al. (1970) studied 148 patients
with achondroplasia. Thirty-one (21%) had one or both par-
ents affected, whereas 117 cases (79%) had no family history
of the condition. Although a case has been described of one
family in which normal parents gave birth to multiple af-
fected children (Fryns et al., 1983), a larger Canadian study
that examined the risk of recurrence due to parental gonadal
mosaicism found only 1 case in 443 full siblings of children
with achondroplasia (Mettler and Fraser, 2000). Thus the re-
currence risk if the parents are normal is only 0.02%.

The gene involved in achondroplasia was localized to
chromosome 4 band p16.3 in 1994 (LeMerrer et al., 1994).
The disease is caused by mutations in the coding sequences
for FGFR3. At least nine different heparin-binding fibroblast
growth factors are known. All of themhave pleiotropic effects
on different cell types and have quite different patterns of ex-
pression during development. Evidence that the FGFR3 gene
was a good “candidate” gene for achondroplasia included the
fact that FGFR3 mRNA is found in the central nervous sys-
tem and all of the prebone cartilage structures of the mouse
(Shiang et al., 1994).

In a landmark study, Shiang et al. (1994) demonstrated
point mutations in the DNA of 15 of 16 individuals stud-
ied with achondroplasia. The mutations all occurred at nu-
cleotide 1138, and resulted in the substitution of an argi-
nine residue for a glycine at position 380 of the mature pro-
tein, which is in the transmembrane domain of FGFR3. This
work has been validated and extended by other investiga-
tors, who have also shown that all achondroplasia mutations
studied result in the same substitutions at the same amino
acid of the transmembrane domain of the FGFR3 protein
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(Bellus et al., 1994; Rousseau et al., 1994). The homoge-
neousnatureof thesemutations inachondroplasia isunprece-
dented for anautosomaldominantdisorder.Thismay explain
the phenotypic similarity between all patients with achon-
droplasia. FGFR3 has subsequently been shown to be one of
the most mutable genes in the human genome (Vajo et al.,
2000).

Based on these results, rapid polymerase chain
reaction-based prenatal diagnosis is available for the condi-
tion (Bellus et al., 1994). DNA testing is relatively straight-
forward because the mutations involved are minimal in
number, and they create new recognition sites for restric-
tion endonucleases (Francomano, 1995). In sporadic cases of
achondroplasia, theFGFR3mutationarises during spermato-
genesis and is associated with advanced paternal age (Wilkin
et al., 1998; Vajo et al., 2000).

It is now known that achondroplasia is one of six
diseases caused by mutations in the FGFR3 gene. Four are
associated with skeletal dysplasias and two are associated
with craniosynostosis. The other three skeletal dysplasias
are hypochondroplasia, thanatophoric dysplasia (see Chap-
ter 90), and severe achondroplasia with developmental de-
lay and acanthosis nigricans (SADDAN) (Bonaventure et al.,
1996;Bellus et al., 1999).FGFR3mutationsalsocauseMuenke
coronal craniosynostosis and Crouzon syndrome with acan-
thosis nigricans (Vajo et al., 2000) (see Chapter 10).
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90
CHAPTER

Thanatophoric Dysplasia

Key Points

■ Most common of the lethal skeletal dysplasias.
Presents in the second trimester.

■ Two subtypes exist: TD I has short curved femurs
with or without a cloverleaf skull; TD II has straight,
longer femurs and generally a more severe
cloverleaf skull.

■ Sporadic inheritance with extremely small
recurrence risk associated with advanced paternal
age (>35 years).

■ Mutations in fibroblast growth factor receptor 3
(FGFR3) are the underlying basis for the disorder.
There is a strong genotype–phenotype correlation.
DNA diagnosis is highly accurate.

■ FGFR3 is also expressed in the brain. Rare survivors
are uniformly severely developmentally delayed.

CONDITION

Thanatophoric dysplasia, a lethal chondrodysplasia, was first
recognized as a unique clinical entity in 1967 (Maroteaux
et al., 1967). Thanatophoric is Greek for “death bearing”. The
classic clinical features include micromelic limbs, short ribs,
narrow thorax, relative macrocephaly, frontal bossing, mid-
face hypoplasia, reduced height of the vertebral bodies, and
central nervous system abnormalities (Figure 90-1). It is the
most common form of lethal dwarfism in the human.

Fetuses and infants affected with thanatophoric dys-
plasia have been classified according to radiographic differ-
ences, such as the presence or absence of a cloverleaf skull

and whether the femurs are curved or straight. At one time,
the two subtypes of thanatophoric dysplasia (TD), TD I and
TD II, were thought to be two separate entities, with possi-
bly two different patterns of inheritance (Young et al., 1989).
As of 1995, however, it was demonstrated that mutations in
the fibroblast growth factor receptor 3 (FGFR3) gene were
the underlying basis for both conditions (Tavormina et al.,
1995). Mutation analysis of the DNA of affected patients has
revealed that individuals with TD type I have short curved
femurs with or without a cloverleaf skull deformity, whereas
patients with TD type II have straight, somewhat longer fe-
murs and severe cloverleaf skull (Tavormina et al., 1995). In
the developing mouse and human fetus, the highest levels of



616

Part II Management of Fetal Conditions Diagnosed by Sonography

Figure 90-1 Fetus at 21 weeks of gestation with thanatophoric
dysplasia, demonstrating severe micromelia, narrow chest, and
prominent abdomen. (Courtesy of Dr. Joseph Semple.)

FGFR3 expression are in the skeleton and the central nervous
system (Tavormina et al., 1995).

Mutations in FGFR3 are also the underlying basis for
achondroplasia (Bonaventure et al., 1996) (see Chapter 89).
Both TD and achondroplasia exhibit poor cellular prolifer-
ation in the growth plate of the long bone, although het-
erozygous achondroplasia is clinically less severe than TD. It
is of interest that patients with homozygous achondroplasia
manifest a more severe clinical phenotype than patients with
heterozygous achondroplasia. The features in homozygous
achondroplasia clearly resemble TD and result in neonatal
lethality (Tavormina et al., 1995).

INCIDENCE

The incidence of TD ranges from 0.27 in 10,000 to 0.4 in
10,000 livebirths (Martı́nez-Frı́as et al., 1988; Rasmussen
et al., 1996). In a large series of 126,000 deliveries occurring at
one institution, TDwas themost commonosteochondrodys-
plasia observed (Rasmussen et al., 1996).

In individuals affected with TD, the mean paternal age
is elevated as compared with unaffected controls (Martı́nez-
Frı́as et al., 1988; Orioli et al., 1995). In 50% of cases of TD,
the father is >35 years of age (Orioli et al., 1995). There is
approximately a threefold increased risk for having a fetus
with TD when the father is between the ages of 35 and 39
(Martı́nez-Frı́as et al., 1988).

To date, most cases of TD have occurred sporadi-
cally. The small number of familial cases reported reveals a
paucity of well-documented sibling pairs, except in the case
of monozygous twins. There is no evidence for parental con-
sanguinity in affected fetuses (Martı́nez-Frı́as et al., 1988).

SONOGRAPHIC FINDINGS

The sonographic findings in cases affected by TD include
severe micromelia with limited limb mobility and narrow
chest (Figure 90-2A to 90-2C). Although the femur is clas-
sically described as curved and resembling a telephone re-
ceiver (Figure 90-3), affected fetuses can also have straight fe-
murs. Additional sonographic findings include short, broad
ribs, a narrowed chest circumference with consequent pul-
monary hypoplasia, and hypoplastic vertebral bodies. The
pelvic bones are characteristically small. Polyhydramnios is
frequently present (Burrows et al., 1984; Stamm et al., 1987).
In one report, an associated cardiac abnormality consisting
of an atrioseptal defect and a bicuspid aortic valve was also
described (Isaacson et al., 1983).

The kleeblattschädel (cloverleaf) deformity was first de-
scribed in 1960 (Holtermüller and Wiedemann, 1960). This
cloverleaf shape of the skull is due to early fusion of the lamb-
doidal and coronal sutures. This results in a towering calvar-
iumand lateral bulges of the temporal lobes,which formthree
leaves of the cloverleaf when the head is viewed from the face
(Figure 90-4). Because the lambdoidal and coronal sutures
are fused, subsequent brain growth results in bulging in the
regions of least resistance (Isaacson et al., 1983). The clover-
leaf skull is present in only 14% of cases of TD (Iannaccone
and Gerlini, 1974). Hydrocephalus is frequently associated
with the cloverleaf skull (Shaff et al., 1980; Isaacson et al.,
1983). To diagnose the cloverleaf skull deformity, a coronal
scan that shows the temporal lobes is recommended (Stamm
et al., 1987).

In the literature, multiple reports exist of the second
trimester diagnosis of TD on the basis of the severe mi-
cromelia (Camera et al., 1984; de Elejalde and de Elejalde,
1985; Loong, 1987; Meizner et al., 1990; Schild et al., 1996).
More recent studies report on the molecular diagnostic find-
ings as well (De Biasio et al., 2000; Chen et al., 2001). These
reports all describe fetuseswith a long bone length of less than
the third percentile for gestational age, an extremely narrow
chest, a protruberant abdomen, and vertebral bodies of re-
duced height.

First trimester diagnosis has also been reported
(Benacerraf et al., 1988). Benacerraf et al. described a
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Figure 90-2 Prenatal ultrasound images of a 30-week fetus with
thanatophoric dysplasia. (A) demonstrates short curved humerus
(15-week size); (B) demonstrates 15-week size radius and ulna;
(C) shows sagittal view of narrow chest with normal abdomen.

13-week-old fetus with a narrow chest and foreshortened
and bowed femurs. A repeat sonographic examination per-
formed at 15 weeks again demonstrated the abnormalities.
Thepregnancywas electively terminated. In contrast, another
group has described a fetus that appeared normal at 15 weeks
of gestation and was subsequently diagnosed at 32 weeks of
gestation with TD (Macken et al., 1991). Three-dimensional
sonography is considered to be advantageous for evaluation
of the midface hypoplasia that is seen in TD (Krakow et al.,
2003).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis includes other skeletal dysplasias
that manifest as severe micromelia, such as campomelic dys-
plasia (see Chapter 92), Ellis van–Creveld syndrome (see
Chapter 94), and short-rib polydactyly syndrome (see Chap-
ter 95). Polydactyly is absent in TD. In achondrogenesis, the
bones are usually less mineralized than in TD.

The cloverleaf skull is occasionally mistaken for an en-
cephalocele (Chervenak et al., 1983; Mahony et al., 1985;
Weiner et al., 1986; Stamm et al., 1987). Any soft tissue bulge
in the head or neck must be evaluated for its exact position.
Encephalocele and cystic hygroma occur in the midline and
most often are posterior. The cloverleaf skull is bilateral, with
enlargement of the temporal lobes. The standard teaching
that the skull is not intact in encephalocele is not helpful to
distinguish between encephalocele and cloverleaf skull. This
is because the bony calvarium may be expanded, thinned, or
partially absent in the cloverleaf skull deformity, and con-
versely, in cases of encephalocele, the osseous defect in the
skull may be very small (Stamm et al., 1987). A cloverleaf
skull may also be noted in Apert, Carpenter, Crouzon, and
Pfeiffer syndromes as well as in homozygous achondroplasia.

ANTENATAL NATURAL HISTORY

Theunderlyingdefect inTDis in the formationofbone froma
cartilagemodel. There is generalized disruption and decrease
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Figure 90-3 Postmortem photograph of an isolated femur from
a fetus with thanatophoric dysplasia at 21 weeks of gestation,
demonstrating its resemblance to a telephone receiver. (Courtesy
of Dr. Joseph Semple.)

in endochondral ossification, with membranous ossification
being less affected (Lemyre et al., 1999). Fetuses affected with
TD show a progressive decrease in the growth rate of the
long bones throughout gestation. While sometimes early in
the second trimester, the femur length can be in the normal
range, the bones become progressively shortened and curved
(Burrows et al., 1984).

The functionofFGFR3 canbededuced fromtheFGFR3
−/− knockout mouse, which is overgrown with excessively

Figure 90-4 Antenatal sonogram demonstrating cloverleaf skull.
(Courtesy of Dr. Marjorie C. Treadwell.)

long femurs and elongated vertebrae (Cohen, 2002). The nor-
mal function of FGFR3 is to regulate endochondral ossifica-
tion by controlling growth. Mutations in FGFR3 result in ab-
normally early maturation of the skeletal and cranial bones
(Cohen, 2002).

The histologic abnormalities in TD include the pres-
ence of abnormal mineralizing tissue at the growth plate.
In the region normally occupied by growth plate cartilage,
cells and matrix have morphologic characteristics of epiphy-
seal cartilage, and the chondrocytes are not organized into
columns or clusters. In addition, there are pyramidal areas
of cartilage that resemble a shortened but normal growth
plate, but the most characteristic finding is tufts of fibrous
tissue scattered randomly along the growth plate. These have
been termed “ossification tufts” (Horton et al., 1988). It is
unclear whether these ossification tufts represent a primary
phenomenon that disrupts endochondral bone growth or a
secondary response to defective endochondral ossification.
Marked abnormalities in endochondral and perichondral
bone structures have been demonstrated by xeroradiography
in a 20-week-old fetus (de Elejalde and de Elejalde, 1985).

Increasing evidence exists that the brain is seriously
involved in patients affected with TD. This is not surpris-
ing given that FGFR3 expression is very high in the de-
veloping central nervous system (Tavormina et al., 1995).
In a neuropathologic study of seven affected individuals,
Wongmongkolrit et al. (1983) reported that all brains in TD
patients were larger than normal and demonstrated malde-
velopment of the temporal lobes, characterized by exten-
sive gyration and deep sulcation. The predominant findings
were megencephaly, abnormal gyration, polymicrogyria in
the temporal cortex, lateral displacement of the basal ganglia,
reduced fiber tracts, and dysplasia of several nuclei. Ventricu-
lar dilation was present without evidence of obstruction. The
most characteristic abnormality was the malformation of the
temporal lobe with a pattern of disorganization that was dis-
tinctly different fromanyother condition.These investigators
hypothesized that there was a relative vascular hypoperfusion
of the developing temporal lobe, which resulted in polymicr-
ogyria. In some cases, partial agenesis of the corpus callosum
was also observed.

MANAGEMENT OF PREGNANCY

If it is suspected that a pregnant woman is carrying a fe-
tus with a severe skeletal dysplasia such as TD, she should
be evaluated at a center capable of performing a detailed fe-
tal anatomic scan. Specific attention should be paid to mea-
surement of the long bones and the chest circumference, as
well as noting the presence or absence of polyhydramnios.
There is no indication for a fetal karyotype, as the chromo-
somes are usually normal in TD. In addition, amniotic fluid
α-fetoprotein and cholinesterase are also normal (de Elejalde
and de Elejalde, 1985). However, an amniocentesis should be
performed to obtain amniotic fluid cells for DNA analysis of
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FGFR3, which will provide a definitive diagnosis (Sawai et al.,
1999). If the diagnosis is made prior to 24 weeks of gestation,
the parents should be counseled regarding the extremely poor
prognosis andbe given theopportunity to terminate thepreg-
nancy. Pregnancies with fetuses with TD are frequently com-
plicated by polyhydramnios, prematurity, malpresentation,
and cephalopelvic disproportion. The presence of the clover-
leaf deformity and hydrocephalus may necessitate cephalo-
centesis and assisted delivery. Vaginal breech deliveries are
sometimes complicated by an extended short and rigid neck
that may hinder the passage of the fetal head (Loong, 1987).
A cesarean section may sometimes be necessary to safely de-
liver the fetus, although it will not alter the otherwise grim
prognosis for fetal survival (Wongmongkolrit et al., 1983).

FETAL INTERVENTION

There are no fetal interventions for TD.

TREATMENT OF THE NEWBORN

Infants affected with TD uniformly experience respiratory
distress at birth. Potential explanations for the respiratory
distress include the narrow chest with associated pulmonary
hypoplasia, abnormalities of the bronchial cartilage, com-
pression of brainstem respiratory centers, and altered pul-
monary phospholipids (Isaacson et al., 1983). If the diagno-
sis is known from antenatal studies, the parents may have the
opportunity to request that no newborn resuscitation occurs.

Infantswhoaredeliveredwitha severe skeletal dysplasia
butwithoutantenatalknowledgeof thediagnosismay initially
require resuscitation until a precise diagnosis can be made. A
complete physical examination of the newborn is indicated,
which will demonstrate the presence of a bulging forehead,
prominent eyes, flattened nasal bridge, narrow chest, and
severely shortened extremities (Figure 90-5). Radiographs
should be obtained, which will show the severe micromelia
and femurs possibly shaped like telephone receivers (Figure
90-6). The chest radiograph will also indicate the presence
of short ribs, flat vertebral bodies that are H-shaped in the
frontal projection, widened intervertebral disk spaces, a short
pelvis with a small sacroiliac notch, and a possible cloverleaf
skull deformity (Andersen, 1989). The most important dif-
ferential radiologic features include the markedly flattened
vertebral bodies withwidened intervetebral spaces, the short-
enedbowedextremities, and the irregularlyflaredmetaphyses
(Campbell, 1971).

Once the diagnosis of TD has been confirmed, respi-
ratory support may be electively withdrawn, given the nearly
uniform neonatal lethality and poor outcome for the rare
long-term survivors with this condition (MacDonald et al.,
1989). If the diagnosis was not made prenatally, a post-
mortem skin biopsy should be performed, and a fibroblast

Figure 90-5 A long-term survivor with thanatophoric dysplasia.
Note the placement of a tracheostomy tube. (Reprinted, with per-
mission, from MacDonald IM, Hunter AGW, MacLeod PM, MacMur-
ray SB. Growth and development in thanatophoric dysplasia. Am J
Med Genet. 1989;33:508-512. Copyright 1989 Wiley-Liss. Reprinted,
by permission, of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons,
Inc.)

line should be established to facilitate DNAmutation studies
of the FGFR3 gene to confirm the diagnosis.

SURGICAL TREATMENT

Information exists on surgical treatment only for the ex-
tremely limitednumberof affectedpatientswho survivedpast
infancy. Affected infants eventually require tracheostomy for
prolonged ventilatory support (see Figure 90-5), ventricu-
loperitoneal shunt for hydrocephalus, and foramenmagnum
decompression (MacDonald et al., 1989).

LONG-TERM OUTCOME

Several case reports discuss the longer survival of affected in-
fants with TD due to modern neonatal care (Stensvold et al.,
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Figure 90-6 Postnatal radiograph of an affected infant demon-
strating short tubular bones, metaphyseal widening, and
spurs. (Reprinted, with permission, from MacDonald IM, Hunter
AGW, MacLeod PM, MacMurray SB. Growth and development in
thanatophoric dysplasia. Am J Med Genet. 1989;33:508-512.
Copyright 1989 Wiley-Liss. Reprinted, by permission, of Wiley-Liss,
Inc., a subsidiary of John Wiley & Sons, Inc.)

1986; Tonoki, 1987; MacDonald et al., 1989). In one report,
a female with TD who survived for 169 days was described.
Her postnatal course was complicated by hypotonic muscles,
absent reflexes, and increasing hydrocephalus. Eventually she
required supplemental oxygen but died from respiratory fail-
ure (Stensvold et al., 1986). In another case report, amale was
described who survived for 212 days. His delivery was by ce-
sarean section and complicated by severe birth asphyxia. He
required oxygen supplementation but was discharged from
the hospital at 35 days of age. His neurologic development
was normal until 4 months of age, when frequent apnea and
cyanosis developed,whichwas questionably due to cord com-
pression and a small foramen magnum. At 4 months of age,
respiratory and cardiac failure developed and he required
mechanical ventilation. He eventually died from respiratory
failure secondary to pneumonia (Tonoki, 1987).

The most informative reports come from two cases of
prolonged survival with TD. In both cases, ventilatory sup-
port was initiated due to respiratory distress of the newborn.
Bothpatients eventually requiredventriculoperitoneal shunts
for hydrocephalus as well as decompression of the posterior
fossa (MacDonald et al., 1989). The first patient survived
to 5.2 years of age and was dependent on the ventilator.
At age 4.75 years, development was estimated to be at the
2-week age level. At age 4.75 years, the patient weighed 8.82
kg (<3% for age), was 65 cm long (<3% for age), and had a

Figure 90-7 Growth curves of the two reported long-term sur-
vivors with thanatophoric dysplasia. (Reprinted, with permission,
from MacDonald IM, Hunter AGW, MacLeod PM, MacMurray SB.
Growth and development in thanatophoric dysplasia. Am J Med
Genet. 1989;33:508-512. Copyright 1989 Wiley-Liss. Reprinted, by
permission, of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.)

head circumference of 47.5 cm (<3% for age) (Figure 90-7).
By 10 months of age, growth of the long bones ceased. The
femurs maintained their telephone-receiver appearance. An
electroencephalogram in this patient initially revealed epilep-
tiformactivity, followed laterbybackgrounddisturbance.The
computed tomographic scan revealed abnormal differentia-
tion of gray and white matter in both hemispheres.

The second affected patient initially required 40% in-
spired oxygen and did not need mechanical ventilation. At
2 months of age, however, a respiratory infection developed
and intubation and ventilation were required. There was a
clinical question of brainstem compression, so a posterior
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fossa decompression with laminectomy of the atlas and re-
moval of the posterior third of bone around the foramen
magnum occurred. At 4 months of age, the patient again re-
quired ventilatory support and a tracheostomy. Progressive
hydrocephalus developed and a ventriculoperitoneal shunt
was placed. After the placement of the ventriculoperitoneal
shunt, the head circumference was <3% for age. At 3.7
years of age, the child could see and track objects, but had
limited verbalization. This patient also manifested a pro-
longed period of nearly absent growth despite adequate
nutrition.

On the basis of these two cases, these authors recom-
mended that their long-term clinical experience with these
two affected patients would “temper” their approach in the
future (MacDonald et al., 1989).

GENETICS AND RECURRENCE RISK

TD is inherited as an autosomal dominant sporadicmutation
with an extremely low risk of recurrence, most likely due to
paternal gonadal mosaicism (Young et al., 1989). The chro-
mosomes in affected patients have been normal, although
one case has been described with a probably unrelated de
novo 1:10 balanced translocation (Hersh et al., 1995). The
disease is caused by missense mutations in the FGFR3 gene,
which maps to the short arm of chromosome 4 band 16.3
(McKusick et al., 1996). In addition to TD, five other diseases
aredue tomutations inFGFR3gene: achondroplasia (Chapter
89), hypochondroplasia, severe achondroplasiawithdevelop-
mental delay and acanthosis nigricans (SADDAN), Muenke
coronal craniosynostosis, and Crouzon syndrome with acan-
thosis nigricans (Bellus et al., 1999; Lemyre et al., 1999; Vajo
et al., 2000) (see Chapter 10).

Several reports of TD have been described in monozy-
gous twins (Young et al., 1989; Corsello et al., 1992).Monozy-
gous twins have also been described who are discordant for
the cloverleaf skull deformity (Horton et al., 1983; Corsello
et al., 1992).

It is now known that there is a highly conserved
genotype–phenotype correlation for the FGFR3 mutations
(Vajo et al., 2000). The subtype TD I consists of curved fe-
murs with the variable presence of the skull deformity. To
date all mutations identified in TD I result in a stop codon or
missensemutation that creates a cysteine residue (Tavormina
et al., 1995; Vajo et al., 2000). However, TD I is molecularly
heterogenous. In contrast, in 95% of cases of TD II, there
is a lysine-to-glutamine amino acid change at position 650
in the intracellular tyrosine kinase domain of FGFR3 (Vajo
et al., 2000). All individuals with this particular mutation
have straight femurs and a severe cloverleaf skull deformity
(Tavormina et al., 1995). Nested polymerase chain reaction
primers have been designed for the rapid diagnosis of muta-
tions. Themutations causing TD I and II are sporadic, as they
werenot seen in theparentswhowere tested (Tavormina et al.,

1995). Of interest is that the manifestations of the disease are
not simply due to heterozygous deletion of FGFR3, because
a chromosomal abnormality syndrome, Wolf–Hirschhorn
(4p-), does not result in a skeletal dysplasia. Thus, haploin-
sufficiency of the FGFR3 gene is not the cause of TD.

Additional mutations have been documented in TD I.
Rousseau et al. (1995) found three different base substitu-
tions in the chain termination (stop codon) of the FGFR3
gene in 5 of 15 TD I patients without a cloverleaf skull defor-
mity. These mutations cause protein elongation, resulting in
a highly hydrophobic domain with an α-helix structure at its
C-terminal end. This possibly impairs signal transduction.
In another report, 7 different sporadic mutations in three
different protein domains have now been identified in 25 of
26 patients with TD I. No correlation exists between the posi-
tionof themutationandphenotypicor radiologic abnormali-
ties.FGFR3mutations in the extracellular receptor create new
unpaired cysteine residues (Bonaventure et al., 1996). Review
of 91 cases from the International Skeletal Dysplasia registry
at Cedars-Sinai Hospital in Los Angeles revealed that every
case of TDhad an identifiable FGFR3 mutation (Wilcox et al.,
1998). Although the recurrence risk is likely to be extremely
small, prenataldiagnosis to reduceanxiety is characteristically
performed by sonography with occasional supplementation
by radiography. For families who have had a previously af-
fected infant in which the FGFR3 mutation was identified,
definitive molecular prenatal diagnosis can be performed as
early as 10 weeks by chorionic villus sampling.

Parents who have an affected fetus with TD may find
comfort in an article written by a parent whose son was born
with TD and survived for 3 months in a newborn intensive
care unit (Stabosz, 1985).
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91
CHAPTER

Osteogenesis Imperfecta

Key Points

■ Clinically and genetically heterogeneous
disorder manifested by bone fragility and low bone
mass.

■ Seven distinct subtypes exist. Severity is as
follows: type II > type III > types IV = V = VI =
VII > type I.

■ Most cases that present prenatally are types II or III.
Only 10% of fetuses with type I have fractures in
utero.

■ Other findings include blue sclerae, abnormal
teeth, joint hyperlaxity, adult-onset hearing loss,
and normal intelligence.

■ Prenatal sonographic findings include long bone
fractures with callus formation, limb shortening,
poor mineralization of the skull, and bent femurs.

■ Differential diagnosis includes campomelic
dysplasia, hypophosphatasia, and
achondrogenesis.

■ In 90% of cases there is a mutation in one of the
genes that codes for type I procollagen, COL1A1 or
COL1A2.

■ Most cases are dominantly inherited. If parents are
asymptomatic there is a 7% recurrence risk due to
the surprisingly high incidence of gonadal
mosaicism.

CONDITION

Osteogenesis imperfecta is a clinically and genetically hetero-
geneous disorder of connective tissue, manifested by bone
fragility and low bone mass. Affected patients have blue scle-
rae, hearing abnormalities, defective dentition, hyperlaxity of
the joints, and normal intelligence (Brons et al., 1988). The
majority of affected individuals are heterozygous for muta-
tions of the COL1A1 or COL1A2 gene, which alters the struc-
ture of type I procollagen (Cole and Dalgleish, 1995).

Osteogenesis imperfecta was originally classified into
four clinically distinct disorders that were first delineated by
Sillence et al. (1979), and modified by Rauch and Glorieux
(2004) (Table 91-1). Type I is the common mild form, type
II is the perinatal lethal form, type III is the severe form,
and type IV is the moderately clinically severe form (Cole
andDalgleish, 1995).More recently, an additional three types
(V, VI, and VII) have been described (Rauch and Glorieux,
2004). The clinical severity of OI is type II > type III > types
IV = V = VI = VII > type I.

Type I is a form of dominantly inherited osteoporosis
that leads to fractures. Affected patients have distinctly blue
sclerae and between 35% and 50% have presenile conductive

hearing loss or deafness. The earliest age of onset of hearing
loss is 10 years, and 40% of affected adults eventually require
hearing aids. Approximately one fifth of patients with type I
osteogenesis imperfecta (OI) have kyphosis and scoliosis, al-
though severe spinal curves are rarely seen.Thesepatients also
bruise easily. All patients with type I OI are able to walk inde-
pendently. Type I is further subdivided into type IA, patients
with normal teeth and type IB, patients who have dentino-
genesis imperfecta. Only 10% of patients with type I OI have
fractures that are identifiable at birth (Sillence, 1981). Pa-
tients affected with type I OI have a progressive loss of height
due to platyspondyly and kyphosis. Birth weight and length
are generally normal and short stature is of postnatal onset.
These patients are also notable for a head size that appears
large for height.

Patients with type II OI comprise the majority of cases
detected pre- and post-natally. Type II has been further sub-
divided into types IIA, IIB, and IIC. In type IIA broad, crum-
pled femurs and continuous beadingof the ribs are present. In
addition, the patients are small for gestational age and have
severe osteoporosis of the skull and face. In type IIB, there
are minimal or no rib fractures present. Because the ribs are
less severely affected, the chest configuration is more normal
and the resulting respiratory distress is less severe. Type IIB



624

Part II Management of Fetal Conditions Diagnosed by Sonography

Table 91-1

Expanded Sillence Classification of Osteogenesis Imperfecta

Type Clincal Severity Typical Features Typically Associated Mutations

I Mild nondeforming
osteogenesis imperfecta

Normal height or mild short stature; blue
sclerae; no dentinogenesis imperfecta

Premature stop codon in
COL1A1

II Perinatal lethal Multiple rib and long bone fractures at birth;
pronounced deformities; broad long
bones; low density of skull bones on
radiographs; dark sclerae

Glycine substitutions in
COL1A1 or COL1A2

III Severely deforming Very short; triangular face; severe scoliosis;
greyish sclerae; dentinogenesis imperfecta

Glycine substitutions in COL1A1
or COL1A2

IV Moderately deforming Moderately short; mild-to-moderate
scoliosis; greyish or white sclerae;
dentinogenesis imperfecta

Glycine substitutions in COL1A1
or COL1A2

V Moderately deforming Mild-to-moderate short stature; dislocation
of radial head; mineralized interosseous
membrane; hyperplastic callus; white
sclerae; no dentinogenesis imperfecta

Unknown

VI Moderately to severely
deforming

Moderately short; scoliosis; accumulation of
osteoid in bone tissue; fish-scale pattern of
bone lamellation; white sclerae; no
dentinogenesis imperfecta

Unknown

VII Moderately deforming Mild short stature; short humeri and femora;
coxa vara; white sclerae; no dentinogenesis
imperfecta

Unknown

Reprinted with, permission from, Rauch F, Glorieux FH. Osteogenesis imperfecta. Lancet. 2004;363:1377-1385.

is the only form with potential postnatal survival. In type IIC
there are thin femurs and ribs with extensive fractures. In this
form, the fetuses are very small for gestational age and se-
vere osteopenia is present. However, many investigators state
that distinction between the subgroups of type II is of limited
value because all fetuses and infantswithOI type II die during
the perinatal period.

Type III is a rare form of OI, characterized by marked
fragility and fractures of the long bones and skull, which are
sometimes present at birth (Sillence et al., 1986). In utero, the
defect in ossification of the skull is not as marked as it is in
Type II. Posnatally, there are spine and long bone fractures,
which result in progressive short stature and kyphoscoliosis.
Although blue sclerae are present at birth, they fade with
time. Hearing impairment is rare in type III OI. Affected
patients have a triangle-shaped face with a wide bitemporal
diameter. Thesepatients are among the smallest of adultswith
OI. They have considerable difficulty walking. They suffer
from multiple pulmonary complications.

Type IV is a dominantly inherited form of osteoporo-
sis that leads to fractures. Variable deformity of the long
bones exists, but affected patients have normal sclerae. There
are no associated hearing abnormalites. Type IV has been
further subdivided into IVA and IVB. In type IVA there is
normal dentition and in IVB there is dentinogenesis im-
perfecta. To date, types V, VI and VII have not been asso-
ciated with a specific prenatal presentation. All are associ-
ated with bone fragility, but none are known to be caused
by mutations in COL1A1 or COL1A2. Patients with Type
V OI have hypertrophic callus formation at fracture sites,
calcification of the interosseous membranes between bones
of the forearm, and a radio-opaque metaphyseal band ad-
jacent to the growth plates. The distinctive feature of type
VI OI is the histologic appearance of bone lamellae that
resemble fish scales. Patients with type VI OI also accumulate
excessive osteoid. TypeVIIOI is inherited in an autosomal re-
cessive pattern, and it is characterized by proximal shortening
of the humerus and femur (Roughley et al., 2003).
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INCIDENCE

The incidence of type I OI is 1 in 28,500 livebirths, while type
II occurs in 1 in 62,000 livebirths and type III occurs in 1
in 68,800 livebirths (Sillence et al., 1979). In Sillence et al.’s
original article, they did not quote an incidence for type IV
OI (Sillence et al., 1979). Rasmussen et al. (1996) identifed
16 cases of OI among 126,316 deliveries that occurred over
a 15-year period in a single teaching hospital. These authors

estimated a prevalence (with exclusion of high-risk patients)
of 0.24 in 10,000 deliveries of type II OI and 0.4 in 10,000 of
types II and III OI combined. OI has been described in all
ethnic groups (Sykes et al., 1986).

SONOGRAPHIC FINDINGS

The prenatal sonographic findings in OI are summarized in
Table 91-2. The characteristic antenatal findings ofOI include

Table 91-2

Prenatal Sonographic Findings in Osteogenesis Imperfecta
(Listed in order of detection at earliest gestational age)

First Ultrasound
Type Genetics Clinical Findings Ultrasound Findings Detection

OI II lethal
perinatal

Autosomal
dominant

Lethal perinatal type:
Undermineralized skull,
micromelic bones, “beaded”
ribs on x-ray, bone deformity,
platyspondyly

Undermineralization, broad
crumpled and shortened
limbs, thin beaded ribs,
fractures, angulation or
bowing of long bones, normal
appearing hands, deformable
calvarium

≥14 wks

OI III Autosomal
dominant

Progressively deforming type:
Moderate deformity of limbs at
birth, scleral hue varies, very
short stature, dentinogenesis
imperfecta (DI)

Thin ribs, short limbs, fractures,
undermineralized skull, long
bone length falls away from
normal at 16–18 weeks

≥18 wks

OI IV Autosomal
dominant

Normal sclerae, mild/moderate
limb deformity with fracture,
variable short stature, DI, some
hearing loss

Rarely, long bone bowing
and/or fracture

After 20 wks but
not common

OI I Autosomal
dominant

Fractures with little or no limb
deformity, blue sclerae, normal
stature, hearing loss, DI

Rarely, long bone bowing or
fracture

>20 wks but not
common

OI V Autosomal
dominant

Similar to OI IV plus calcification
of interosseous membrane of
forearm, radial head dislocation,
hyperplastic callus formation

Unknown Not described

OI VI Unknown More fractures than OI type IV,
vertebral compression fractures,
no DI

Unknown Not described

OI VII Autosomal
recessive

Congenital fractures, blue sclerae,
early deformity of legs, coxa
vara, osteopenia

Unknown Not described

Reprinted with permission, from Byers PH, Krakow D, Nunes ME, Pepin M. American College of Medical Genetics. Genetic evaluation of suspected osteogenesis
imperfecta (OI). Genet Med. 2006;8:383-388.
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Figure 91-1 Sonographic image of an
acutely angled humerus in a fetus with
type II OI.

in utero fractures that occur with callus formation at the site
of healing. These result in prenatally acquired long-bone de-
formities and significant limb shortening (Figure 91-1). Ab-
normalities of the fetal skull are the most striking findings in
OI (Constantine et al., 1991). In addition, soft and fractured
ribs contribute to a small thoracic circumference, which has
been described as having a “champagne cork” appearance.
The unusual clarity of intracranial structures is due to poor
calvarial ossification (Figure 91-2). This has led to the term
supervisualization (Andrews and Amparo, 1993). The com-
pression of the fetal head by the ultrasound probe and the
low echogenicity of the cranium should raise the suspicion of
a skull dysplasia. However, this finding is not diagnostic for
OI (Berge et al., 1995).

The following sonographic criteria have been proposed
for type II OI: multiple fractures, demineralization of the

calvarium, and a femoral length less than 3 SD below the
mean for gestational age coupled with a wrinkled appearance
of the longbones (Munoz et al., 1990). In a retrospective study
of 459 fetuses and infants with bent femurs, 18.1% had OI
(Alanay et al., 2007).

In the absence of a known family history of OI, most
fetuses detected prenatally will have type II. The major diag-
nostic criteria for this type of OI include shortened deformed
long bones, underossification of the cranial vault, which re-
sults in easily seen intracranial structures, an abnormal and
varying skull shape, a small chest circumference with broad
and irregular ribs (Figure 91-3), decreased fetal movements,
and unusual fetal limb position (Constantine et al., 1991). In
one case report, Morin et al. (1991) described a case of type
IIA OI in one of dizygotic twins diagnosed at 27 weeks of
gestation. In this report, the affected fetus was so translucent

Figure 91-2 Cross-sectional view of a fetal
head demonstrating significantly reduced
skull ossification, resulting in unusually
clear visualization of intracranial contents.
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Figure 91-3 Cross-sectional view of fetal thorax, demonstrating
small chest circumference with undermineralized, beaded, crum-
pled ribs.

that only one twin could be seen on a plain radiograph. In
another case report, D’Ottavio et al. (1993) described a case
of type II OI in the fetus of a woman at 14 weeks of gestation
whounderwent routine transvaginal ultrasonography. In this
fetus, both femurs were short and severely angulated because
of fractures. Even at this early point in gestation, the fetal skull
was noted to be hypoechogenic, and an abnormal curvature
of the right radius was present.

Prenatal diagnosis of OI types I and III is more difficult
to make on a sonographic basis. Most of the cases described
in the literature have been diagnosed in fetuses known to be at
risk because of a positive family history. For example, Robin-
son et al. (1987) described a fetus at risk for type III OI that
was followed with serial sonography. At 15 weeks of gesta-
tion, there was a low normal fetal femur length. By 20 and
22 weeks, however, shortening of the long bones and defor-
mity of the femurs were noted. There was not an impressive
decrease in ossification of the fetal skull. Several case reports
of prenatal diagnosis of type I OI have appeared in fami-
lies known to be at risk. Chervenak et al. (1982) described
a fetus whose mother was affected with type I OI. This fe-
tus had a normal sonographic examination at 20 weeks, but
bowed femurs developed at 24 weeks. By 32 weeks of ges-
tation, demineralization of the fetal skull was observed. No
fractures were seen in utero, but a right femur fracture de-
veloped at 9 days of age, which was postulated to be due
to the effect of intrauterine curvilinear stress on weakened
bones.

Brons et al. (1988) reportedon the sonographicdiagno-
sis ofOI in seven fetuses collected from the experienceof three
major teaching hospitals in the Netherlands. The gestational
age at the time of scanning was between 15 and 34 weeks. The
indications for sonography included large for gestational age
(two fetuses), small for gestational age (two), previous child
affected with OI (two), and routine anatomy scan (one). The
biparietal diameter was normal in all seven. The abdominal
circumference, however, was either normal or small for gesta-

tional age. Inmost cases, the chest circumference was narrow
as compared with the abdominal circumference. The heart
was noted to completely fill the chest. The limbs were the
most severely shortened in type IIA OI. The prenatal diag-
noses of types IIB, IIC, and III were made later in gestation
than in type IIA (Brons et al., 1988).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis includes other causes of severe
skeletal dysplasia anddemineralization.Conditions thatmost
resemble OI on prenatal sonographic examination include
hypophosphatasia (see Chapter 98) due to demineralization
of the skull, narrow chest circumference, and shortened ex-
tremities. Fetuses with hypophosphatasia generally do not
have in utero fractures, but they can have bowing or angula-
tion of the long bones (Pauli et al., 1999). The condition that
seems to be most commonly confused prenatally with OI is
campomelic dysplasia (see Chapter 92). Sanders et al. (1994)
described three cases ofOI thatmimicked campomelic dypla-
sia and one case of campomelic dysplasia that was prenatally
diagnosed as OI. The overlap between campomelic dyspla-
sia and OI relates to the severe bowing of the limbs (Alanay
et al., 2007) (see Figure 91-1). Tibial bowing is more pro-
nounced in campomelic dysplasia, but some cases of severe
nonlethal OI have tibial bowing without obvious fractures.
Conversely, acute angulationof the femur seen in campomelic
dysplasia can suggest a fracture. Cranial deformities, such as
bossing, hypertelorism, and hydrocephalus can exist in both
syndromes. The presence of arm fractures with callus for-
mation, cranial compressibility with unusually clear visual-
ization of the intracranial contents, and asymmetry in the
length of the limbs favors a diagnosis of OI. The presence of
clubfeet, micrognathia, and hydronephrosis favors the diag-
nosis of campomelic dysplasia (Sanders et al., 1994). Another
condition that can closely resemble OI is achondrogenesis
(see Chapter 97).

ANTENATAL NATURAL HISTORY

Twomajor biochemical phenotypes of OI exist: patients with
normal stature and blue sclerae (type I) secrete half of the
normal amount of a normal type I procollagen and do not
have thepresenceof identifiable abnormalmolecules.Patients
with short stature and fractures (types II, III, and IV) produce
and secrete both normal and abnormal type I procollagen
molecules (Wenstrup et al., 1990) (Table 91-1).

The perinatal lethal form, type II OI, is the result of
heterozygous mutations of the COL1A1 and COL1A2 genes
that encode the α1(I) and the α2 (I) chains of type I collagen.
These mutations act in a dominant negative manner because
the mutant proα-chains are incorporated into type I procol-
lagen molecules that also contain normal proα-chains. The
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abnormalmolecules that are poorly secreted aremore suscep-
tible to degradation and impair formation of the extracellular
matrix. The collagen fibers are abnormally organized, and
mineralization is impaired (Cole and Dalgleish, 1995).

Histologic andbiochemical abnormalities in thedermis
obtained from babies with type II OI demonstrate fibroblasts
with a dilated rough endoplasmic reticulum due to impaired
secretion of mutant type I procollagen molecules. The colla-
genfibrils are smaller thannormal. There is a reduced amount
of type I collagen and a mixture of normal and mutant type
I collagen. The bone is severely porotic. The normal corti-
cal and trabecular bone is replaced by woven bone. There
is an abundance of plump osteoblast surrounded by small
amounts of extracellular matrix. The osteoblast may contain
dilated rough endoplasmic reticulum. The growth plate is
normal but the cartilage cores persist in the trabeculae. The
bone matrix is decreased in type I collagen and increased in
types III and IV collagen.

Thesehistologicfindings suggest that the skeletal dypla-
sia in type II OI results from the action of muscular forces on
a skeleton weakened by a complex disorder of endochondral
and intramembraneous ossification. The paucity of primary
metaphyseal trabeculae and subperiosteal cortical bone leads
to pathologic fracture of the immature fiber bone and abnor-
mal attempts at fracture repair (Marion et al., 1993).

MANAGEMENT OF PREGNANCY

Thepregnant patient carrying a fetus inwhichOI is suspected
should be referred to a tertiary care center capable of sophis-
ticated anatomic diagnosis. The patient should meet with a
medical geneticist or genetic counselor, who will obtain a de-
tailed family history and a three generation pedigree. Specific
questions should be asked regarding the height of first-degree
family members, the presence of deafness, the color of the
sclerae in family members, and whether there is a history of
fractures. If previously affected infants have been born to the
family, pathologic studies (if available) should be reviewed.
However, most cases of affected fetuses will occur in the set-
ting of a negative family history. Consideration should be
given to obtaining a prenatal radiograph if the bones are not
adequately visualized on a level II sonogram. For a presumed
diagnosis of OI, there is no indication to obtain chromoso-
mal analysis. Chorionic villi and amniotic fluid cells can serve
as equally good sources of DNA for mutation analysis of the
COL1A1 and COL1A2 genes. Amniocytes, however, synthe-
size inadequate amounts of type I procollagen, so they are not
useful for prenatal biochemical diagnosis (Byers et al., 2006).
In contrast, chorionic villi do synthesize adequate amounts
of procollagen for biochemical analysis.

In the setting of a positive family history and a fetal
presentation of skeletal dysplasia at earlier than 20 weeks of
gestation, the presumed diagnosis is types II or III OI. In
such cases, the poor prognosis should be discussed with the

parents, who can be offered the opportunity to electively ter-
minate the pregnancy.

In patients with a known family history of OI, prenatal
sonographic and biochemical diagnoses are available. CVS
should be offered for biochemical studies in types II, III, and
IV. Prenatal diagnosis for type I OI is only accurate if the un-
derlying familial DNAmutation is known. Note that prenatal
sonography in fetuses at risk for type I OI can be normal,
even when the fetus is affected.

Pregnantwomenwho themselves are affectedwith type
IOI are at risk for uterine rupture during a spontaneous vagi-
nal delivery due to decreased amounts of collagen (Carlson
and Harlass, 1993). Previous reports exist of dysfunctional
platelet aggregation and prolonged bleeding times in women
affected with type I OI. In addition, these patients can have
a hypermetabolic state with hyperthermia due to abnormal
oxidative metabolism. These women are at increased risk for
developing malignant hyperthermia with general anesthesia
for cesarean delivery. For affected mothers and fetuses with
nonlethal types of OI, the goal is to provide a safe and atrau-
matic delivery for both mother and fetus.

In a review of 167 pregnancies affected by a fetal diag-
nosis of OI, Cubert et al. (2001) showed that cesarean section
delivery did not decrease fracture rates at birth in infants
with nonlethal forms, nor did it prolong survival in those
with lethal types. Interestingly, there was an unusually high
rate of breech presentation at term (37% of cases). Because
of the maternal morbidity and mortality associated with ce-
sarean section delivery, these authors suggested that operative
delivery be reserved for standard obstetric indications such
as breech presentation or fetal distress.

FETAL INTERVENTION

There has been at least one published report of a 32-week
female fetus with OI that underwent transplantation with
allogeneic HLA-mismatched male fetal mesenchymal stem
cells (MSCs) (Le Blanc et al., 2005). In total, 6.5 × 106 fetal
MSCs were injected into the umbilical vein and there were no
post-procedural complications. Spontaneous rupture of the
membranes occurred at 35 weeks. Delivery was by cesarean
section.Postnatal radiography indicatedmultiplehealed frac-
tures and a new right femoral fracture, which was stabilized
prior to discharge. Treatment with pamidronate was initiated
at 4 months. At 9 months a bone biopsy showed regularly ar-
ranged bone trabeculae lined by a columnar layer of normal
osteoblasts. FISH analysis was performed using centromeric
X- and Y-chomosome specific probes. This showed that 0.3%
of cells staining positive for osteopontin or osteocalcin were
donor derived. At 2 years of age the patient was small, but had
normal development. She had three fractures, but did not re-
quire any overnight hospitalization for treatment. This report
was the first demonstration of donor MSC engraftment into
an immunocompetent human fetus (Le Blanc et al., 2005).
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Figure 91-4 Postnatal radiographs of a newborn infant with type II OI. (Left) Multiple fractures are present in the long
bones. The ribs are poorly mineralized. (Right) Close-up skull radiograph in same infant, demonstrating the lack of
ossification that is characteristically observed in prenatal sonographic studies.

TREATMENT OF THE NEWBORN

The majority of newborns who present with fractures have
type II OI. Postnatal radiography may aid in the determina-
tion of a definite diagnosis (Figure 91-4). The prognosis is
poor for these infants, and the cause of death is usually sec-
ondary to respiratory difficulties associated with mechanical
failure of the chest wall (Carlson and Harlass, 1993). Sup-
portive care is indicated for infants likely to have type II OI.
A skin biopsy should be obtained for definitive biochemical
and/or DNA analysis. A fibroblast culture can be sent to a
referral laboratory for analysis of quantity and quality of type
I collagen chains.

For infants with nonlethal forms of OI, the mainstays
of therapy are physical therapy, rehabilitation, and ortho-
pedic surgery. These infants are likely to benefit from spe-
cific exercise, bracing, and ambulation training (Binder et al.,
1993). Only routine hearing screening is recommended, as
the hearing abnormalities characteristic of type I OI do not
develop until later childhood or early adulthood. Parents of
affected newborns should be counseled that blue sclerae rep-
resent a change inphysical appearance anddonot affect visual
acuity.

Infants who survive the newborn period may benefit
from bisphosphonate treatment (Glorieux, 2007). Bisphos-
phonates are pyrophosphate analogs that inhibit osteoclast-
mediated bone resorption. In response to bisphosphonate
therapy, bone mass increases due to a relative increase
in osteoblastic activity. The first large scale clinical trial
of children with severe OI who were treated with intra-
venous pamidronate (1mg/kg/d) for 3 consecutive days every
4-6 months was published in 1998 (Glorieux et al., 1998).
More than 50% of the study population showed improved
mobility, fracture incidence was reduced to 1.7 per year,
and the mean annual increment in spinal bone density was
42%. These results were quickly validated by others (As-
trom and Soderhall, 1998). Many studies have now shown
that treatment increases bone mineral density by increasing
cortical bone width and the number of trabeculae present
(Roughley et al., 2003). Most important to the affected in-
dividuals is the fact that chronic bone pain decreases with
treatment. This permits increasedmobility and improvement
in muscle strenth. Several hundred patients have received
bisphosphonate therapy for periods of up to 7 years and it
is now considered to be standard care for children with mod-
erate to severe OI (Glorieux, 2007). No benefits have been
established for mild cases in which negative effects, such as
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decrease in bone remodeling rate, reduction in growth plate
cartilage resorption, and delay in osteotomy site healing may
outweigh any positive effects. Bisphosphonates also stay in
bone for many years following treatment. Although there
is potential concern about teratogenic effects in fetuses of
treated women with OI, at least one report describing two
babies of two pregnant women with types I and IV OI did
not show any skeletal modeling abnormalites consistent with
in utero pamidronate exposure (Munns et al., 2004). Still
unanswered questions regarding bisphosphonate treatment
include criteria used to start treatment, optimal length of
treatment, duration of treatment effect, dose and frequency
of administration, and criteria for discontinuing treatment
(Shaw and Bishop, 2005).

It is important to realize that bisphosphonate therapy
doesnot cureOI.Alternativeapproaches includecellular ther-
apy, such as bonemarrow (Horwitz et al., 2002) ormesenchy-
mal stem cell transplantation (Le Blanc et al., 2005), as well
as ex vivo gene therapy (Chamberlain et al., 2004).

SURGICAL TREATMENT

The orthopedic manifestations of the nonlethal forms of OI
consist of bone fragility, with resulting fractures, deformity,
and scoliosis. When these fractures occcur, the bones heal
with callus formation and a successive slight malalignment.
Repetitive fractures of the same bone may lead to a signifi-
cant deformity. Eventually, decreased range of motion of the
joints and contractures can occur. Fractures are treated with
immobilization or intramedullary rodding, which consists of
a surgical insertion of a pin into the long bones to stabilize
them. Scoliosis occurs in 30%to70%ofpatientswithOI.This
requires body bracing with jackets that prevent progression
of the curve.

Stabilization of the long bones in affected patients may
help gross motor devlopment (Engelbert et al., 1995). In one
study, the gross motor development of 10 children with type
III OI was retrospectively studied. All patients were noted
to have a severe delay in gross motor development. Inter-
estingly, the sequence of achieving developmental milestones
was different as comparedwith normal individuals. The static
milestones, such as complete head control and sitting with-
out support, developed earlier in patients with OI than the
dynamic milestones, such as lifting the head in the prone po-
sition and rolling over from supine to prone. These authors
hypothesize that affected infants protect themselves from de-
veloping fractures. They compared the gross motor develop-
ment in their patients as a function of when they received
intramedullary rodding. They found that the patients who
underwent intramedullary rodding of the lower extremities
before the age of 3.5 years had better neuromotor devel-
opment. They recommended that before being considered
for surgery, affected individuals should be able to sit unsup-
ported. In this series, the median age of achievement of this
milestonewas 2.1 years. The recommendation, therefore, was

that intramedullary rodding should be performed between 2
and 3.5 years of age to permit improved long-term ambula-
tion (Engelbert et al., 1995).

LONG-TERM OUTCOME

Type IOI is the only type inwhich blue sclerae remain present
throughout life. All types of OI put the patient at risk for
fractures and scoliosis. The scoliosis may result in decreased
cardiopulmonary reserve andpredisposition to recurrent res-
piratory infections. Patients who have dentinogenesis imper-
fecta have abnormal dentin. The enamel is unable to adhere
adequately and chips and erodes easily. Although the teeth are
abnormal in appearance, the incidence of dental caries is not
increased (Varni and Jaffe, 1984). Presenile hearing loss may
develop in early adulthood in patients with type I OI. This
is a conductive hearing loss due to the stapes being partially
replaced by fibrous tissue.

Patients affected with OI also have an increased inci-
dence of inguinal and umbilical hernias. Hypercalciuria is a
common finding that correlates with the severity of the skull
disease; renal function and postnatal renal sonographic stud-
ies are otherwise normal (Chines et al., 1995).

Paterson et al. (1996) reviewed the life expectancy for
743 patients withOI. Patients with type II, the perinatal lethal
form, were excluded from the study. Their patient popula-
tion included 383 patients with type IA, 77 with type IB,
123 with type III, 90 with type IVA, and 70 with type IVB.
Patients with type IA OI had no difference in mortality from
the general population. Types IB, IVA, and IVB had a mod-
estly reduced life expectancy as compared with the normal
population. Only patients with type III had significant im-
pairment in their life expectancy. Of the 26 deaths reviewed
in this study, 19 occurred before the age of 10 years. In a
follow-up study, McAllion and Paterson (1996) reviewed 79
causes of deaths in patients affected with OI. Of the 79, 46
were due to respiratory causes and these occurred mainly in
patients affected with type III. The respiratory deaths were
primarily due to infection, and cardiac failure resulted from
kyphoscoliosis. Other causes of death that were directly or
indirectly due to OI included basilar invagination of the skull
and lethal intracranial bleeding. These authors stress the im-
portance of obtaining prompt care for respiratory infections
and prevention of head trauma in affected patients.

GENETICS AND RECURRENCE RISK

In about 90% of cases of OI there is a mutation in either
COL1A1 or COL1A2 (Byers et al., 2006). The loci COL1A1
(α1-chain) andCOL1A2 (α2-chain) have beenmapped tohu-
man chromosomes 17 and 7, respectively (Sykes et al., 1986).

The severity of the clinical phenotype is related to the
type of mutation, its location on the α-chain, the surround-
ing amino acid sequences, and the level of expression of the
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mutant allele (Cole andDalgleish, 1995). Pointmutations re-
sulting in a substitution of Gly residues in Gly-X-Y amino
acid triplets of the triple helical domain of the α1(I) or α2 (I)
chains are the most frequent mutations. They interrupt the
repetitive Gly-X-Y structure that is mandatory for formation
of a stable triple helix.

Of affected individuals studied at the molecular level,
it has been shown that most babies have their own private
de novo mutation in type II OI. Few deletions have been
identified. Exon skipping mutations are more common,
which usually maintain the translational reading frame and
the repetitive Gly-X-Y amino acid triplet structure. Dele-
tions, skipping mutations, and insertions in triple helical do-
mains produce abnormal alignment of the proα-chains. This
interrupts the mandatory Gly-X-Y structure and may pro-
duce a bulge or a kink in the molecule (Cole and Dalgleish,
1995).

In type I OI, haploinsufficiency of COL1A1 results in
a 50% reduction of type I collagen. Most patients with type
I have decreased mRNA levels of COL1A1 (Willing et al.,
1993). In types II, III, and IV there are dominant negative
mutations that synthesize abnormal procollagen chains that
bind to normal chains, thereby destroying their biologic ac-
tivity. The dominant negative mutations are more harmful
than the null mutations characteristic of type I OI. In fact,
the goal of gene therapy is to degrade the mutant mRNA or
disrupt the mutant gene to create essentially a null mutation.
This would convert themore severe phenotypes seen in types
II, III, and IV to a type I phenotype.

Most mutations associated with OI are dominantly in-
herited. Autosomal recessive phenotypes are rare, except in
consanguinous families, and in type VII OI. Even with a neg-
ative family history, type II OI that results from an apparently
newdominantmutation has an empiric recurrence risk of 7%
(Byers et al., 1988). This risk increases significantly for unaf-
fected parents after the diagnosis of a second affected fetus,
because it identifies themasmosaic carriers of amutant allele.
Germline mosaicism for a mutation in one of the genes that
encodes a chain of type I procollagen is surprisingly common.
Both germline mosaicism and somatic mosaicism can occur
(Sykes, 1990). In one report, a mutant allele was present in
80% of lymphocytes and 100% of skin fibroblasts of a par-
ent of an affected child. Thus, the mutation must occur very
early in embryonic development, before the somatic cell lines
and germ cell lines segregate. In a prospective ascertainment
of the recurrence risk for couples with one previous affected
fetus for whom prenatal diagnostic studies were undertaken,
only 1 in 50 pregnancies (2%)was affected (Pepin et al., 1997)
(Table 91-3).

Prenatal diagnosis in subsequent pregnancies can be
performed by sonography, biochemical, or molecular analy-
sis. In type II OI, transvaginal sonography can readily detect
abnormalities during the late first or early second trimester.
If the molecular defect is unknown in a specific family, bio-
chemical analysis of the collagen and procollagen molecules
in fibroblasts obtained from chorionic villi sampling can pro-
vide first trimester prenatal diagnosis in types II, III, and IV

Table 91-3

Prospectively Ascertained Recurrence Risk
in 129 Prenatal Diagnoses of OI

No. of Cases Affected Risk

Type I
Affected parent 16 11 68%

Type II
One prior affected fetus 50 1 2%
Two prior affected fetuses 7 2 28%

Type III or IV
Affected parent 22 11 50%
One prior affected fetus 31 1 3%
Two prior affected fetuses 3 0 —

Source: Pepin M, Atkinson M, Starman BJ, Byers PH. Strategies and
outcomes of prenatal diagnosis for osteogenesis imperfecta: a review of
biochemical and molecular studies completed in 129 pregnancies. Prenat
Diagn 1997;17:559-570.

OI (Pepin et al., 1997). Specific evidence can be sought of
post-translational overmodification of the proα1(I)-chains
of type I procollagen. Cells from chorionic villi produce type
I collagen chains with the same electrophoretic abnormalities
as skin collagen (Grange et al., 1990). Chorionic villus sam-
pling is the prenatal diagnosis method of choice for families
with a positive history of types II, III, and IV OI. In pregnan-
cies at risk for type I OI, identification of reduced amounts
of type I collagen is inaccurate. Prenatal diagnosis of type I
OI is best achieved by direct mutational analysis (Pepin et al.,
1997).

The accuracy of prenatal diagnosis of OI is largely de-
pendent on the prior study of an affected individual in a
specific family (Pepin et al., 1997). Diagnostic information
is usually available within 20 to 30 days of chorionic villus
sampling using biochemical techniques and within 10 to 14
days when molecular analysis is utilized (Pepin et al., 1997).

References
AlanayY,KrakowD,RimoinDL,LachmanRS.Angulated femurs and the

skeletal dysplasias: experience of the International Skeletal Dysplasia
Registry (1988-2006). Am J Med Genet A. 2007;143A:1159-1168.

Andrews M, Amparo EG. In utero clue to congenital osteogenesis im-
perfecta. AJR Am J Roentgenol. 1993;60:212.

Astrom E, Soderhall S. Beneficial effect of biphosphonate during five
years of treatment of severe osteogenesis imperfecta. Acta Paediatr.
1998;87:64-68.

Berge LN, Marton V, Tranejaeberg L, Kearney MS, Kiserud T, Oian P.
Prenatal diagnosis of osteogenesis imperfecta. Acta Obstet Gynecol
Scand. 1995;74:321-323.

Binder H, Conway A, Gerber LH. Rehabilitation approaches to children
with osteogenesis imperfecta: a ten year experience. Arch Phys Med
Rehabil. 1993;74:386-390.



632

Part II Management of Fetal Conditions Diagnosed by Sonography

Brons JT, VanDer HartenHJ,Wladimiroff JW, et al. Prenatal ultrasono-
graphic diagnosis of osteogenesis imperfecta. Am J Obstet Gynecol.
1988;159:176-181.

Byers PH, KrakowD,NunesME, PepinM. American College ofMedical
Genetics. Genetic evaluation of suspected osteogenesis imperfecta
(OI). Genet Med. 2006;8:383-388.

Byers PH, Tsipouras P, Bonadio JF, Starman BJ, Schwartz RC. Perinatal
lethal osteogenesis imperfecta (OI type II): a biochemically hetero-
geneous disorder usually due to newmutations in the genes for type
I collagen. Am J Hum Genet. 1988;42:237-248.

Carlson JW,Harlass FE.Managementofosteogenesis imperfecta inpreg-
nancy: a case report. J Reprod Med. 1993;38:228-232.

Chamberlain JR, Schwarze U, Wang PR, et al. Gene targeting in stem
cells from individuals with osteogenesis imperfecta. Science. 2004;
303:1198-1201.

Chervenak FA, Romero R, Berkowitz RL, et al. Antenatal sonographic
findings of osteogenesis imperfecta. Am J Obstet Gynecol. 1982;
143:228-230.

Chines A, Boniface A, McAlister W, Whyte M. Hypercalciuria in osteo-
genesis imperfecta; a follow-up study to assess renal effects. Bone.
1995;16:333-339.

Cole WG, Dalgleish R. Perinatal lethal osteogenesis imperfecta. J Med
Genet. 1995;32:284-289.

Constantine G, McCormack J, McHugo J, Fowlie A. Prenatal diagnosis
of severe osteogenesis imperfecta. Prenat Diagn. 1991;11:103-110.

Cubert R, Cheng EY, Mack S, Pepin MG, Byers PH. Osteogenesis im-
perfecta: mode of delivery and neonatal outcome. Obstet Gynecol.
2001;97:66-69.

D’Ottavio G, Tamaro LF, Mandruzzato G. Early prenatal ultrasono-
graphic diagnosis of osteogenesis imperfecta: a case report. Am J
Obstet Gynecol. 1993;169:384-385.

Engelbert RHH,Helders PJM,KeessenW,PruijsHEH,Gooskens RHJM.
Intramedullary rodding in type III osteogenesis imperfecta. Acta
Orthop Scand. 1995;66:361-364.

Glorieux FH. Experience with bisphosphonates in osteogenesis imper-
fecta. Pediatrics. 2007;119:S163-S165.

Glorieux FH, Bishop NJ, Plotkin H, et al. Cyclic administration of
pamidronate in children with severe osteogenesis imperfecta. N Engl
J Med. 1998;339:947-952.

Grange DK, LewisMB,Marini JC. Analysis of cultured chorionic villi in
a case of osteogenesis imperfecta type II: implications for prenatal
diagnosis. Am J Med Genet. 1990;36:258-264.

Horwitz EM, Gordon PL, Koo WK, et al. Isolated allogeneic bone
marrow-derived mesenchymal cells engraft and stimulate growth in
children with osteogenesis imperfecta: Implications for cell therapy
of bone. Proc Natl Acad Sci U S A. 2002;99:8932-8937.
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92
CHAPTER

Campomelic Dysplasia

Key Points

■ Distinct skeletal dysplasia characterized by bowing
of the long bones of the lower extremity,
phenotypic sex reversal, flat face, micrognathia,
cleft palate, and renal and cardiac abnormalities.

■ Incidence is 0.05 to 1.6 per 10,000 livebirths.

■ Sonographic findings include acute femoral
angulation, a small bell-shaped chest, and marked
micrognathia.

■ Differential diagnosis includes osteogenesis
imperfecta type II, diastrophic dysplasia, Larsen
syndrome, pelvis–shoulder dysplasia, and
acampomelic campomelic dysplasia.

■ Fetal karyotype is indicated to screen for
chromosome 17 rearrangements, which have a

better prognosis and to determine chromosomal
gender.

■ 72% of 46, XY fetuses have female genitalia.

■ Delivery at a tertiary center is indicated.

■ 95% of affected individuals die either in the
perinatal period or during the first year of life.

■ Long-term survivors have short stature, recurrent
apnea and respiratory infections, progressive
kyphoscoliosis, and developmental delay.

■ Condition is caused by mutations in SOX9, an
essential transcription factor in chondrogenesis.

■ Campomelic dysplasia is inherited as an autosomal
dominant. Rare reports of parent-to-child
transmission exist.

CONDITION

Campomelic dysplasia is a distinct clinical and radiologic en-
tity characterized by symmetric bowing of the long bones of
the lower extremities, phenotypic sex reversal in some chro-
mosomally male infants, and associated abnormalities in-
cluding cleft palate, flat facies, micrognathia, hydrocephalus,
and renal abnormalities. The term campomelia comes from
the Greek camptos, meaning bent and melos, meaning limbs.
Despite the name of the condition, campomelia is not oblig-
atory for a diagnosis of campomelic dysplasia (Ninomiya
et al., 1995). MacPherson et al. (1989) described two new-
born infants with respiratory distress who demonstrated all
of the clinical and radiologic manifestations of campomelic
dysplasia except the bent lower extremities. This rare clinical
variant is now known as acampomelic campomelia dysplasia
(Thong et al., 2000). The various skeletal and extraskeletal
manifestations of campomelic dysplasia, including sex rever-
sal, are part of a contiguous gene syndrome that maps to
chromosome 17 and is caused by mutations in the transcrip-
tion factor, SOX9.

Classic campomelic dysplasia was first described by
Maroteaux et al. (1971) and Bianchine et al. (1971) in in-
dependent reports. In a review of 43 affected patients, Hall
and Spranger (1980) described four major radiologic fea-
tures in patients with campomelic dysplasia: characteristic
lower-limb bowing, absent or hypoplastic scapulas, non-
mineralization of the thoracic pedicles, and narrow, verti-
cal iliac bones (Figure 92-1A). They described other useful
diagnostic features of the condition that included hypoplas-
tic cervical vertebrae, widely spaced ischial bones, and
absent ossification of the distal femoral and proximal tibial
epiphyses. Khajavi et al. (1976) described campomelic dys-
plasia as a distinct entity consisting of short-limbed dwarfism
with pretibial skin dimples, a peculiar facies, cleft palate,
hypotonia, absent olfactory bulbs, and respiratory distress
ending in neonatal death. These authors suggested that the
condition could be classified into three varieties: a long-
limbed type, a short-limbed typewith craniosynostosis, and a
short-limbed type with normocephaly. The long-limbed va-
riety is considered to be the most common (Khajavi et al.,
1976).
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A B

Figure 92-1 A. Postmortem radiograph obtained from a fetus with campomelic dysplasia at 18 to 19 weeks of ges-
tation. Note the bilateral sharp angulation of the femurs, hypoplastic scapulas and narrow, vertical ischial bones.
B. Postmortem appearance of the same fetus, showing characteristic hypoplastic midface, micrognathia, acute tibial
angulation, and bilateral talipes equinovarus deformity.

A unique aspect of this condition is the phenotypic
sex reversal. Over half of the apparently female infants have
a male, XY, karyotype (Figure 92-2). In one study of 121 re-
portedcasesof campomelicdysplasia, 74 individualshadbeen
karyotyped. Of these, 24 were 46, XX and phenotypically fe-
male.Of the remaining 50whowere 46, XY, 36 (72%) of them
had normal female external genitalia, although a minority of
them had some degree of ambiguity (Figure 92-3) (Foster
et al., 1994).

Over the past few years, much progress has been
madewith regard to understanding the underlyingmolecular
mechanisms in campomelic dysplasia. The chromosomal lo-
cation of the gene has been mapped, the gene involved in the
condition has been identified as SOX9, and the inheritance
pattern has been clarified.

INCIDENCE

The incidence of campomelic dysplasia is 0.05 to 1.6 per
10,000 livebirths (Normann et al., 1993). There is no
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Figure 92-2 Association between phenotypic sex and karyotype
in a population of individuals with campomelic dysplasia.
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Figure 92-3 An affected infant with campomelic dysplasia,
demonstrating skin dimpling over angulation of the femurs,
prominent labia majora suggesting ambiguous genitalia, and bi-
lateral clubfeet. (Reprinted, with permission, from Mansour S, Hall
CM, Pembrey ME, Young ID. A clinical and genetic study of cam-
pomelic dysplasia. J Med Genet. 1995;32:415-420.)

Figure 92-4 Sonographic image demonstrating
typical femoral angulation seen in campomelic
dysplasia. (Image courtesy of Prenatal Diagnosis
Center, Women and Infants’ Hospital.)

association between the incidence of campomelic dysplasia
and advanced maternal or paternal age (Hall and Spranger,
1980; Mansour et al., 1995).

SONOGRAPHIC FINDINGS

Fetuses affected with campomelic dysplasia have a variety of
anomalies. The most characteristic is the acute femoral an-
gulation, which typically occurs at the junction of the upper
third and lower third of both femora, with resulting sym-
metrical shortening (Figure 92-4). The femoral angulation is
always anterior in the tibia and anterolateral in the femur
(Pazzaglia and Beluffi, 1987). Other typical abnormalities
include marked micrognathia, a small bell-shaped chest,
mildbilateralhydronephrosis, hydrocephalus, cystichygroma
(Foster et al., 1994; Mansour et al., 1995), and clubfeet
(Sanders et al., 1994) (Figure 92-1B). Polyhydramnios has
been described in 25% to 48% of affected cases (Slater
et al., 1985; Mansour et al., 1995). The associated hydro-
cephalus is thought to be due to atlanto-occipital occlusion
(Deschamps et al., 1992). Approximately one fourth of pa-
tients may have associated cardiac malformations, which are
always of themild variety (Hall and Spranger, 1980;Mansour
et al., 1995). The associated genitourinary anomalies may
include hydronephrosis, hydroureter, renal hypoplasia, or re-
nal cysts (Slater et al., 1985; Argaman et al., 1993). The as-
sociation of hypoplastic scapulae, nonmineralized thoracic
pedicles, and vertically narrow iliac bones is unique for this
syndrome (Tongsong et al., 2000).

The first successful prenatal diagnoses for this condi-
tion occurred in families with a previously affected child. In
1981, Fryns et al. described such a family and successfully
diagnosed recurrence of the campomelic dysplasia in a fetus
with short, bowed limbs and hydrocephalus at 17 weeks of
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gestation. Sonographic examination revealed poorly ossified
long tubular bones that were not bowed and massive hydro-
cephaly. At autopsy the infant was also shown to have a high
foreheadandmicrognathia (Fryns et al., 1981). In familiesnot
at risk for campomelic dysplasia, affected infants have been
identified by a discrepancy between upper- and lower-limb
lengths (Gillerot et al., 1989). Cordone et al. (1989) described
a fetus at 26 weeks of gestation with a normal amniotic fluid
volume that demonstrated symmetrical anterior bowing of
the lower extremities with hypoplasia of the fibulas and tal-
ipes equinovarus, hypoplastic scapulas, a bell-shaped chest,
and facial abnormalities including a flat nasal bridge andmi-
crognathia.

As in other skeletal dysplasias, an increased nuchal
translucency measurement has been demonstrated at
13 weeks’ gestation in a fetus that was subsequently shown to
have campomelic dysplasia (Michel-Calemard et al., 2004).
Three-dimensional ultrasound examination has aided in the
diagnosis of campomelic dysplasia (Seow et al., 2004). Sur-
face rendering 3-D studies demonstrate skin dimpling over a
convex surface at the point of maximal deformity as well as
the characteristic flat face and mid-facial hypoplasia.

DIFFERENTIAL DIAGNOSIS

A prenatal diagnostic overlap occurs between campomelic
dysplasia and osteogenesis imperfecta type II (see Chapter
91). This is due to the presence of bowing in the lower limbs,
which can be amanifestation of osteogenesis imperfecta. The
tibial bowing, however, is more pronounced in campomelic
dysplasia (Sanders et al., 1994). Campomelic dysplasia is also
accompanied by mild bowing of the femurs. In one report,
the authors described three cases of osteogenesis imperfecta
in which tibial bowing was present without apparent frac-
tures. They also described two cases of campomelic dysplasia
misdiagnosed as osteogenesis imperfecta because the femurs
showed an acute angulation that was suggestive of a fracture
(Sanders et al., 1994). The presence of additional fetal anoma-
lies – including clubfeet,micrognathia, and hydronephrosis –
is more consistent with a diagnosis of campomelic dysplasia
than osteogenesis imperfecta.

Other conditions that should be included in the dif-
ferential diagnosis include diastrophic dysplasia (see Chap-
ter 93). Both campomelic and diastrophic dysplasia share
cervical vertebral anomalies, cleft palate, joint dislocations,
bilateral talipes equinovarus, and laryngotracheal abnormal-
ities, as well as abnormal ears, micrognathia, and brachy-
dactyly (Hall and Spranger, 1980). Individuals with Larsen
syndrome also manifest many of these abnormalities as well
as a flat nasal bridge and apparent hypertelorism. Hall and
Spranger (1980) recommended comparison of the scapulas,
thoracic pedicles, and iliac bones to allow a specific diagno-
sis of campomelic dysplasia. The following major features of
campomelic dysplasia occurwith greater than 50% frequency
in affected individuals: hypoplastic scapulas, nonmineralized

thoracic pedicles, and vertically narrow iliac bones. These are
rare findings when seen individually, but pathognomonic for
campomelic dysplasia when found in combination (Hall and
Spranger, 1980).

Other authors have indicated that in postnatal radio-
graphs, scapular hypoplasia is themost consistent andunique
feature.Potential overlapoccursbetweencampomelicdyspla-
sia and pelvis–shoulder dysplasia, which results in symmetric
hypoplasia of the iliac wings and scapulas. In this condition,
the iliac bones are small and square with flat acetabular roofs,
which are different from the narrow iliac bones and steep
acetabula of campomelic dysplasia. In pelvis–shoulder dys-
plasia, the lumbar vertebral bodies are rounded anteriorly,
which gives them a bulletlike shape. Lordosis eventually de-
velops in these patients. In campomelic dysplasia, however,
the cervical and thoracic vertebral bodies aredysplastic, small,
and flattened, and eventually result in development of a tho-
racic scoliosis. In the chest, the lack of ossification of the tho-
racic pedicles is the major feature of campomelic dysplasia
(MacPherson et al., 1989).

ANTENATAL NATURAL HISTORY

Campomelic dysplasia is causedbymutations in SOX9, which
is an essential transcription factor in chondrogenesis. It reg-
ulates expression of the type II collagen gene, COL2A1. In the
absence of SOX9, there is a complete block in chondrocyte
differentiation at the stage of mesenchymal condensation (Bi
et al., 1999, 2001). Heterozygous SOX9 mutant mice have
many skeletal symptoms compared to that which are seen in
human campomelic dysplasia, including bent bones (Bi et al.,
2001). Premature mineralization occurs in many bones, in-
cluding vertebrae and craniofacial bones. Two critical steps
are sensitive to SOX9 gene dosage: (1) early, at the stage
of mesenchymal condensation of cartilage primordia, and
(2) later at a step preceding the transition of chondrocytes
into hypertrophic chondrocytes.

The various manifestations of campomelic dysplasia
are associated with an increased incidence of stillbirth. It is
thought that up to 50% of cases are lost during gestation
(Slater et al., 1985).

Bone histology in infants affected with campomelic
dysplasia suggests an ongoing repair process in the areas
of angulation in the femur. New periosteal bone is laid
down on the concave side, and remodeling of the mass
of woven bone occurs. The process is similar to the heal-
ing of malaligned fractures. For most affected individuals,
the growth plate cartilage and metaphyses appear normal
(Pazzaglia and Beluffi, 1987). Other investigators have identi-
fied identical changes occurring in the bend at the diaphysis.
Parallel masses of periosteal bone have been demonstrated to
extend into the medullary cavity at right angles to the axis
of the bone. A triangular wedge of woven bone extends from
the cortex into the medulla of the diaphysis (Khajavi et al.,
1976).
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MANAGEMENT OF PREGNANCY

Fetuses in which campomelic dysplasia is suspected should
be referred to a tertiary care center capable of anatomic sono-
graphic diagnosis of the fetus. Fetal karyotyping is indicated
for two reasons: to determine the chromosomal gender and
prepare the parents for the possibility of phenotypic sex re-
versal, and to specifically screen for chromosome 17 rear-
rangements, which are associated with a milder phenotype
and a better prognosis (Foster et al., 1994). Once a definitive
sonographic diagnosis has been made, the parents should
meet with a medical geneticist and/or genetic counselor to
discuss the implications of the diagnosis. The overwhelm-
ing majority (95%) of cases are lethal during the newborn
period or during the first year of life. The poor prognosis
should be discussed with the prospective parents, and termi-
nation of pregnancy can be offered at less than 24 weeks of
gestation.

Rare survivors with campomelic dysplasia have been
reported. All affected infants manifest respiratory distress.
Delivery at a tertiary care center is therefore indicated. The
mean gestational age at delivery is 39.8 weeks (Mansour et
al., 1995). There are no specific indications for delivery by
cesarean section.

If the parents terminate the pregnancy or delivery re-
sults in a stillborn infant, placental material should be col-
lected to establish a fibroblast culture, which can serve as
a source of DNA for SOX9 mutation analysis. Campomelic
dysplasia is now considered to be inherited in an autosomal
dominant manner. Although the majority of cases occur as a
new mutation, occasional cases of parental mosaicism war-
rant prenatal diagnosis in subsequent pregnancies.

FETAL INTERVENTION

There are no fetal interventions for campomelic dysplasia.

TREATMENT OF THE NEWBORN

A complete physical examination should be performed on
all infants in whom campomelic dysplasia is suspected. The
physical examination will typically reveal a low-to-normal
birth weigh; apparent macrocephaly (mean occipitofrontal
circumference, 37 cm) (Argaman et al., 1993); extreme hypo-
tonia; disproportionately short trunk and lower limbs; and
flattened face, high forehead, and flattened nasal bridge. The
palpebral fissures are narrow and give the appearance of hy-
pertelorism. A cleft of the soft palate is present in two thirds
of affected infants (Argaman et al., 1993). In the affected new-
born the thighs are held in abduction (see Figure 92-3). The
hips are frequently dislocated. There are characteristic sub-
cutaneous dimples present over the bend of the tibia. These
dimples result from the loss of subcutaneous tissue secondary

Table 92-1

Characteristic Clinical Findings in
Campomelic Dysplasia

Bilateral bowing of the long bones of the legs,
especially tibia

100%

Talipes equinovarus 100%

Skin dimpling overlying the tibial
angulations

99%

Hypoplastic pelvis 97%

Hypoplastic scapulas 92%

Macrocephaly 90%

Cleft palate 50–80%

Scoliosis 70%

Cystic renal disease 33%

Hydrocephalus 23–25%

Polyhydramnios 25–48%

Source: Slater CP, Ross J, Nelson MM, Coetzee EJ. The campomelic
syndrome: prenatal ultrasound investigations: a case report. S Afr Med J
1985;67:863-869.

to in utero stretching at the point of curvature (Gillerot et al.,
1989; Argaman et al., 1993).

A complete set of radiographs should be obtained dur-
ing the newborn period, whichwill demonstrate the bladeless
scapulas, the small bell-shaped chest, the frequent occurrence
of only 11 pairs of ribs, and a poorly mineralized sternum.
Radiographs may also demonstrate a short first metacarpal
(Mansour et al., 1995). The characteristic clinical findings for
infants affected with campomelic dysplasia are summarized
in Table 92-1.

All affected infants manifest respiratory distress syn-
drome and generally require mechanical ventilation. Respi-
ratory distress is due to a small thoracic cage with consequent
pulmonary hypoplasia, a narrow larynx, and underlying ab-
normalities of the tracheobronchial cartilage (MacPherson
et al., 1989). The majority of patients die during the neonatal
period from the respiratory abnormalities.

SURGICAL TREATMENT

Rare survivors with campomelic dysplasia have had severe
orthopedic problems that can be treated surgically, including
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kyphoscoliosis, hip dislocation, and clubfeet (Gillerot et al.,
1989). In one report, a 6.5-year-old girl was described who
survived initial respiratory problems and was subsequently
treated with a Pavlik harness for subluxation of the hips. She
underwent two cervical and two thoracic spinal fusions, a re-
lease of complex foot deformities, and had an osteostomy of
her right tibia (Ray and Bowen, 1984). At 6.5 years of age,
she had the height and weight of a 2.5-year-old child and
the bone age of a 3.5-year-old child. She sat at 22 months of
age. Despite the multiple orthopedic problems and apparent
developmental delay, by age 6.5 years she was able to attend
a normal first-grade class. In another report, an 18-year-old
high school graduatewithnormal psychomotor development
was described who required plastic surgery and orthodontic
treatment to advance her hypoplastic midface (Mintz and
Adibfar, 1994). In survivors, aggressive surgical treatment for
kyphoscoliosis is now recommended, as this condition is al-
ways progressive and affects cardiopulmonary function at a
young age (Khoshhal and Letts, 2002).

LONG-TERM OUTCOME

The outcome for most individuals with campomelic dyspla-
sia is poor. Of 81 patients described with the more common
long-limbed variety of campomelic dysplasia, 61 were still-
born or died during the first month of life. An additional
13 died between 35 days and 1 year of age. In this report,
only 2 patients survived beyond the age of 2 years (Ray and
Bowen, 1984). Other authors emphasize that most affected
individuals who do not die during the perinatal period die
within the first 10 months of life (Slater et al., 1985). Aspi-
ration and severe feeding difficulties are common in affected
infants, evenwhileonmechanical ventilatory support. Infants
who are on the respirator for prolonged periods tend to die
of diffuse alveolar or massive tracheobronchial pulmonary
hemorrhage (Argaman et al., 1993). Infants who come off
the ventilator have complications of apnea, atelectasis, and
pneumonia.

For the 5% of affected individuals who survive beyond
the first year of life, the outlook improves somewhat. Infants
can still have stridor, retractions, and chronic pulmonary dis-
ease, as well as bronchitis and frequent otitis media. In one
report, a 5-year-old girl with campomelic dysplasia was de-
scribed whose condition was extremely unstable during her
first year of life, but she eventually experienced a progres-
sive decrease in the number of respiratory infections. Her
early childhood years were characterized by marked hypo-
tonia and mental retardation, but surprisingly, at 4 years of
age she experienced a dramatic improvement in her develop-
ment so that she could eventually speak and play and walk.
At 5 years of age, however, her size was extremely small for
her age (weight, 10.5 kg; height, 89 cm; normal head size of
53.5 cm). The original patient of Maroteaux was again re-
ported on at 17 years of age and was shown to have an IQ of
45, hearing loss, and severe kyphosis (Houston et al., 1983).

Mansour et al. (2002) described 5 long-term survivors
with molecular or cytogenetic evidence of campomelic dys-
plasia. All had disproportionate short stature (<3% for age),
recurrent apnea and upper respiratory infections, progressive
kyphoscoliosis, mild-to-moderate learning difficulties, and
hip dislocation. All 5 had very similar facial features. Other
problems included global developmental delay and tracheo-
malacia that required tracheotomy.

All patients who survive beyond the age of 6 months
have also been shown to have a profound hearing loss
(Takahasi et al., 1992; Argaman et al., 1993). The deafness
is now known to be due to histologic abnormalities in the
temporal bone as well as deformities of the vestibular and
semicircular canals. In this condition, the endochondral layer
of the optic capsule contains no cartilage cells. In addition,
the facial nerve follows an aberrant course. The size and posi-
tion of the ossicles are abnormal (Tokita et al., 1979; Takahasi
et al., 1992). Patients affectedwith campomelic dysplasia have
a mixed type of hearing loss. Conductive hearing loss derives
from anomalies of the ossicles and frequent otitismedia. Sen-
sorineural hearing lossderives fromhypoplasiaof the cochlea.

GENETICS AND RECURRENCE RISK

It is now known from molecular analyses that campomelic
dysplasia is inherited as an autosomal dominant condition,
with themajority of patients representing heterozygosity for a
new mutation (Rimoin, 1996). Recurrence in families is now
thought to be due to rare cases of parental gonadalmosaicism
ormildly affected parents with unrecognized symptoms.One
case report described a mildly affected mother with a more
severely affected daughter who died during the newborn pe-
riod from respiratory distress (Lynch et al., 1993). In another
case, a man with normal intelligence and mild phenotypic
and radiologic evidence of campomelic dysplasia had a 46,XY
daughter with severe skeletal and neurologic manifestations
of the syndrome. On retrospective analysis the father’s early
medical history was complicated by clubfeet, laryngobron-
chomalacia, and recurrent chest infections (Savarirayan et
al., 2003). These cases demonstrate that there is variable ex-
pressivity within families. Therefore, both parents must be
examined andquestioned for specificmild symptomsof cam-
pomelic dysplasia. If a parent is shown to be affected, there is
a 50% recurrence risk.

Cytogenetic studies performed in affected patients
played a large role in gene mapping of this condition. In one
patient with campomelic dysplasia, a de novo paracentric in-
version of chromosome 17 was documented (Maraia et al.,
1991). This report was followed by the description of a phe-
notypically female fetus with campomelic dysplasia whose
karyotypewas46,XY, (2;17)(q35;q23-24).These authors sug-
gested that the long arm of chromosome 17 was likely to be
the site of the genemutation in campomelic dysplasia (Young
et al., 1992). A total of 5 different patients with chromosomal
rearrangements in campomelic dysplasia enabled the SOX9



639

Chapter 92 Campomelic Dysplasia

gene locus to be mapped to 17q 24.1-25.2 (Tommerup et al.,
1993). Interestingly, patients who have the translocation sur-
vive longer (Foster et al., 1994). It is now known that the
breakpoints involved in the chromosome 17 rearrangements
are always 5’ to the SOX9 locus. Pop et al. (2004) used com-
parative genomic hybridization (CGH) arrays to show that
there are cis-acting regulatory elements more than 380 kb
upstream of SOX9.

The gene SOX9 encodes a putative transcription factor
that is strongly conserved throughoutmammalian evolution.
SOX9 is structurally related to the testis-determining factor
SRY, and is expressed inmany adult tissues, fetal testes, and fe-
tal skeletal tissue (Wagner et al., 1994). It is now known that
haploinsufficiency for the SOX9 gene is the cause of cam-
pomelic dysplasia and autosomal XY sex reversal. This was
proven by demonstration of inactivating mutations of one
SOX9 allele. In one of the cases reported by Wagner et al.
(1994), one parent of an affected child was shown to have
a low-grade mosaic mutation and had DNA that contained
both the normal and mutant SOX9 genes. Simultaneously,
Foster et al. (1994) demonstrated that both campomelic dys-
plasia and sex reversal were caused by mutations in the SOX9
gene. They described mutations in a single allele of SOX9 on
chromosome 17 in 6 of 9 patients affected with campomelic
dysplasia. These mutations destroyed gene function by caus-
ing premature chain termination and loss of one-third of the
proteingeneproduct.DNAanalysisofparentsof affectedchil-
dren demonstrated the absence of similar mutations. There-
fore, this conclusively proves that most cases of campomelic
dysplasia are new mutations that are inherited as autosomal
dominant conditions (Foster et al., 1994).

Campomelic dysplasia arises by pointmutations, trun-
cations, and frameshift mutations that impede the ability
of SOX9 to activate target genes during organ development
(McDowall et al., 1999). Although many different mutations
are known, there is no correlation between genotype and
phenotype (Meyer et al., 1997). Acampomelic campomelic
dysplasia is also caused by mutations in SOX9 (Thong et al.,
2000).

Prenatal diagnosis is indicated for the rare survivors
with mild manifestations of campomelic dysplasia, as their
offspring will have a 50% likelihood of recurrence. Their
offspring could be more severely affected, as demonstrated
by the cases of Lynch et al. (1993) and Savarirayan et al.
(2003). For completely normal parents who have previously
had an affected fetus or infant with campomelic dysplasia,
prenatal diagnosis by sonography is indicated in subsequent
pregnancies, although the recurrence risk is extremely low.
Parental DNA can be studied to detect rare cases of mo-
saicism for SOX9 mutations (Cameron et al., 1996). DNA
studies will detect a SOX9 mutation in 90% to 95% of
cases.
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CHAPTER

Diastrophic Dysplasia

Key Points

■ Distinct skeletal dysplasia characterized by
disproportionate short stature, clubfoot, cleft
palate, “hitch-hiker’s thumb,” and “cauliflower
ear.”

■ Results from mutation in the diastrophic dysplasia
sulfate transporter gene, DTDST (also known as
SLC26A2).

■ More common in individuals of Finnish ancestry
due to a founder effect.

■ Sonographic findings are short and curved limbs,
micrognathia, clubfeet, abducted and proximally
inserted thumbs and great toes, and normal
ossification.

■ Associated with normal intelligence and postnatal
development.

■ Autosomal recessive condition.

■ Delivery should occur in a tertiary center due to
the high incidence of associated airway problems.

CONDITION

Diastrophic dysplasia is a distinct clinical entity characterized
by disproportionate short stature, cleft palate, clubfoot, pro-
gressive scoliosis, limited joint mobility, proximally placed
first metacarpals (“hitch-hiker’s thumb”), and cystic degen-
eration of the pinnae of the ear (“cauliflower deformity”)
(Figure 93-1) (Lachman et al., 1981). This condition was

first described by Lamy and Maroteaux (1960), who used
the Greek word diastrophos, meaning twisted, to describe the
prominent involvement of the feet and spine in this type of
dwarfism (Diab et al., 1994).

Diastrophic dysplasia exhibits distinctive histopathol-
ogy, which consists of cytoplasmic accumulation of glycogen
and fat in the chondrocytes, resulting in variability of chon-
drocyte size, shape, and viability (Diab et al., 1994). There is
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Figure 93-1 (Left) Postnatal photograph of a 19-week fetus
with diastrophic dysplasia, illustrating severe micromelia, bilateral
clubfeet, micrognathia, and bilateral hitch-hiker thumbs. (Right)
Close-up of extreme lateral displacement of thumbs. (Courtesy of
Dr. Joseph Semple.)

nonuniformity of the cartilagematrixwithfibroblast and vas-
cular ingrowth, resulting in fibrotic foci and areas of intracar-
tilaginous calcification (Diab et al., 1994). The abnormalities
of the cartilage matrix are considered pathognomonic and
are visible with light microscopy. The underlying problem is
an excessive amount of collagen deposition within the car-
tilage matrix rather than a lack of collagen. The excessive
deposition of structurally abnormal collagen occurs predom-
inantly in the growth cartilage rather than the resting carti-
lage (Shapiro, 1992). This cartilage abnormality affects the
entire epiphyseal area, which leads not only to shortening
of the long bones, but also to extreme malformation of the
epiphyseal ends of the bones. This abnormality affects the ar-
ticular surfaces, causing precocious osteoarthritis (Shapiro,
1992).

The underlying genetic basis of diastrophic dysplasia
is the result of a mutation in a novel sulfate transporter
gene, known as the diastrophic dysplasia sulfate transporter
(DTDST) and also, more recently, as SLC26A2 (Hästbacka
et al., 1994, 1996). Impaired function of this gene product
leads to undersulfation of proteoglycans in cartilage matrix,
which leads to abnormal cartilage formation and results in
the disease phenotype (Hästbacka et al., 1994).

INCIDENCE

Diastrophic dysplasia has been observed only in whites. To
date, more than 300 patients with diastrophic dysplasia have
been described, and interestingly, the majority of them are
in Finland (Ryöppy et al., 1992), where the gene for dias-
trophic dysplasia is unusually common due to an apparent
founder effect in this relatively genetically isolated population
(Hästbacka et al., 1994). The incidence of diastrophic dyspla-
sia is 1 in 32,600 livebirths in Finland, where it is the most
common skeletal dysplasia (Poussa et al., 1991). The carrier
frequency is 1 in 90 individuals there.

SONOGRAPHIC FINDINGS

Because of the rarity of this condition in the non-Finnish
population, relatively few reports of the prenatal sonographic
diagnosis of diastrophic dysplasia exist in the literature
(Mantagos et al., 1981; Kaitila et al., 1983; Jung et al., 1998;
Tongsong et al., 2002; Wax et al., 2003). The earliest prena-
tal diagnosis of this condition was made at 13 weeks using
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Figure 93-2 Prenatal sonogram of displaced (‘‘hitch-hiker”)
thumb in a fetus with diastrophic dysplasia.

transvaginal sonography (Severi et al., 2003). The prenatal
diagnosis of diastrophic dysplasia was first described in 1980,
when O’Brien et al. (1980) reported the diagnosis in a family
with a previous affected child. Prenatal sonography was per-
formed at 13 weeks 5 days of menstrual age, and revealed a
crown-to-rump length of 43 mm, which corresponded to a
gestational ageof11weeks.The studywas repeatedat16weeks
of gestation,when the femur lengthmeasured13mm(normal
for gestational age: 19–26 mm). Thus, long bone shortening
was retrospectively demonstrated in this condition during
the early second trimester (13 weeks 5 days). In this report,
fetoscopy demonstrated extremely short and curved limbs
in the affected fetus. Examination of the face and oral cav-
ity also showed micrognathia and cleft palate, other findings
that are typically seen in diastrophic dysplasia. In another
case, also complicated by a positive family history, prena-
tal sonography performed at 16 weeks of gestation demon-
strated abnormally short limbs (less than 3 SD below the
mean for gestational age) and lateral projection of the thumbs
(Figure 93-2). These findings revealed an affected fetus. These
authors recommended assessing fetuses at risk with serial
examinations at 16, 20, 24, and 32 weeks of gestation be-
cause they were concerned that normal findings at 16 weeks
might still be consistent with a diagnosis of an affected infant
(Gollop and Eigier, 1987). In another affected case with no
family history of diastrophic dysplasia, ultrasound examina-
tion performed at 31 weeks revealed severe micromelia (all
long bones less than 2 SD below the mean for gestational
age), normal amniotic fluid, ulnar deviation of the hands,
abducted and proximally inserted thumbs and great toes, bi-
lateral clubfeet, apparent elbow and knee joint contractures,
cervical kyphosis (Figure 93-3), and micrognathia. The di-
agnosis of diastrophic dysplasia was confirmed postnatally
(Gembruch et al., 1988).

Other sonographic findings in diastrophic dysplasia in-
clude normal skull and vertebral body ossification and occa-
sional scoliosis. In a summary of 18 at-risk pregnancies in

Figure 93-3 Prenatal sonogram demonstrating kyphosis in a fe-
tus with diastrophic dysplasia.

Finland, prenatal sonography performed during the second
trimester was highly accurate in the diagnosis of this condi-
tion (Hästbacka et al., 1993). Of the 18 fetuses at risk, 5 were
predicted tobeaffectedand13werepredicted tobeunaffected
by long bone measurements. All diagnoses were confirmed
by postnatal or post-termination assessment.

More recently, three-dimensional ultrasound studies
were compared to two-dimensional studies in a case of
diastrophic dysplasia (Sepulveda et al., 2004). The three-
dimensional study provided clearer views of the limb anoma-
lies and the facial micrognathia.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis includes campomelic dysplasia, os-
teogenesis imperfecta, thanatophoric dysplasia, Kniest dys-
plasia, and chondrodysplasia punctata.

Other conditions to be considered within the dif-
ferential diagnosis include pseudodiastrophic dysplasia and
atelosteogenesis type II. In pseudodiastrophic dysplasia, pa-
tients exhibit a large cranium with midface hypoplasia, long
clavicles, short limbs, and platyspondyly (Eteson et al., 1986),
but the cauliflower ear characteristic of diastrophic dysplasia
does not occur in this condition. The distinguishing features
of pseudodiastrophic dysplasia include elbow and proximal
interphalangeal joint dislocation and progressive scoliosis in
infancy. Joint abnormalities seen in pseudodiastrophic dys-
plasia respond well to physical therapy. This is not true for
diastrophic dysplasia. Pathologically, the two conditions are
quitedifferent. Inpseudodiastrophicdysplasia the resting car-
tilage is normal, with no areas of fibrous degeneration in the
cartilage matrix of these patients.

In atelosteogenesis type II, patients exhibit marked
shortness of limbs with metaphyseal widening, a character-
istic bifid humerus, cervical scoliosis, and abnormalities of
the digits. Radiographs reveal more severe abnormalities of
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the tubular bones of the hands and feet as compared with
diastrophic dysplasia (Qureshi et al., 1995). On the other
hand, the histologic abnormalities of the resting cartilage in
atelosteogenesis type II are similar to those seen indiastrophic
dysplasia. This is not surprising, as atelosteogenesis type II is
caused bymutations in the same gene that causes diastrophic
dysplasia, DTDST (Hästbacka et al., 1996).

ANTENATAL NATURAL HISTORY

In one report, Qureshi et al. (1995) described characteris-
tic histopathologic abnormalities seen in three cases of di-
astrophic dysplasia diagnosed by prenatal sonography. In all
three cases there was a negative family history, and routine
second trimester sonography diagnosed a nonspecific skele-
tal dysplasia. All pregnancies were terminated electively and
extensively studied, postmortem. Postmortem radiographs
demonstrated moderately short long bones with a slight in-
ward bowing. Broad metaphyses were demonstrated, espe-
cially in the femurs; mineralization of the bones was normal,
and the vertebral bodies had normal widths. The ribs were
normal, and there was no scoliosis demonstrated prenatally.
On the postnatal radiographs, the characteristic hitch-hiker
thumb deformity was easily demonstrated.

Histopathologic studies demonstrated morphologic
abnormalities that were very similar to those reported in
postnatally diagnosed cases. The predominant changes were
demonstrated in the resting cartilage, where chondrocytes
were surrounded by a halo of dense-appearing cartilage ma-
trix. The chondrocytic nuclei were larger than normal and
some lacunae contained two or more nuclei. Degenerative
changes were also seen in the vertebral bodies and tracheal
cartilage.Cysticdegenerationwasdemonstrated in thepinnae
of the ears, the larynx, and the costal cartilages. These find-
ings clearly demonstrate that the morphologic consequences
of the abnormal sulfate transporter gene occur relatively early
in fetal life.

No evidence exists for increased in utero mortality due
to diastrophic dysplasia.

MANAGEMENT OF PREGNANCY

Pregnancy management will depend on whether there is a
family history of a pregnancy previously affected with dias-
trophic dysplasia. If there is, and if DNA was obtained from
thepreviously affected fetusor infant,DNAanalysis shouldbe
performed. If DNA is available from a previously affected in-
dividual, family studies shouldbeperformedprior toplanned
pregnancy to identify the specific mutation that occurs in the
family. A limited number of mutations are present in in-
dividuals of Finnish ancestry. For non-Finnish individuals,
however, mutations can occur in several places within the di-
astrophic dysplasia gene. Thus, it is important to identify the
mutation that occurs within a specific family. If the family

previously had an affected child and DNA was not obtained
from the affected individual, prenatal diagnosis can be reli-
ably performed by serial sonography, which is highly accurate
in the detection of affected fetuses (Hästbacka et al., 1993).

The more likely scenario is a fetus that has no known
family history of diastrophic dysplasia, but has a skeletal dys-
plasia demonstrated on a sonogram performed for uterine
size less than gestational date. If findings characteristic of
diastrophic dysplasia are demonstrated by sonography, the
potential diagnosis can be discussed with the family. Discus-
sion of the outcome in this condition should include the facts
that intelligence is normal and that wide variation in the phe-
notype of diastrophic dysplasia exists. Reported adult heights
include a range of 100 to 159 cm (3 feet 9 inches to 6 feet)
(Gembruch et al., 1988), although the mean height in a se-
ries of 72 American patients with diastrophic dysplasia was
118 cm (3 feet 11 inches) (Horton et al., 1982). Termination
of pregnancy can be offered if the diagnosis is made prior to
24 weeks of gestation. If the family elects pregnancy termi-
nation, a complete perinatal autopsy should be performed,
because thecartilage abnormalitiesdemonstratedby light and
electron microscopy are pathognomonic for this condition.
At termination of pregnancy, DNA should be obtained from
the fetus or placenta to store for future DNA analysis. There
is no indication for cesarean delivery other than for standard
obstetrical reasons. Consideration should be given, however,
to delivery at a tertiary care center for respiratory support
of the newborn. In one report, 12% of patients with dias-
trophic dysplasia had respiratory difficulties at birth caused
by glossoptosis (Rintala et al., 1986).

FETAL INTERVENTION

There are no fetal interventions for diastrophic dysplasia.

TREATMENT OF THE NEWBORN

The characteristic postnatal clinical findings seen in patients
with diastrophic dysplasia are summarized in Table 93-1 and
shown in Figures 93-4 and 93-5. Because of the high inci-
denceof cleft palate andmicrognathia, aneonatologist should
be present at the delivery tomanage the airway. The lungs are
normal and not hypoplastic. Postnatal radiographs can be
obtained to confirm the diagnosis (Figure 93-6). They may
demonstrate calcification of the pinnae, precocious calcifi-
cation of the larynx and costal cartilage, marked epiphyseal
irregularities, delayed secondary ossification centers, and ex-
treme shortening of the long bones (Diab et al., 1994). A
clinical geneticist should be consulted for confirmation of
the diagnosis and to provide genetic counseling for the fam-
ily. The incidence of neonatal mortality is increased because
of respiratory insufficiency related to tracheal cartilage weak-
ness (Gustavson et al., 1985). After the newborn period, the
lifespan is normal.
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Table 93-1

Clinical Findings in Diastrophic Dysplasia

Cleft palate

Cystic changes in pinnae (“cauliflower” ear)

Lordosis, scoliosis

Joint limitation

Rhizomelic and/or mesomelic shortening

Ulnar deviation of hand

Shortened ovoid first metacarpal (“Hitch-hiker” thumb)

Clubfoot deformity

Symphalangy

Modified from Lachman et al. 1981

LONG-TERM OUTCOME

Patients with diastrophic dysplasia exhibit normal intelli-
gence and development. Long-term medical problems in-
clude short stature, cleft palate, scoliosis (Remes et al., 2001),
difficulty walking, and the need for osteotomies for hip, knee,
and foot contractures (Shapiro, 1992). Specific growth curves
for height are available for patients with diastrophic dysplasia
(Horton et al., 1982).

In one report, 95 Finnish patients with diastrophic dys-
plasia were studied until 79 years of age. Of these, 41 (43%)
had an open cleft palate and surgery was required in 37 of

Figure 93-4 Postnatal photograph of the facial features seen in
a newborn with diastrophic dysplasia. (Photograph courtesy of
Dr. Jodi Hoffman.)

Figure 93-5 Postnatal photograph of the lower extremities of a
newborn with diastrophic dysplasia, showing clubfeet and dis-
placed great toe. (Photograph courtesy of Dr. Jodi Hoffman.)

these patients. An additional 30 (32%) had submucous cleft
palate or microforms of cleft palate. In these patients, no hy-
pernasality of speech was noted. Only 16 (17%) of patients
had anormal palate.Most patients hadmicrognathia (Rintala
et al., 1986).

In another study of a large cohort (101 patients) with
diastrophic dysplasia, one-third were noted to have cervical
kyphosis. Three of these cases resolved spontaneously before
5 years of age. Scoliosis was demonstrated in 49% of females
and only 22% of males with diastrophic dysplasia. Only two
of these patients required operation. In addition, spina bi-
fida occulta was demonstrated in 73% of females and 59%
of males (Poussa et al., 1991). Spinal involvement may be se-
vere in affected patients, resulting in odontoid hypoplasia and
C1–C2 subluxation. Atlanto-axial instability has also been
reported (Richards, 1991; Diab et al., 1994). Spinal stenosis
with cord compression can lead to neurologic complications
(Gembruch et al., 1988; Diab et al., 1994). Joint changes are
progressive in nature and painful osteoarthroses and joint
contractures can develop at an early age (Hästbacka et al.,
1994).

A wide spectrum of foot deformities exists in patients
with diastrophic dysplasia. In one study of 102 patients, 43%
were demonstrated to have a foot with a tarsal valgus defor-
mity andmetatarsus adductus. An additional 29%of patients
had equinovarus adductus and 8% had equinus deformity.
Sixty-three percent of feet studied were plantigrade (Ryöppy
et al., 1992). These authors noted that the abnormality of
cartilage in diastrophic dysplasia results in cartilage that is
softer than normal. Thus, the cartilaginous parts of the skele-
ton tend to become progressively deformedwithweight bear-
ing. This particularly involves the feet, hips, and knees of
affected patients. MRI studies have demonstrated degenera-
tive changes in the articular cartilage of the knees from6 years
of age (Peltonen et al., 2003). After growth has been com-
pleted, total knee replacement may result in significant func-
tional improvement. In a study of walking ability in adults
with diastrophic dysplasia, 82% of affected individuals drove
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Figure 93-6 Postmortem radiograph of the fetus shown in
Figure 93-1.

their own (adapted) car as their primary method of trans-
portation (Remes et al., 2004)

Sexual development is normal in patients with dias-
trophic dysplasia and there is no indication that fertility is
reduced.

GENETICS AND RECURRENCE RISK

Diastrophic dysplasia is inherited as an autosomal recessive
trait with a wide variability of expression, even among sib-
lings. The causative gene in diastrophic dysplasia, SLC26A2
maps to chromosome5q32-33. (Hästbacka et al., 1990, 1991).
More than 30 different disease-associated mutations have
been identified in theSLC26A2 gene(DawsonandMarkovich,
2005). Mutations in SLC26A2, also known as the diastrophic
dysplasia sulfate-transporter gene (DTDST), lead to four
different chondrodysplasias. Impaired function of this gene

product leads to undersulfation of proteoglycans in the car-
tilage matrix. It has been demonstrated that the mRNA for
this gene isminimally present in Finnish patients. Evidence of
deficient sulfate transport has been shown in skin fibroblasts
from an affected patient (Hästbacka et al., 1994). Population-
based screening is possible in Finland because of the high
carrier frequencies due to a founder effect.

Thedisorders atelosteogenesis type II, achondrogenesis
type IB (see Chapter 97), and multiple epiphyseal dysplasia
are also caused by mutations in the DTDST gene (Hästbacka
et al., 1993; Superti-Furga, 1994; Superti-Furga et al., 1996).
All four chondrodysplasias appear to demonstrate a corre-
lation between genotype and phenotype. The most severe
disorder, achondrogenesis type IB, always shows homozy-
gosity for null mutations in the coding regions of both alleles
(Karniski, 2001). Patients with atelosteogenesis type II have
a null mutation on one allele and an intermediate or near-
normalmutationontheopposite allele.Most individualswith
diastrophic dysplasia or multiple epiphyseal dysplasia have 2
mutations with intermediate or near-normal sulfate trans-
port activity (Karniski, 2001). This is presumably the reason
that the phenotypes associatedwith diastrophic dysplasia and
multiple epiphyseal dysplasia are milder.

First trimester prenatal diagnosis has been performed
successfully by DNA-based diagnosis for five fetuses at risk
because of a positive family history. In fetal DNA obtained by
chorionic villus sampling at 10 weeks, three fetuses were pre-
dicted to be unaffected and two were predicted to be affected
with >95% probability. These diagnoses were considered to
be concordant with the sonographic findings and were ulti-
mately confirmedby analysis ofDNAobtained at termination
or after the birth of the infant (Hästbacka et al., 1993).
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94
CHAPTER

Ellis–van Creveld
Syndrome

Key Points

■ Autosomal recessive condition that results in
short-limbed dwarfism, polydactyly, congenital
heart disease, oral frenulae, defective teeth, and
generally normal intelligence.

■ Thirty percent of cases occur in consanguineous
families.

■ Differential diagnosis includes Jeune syndrome
(asphyxiating thoracic dystrophy), short-rib

polydactyly syndrome, achondroplasia, and
Weyers acrodental dysostosis.

■ Karyotype of affected individuals is usually normal.

■ Caused by genetically heterogenous mutations in
two genes, EVC and EVC2, that are next to each
other on chromosome 4p16.

■ Compatible with long-term survival.
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CONDITION

Ellis–van Creveld syndrome is a recessively inherited single-
gene disorder that results in short-limbed dwarfism, poly-
dactyly, cardiac abnormalities in 50% to 60% of cases, fin-
gernail dystrophy, oral frenulae, and defective teeth. It was
first described in 1940 (Ellis and van Creveld, 1940). The
other name for the condition, chondroectodermal dysplasia,
does not adequately describe the extent of tissue involvement.
Ellis–van Creveld syndrome is characterized by multisystem
abnormalities, encompassing: (1) ectodermal dysplasia, af-
fecting the teeth, nail, hair, gums, and lips but not the skin
or sweat glands; (2) mesodermal involvement, affecting bone
growth and shape, formation of the heart, and occasionally,
the kidneys; and (3) endodermal involvement, affecting for-
mationof the lungs and liver (BlackburnandBelliveau, 1971).
At least three of the four following criteria are required for di-
agnosis: ectodermaldysplasia, chondrodysplasia,polydactyly,
or the presence of congenital heart disease (Hill, 1977).

The chondrodystrophy in this condition is manifested
by shortening of the extremities, with the distal segments
more markedly affected than the proximal segments. In ad-
dition, there ismetaphyseal thickening of the long bones, and
curvature of the weight-bearing bones (Lynch et al., 1968).
In Ellis–van Creveld syndrome, the fibula is usually 50% of
its normal length (Feingold, 1966). Pathologic studies per-
formed on long bones in affected patients reveal a decreased
number of cartilage cells in the cartilage plate and a disorga-
nized columnar arrangement of the chondrocytes (Blackburn
and Belliveau, 1971).

Distinctive cardiac abnormalities are found in this
syndrome, such as single atrium or large atrioseptal defect
(Blackburn and Belliveau, 1971). Other cardiac abnormal-
ities associated with this condition include aortic atresia,
hypoplastic ascending aorta, and hypoplastic left ventricle
(Blackburn and Belliveau, 1971).

Speculation exists as to whether King Richard III of
England (1452–1485) had Ellis–van Creveld syndrome. He
was the product of a consanguineous union, which makes
an autosomal recessive condition more likely. In their writ-
ings, both Shakespeare and Sir ThomasMoore alluded to the
presence of neonatal teeth, short stature, a skeletal dysplasia,
and a crooked back when describing Richard III (Aird and
McIntosh, 1978).

INCIDENCE

Ellis–van Creveld syndrome has been described in both
sexes and all ethnic groups. The incidence of the syn-
drome is approximately 1 in 60,000 livebirths (Zangwill
et al., 1988). It is notable that the syndrome is much more
common in highly inbred genetic isolates. The birth fre-
quency of Ellis–van Creveld syndrome is 5 in 1000 live-
births in the old-order Amish population of Pennsylvania
(McKusick et al., 1964; Goldblatt et al., 1992). McKusick

et al. described 52 cases of Ellis–van Creveld syndrome in 30
sibships in Lancaster County, Pennsylvania. They estimated
that 13% of the Amish population was heterozygous for the
gene mutation that resulted in Ellis–van Creveld syndrome
(McKusick et al., 1964). All affected members can trace their
lineage to one founding couple who emigrated to the United
States during the 18th century from Southwestern Germany
(McKusick, 2000). Other relatively isolated populations have
also described an increased incidence of Ellis–van Creveld
syndrome. For example, the incidence of Ellis–van Creveld
syndrome in Western Australian aborigines is 1 in 6123 live-
births. This population has a calculated carrier frequency
of the gene mutation of 1 in 39 individuals, making the
Western Australian aborigines the second most common
group worldwide to carry the mutation (Goldblatt et al.,
1992).Also, a relativelyhigh incidenceof thedisorderhasbeen
reported in an inbred rural Brazilian community (Oliveira da
Silva et al., 1980).

SONOGRAPHIC FINDINGS

Sonographic findings that have been described in fetuses
with Ellis–van Creveld syndrome include short long bones
with normal density, a narrow thorax, appropriate weight for
gestational age, and the presence of hand polydactyly, with
the malformed finger usually occurring on the ulnar side
(Guschmann et al., 1999; Tongsong and Chanprapaph, 2000)
(Figure 94-1). Polydactyly of the feet only occurs in 10% of
cases (Bui et al., 1984; Qureshi et al., 1993). Congenital heart
disease, manifesting as an atrioseptal defect, ventriculosep-
tal defect, or a single atrium occurs in 50% to 60% of cases
(Oliveira da Silva et al., 1980; Zangwill et al., 1988). Two

Figure 94-1 Prenatal sonographic image of a hand with poly-
dactyly. The extra digit on the ulnar side is a characteristic finding
in patients with Ellis–van Creveld syndrome.
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patients have been described with Ellis–van Creveld syn-
drome and Dandy–Walker malformation (Zangwill et al.,
1988), but, in general, central nervous system defects are not
associated with the condition.

The earliest prenatal diagnosis of Ellis–vanCreveld syn-
drome was made at 12 weeks in a family at risk for the con-
dition (Dugoff et al., 2001). Both hands were noted to have
polydactyly and there were no normal septal structures in
the fetal heart. Increased nuchal translucency (NT)measure-
ment has been reported in association with Ellis–van Creveld
syndrome (Venkat-Raman et al., 2005).

The combined use of fetoscopy and ultrasound exami-
nation for prenatal diagnosis of Ellis–van Creveld syndrome
was described in two families at risk for the condition due
to previously affected offspring. In one case, sonography
demonstrated a shortened femur and humerus. Fetoscopy
permitted the visualization of the left hand, which had a well-
formed sixth digit. On the basis of these findings, a presumed
diagnosis of Ellis–van Creveld syndrome was made, and
the condition was verified after termination (Mahoney and
Hobbins, 1977).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis includes Jeune syndrome (asphyxi-
ating thoracic dystrophy and short-rib polydactyly syndrome
(see Chapter 95). Patients with Jeune syndrome may have
similar radiologic and sonographic features, but do not have
polydactyly, nail dystrophy, or the oral findings that are con-
sidered pathognomonic of Ellis–vanCreveld syndrome. Also,
the narrow chest seen in Jeune syndrome is less severe in
Ellis–van Creveld syndrome. Jeune syndrome is also associ-
ated with cystic renal dysplasia. Another consideration in the
prenatal diagnosis of Ellis–van Creveld syndrome is achon-
droplasia (see Chapter 89) but, in achondroplasia, there is
more striking proximal shortening of the limbs. Ellis–van
Creveld syndrome is characterized by mild micromelia and
distal shortening of the limbs. In the postnatal differential
diagnosis, ectodermal dysplasia might be considered for a
patient with mild features of Ellis–van Creveld syndrome.
However, patients affected with ectodermal dysplasia have
completely normal bone growth and morphology and their
defects are limited to the hair, teeth, nails, and sweat glands.
Characteristically, patients with ectodermal dysplasia do not
have polydactyly. Finally,Weyers acrodental dyostosis is in the
differential diagnosis. It presentswith polydactyly and similar
heart defects to Ellis–van Creveld but is not associated with
short stature.

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history of Ellis–
van Creveld syndrome. The histopathology of affected fetal
cartliage shows disorganization of chondrocytes in the phy-
seal growth plate (Qureshi et al., 1993).

MANAGEMENT OF PREGNANCY

For fetuses inwhich Ellis–vanCreveld syndrome is suspected,
a complete anatomic scan is indicated at a center capable of
performing a detailed anatomic survey of the fetus. The chro-
mosomes are normal in Ellis–van Creveld syndrome, so there
is no indication to perform fetal karyotyping. Cesarean sec-
tion shouldbeperformedonly for the standardobstetric indi-
cations. This condition is compatible with postnatal survival
outside the womb. Because of the narrowing of the chest seen
in this condition, there is significant potential for respira-
tory distress in the newborn. Therefore, we recommend that
the infant be delivered in a tertiary care center to permit re-
suscitation by a skilled neonatologist and evaluation for heart
defects. An individual capable ofmechanically ventilating the
newborn should be present at the delivery.

FETAL INTERVENTION

There are no fetal interventions for Ellis–van Creveld syn-
drome.

TREATMENT OF THE NEWBORN

A newborn affected with Ellis–van Creveld syndrome can
present in severe respiratory distress, so as stated above, a
person trained innewborn resuscitation and endotracheal in-
tubation shouldattend thedelivery (SimonandYoung, 1986).

A complete physical examination is indicated at birth.
Typically, patients with Ellis–van Creveld syndrome have a
normal birth weight, but a length that is less than the third
percentile for gestational age (Reddy andMadenlioglu, 1967).
Physical findings that may be present in the newborn include
sparsehair, the suggestionof a cleft lipwithanarrowupper lip,
and characteristic oral findings. These include an abnormally
short upper lip bound down bymultiple frenulae, or “lip tie.”
The superior gingivolabial sulcus may be entirely missing or
maybeobliterated (Feingold, 1966).Thisfinding isdiagnostic
for Ellis–van Creveld syndrome in an infant with a skeletal
dysplasia. Other oral findings include a serrated or notched
alveolar process and the presence of neonatal teeth (Mintz
et al., 2005). Affected patients may have deep-set hypoplastic
nails, cryptorchidism, epispadias, hypospadias, and clubfoot.
Occasional patients have coloboma of the iris or strabismus.

Patients in whom Ellis–van Creveld syndrome is sus-
pected should have a skeletal survey, which may demonstrate
the presence of squat pelvic bones. The base of the iliac bones
has a trident configuration in the acetabular region, similar
to that seen in Jeune syndrome (Cremin and Beighton, 1974).
The thoracic cage is less narrowed than in Jeune syndrome.
In addition, patients have micromelia, and the metaphyses
have a dumbbell appearance due to flaring of the lower ends.
In the hand films, there is polymetacarpalia and polydactyly
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(Cremin and Beighton, 1974; Taylor et al., 1984). The skull
and spine are usually within normal limits.

Patients in whom Ellis–van Creveld syndrome is sus-
pected shouldalsohaveanechocardiogramandacardiac con-
sultation because of the high incidence of associated congeni-
tal heart disease. Ventriculoseptal defect is themost common
abnormality, followed by atrioseptal defect, which may be
large enough to effectively create a single atrium. Additional
abnormalities seen in this condition include cleft mitral and
tricuspid valves, an atrioventricular communis defect, and to-
tal anomalous pulmonary venous return (Lynch et al., 1968).

SURGICAL TREATMENT

Patients affected with Ellis–van Creveld syndrome may re-
quire hand surgery to remove the extra digits. These digits
are usually associated with additional metacarpals, and the
surgery may be complex (Feingold, 1966). Because of the
high incidence of dental abnormalities, dental surgery may
be required, and missing teeth may need to be replaced with
dental prostheses. Patients who are affected with congenital
heart disease may require cardiac surgery.

LONG-TERM OUTCOME

The overall prognosis for patients affected with Ellis–van
Creveld syndrome is related to the presence or absence of car-
diac abnormalities. Patients who do not have cardiac disease
have a much better long-term prognosis. Pulmonary deaths
associatedwith this conditionareunusual, although theyhave
been attributed to underlying abnormalities in the tracheo-
bronchial tree (Lynch et al., 1968). Survivors are generally
healthy except for limb bowing and joint pain (Simon and
Young, 1986). Adults with this condition have moderately
disproportionate short stature and achieve an adult height of
between 107.5 and 150 cm (Simon and Young, 1986). Mul-
tiple case reports exist in the literature of functional adults
with this condition.Mental retardation is the exception rather
than the rule.Most adults described in the literature with this
condition have average intelligence (Goor et al., 1965; Hill,
1977).

The long-term issues for affected patients include or-
thopedic problems, such as genu valgum (knock knees) and
wrist problems. Affected adults are unable tomake a tight fist
due to the relatively long metacarpals (Reddy and Maden-
lioglu, 1967). In addition, an extracarpal bone is present in
the wrists of all patients older than 5 years of age (Taylor
et al., 1984). The carpal bones are deformed in this condi-
tion. Fusions occur between the capitate and hamate bones
of the wrist. A medial supernumerary bone is present in
the distal row of carpal bones. The fusions that occur be-
tween the supernumerary bones and the hamate and capitate
bonesmay be a unique finding in Ellis–vanCreveld syndrome
(Taylor et al., 1984).

GENETICS AND RECURRENCE RISK

Ellis–van Creveld syndrome is caused by a single-gene muta-
tion and is inherited in an autosomal recessive pattern. Thirty
percent of cases occur in consanguineous families (Feingold,
1966). Results of chromosome analysis have been normal in
patients affected with this condition (Goor et al., 1965). One
case has been reported resulting from segmental uniparental
disomy of chromosome 4 (Tompson et al., 2001).

Mutations in two genes have been identified in Ellis–
van Creveld syndrome: EVC and EVC2 (Ruiz-Perez et al.,
2000, 2003). EVC and EVC2 map to chromosome 4 band p16
(McKusick et al., 1996; Polymeropoulos et al., 1996). These
two genes lie in a head-to-head configuration that is con-
served in species from fish to humans. This gene is expressed
in vertebrae and limb bones, but also in embryonic kidney.
Affected individuals with mutations in EVC and EVC2 are
phenotypically indistinguishable from each other. There have
been several case reports of unilateral postaxial polydactyly
in parents and unaffected siblings of family members who
have Ellis–van Creveld syndrome. It has been postulated that
polydactyly may be a manifestation of the heterozygote in
this condition (Fryns, 1991). Interestingly, another disorder,
Weyers acrodental dysostosis, is also caused by mutations in
EVC. Weyers acrodental dysostosis is milder than Ellis–van
Creveld syndrome and is not associated with short stature. It
is inherited as an autosomal dominant condition. Symptoms
includeheartdefects andpolydactyly (Ruiz-Perez et al., 2000).

For the family who has had a previously affected child
with Ellis–van Creveld syndrome, the recurrence risk is 25%.
At present, prenatal diagnosis in families at risk is most com-
monly performed by prenatal sonography, although the diag-
nosis has beenmade by embryoscopy or fetoscopy (Bui et al.,
1984). Prior to the identification of the disease gene, linkage
markers were used to diagnose a heterozygous (clinically un-
affected) fetus with a 96% chance of accuracy (Torrente et al.,
1998). Now that the disease genes are known, every attempt
should be made to perform DNA testing to identify the spe-
cific familialmutation.Once thathasbeen identified, prenatal
DNA diagnosis can be performed in subsequent pregnancies
by chorionic villus sampling or amniocentesis.
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CHAPTER

Short-Rib Polydactyly
Syndrome

Key Points

■ Refers to a group of rare, generally lethal skeletal
dysplasias that have short limbs, short ribs, and
polydactyly. Clinical overlap exists between the
four subtypes.

■ Extremely rare in the general population.

■ Differential diagnosis includes Ellis–van Creveld
syndrome, asphyxiating thoracic dystrophy (Jeune

syndrome), Meckel–Gruber syndrome, and
trisomy 13.

■ All affected infants with short-rib polydactyly
syndrome have severe pulmonary hypoplasia that
prevents extrauterine survival.

■ Chromosomes are usually normal. Genes
responsible for these conditions have not yet been
identified.
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CONDITION

The short-rib polydactyly syndromes comprise a group of
rare, generally lethal skeletal dysplasias. Much debate exists
within the clinical genetics community as to the appropriate
subclassifications, if any, for these conditions. Sonographic
characteristics common to all the subtypes of the short-rib
polydactyly syndromes include short horizontal ribs and long
tubular bone changes that result in severe micromelia. Most
of the conditions have associated polydactyly of the feet and
hands. A variety of organ anomalies can also accompany this
condition (de Sierra et al., 1992).

The short-rib polydactyly syndromes (SRPS) have been
divided into four types. Type I SRPS (Saldino–Noonan syn-
drome) was first described in 1972 (Saldino and Noonan,
1972). It is characterized by extremely short bones with
pointed and narrowed metaphyses. The ribs are also ex-
tremely short, causing compression of the developing lungs.
This eventually results in severe pulmonary hypoplasia.
Saldino–Noonan syndrome is also associated with more se-
vere systemic abnormalities than exist in some of the other
subtypes. These abnormalities include congenital heart dis-
ease, anorectal anomalies, and cysts in the kidneys. Poly-
dactyly is present in more than 95% of cases of type I SRPS
(Keating et al., 1989).

Type II SRPS (Majewski syndrome) was first described
in 1971 (Majewski et al., 1971). These patients have very
short ribs, severe pulmonary hypoplasia, micromelia, and
polydactyly. A distinguishing feature of the syndrome is the
presence of a median or midline cleft lip with or without
cleft palate. These patients also have a very high frequency
of central nervous system abnormalities (Lurie, 1994). The
most common central nervous system abnormalities seen in
Majewski syndrome include pachygyria, small cerebellar ver-

Figure 95-1 (Left) Prenatal sonographic image of a fetus at 20 weeks of gestation with SRPS type III, demonstrat-
ing widened metaphyses and marginal spurs. (Right) Prenatal sonographic image of a fetus at 20 weeks of gesta-
tion with SRPS type III, demonstrating postaxial polydactyly of the hand. (Reprinted, with permission, from Meizner
I, Barnhard Y. Short-rib polydactyly syndrome (SRPS) type III diagnosed during routine prenatal ultrasonographic screen-
ing: a case report. Prenat Diagn. 1995;15:665-668. Copyright 1995 John Wiley & Sons. Reprinted, by permission, of John
Wiley & Sons, Inc.)

mis, and absent olfactory bulbs (Martı́nez-Frı́as et al., 1993).
Other central nervous system changes that have been demon-
strated in type II SRPS include arachnoid cysts, agenesis of the
corpus callosum, and arrhinencephaly (Prudlo et al., 1993).
In addition to the midline cleft lip and cleft palate, patients
with Majewski syndrome can have a cleft tongue, oral frenu-
lae, natal teeth, and abnormalities of the epiglottis (Knapp
et al., 1990).

Type III SRPS (Verma–Naumoff syndrome) was first
described in 1977 (Verma et al., 1975; Naumoff et al., 1977).
Patients with this subtype clinically resemble patients with
type I because of the absence of cleft lip. These patients have
the typical long narrow thorax with pronounced rib shorten-
ing, shortened long bones, and polydactyly. Their long bones
can be distinguished from those in type I by the presence of
the metaphyseal spurs (Figures 95-1 and 95-2). In addition
to the presence of the spurs, there is a diagnostic shorten-
ing of the base of the skull. Patients with type III SRPS have
small and poorly ossified vertebral bodies (Naumoff et al.,
1977). The chondro-osseous histopathology is qualitatively
similar in SRPS types I and III. The essential abnormality
is a shortened or absent zone of proliferative chondrocytes
with a loss of columnization (Sillence et al., 1987). In SRPS
type II, shortening of the proliferative columns and irregu-
larity in the columnization is not as marked as it is in types I
and III.

Type IV SRPS (Beemer–Langer syndrome) was de-
scribed in 1983 (Beemer et al., 1983). It clinically resembles
type II SRPS, but the distinguishing feature is the general
lack of polydactyly (Chen et al., 1994). Patients with type IV
SRPS have the midline cleft lip, but the shape of the tibia dif-
fers significantly from that seen in the Majewski syndrome.
Pathologic studies from patients with type IV SRPS reveal
a disorganized physeal growth zone with a prominent zone
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Figure 95-2 Postmortem radiograph of an affected fetus at 20
weeks of gestation demonstrating the marginal spurs on the fe-
mur characteristic of SRPS type III. The narrow ribs are especially
well visualized. (Reprinted, with permission, from Wu M-H, Kuo P-L,
Lin S-J. Prenatal diagnosis of recurrence of short rib polydactyly syn-
drome. Am J Med Genet. 1995;55:279-284. Copyright 1995 John
Wiley & Sons. Reprinted, by permission, of John Wiley & Sons, Inc.)
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Figure 95-3 Approach to the sonographic
diagnosis of the different short-rib poly-
dactyly syndromes.

of hypertrophy that is composed of closely arranged large
chrondrocytic lacunae (Chen et al., 1994).

Although each has distinguishing clinical symptoms,
much overlap exists between the subtypes of SRPS (Figure
95-3) (Sarafoglou et al., 1999). There aremultiple case reports
in the literature describing patients with features of each sub-
type that defy definitive classification (Bernstein et al., 1985;
Yang et al., 1991; Tsai et al., 1992; Wu et al., 1995). Debate in
the literature persists as to whether or not this group of dis-
orders represents one entity with a continuous spectrum of
clinical manifestations (Sarafoglou et al., 1999). Controversy
also exists about whether the different subtypes of SRPS are
the result of point mutations occurring at different loci, dif-
ferent alleles at a single locus, or variability in the expression
of the samemutant gene (Martı́nez-Frı́as et al., 1993). In one
paper, Bernstein et al. (1985) argued that the SRPS subtypes
represent a single entity with varying expressivity. It is hoped
that when the mutant gene or genes responsible for this con-
dition are identified, the controversy regarding classification
will be settled by molecular analysis.

INCIDENCE

The SRPSs are extremely rare skeletal dysplasias. In the
database of the Latin-American collaborative study of con-
genital malformations, representing 349,470 livebirths and
stillbirths, no cases of short rib polydactyly were described
(Orioli et al., 1986). In another report, evaluating the accu-
racy of prenatal diagnosis of skeletal dysplasias, there were
eight cases of SRPS described in a study population of 226
stillbirths or fetuses with a prenatal diagnosis of skeletal dys-
plasia (Sharony et al., 1993). SRPS, therefore, is extremely
rare in the general population but may represent 4% of fe-
tuses evaluated in a perinatal center for a presumed skeletal
dysplasia.
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SONOGRAPHIC FINDINGS

Prenatal diagnosis by two-dimensional sonography has been
reported for all of the subtypes of SRPS. Three-dimensional
sonographic studies have been described in types II and III
(Viora et al., 2002; Chen et al., 2005). Prenatal sonographic
studies appear to be highly accurate in the setting of a fam-
ily history that is positive because of a previously affected
child. Prenatal diagnosis has also successfully beenperformed
even in the setting of a negative family history (Meizner and
Bar-Ziv, 1985; Benacerraf, 1993).

Prenatal diagnosis of type I SRPS has been described
both in the first and early third trimesters (Hill and Leary,
1998;Meizner andBar-Ziv, 1989). In the case ascertainedat 13
weeks, a narrow chest, micromelia, polydactyly, and anasarca
were seen on transvaginal sonography (Hill and Leary, 1998).
In the case ascertained in the third trimester, a singleton fe-
tus was reported with a markedly narrow thorax, severely
shortened long bones with pointed metaphyses, polydactyly
on both hands, a markedly bulging forehead, a large ven-
tricular septal defect, a small penis, severe polyhydramnios,
mild hydrops, and hypoplastic vertebral bodies (Meizner and
Bar-Ziv, 1989). The prenatal diagnosis of type II SRPS is char-
acterized by polyhydramnios, shortened long bones, and very
short ribs extending less than halfway around the fetal thorax
(Thomson et al., 1982; Gembruch et al., 1985; Benacerraf,
1993). This may give the heart a disproportionately large ap-
pearance within the thorax. In one report, the median cleft
lip was visualized antenatally. In type II SRPS, the tibias have
a diagnostic ovoid shape.

Prenatal diagnosis of type III SRPS consists of the typ-
ical findings of severe micromelia, narrowed thorax, short
ribs, postaxial polydactyly, and severe polyhydramnios with
mild edema (see Figure 95-1). The most useful diagnostic
feature for discriminating type III from type I is that the
ends of the long bones appear widened, with the presence
of marginal spurs (see Figures 95-1 and 95-2). In addition,
cases of type III SRPSdemonstrate hypoplastic vertebral bod-
ieswith increased intervertebral spaces (Meizner andBar-Ziv,
1985;MeiznerandBarnhard,1995).A fetuswith type IIISRPS
has also been described with complete situs inversus and hy-
pospadias (de Sierra et al., 1992). High airway obstruction
due to epiglottal hypoplasia has been reported in type III
SRPS (Golombeck et al., 2001; Chen et al., 2005).

Distinguishing type IV from type II SRPS is extremely
difficult antenatally. In one case report, a fetus at 23.5 weeks
of gestation was visualized with ascites, an extremely nar-
row thorax, short limbs, a flat midface with a median cleft
lip, but no polydactyly. This patient was demonstrated on
postmortem examination to have short intestines and pyloric
stenosis (Balci et al., 1991). The differentiation between type
II and type IV SRPS became evenmore confused with the re-
port of Yang et al. (1991), who described a 30-week-old fetus
with an antenatal diagnosis of SRPS but a postmortem diag-
nosis of Beemer–Langer syndrome with polydactyly. This fe-
tus also had cerebral anomalies, a small heart, and ambiguous
genitalia. Recently, transvaginal sonography has been used to

diagnose two fetuses with type IV SRPS in the early second
trimester (den Hollander et al., 1998).

Figure 95-3 illustrates a sonographic approach to the
identification of the different SRPSs. Once the severe mi-
cromelia and short ribs have been demonstrated, the fetal
hands and feet should be evaluated for the presence of poly-
dactyly (Meizner and Barnhard, 1995). If polydactyly is ab-
sent, this could represent a different skeletal dysplasia, al-
though type IV SRPS (Beemer–Langer syndrome) does not
typically include polydactyly. A specific attempt should be
made to examine the fetal face, because the presence or ab-
sence of a median cleft lip will help to separate types II and
IV from types I and III SRPS. If a median cleft lip is present,
then the diagnosis is either type II or IV SRPS. If the fetal
face is completely normal, then the diagnosis is either type
I or III. Examination of the long bones can help to further
discriminate type II from type IV and type I from type III,
because each of these subtypes has a characteristic long bone
appearance on sonography (Cooper and Hall, 1982; Sillence
et al., 1987; Yang et al., 1991; Meizner and Barnhard, 1995).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for a fetus with severe micromelia
and short ribs with evidence of polydactyly includes chon-
droectodermal dysplasia (Ellis–van Creveld syndrome) (see
Chapter 94), asphyxiating thoracic dystrophy (Jeune syn-
drome),Meckel–Gruber syndrome, and trisomy 13 (Meizner
and Bar-Ziv, 1985) (see Chapter 129). Trisomy 13 can easily
be differentiated from the other syndromes by chromosomal
analysis. Fetuses with trisomy 13 generally do not manifest
severe skeletal dysplasia. Polydactyly may be present, but the
long bones are generally within the normal range or mini-
mally shortened as compared with fetuses at the same gesta-
tional age. In Meckel–Gruber syndrome, the presence of the
large polycystic kidneys and occipital encephalocelemay help
to distinguish this condition from the SRPSs.

It is important to demarcate the SRPSs from chon-
droectodermal dysplasia and asphyxiating thoracic dystro-
phy, because these latter two conditions are sometimes com-
patible with survival outside the womb. Chondroectodermal
dysplasia is characterizedbydisproportionately short extrem-
ities, a small thorax, an atrial septal defect, cryptorchidism,
clubfeet, unilateral renal agenesis, and variable pulmonary
hypoplasia. In chondroectodermal dysplasia, polydactyly is
always present in the hands, but the feet are affected only
10% of the time (Thomson et al., 1982). Asphyxiating tho-
racic dystrophy is characterized by a milder micromelia, less-
shortened horizontal ribs, and the less frequent occurrence
of polydactyly (Thomson et al., 1982). (See Table 95-1.)

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history for these
conditions, although there is an increased incidence of still-
birth, polyhydramnios, and hydrops fetalis in SRPS.
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Table 95-1

Differential Diagnosis of Short-Rib Polydactyly Syndromes (SRPS)

Type I Type II Type III Type IV
(Saldino–Noonan) (Majewski) (Verma–Naumoff) (Beemer–Langer)

Short ribs + + + +

Short long bones + + + (Spurs present) +

Pulmonary hypoplasia + + + +

Polydactyly + + + −

Cleft lip/palate − + − +

CNS abnormalities − + − −

Congenital heart disease + − − −

Kidney cysts + − − −

Short skull base − − + −

MANAGEMENT OF PREGNANCY

Fetuses in which a skeletal dysplasia is suspected should have
a targeted anatomic scan in a center with expertise in the
diagnosis of fetal anomalies. The sonographic study should
include a specific and detailed assessment of the bones (see
Figure 95-3). In addition, attention should be paid to the
documentation of associated anomalies that frequently oc-
cur in SRPS (see Table 95-1). Although the overwhelming
majority of cases reported have had normal chromosomes,
we recommend that an amniocentesis be performed to rule
out trisomy 13 or to diagnose a chromosomal abnormality
as the basis for the dysplasia. Many cases of SRPS in male
fetuses are associated with absence of the penis or ambiguous
genitalia. Therefore, obtaining a karyotype will help to diag-
nose the true fetal gender. Two case reports have documented
chromosomal abnormalities in cases of SRPS. In one, a peri-
centric inversion of chromosome 4 was identified (Urioste
et al., 1994). However, this abnormality was also present in
the infant’s clinically normal mother. In another case, a de
novo pericentric inversion of the long arm of chromosome
17 was demonstrated in a case of Beemer–Langer syndrome.
Theabnormalkaryotype [46,XY/46,XY, inv(17q21;q23)]was
present in 8 of 60 cells (13%). This report raised the question
of linkage of genes responsible for skeletal development to the
long arm of chromosome 17 (Chen et al., 1994). In the past,
fetoscopy was used to document the presence of the median
cleft lip and polydactyly in families at risk for type II SRPS,
Majewski syndrome (Toftager-Larsen and Benzie, 1984). At
present, however, targeted sonography is considered to be the

gold standard for prenatal diagnosis, but diagnostic fetoscopy
may be contemplatedwhen sonographic findings are unclear,
and diagnosis will influence further management.

If the fetus is diagnosed as having one of the SRPS con-
ditions, elective termination can be offered to the parents
if the diagnosis is made at less than 24 weeks of gestation.
The condition is uniformly lethal. To allow a definitive di-
agnosis, especially of the specific subtype of SRPS, we rec-
ommend delivery of an intact fetus to permit a full perinatal
autopsy, radiographic studies, and collagen andDNAanalysis
(Figure 95-4).

FETAL INTERVENTION

There are no fetal interventions for SRPS.

TREATMENT OF THE NEWBORN

If a definitive diagnosis of SRPS has been made antenatally,
newborn resuscitation is not indicated because these infants
all have severe pulmonary hypoplasia that prevents survival
outside the womb. The difficulty is that if the symptoms are
due to asphyxiating thoracic dystrophy or chondroectoder-
mal dysplasia, these latter conditions are compatible with
survival. Therefore, a neonatologist should be present at the
delivery to confirm the presumptive prenatal diagnosis. If
the chest circumference is so narrow that severe pulmonary
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Figure 95-4 Postmortem appearance of monozygotic twins with SRPS delivered at 29 weeks of gestation each
demonstrating polydactyly, short extremities, and an extremely narrow thorax. (Reprinted, with permission, from Wu
M-H, Kuo P-L, Lin S-J. Prenatal diagnosis of recurrence of short rib polydactyly syndrome. Am J Med Genet. 1995;55:279-284.
Copyright 1995 John Wiley & Sons. Reprinted, by permission, of John Wiley & Sons, Inc.)

hypoplasia is present, the infant will not survive regardless of
the underlying diagnosis. The cause of death in this condition
is always respiratory insufficiency (Figure 95-5) (Prudlo et al.,
1993).

Figure 95-5 Postnatal appearance of an in-
fant affected with SRPS of undetermined
type, demonstrating shortened extremities,
protuberant abdomen, and absent penis.
(Reprinted, with permission, from Wu M-H, Kuo
P-L, Lin S-J. Prenatal diagnosis of recurrence
of short rib polydactyly syndrome. Am J Med
Genet. 1995;55:279-284. Copyright 1995 John
Wiley & Sons. Reprinted, by permission, of John
Wiley & Sons, Inc.)

As in the prenatal setting, we recommend that a com-
plete autopsy be performed to permit definitive diagnosis. If
the parents refuse an autopsy, postnatal radiographs should
always be obtained. A complete radiologic assessment of the
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fetus or infant should include anteroposterior and lateral
views of the skull, spine, and chest; lateral view of one an-
kle; and anteroposterior views of the upper limb, lower limb,
and pelvis. While radiographs may be helpful, there is no
guarantee that they will contribute to a definitive diagnosis.
In addition, a small sample of cartilage should be put into
gluteraldehyde for subsequent electron microscopy. A gen-
erous amount of cartilage (from one complete long bone)
should be frozen at −70◦C for collagen and proteoglycan
analysis. In addition, 1 cm3 of tissue from the liver or spleen
should be frozen and stored at −70◦C for subsequent DNA
analysis (Keating et al., 1989). This is important because the
molecular bases for many of the skeletal dysplasias are cur-
rently being elucidated. Having tissue stored from the af-
fected fetus or infant will permit eventual DNA analysis and
definitive diagnosis. Once a DNAmutation is identified, pre-
natal diagnosis in a subsequent pregnancy is theoretically
possible as early as 10 weeks of gestation by chorionic villus
sampling.

Before the parents leave the hospital, an appointment
should be made for approximately 6 weeks after delivery,
when the results of these studies can be discussed.

SURGICAL TREATMENT

There are no surgical treatments for SRPS.

LONG-TERM OUTCOME

There is no long-term outcome for this condition, as it is
invariably fatal during the neonatal period.

GENETICS AND RECURRENCE RISK

To date, all types of SRPS have been inherited as autoso-
mal recessive disorders. In the majority of cases described,
the chromosomes have been normal. The only two cases of
chromosomal abnormalities found in cases of SRPS include a
pericentric inversion of chromosome 4 (Urioste et al., 1994),
and a de novo 17q pericentric inversion mosaicism (Chen
et al., 1994). Thus far, the gene or genes responsible for SRPS
have not been mapped. EVC1, the gene responsible for some
cases of Ellis–van Creveld syndrome has been excluded as a
cause of SRPS type III (Takamine et al., 2004). It is hoped that
molecular analysis of the DNAobtained from affected fetuses
and infants will help to clarify the confusing subclassification
of this rare disorder.

Parents who have had a previously affected fetus or in-
fant should be counseled regarding a 25% recurrence risk.
Prenatal diagnosis by sonography appears to be highly accu-
rate for diagnosis of recurrent cases within a family.
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CHAPTER

Jarcho–Levin Syndrome

Key Points

■ “Jarcho–Levin” syndrome refers to a group of
conditions characterized by short trunk dwarfism,
rib and vertebral anomalies, and normal long
bones.

■ Inheritance may be autosomal recessive,
autosomal dominant, or sporadic.

■ Chromosomes are normal.

■ Delivery should occur in a tertiary center due to
increased likelihood of respiratory complications.

■ No longer considered to be a lethal condition.

■ All affected individuals are developmentally
normal.

CONDITION

Jarcho–Levin syndrome is an eponym that refers to a group
of conditions characterized by short trunk dwarfism, rib
and vertebral anomalies, and normal long bones. The name
Jarcho–Levin syndrome was attached to the condition be-
cause of an initial report in 1938 by Saul Jarcho and Paul
Levin who described a brother and sister with severe malfor-
mations of their vertebral columns. In addition, the mother
of these children had aminor cervical vertebral anomaly. The

infants demonstrated a shortened thorax and a prominent
abdomen. Both infants died from respiratory failure during
the first year of life.

Subsequently, the classification of genetic syndromes
that include rib and vertebral anomalies as theirmajor symp-
toms has become progressively more confusing. Jarcho and
Levin’s original disorder was termed “hereditary malforma-
tion of the vertebral bodies.” Related or identical condi-
tions have also been called familial dwarfism due to hered-
itary multiple hemivertebrae, spondylothoracic dysostosis,
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Table 96-1

Clinical and Genetic Features in the Jarcho–Levin Spectrum

Spondylothoracic Dysplasia Spondylocostal Dysplasia
or Dysostosis (STD) or Dysostosis (SCD)

Sonographic Findings

Ribs Fused posteriorly creating “crablike” or
“fan” appearance; no intrinsic
malformations

Intrinsic malformations

Spine Hemivertebrae Hemivertebrae

Fused vertebrae Fused vertebrae

Lordosis Scoliosis

Long bones Normal Normal

Inheritance pattern Autosomal recessive Autosomal dominant or autosomal recessive

Causative gene Unknownbut linkage analysismaps gene
to chromosome 2q32.1

Delta-like 3 (DLL3) on chromosome 19q13

Adapted from Wong G, Levine D. Jarcho–Levin syndrome: two consecutive pregnancies in a Puerto Rican couple. Ultrasound Obstet Gynecol. 1998;12:70-73.

spondylocostal dysplasia, spondylocostal dysostosis, cos-
tovertebral dysplasia, and occipito-facial-cervical-thoracic-
abdominal-digital dysplasia. The nosology of these various
conditions is further complicated by the fact that some of
them are inherited as autosomal dominant genes and some
are associated with autosomal recessive inheritance (Table
96-1). The condition thatmost clinicians agree is the classical
presentation of Jarcho–Levin syndrome is spondylothoracic
dysplasia, and consists of multiple rib and vertebral anoma-
lies associated with a “crab-claw” or “fanlike” configuration
of the ribs on X-ray (Figures 96-1 and 96-2), with a resultant
small thoracic volume and symptoms coincident with respi-
ratory insufficiency. The majority of patients who manifest
the classic Jarcho–Levin syndrome can trace their ancestry to
Puerto Rico (Perez-Comas and Garcia-Castro, 1974).

INCIDENCE

The incidence of spondylothoracic dysplasia is unknown. It
is rare. As previously stated, the disorder occurs most fre-
quently in patients of Puerto Rican ancestry, although there
havebeenmultiple reportsof familial Jarcho–Levin syndrome
inEuropeansandat leastone report inanArab family (Romeo
et al., 1991; Eliyahu et al., 1997). The incidence of spondy-
locostal dysplasia is 0.25 per 105 livebirths (Martı́nez-Frias
et al., 1994).

SONOGRAPHIC FINDINGS

Spondylothoracic dysostosis should be suspected in any fetus
with multiple vertebral anomalies and spina bifida (Cornier
et al., 2003). Jarcho–Levin syndrome has been diagnosed in
the first trimester through a combination of increased nuchal
translucency thickness and spine abnormalities visualized
by two-dimensional or three-dimensional sonography (Hull
et al., 2001; Kauffmann et al., 2003).

The fetal vertebral bodies can be visualized between 16
and 20 weeks of gestation on a longitudinal section that in-
cludes the entire spinal canal. At this point in the pregnancy,
thenormal parallel line configurationof the fetal spine should
be obtainable nomatterwhere the fetal spine is locatedwithin
the uterus (Miskin et al., 1979). The first prenatal roentgeno-
graphic diagnosis of Jarcho–Levin syndrome was made in
1979 and the first prenatal sonographic diagnoses were made
in the 1980s (Marks et al., 1989). In 1987, Tolmie et al. de-
scribed a Scottish couple who had a previous child affected
with Jarcho–Levin syndrome. In a subsequent pregnancy, at
20 weeks of gestation, a grossly deformed spine and incom-
plete ribcageweredemonstratedonprenatal sonography.The
pregnancy was electively terminated and postmortem study
revealed associated anomalies, including an imperforate anus
and ectopic adrenal glands. Simultaneously, another report
at 22 weeks of gestation described the subtle spacing and



659

Chapter 96 Jarcho–Levin Syndrome

Figure 96-1 Anteroposterior radiograph of a newborn with
Jarcho–Levin syndrome, demonstrating deformation of chest
with characteristic ‘‘crab-claw” appearance.

widening of the fetal vertebrae seen in prenatal sonographic
examination of a fetus with Jarcho–Levin syndrome. At 22
weeks of gestation, a slightly smaller than normal chest di-
ameter was appreciated but the diagnosis was unclear. By 28
weeks of gestation, an abnormally shaped chest was appreci-
ated that included slight flattening of the ribs and irregularly
spaced vertebrae (Apuzzio et al., 1987). In the third report,
a fetus at 23 weeks of gestation was described with a short-
ened spine, disorganization of the vertebral bodies, posterior
fusion of the ribs, with a short thorax but normal thoracic di-
ameter. In a coronal view, narrowing of the lateral laminae in
the lower thoracic and upper lumbar region was described.
In the sagittal and coronal planes, grossly malaligned ver-
tebrae, disorganization of vertebral bodies, and posteriorly
fused ribs were appreciated (Romero et al., 1988). In 1989,
Marks et al. reported two fetuseswith sonographic findings of
Jarcho–Levin syndrome. They described the following sono-
graphic criteria for diagnosis of this condition (Marks et al.,
1989):

Figure 96-2 Lateral radiograph of the patient in Figure 96-1,
showing the fanlike appearance of ribs.

1. Unpaired and poorly formed vertebral centers resulting in
a “pebblelike” appearance of the spine (Figure 96-3);

2. Multiple vertebral body fusion causing an irregular short-
ened spine;

3. Indistinct or joined ribs posteriorly;
4. A small or shortened thorax;
5. A protuberant abdomen resulting from the shortened

thorax;
6. The presence of abdominal hernias;
7. Normal amniotic fluid volume;
8. Normal limb length and biparietal diameter measure-

ments for gestational age.

Subsequent reports have described the utility of pre-
natal sonographic diagnosis in families known to be at risk
because of the prior birth of an affected infant (Lawson et al.,
1997;Wong and Levine, 1998). In one study, four affected fe-
tuseswere diagnosed as early as 12weeks of gestation (Eliyahu
et al., 1997).
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Figure 96-3 Sonographic image demonstrating
unpaired and poorly formed vertebral centers re-
sulting in an extremely abnormal appearance of
the spine. (Image courtesy of Prenatal Diagnosis
Center, Women and Infants’ Hospital.)

DIFFERENTIAL DIAGNOSIS

The main consideration in the differential diagnosis is the
determination of whether the findings are consistent with
Jarcho–Levin syndrome or the related spondylocostal dysos-
toses,orwhether theanomalies representamoreserious lethal
skeletal dysplasia, such as Jeune syndrome, campomelic dys-
plasia, or thanatophoric dysplasia. These lethal conditions
can be distinguished sonographically from Jarcho–Levin syn-
drome by the short long bones and narrow chest. In addi-
tion, in each of these three conditions there is no fusion of
the ribs. Klippel–Feil syndrome can be distinguished from
Jarcho–Levin syndrome because it affects the cervical rather
than the thoracic ribs. Other conditions in the differential
diagnosis include dyssegmental dysplasia and spondyloepi-
physeal dysplasia congenita. In dyssegmental dysplasia the
limbs are short with reducedmobility. In spondyloepiphyseal
dysplasia congenita there is no rib fusion and platyspondyly
is present. Any fetus that presents with thoracic vertebral
anomalies should be further investigated to rule out the VAC-
TERL association, which consists of vertebral, anal, cardiac,
tracheal and esophageal, renal, and radial limb anomalies
(Wong and Levine, 1998). The condition that is most sim-
ilar to Jarcho–Levin syndrome is COVESDEM (costoverte-
bral segmentationdefectswithmesomelia) syndrome (Wadia
et al., 1978). In this condition, however, the thorax is not
shortened and mesomelia of the limbs is present, affecting
the upper extremities more severely than the lower.

ANTENATAL NATURAL HISTORY

Morphologic studies of affected fetuses have shown that the
vertebral bodies aremalformed and consist of asymmetrically

distributed ossification centers that vary greatly in size and
shape and rarely cross the midline (Solomon et al., 1978).
Microscopic examination of fetuses with Jarcho–Levin syn-
drome that were terminated during the second trimester has
demonstrateddisorganized vertebral endochondral bone for-
mation with a lack of orderly column formation of mature
chondrocytes. Although the ribs are characteristically fused,
the endochondral bone formation within the ribs is nor-
mal (Marks et al., 1989). These defects undoubtedly occur
extremely early in gestation, as the paraxial mesoderm un-
dergoes segmentation between 21 and 28 days of gestation
(Tolmie et al., 1987). Because certainhomeobox genes impor-
tant in formation of body structure are expressed uniquely
in spinal cord, the question has been raised as to whether
Jarcho–Levin syndrome could represent a mutation in one of
the master homeobox genes that control vertebral develop-
ment, such as Pax1 and Pax9 (Tolmie et al., 1987). Bannykh
et al. (2003)performed immunochemical analysis of the levels
of Pax1 and Pax9 proteins in chondrocytes from two fetuses
with Jarcho–Levin syndrome and found them to be signifi-
cantly reduced compared to controls.

Approximately one-third of fetuses and infants with
Jarcho–Levin syndrome have associated malformations that
are outside of the thorax and vertebral bodies (Roberts
et al., 1988). Someof the nonskeletalmalformations that have
been described in Jarcho–Levin syndrome include genitouri-
nary anomalies such as uterus didelphys, bilobed bladder,
hydronephrosis, undescended testes, urethral atresia, absent
external genitalia, single umbilical artery, cerebral polymi-
crogyria, and congenital heart defects (Poor et al., 1983;
Hatakeyama et al., 2003). Most reports do not emphasize
central nervous systemmalformations, although spina bifida
and diastematomelia were described in a patient with Jarcho–
Levin syndrome. Spina bifida occulta is reported to occur in
40.6% of patients with Jarcho–Levin syndrome (Giacoia and
Say, 1991).
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MANAGEMENT OF PREGNANCY

The main consideration in management of pregnancy is an
accurate sonographic diagnosis. Prenatal sonograms should
be reviewed by an expert in diagnosis of skeletal dysplasias.
Both decreased and elevated maternal serum α-fetoprotein
levels have been reported in this condition (Apuzzio et al.,
1987; Romero et al., 1988). All reports of fetuses and infants
affected with this condition have had normal chromosomes
(Cantu et al., 1971; Perez-Comas and Garcia-Castro, 1974;
Tolmie et al., 1987; Romero et al., 1988; Karnes et al., 1991).
Therefore, if the sonographic diagnosis is reasonably certain,
there is no indication to obtain a fetal karyotype. The route of
delivery should be vaginal unless otherwise indicated for ob-
stetric reasons. It is important for fetuses with Jarcho–Levin
syndrome tobedelivered in tertiary care centers becausemost
of these infants will require neonatal resuscitation, mechan-
ical ventilation, and postnatal genetic assessment.

FETAL INTERVENTION

There are no fetal interventions for Jarcho–Levin syndrome.

TREATMENT OF THE NEWBORN

A complete and detailed physical examination is indicated.
Typical findings of the infantwith Jarcho–Levin syndrome in-
cludea shortneck,prominentocciput, lowhairline, andadys-
morphic facial appearance that consists of a broad forehead,
wide nasal bridge, prominent philtrum, antevertednares, and
a triangle-shapedmouth (Figure 96-4A). Additional physical
findings include a protuberant abdomen, poor muscle tone,
abdominal hernias, long tapering fingers and toes, and soft
tissue syndactyly.

Because of the abnormally shaped chest, infants with
Jarcho–Levin syndrome are likely to have pulmonary hy-
poplasia and may require resuscitation in the delivery room.
Optimal treatment of the newborn with Jarcho–Levin syn-
drome should include delivery in a tertiary care center with
a neonatologist prepared to provide immediate respiratory
support and mechanical ventilation.

Consultation with a clinical geneticist is indicated. In
the newborn nursery, a complete postnatal skeletal survey
should be performed. Radiographs should include the spine,
which will demonstrate clefts, hemivertebrae, and abnor-
mal vertebral body fusion and the chest, which may demon-
strate hypoplasia and multiple rib fusion as well as a “scram-
bled” vertebral column (see Figures 96-1 and 96-2) (Herold
et al., 1988). Additional bony anomalies that may be diag-
nosed postnatally include an absent coccyx and a hypoplas-
tic sacrum. The typical posteroanterior chest radiograph will
show the rib anomalies in a distribution that appears simi-
lar to a crab. The lateral chest radiograph should show the

rib fusion anomalies in a manner that appears like a fan (see
Figure 96-2). These findings are considered pathognomonic
for this condition. In addition, long bone films will be helpful
to rule out another skeletal dysplasia.

SURGICAL TREATMENT

The management of the orthopedic anomalies in Jarcho–
Levin syndrome is difficult. The crablike rib deformity and
consequent pulmonary hypoplasia often require mechanical
ventilatory support. This can be compounded by flail seg-
ments of the chest wall. In order to optimize respiratory me-
chanics and improve the affected infant’s ability to be weaned
from mechanical support, chest wall reconstruction may be
necessary. We successfully performed an extensive chest wall
reconstruction in an infant with Jarcho–Levin syndrome. In
addition to a flail anterolateral right chest wall, he had di-
aphragmatic insertion at the 6th rib, further compromising
ventilation. A prosthetic patch and rib graft were used to stent
the flail chest wall segment, and the diaphragm was reposi-
tioned at the 12th rib posteriorly. The infant subsequently
died from infection. More recently, the use of vertical ex-
pandable titanium rib techniques has been advocated to sta-
bilize the chest and prevent pulmonary complications from
progressive scoliosis (Vázquez-López et al., 2005).

LONG-TERM OUTCOME

Jarcho–Levin syndrome was considered to be a lethal con-
dition until Cornier et al. (2004) described a cohort of 27
prospectively evaluated patients with spondylothoracic dys-
plasia and a 56% long-term survival rate. The patients who
died in the first 6 months did so due to respiratory insuf-
ficiency secondary to pneumonia and pulmonary restric-
tion. Other complications include pulmonary hypertension
(Rastogi et al., 2001). Affected infants generally require mul-
tiple hospital admissions during the first year of life due to
upper respiratory infections, but after 2 years of age, this
decreases significantly (Cornier et al., 2004). Approximately
half of patients are diagnosed with reactive airway disease.
Pulmonary function tests show a severe restrictive pattern.
Patients have short stature, averaging at the 2nd percentile
for age. They also have a prominent abdomen and recurrent
inguinal hernias.

Importantly, mental retardation is not a component of
this condition. In Cornier et al.’s (2004) report, all affected
individuals were developmentally normal for their age, ex-
cept for mild delays in their motormilestones during the first
18 months of life. Herold et al. (1988) described 10 cases of
Jarcho–Levin syndrome, 8 of whom survived well into child-
hood and adolescence. One of the patients described in this
report included a 14-year-old who had no respiratory prob-
lems and had good compensatorymovement in the hip joints
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A

B

Figure 96-4 A. Infant with Jarcho–Levin
syndrome who survived postnatally. B. Same
patient as in (A), at age 7 years 8 months,
demonstrating marked thoracic and neck
shortness with severe pectus carinatum defor-
mity. (Reprinted, with permission, from McCall
CP, Hudgins L, Cloutier M, et al. Jarcho–Levin
syndrome: unusual survival in a classical case.
Am J Med Genet. 1994;49: 328-332.)

despite marked restriction of the lumbar spine and rigidity
of the cervical spine. This patient could bend and touch the
floor without bending her knees. She was as active as other
children with the exception of having back pain.

A long-termsurvivor, an11-year-oldPuertoRicanmale
wasdescribed in great detail in 1994 (McCall et al., 1994).This
patient had the classic phenotype of Jarcho–Levin syndrome
(Figure 96-4B). By 11 years of age, his height was more than
3 SD below the mean and equaled a height-age of 8 years.
His weight was between the 5th and 25th percentile for age.
His overall health was good, with the exception of recurrent
otitis media in childhood and pneumonia at 5 months of
age and then again at 3 years 6 months. This individual had
normal development and hearing, and was attending a reg-
ular fifth-grade class. He was extremely active in sports and

was limited only by pulmonary function. His physical ex-
amination at age 11 showed an extremely short neck with
low hairline and limited neckmovement. His arms were long
in relation to his body. He had a pectus carinatum defor-
mity and an increased anteroposterior diameter of his chest.
He had a dorsal kyphoscoliosis and a lumbar lordosis with
a prominent abdomen. His face was normal and he had no
other anomalies. Pulmonary function testing at age 11 years
revealed a moderately severe restrictive pulmonary disease,
with a decreased forced vital capacity and decreased forced
expiratory volume. Although his pulmonary function tests
are slightly worsening with time, these authors felt that for an
individual diagnosed with Jarcho–Levin syndrome, the prog-
nosis was less pessimistic than previously thought (McCall
et al., 1994).
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GENETICS AND RECURRENCE RISK

The genetics of Jarcho–Levin syndrome are somewhat con-
fused in the medical literature because of the different cri-
teria used to establish the diagnosis. The clinical findings in
42 published patients were separated into three clusters based
on their physical findings. The patients were grouped into
the severely affected with recessively inherited Jarcho–Levin
syndrome, the more mildly affected patients with autosomal
recessive or autosomal dominant disorders, and the patients
who appeared to have the segmentation defects (Ayme and
Preus, 1986). In another study, 172 cases of spondylocostal
dysostosis were reviewed for their patterns of inheritance.
Of these, 78 appeared to be inherited as recessive disorders,
20 were dominantly inherited disorders, and 78 were new
mutations in the family. The gene for autosomal recessive
spondylocostal dystostosis is deltalike 3 (DLL3) on chromo-
some 19q13. More than 17 mutations have been described in
DLL3, which is a somitogenesis gene that encodes a ligand for
the Notch signaling pathway (Turnpenny et al., 2003).

There is good evidence for autosomal recessive inher-
itance of the classic phenotype of Jarcho–Levin syndrome.
First of all, there is an increased incidence of consanguin-
ity in affected cases (Herold et al., 1988). In a review of
21 patients with Jarcho–Levin syndrome of Puerto Rican or
Hispanic ancestry, 43% had evidence of either consanguin-
ity or more than one affected case in the family with normal
parents. Linkage analysis in this group has mapped the as yet
unknown causative gene to chromosome 2q32.1.

Parents of a fetus or infant identified with features that
are likely to represent Jarcho–Levin syndrome should meet
with a genetic counselor to have a complete three genera-
tion family history taken. Once a clinical diagnosis is estab-
lished for the fetus or infant, genetic counseling is indicated
to discuss recurrence risk. If autosomal recessive inheritance
appears likely, the recurrence risk is 25%.
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Achondrogenesis

Key Points

■ Second most common lethal short-limb dysplasia.

■ Incidence is 1/40,000 to 1/50,000 livebirths.

■ Characterized by severe micromelia, lack of
vertebral ossification, and a large head with
relatively normal ossification of the calvarium; also
associated with polyhydramnios, cystic hygroma,
and hydrops fetalis.

■ Type I (20% of cases) is more severe and is
inherited as an autosomal recessive. Type IB is

caused by a mutation in the diastrophic dysplasia
sulfate transporter (DTDST) gene.

■ Type II (80% of cases) is caused by mutations in the
COL2A1 gene, which results in significantly
decreased type II collagen. Type II is usually a de
novo dominant mutation, with rare reports of
recurrence due to germline mosaicism.

■ Increased incidence of prematurity and stillbirth.
Condition is lethal in perinatal period.

CONDITION

The term achondrogenesis refers to a diverse group of gener-
ally lethal chondrodysplasias characterized by a short trunk,
severe micromelia, and a disproportionately large cranium.
Achondrogenesis is the second most common lethal short-
limb dysplasia. The term achondrogenesis is actually a mis-
nomer, as it implies that cartilage is not made. In this condi-
tion, cartilage is made but it is profoundly abnormal. Amore
correct termwould be chondrogenesis imperfecta (Eyre et al.,
1986).

Subclassification of the different conditions included
under the term achondrogenesis has been confusing. Histor-
ically, two types of achondrogenesis have beendescribed: type
I is referred to in the literature as Parenti–Fraccaro syndrome.
This subtype accounts for 20%of cases and is themore severe
of the two.Type II achondrogenesis—termedLanger–Saldino
syndrome—accounts for 80% of cases. In 1983, Whitley and
Gorlin reviewed 79 cases that presentedwith a lethal neonatal
chondrodysplasia.Affected infantshada short trunk, extreme
micromelia, and a disproportionately large cranium. Radio-
graphically, they were demonstrated as having deficient spine
ossification, short ribs with cupped and flared ends, and ab-
sent pubic and ischial ossification. On the basis of this study,
they identified four subtypes. These included type I (Parenti–
Fraccaro), which was characterized by multiple rib fractures
and themostmarked limb shortening.Within the type II cat-

egory (Langer–Saldino), they identified three subtypes, char-
acterized by differences in the severity of the micromelia and
ossification of the vertebrae. Although type I achondroge-
nesis was traditionally called Parenti–Fraccaro syndrome, a
review by Borochowitz et al. (1988) revealed that the original
case described by Parenti had a well-ossified skull and ossi-
fication of the vertebral bodies. This original case, therefore,
was more likely to represent a more mildly affected case of
achondrogenesis type II.

Borochowitz et al. (1988) attempted to more accu-
rately classify the subtypes of achondrogenesis (Figure 97-1).
In this report, they divided achondrogenesis into three sub-
types: the most severely affected is lethal achondrogenesis,
type IA (Houston–Harris). This condition is characterized
by a poorly ossified skull, multiple rib fractures, and a com-
pletely unossified spine (Figure 97-2). Type I also includes
lethal achondrogenesis, type IB (Fraccaro), which follows
the original case description of Fraccaro. These patients are
characterized by a poorly ossified skull, absence of rib frac-
tures, and some ossification of the posterior pedicles of the
spine (Figure 97-3). The third subtype is known as lethal
achondrogenesis, type II (Langer–Saldino), which is char-
acterized by a normally ossified skull and some ossifica-
tion of the vertebral bodies, which may make the spine ap-
pear flat and ovoid. All three types of achondrogenesis are
lethal and they are distinguished from a rare nonlethal form,
known asGrebe dysplasia that has been described inBrazilian
patients.
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Affected
Bone

Houston–Harris
Achondrogenesis IA

Langer–Saldino
Achondrogenesis II/Hypochondrogenesis

Normally ossified

Short

Flat & ovoid (when ossified)

Hypoplastic with medial spike

Ossified–hypoplastic

Short & broad with
   metaphyseal flare
Short & broad
Short & broad

Poorly ossified Poorly ossified

Short & fractured

Short,
no fractures
Cupped ends

Posterior pedicles only

Crenated 

Unossified trapezoid

Crenated unossified

Completely unossified

Arched
∗Ossified–hypoplastic

Wedged with metaphyseal
  spike
Short with metaphyseal
  flare

∗Unossified 30 weeks’ gestation

Skull

Ribs

Spine

Ilium

Ischium

Femur

Tibia
Fibula

Fraccaro
Achondrogenesis IB

Type of Achondrogenesis by Eponym

Figure 97-1 Diagrammatic representation of the major radiographic differences seen in the subtypes of achondro-
genesis. (Reprinted, with permission, from Borochowitz Z, Lachman R, Adomain GE, Spear G, Jones K, Rimoin DL. Achon-
drogenesis type 1: delineation of further heterogeneity and identification of two distinct subgroups. J Pediatr. 1988;112:28.)

Themolecular basis of the achondrogenesis syndromes
affirm the rationale behind the classification of Borochowitz
et al. Achondrogenesis type IB is caused by an inborn error of
cartilage metabolism and achondrogenesis type II is caused
by a defect in type II collagen (Rimoin, 1996). The underlying
basis for achondrogenesis type IA is currently unknown.

Achondrogenesis is part of the group of disorders
known as osteochondrodysplasias, which highlights the fact
that abnormalities of cartilage or bone growth and devel-
opment are present (Rimoin, 1978). Autopsy studies per-
formed on all patients with achondrogenesis reveal disor-
ganization of the chondrocytes. In some cases, the cartilage
matrix stains irregularly for mucopolysaccharides (Jimenez
et al., 1973). For all cases of achondrogenesis, chondro-
cytes fail to align in columns and they are very irregularly
distributed. In type IA, intracellular acid Schiff–positive in-
clusion bodies are seen with vacuolization of cytoplasm
of chondrocytes of the growth plate (Jaeger et al., 1994).
These intracytoplasmic inclusion bodies are pathognomonic
of achondrogenesis type IA. Type IB is characterized by a de-
crease in type II collagen,withapeculiar arrangementoffibers
in the cartilage matrix that form unique or multiple rings
around the chondrocytes (Freisinger et al., 1994). In type II
achondrogenesis, there are structural abnormalities present
in the type II collagen. This results in an abnormal, poorly se-
creted type II collagenmolecule. Ultrastructural studies have
shown intracellular retention of type II collagen within vac-
uolar structures, probably existing within dilated rough en-
doplasmic reticulum observed in all chondrocytes by elec-
tron microscopy (Godfrey et al., 1988). Patients with type II
achondrogenesis have increased amounts of type I and type

III collagen (Feshchenko et al., 1989). Therefore, definitive
diagnosis of the subtype of achondrogenesis is possible with
histopathologic studies.

INCIDENCE

The incidence of achondrogenesis is 1 in 40,000 to 1 in 50,000
livebirths (Smith et al., 1981; Orioli et al., 1986; Lachman and
Rappaport, 1990). Achondrogenesis accounts for 1 in 650
perinatal deaths (van der Harten et al., 1988).

SONOGRAPHIC FINDINGS

The major sonographic findings in achondrogenesis are that
of a severe short-limb dwarfism with lack of vertebral ossi-
fication (Table 97-1). Typically, a large head is seen with ei-
ther normal or decreased ossification of the calvarium. Addi-
tional findings include a small thorax, protuberant abdomen,
and polyhydramnios or generalized edema (Figure 97-4)
(Wenstrom et al., 1989). Large cystic hygromas have been
described in association with types I (Özeren et al., 1999) and
II (Won et al., 1999). To distinguish between types IA and IB
and type II, a specific notation must be made of the degree
of skull ossification. Type I is characterized by decreased or
absent skull ossification. In addition, type IA is characterized
by the presence of rib fractures, which can be visualized sono-
graphically (see Figure 97-2) (Graham et al., 1983). In one re-
port, the most specific finding for the diagnosis of achondro-
genesis in a case of short-limb dysplasia was a transverse view
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Figure 97-2 Postmortem radiograph of an infant with achondro-
genesis, type IA, demonstrating the pathognomonic rib fractures,
unossified spine, short long bones, arched ilium, and hypoplastic
ischium. (Reprinted, with permission, from Borochowitz Z, Lachman
R, Adomain GE, Spear G, Jones K, Rimoin DL. Achondrogenesis type
1: delineation of further heterogeneity and identification of two dis-
tinct subgroups. J Pediatr. 1988;112:24.)

of the fetus demonstrating less than three ossification cen-
ters per spinal segment (Pretorius et al., 1986). Interestingly,
approximately one-third of cases with achondrogenesis are
associated with hydrops fetalis. It is postulated that this may
be due to the primary collagen defect in type II, which may
damage subcutaneous tissue as well as bone and cartilage
(Soothill et al., 1993).

In one report of 15 cases of achondrogenesis, all fetuses
were demonstrated to have severe micromelia. Of these 15
cases, 6 were detected early in the second trimester (between
15 and 19 weeks of gestation), 13 (87%) showed decreased
or absent vertebral body ossification, 6 (40%) showed a nar-
row thorax, 5 (33%) showed deformed extremities, 7 (47%)
had polyhydramnios, and 5 (33%) had hydrops fetalis (Fig-
ure 97-5) (Mahony et al., 1984). Multiple case reports exist
in the literature in the setting of both positive and negative
family histories, in which the diagnosis of achondrogenesis
was made easily by sonography (Golbus et al., 1977; Graham
et al., 1983; Benacerraf et al., 1984; Glenn and Teng, 1985;

Tongsong et al., 1995). Transvaginal sonography has also
been used to demonstrate that the pathologic abnormalities
in achondrogenesis are present as early as 9 weeks of gesta-
tion (Fisk et al., 1991). In one case, a positive family history
alerted the sonographer to the potential for achondrogenesis
(Fisk et al., 1991). At 9 weeks of gestation, no movement was
seen in the fetal limb buds. By 10 weeks of gestation, nuchal
and dorsal edema were visualized. At 11 weeks of gestation,
the edema was shown to be increased, with upper and lower
extremities grossly shortened and held in abnormal and fixed
position. Even at this early stage of gestation, the vertebral
bodies and long bones were difficult to identify, although the
crown-to-rump length was appropriate for gestational age.
These early findings were thought to be consistent with a di-
agnosis of achondrogenesis type II. Of interest in this report
was the discussion regarding the nuchal edema, in which cys-
tic hygroma was ruled out because there was no endothelial
lining surrounding the fluid-filled areas. These authors pos-
tulated that this finding was possibly due to lymphatic stasis,
and they also stated that nuchal edema may be an impor-
tant component in the first trimester sonographic diagnosis
of achondrogenesis (Fisk et al., 1991). In an additional case
(also in a pregnancy at risk because of a prior family history),
a fetus at 12weeks of gestationwas diagnosedwith achondro-
genesis type II by transvaginal sonography. Even at this early
point in gestation, severe hydrops and abnormal bone forma-
tion were noted (Soothill et al., 1993). Transvaginal prenatal
diagnosis of achondrogenesis IB has also been described in
the first trimester (Meizner and Barnhard, 1995). Pertinent
findings included severely shortened extremities, thin ribs
with fractures, deficient ossification of the vertebral bodies,
and underossification of the calvarium. Three-dimensional
imaging has also been used to diagnose a case of achondro-
genesis type II (Krakow et al., 2003).

DIFFERENTIAL DIAGNOSIS

A multicenter study demonstrated that femur length was the
bestbiometricparameter todistinguishamongst thefivemost
common skeletal dysplasias (thanatophoric dysplasia, osteo-
genesis imperfecta type II, achondrogenesis, achondroplasia,
and hypochondroplasia). Fifty-four percent of fetuses with a
femur length measuring less than 30% of the mean for ges-
tational age had achondrogenesis (Mahony et al., 1984). Fur-
thermore, the combination of absent vertebral body ossifica-
tion with normal skull ossification was shown to differentiate
achondrogenesis from most other severe skeletal dysplasias.

The differential diagnosis for the fetus with a severe
short-limb dysplasia and apparently absent vertebral bodies
also includes hypophosphatasia. However, severe hypophos-
phatasia results in a diffuse underossification of all bones.
The fetal skull in hypophosphatasia is not as well seen as it
is in achondrogenesis type II. Other considerations in the
setting of a severe short-limb dysplasia documented at less
than 20 weeks of gestation include thanatophoric dyspla-
sia, homozygous achondroplasia, and short-rib polydactyly
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A B

Figure 97-3 A. and B. Postmortem radiographs of an infant with achondrogenesis, type IB, demonstrating short ribs,
ossified posterior spine pedicles, short long bones, crenated ilium, and unossified ischium. Note the absence of rib
fractures, in contrast to type IA seen in Figure 97-2. (Reprinted, with permission, from Borochowitz Z, Lachman R, Adomain
GE, Spear G, Jones K, Rimoin DL. Achondrogenesis type 1: delineation of further heterogeneity and identification of two
distinct subgroups. J Pediatr. 1988;112:27.)

syndrome. In all these conditions, underdevelopment of the
vertebral bodies is seen, but there is normal calvarial ossifica-
tion. In short-rib polydactyly syndrome, the presence of an
extra digit can be demonstrated. Other considerations in the
differential diagnosis include campomelic dysplasia, chon-
drodysplasia punctata with proximal limb shortening, Grebe
syndrome, and osteogenesis imperfecta, type II (Pretorius
et al., 1986).

ANTENATAL NATURAL HISTORY

For all types of achondrogenesis, there is an increased inci-
dence of both prematurity and stillbirth. The condition is

frequently complicated by polyhydramnios (Saldino, 1971;
Borochowitz et al., 1988; Tongsong et al., 1995). In one study,
the authors attempted to delineate the antenatal natural his-
tory for the different types of achondrogenesis. Type I was
shown to have a 50% incidence of stillbirth. Type II was
shown to have fewer stillbirths, a longer antenatal survival
time, a longer gestational period, a larger birth weight, longer
limbs, and characteristic craniofacial features (Chen et al.,
1981).

MANAGEMENT OF PREGNANCY

Amajor consideration inmanagement of pregnancy is the es-
tablishmentof adefinitivediagnosis.Because the sonographic
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Table 97-1

Sonographic Findings in Achondrogenesis

Earliest age at diagnosis 9 weeks

First trimester findings
Nuchal and dorsal edema
Poor or absent ossification of spine and long bones
Absent fetal movement

Second trimester findings
Femur length >2 SD below normal
Bent long bones
Poor or absent ossification of spine, skull, and

long bones
Hydrops fetalis
Polyhydramnios
Rib fractures
Small thorax

findings in achondrogenesis are so distinctive, a diagnosis of
achondrogenesis should be possible on the basis of sono-
graphic features alone. In all cases of achondrogenesis re-
ported todate inwhich the chromosomeshavebeen analyzed,
the fetal karyotypehasbeennormal. In the settingof apositive
family history due to a prior affected child, once the definitive
diagnosis has been made by sonography, the parents should
be offered the opportunity to terminate the pregnancy, if be-
fore 24 weeks of gestation. With the possible exception of the
mildest form of achondrogenesis, known as Grebe dysplasia,
all affected fetuses with achondrogenesis will die during the

Figure 97-5 Facial profile of the same fetus shown in Figure 97-4,
demonstrating flattened facies and subcutaneous edema.

perinatal period. This should be discussed with the family, as
should importance of obtaining a perinatal autopsy to permit
definitive histologic diagnosis. Cesarean delivery is indicated
only for maternal health considerations.

FETAL INTERVENTION

There are no fetal interventions for achondrogenesis.

Figure 97-4 Prenatal sonographic image of
a fetus with achondrogenesis demonstrating
narrow thorax, protruberant abdomen, and
absent rib ossification.
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Figure 97-6 Post-termination photograph of the fetus shown in
Figures 97-4 and 97-5, demonstrating nuchal edema, prominent
abdomen, and clubfoot.

TREATMENT OF THE NEWBORN

If thediagnosis of suspected short-limbdysplasia ismadedur-
ing the third trimester, neonatal resuscitation is not indicated
for an infant with achondrogenesis. At birth, physical exam-
ination findings consistent with a diagnosis of achondroge-
nesis include a large head, short neck, markedly shortened
limbs, and a distended abdomen (Figure 97-6). In addition
to the narrow thorax, these infants all have pulmonary hy-
poplasia, as documented by reduced weight of the lungs on
autopsy. For achondrogenesis type II, it has been postulated
that the pulmonary hypoplasia is due to the underlying ab-
normality in type II collagen (Pretorius et al., 1986). All of
these infants die from respiratory complications.

If the diagnosis is unknown at birth, a series of radio-
graphs should be obtained, which should include anteropos-
terior and lateral films of the skull, chest, lateral spine, pelvis,
extremities, hands, and feet (see Figure 97-7) (Lachman and
Rappaport, 1990). Typical findings will include a large cal-
varium with wormian bones, but normal suture diastases.
The rib cage is bell-shaped and the spine is short and very
poorly ossified. What is most striking on the radiographs is

Figure 97-7 Postmortem radiograph of a newborn with achon-
drogenesis type I, demonstrating nearly total absence of ossifica-
tion except for clavicles and ilia. (Reprinted, with permission, from
Jaeger HJ, Schmitz-Stolbrink A, Hulde J, Novak M, Roggenkamp K,
Mathias K. The boneless neonate: a severe form of achondrogenesis
type I. Pediatr Radiol. 1994;24:320.)

the almost complete absence of ossification of the vertebral
bodies. The long bones are also shortened and widened and
demonstrate a variety of abnormalities (Jimenez et al., 1973).
Because the condition is lethal, only comfortmeasures should
be offered for the infant.

LONG-TERM OUTCOME

There is no long-term outcome for this condition, as it is
lethal during the perinatal period. The longest survivor with
achondrogenesis documented in the literature lived for 10 to
12 days after birth (van der Harten et al., 1988).

GENETICS AND RECURRENCE RISK

Achondrogenesis types IA and IB are typically described as
single-gene disorders inherited as autosomal recessive condi-
tions. The possibility also exists that germline mosaicism is
present in parentswhohavemore thanone affected child. Au-
tosomal recessive inheritance is likely, given the documented
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increased incidence of consanguinity in affected families
(Ornoy et al., 1976). The underlying abnormality in type II
achondrogenesis is decreased type II collagen, which is due
to mutations in the COL2A1 gene (Rimoin, 1996). Although
formerly thought to be autosomal recessive, type II achon-
drogenesis is most commonly a de novo dominant mutation,
although at least one case of recurrence within a family due
to presumed germline mosaicism has been described (Faivre
et al., 2004).

Under normal circumstances, type I collagen is not
found in cartilage. However, in most cases of achondroge-
nesis type II, due to the mutations in the type II collagen
gene, only type I collagen is seen in cartilage. Most defined
mutations in achondrogenesis type II are single amino acid
substitutions for a glycine residue in the type II collagen he-
lix near the carboxyl terminal end of the molecule (Rimoin,
1996). In one study, genomic DNA was extracted from 12
patients with achondrogenesis type II to search for muta-
tions in the COL2A1 gene (Körkkö et al., 2000). The exons
and flanking sequences of all 54 exons in the COL2A1 gene
were amplified by the polymerase chain reaction (PCR). PCR
productswere then scanned for thepresenceof amutationus-
ing the relatively simple technique of conformation-sensitive
gel electrophoresis. Abnormal productswere then sequenced.
Mutations in the COL2A1 gene were found in all 12 affected
patients (Körkkö et al., 2000).

Mutations in SLC26A2—also known as the diastrophic
dysplasia sulfate transporter (DTDST) gene—cause abnor-
malities in the sulfation of chondroitin sulfate-containing
proteoglycans, and are the basis for achondrogenesis type
IB (Superti-Furga et al., 1996). Individuals with this condi-
tion have early stop codon mutations in the DTDST gene
coding regions on both copies of chromosome 5, at bands
q32-q33.1. Achondrogenesis type IB is now known to be-
long to a family of disorders caused by mutations in the
DTDST gene. These include two lethal disorders, achondro-
genesis type IB and atelosteogenesis II, and two nonlethal
disorders, diastrophic dysplasia and multiple epiphyseal dys-
plasia (see Chapter 93) (Rimoin, 1996; Superti-Furga et al.,
1996; Karniski, 2001; Rossi and Superti-Furga, 2001). Al-
though DTDST is expressed in many tissues, the only tissue
known to be affected by mutations in DTDST is cartilage
(Haila et al., 2001). The gene product is a sulfate-chloride ex-
changer in the cell membrane. Inactivation of this exchanger
leads to intracellular sulfate depletion and synthesis of under-
sulfated proteoglycans in chondrocytes and fibroblasts (Rossi
and Superti-Furga, 2001). Genotype–phenotype correlations
exist within this gene.Mutations that predict a truncated pro-
tein or a nonconserved amino acid substitution in a trans-
membrane domain result in the severe phenotypes, while
nontransmembrane amino acid substitutions and splice site
mutations result in themilderphenotypes (Rossi andSuperti-
Furga, 2001).

In one case report, a 17-week-old fetuswas suspected of
having achondrogenesis due to an abnormal prenatal sono-
graphic examination. The family history was remarkable for
two prior affected fetuses with achondrogenesis type IB. This

fetus was electively terminated and genomic DNA was ex-
tracted from frozen femoral cartilage. Nucleotide sequencing
of the DTDST gene demonstrated that the fetus was homozy-
gous for both delVal340 and Thr689Ser mutations; the par-
ents and a healthy brother were each heterozygous (Cai et al.,
1998). This case demonstrates the importance of DNA anal-
ysis in affected fetuses with achondrogenesis type IB. Once
the mutations in the DTDST gene are identified in a family,
prenatal diagnosis by chorionic villus sampling then becomes
an option in subsequent pregnancies.
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CHAPTER

Hypophosphatasia

Key Points

■ Rare hereditary metabolic bone disorder
characterized by deficient activity of the
tissue-nonspecific isoenzyme of alkaline
phosphatase (TNSALP).

■ Incidence is 1 in 100,000 births in most ethnic
groups but 1 in 2500 in Canadian Mennonites.

■ Two forms present perinatally: severe (lethal) and
benign, which resolves spontaneously.

■ In the severe form sonographic findings include
increased nuchal translucency measurement,
undermineralized skull, shortened, bent, fixed
limbs with decreased echogenicity, and lack of
ossification of vertebral bodies, neural arches, and
hands. The benign perinatal form presents with
symmetric bowing of long bones.

■ Differential diagnosis includes anencephaly,
osteogenesis imperfecta types II and III,
thanatophoric dysplasia, campomelic
dysplasia, achondrogenesis, and cleidocranial
dysplasia.

■ Amniocentesis should be offered to rule out
anencephaly, confirm fetal karyotype, assay
alkaline phosphatase activity, and check for DNA
mutation(s).

■ Causative gene is TNSALP.

■ Severe form is recessively inherited with two
mutations. Milder form is dominantly inherited
with one mutation.

■ Genetic consultation and counseling are indicated.
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CONDITION

The term hypophosphatasia was first used by Rathbun in
1948 to describe an infant with severe rickets and very low
alkaline phosphatase activity in serum and tissues (Henthorn
and Whyte, 1992; Whyte et al., 1995). Hypophosphatasia is
a rare inherited metabolic bone disorder characterized by
deficient activity of the liver/bone/kidney isoenzyme of alka-
line phosphatase. This isoenzyme is also known as the tissue-
nonspecific form of alkaline phosphatase (TNSALP).

Alkalinephosphatasewasfirst discovered in1923,when
Robert Robinson noted a large amount of phosphatase activ-
ity within ossifying bone and cartilage in rats and rabbits. He
was the first to suggest that this catalytic action was impor-
tant for mineralization of the skeleton due to hydrolysis of a
phosphate ester, which would result in the local increase of
inorganic (free) phosphate (Whyte, 1994). He subsequently
showed that the enzyme functioned optimally at a distinctly
alkalinepH, althoughhenever specifically used the term alka-
line phosphatase. Later, alkaline phosphatasewas also demon-
strated in tissues that normally do not mineralize, such as the
liver, intestines, and placenta; thus, the role of alkaline phos-
phatase in skeletal mineralization was questioned. It is now
known that at least four distinct genes encode four differ-
ent human alkaline phosphatase isoenzymes. The TNSALP
liver bone kidney form is especially rich inmineralizing bone.
The location of this gene is on the short arm of chromosome
1, band p36.1-34 (Henthorn and Whyte, 1992; Whyte et al.,
1995). The other three genes are found in a cluster on the
end of the long arm of chromosome 2. These include pla-
cental, intestinal, and placental-like isoenzymes of alkaline
phosphatase. Each of the alkaline phosphatase genes have
now been sequenced, and the TNSALP gene is the largest of
the four (Whyte, 1994).

Hypophosphatasia is a clinically variable condition.
Mutations in the TNSALP gene are responsible for perina-
tal hypophosphatasia, in which the severity of the disease
usually correlates with the age of onset of symptoms. Fe-
tuses detected in utero generally have themost severe form of
hypophosphatasia, also known as the perinatal lethal form.
Findings in this condition include profound underminer-
alization of the skeleton, lack of skull ossification resulting
in a caput membraneceum, and shortened deformed limbs.
Postnatal survival of affected infants is limited because of as-
sociated pulmonary hypoplasia and rachitic disease of the
chest. Radiographic studies in the newborn are diagnostic.
The infantile form of hypophosphatasia presents before the
age of 6 months. The newborn can initially appear normal,
but poor feeding subsequently develops, as do inadequate
weight gain and symptoms of rickets. Additional problems
include the development of craniosynostosis, increased in-
tracranial pressure, hypercalcemia, renal failure, and seizures.
Approximately 50% of affected infants die. The childhood
form is variable in its clinical expression. It is characterized
by premature loss of the deciduous teeth at an age of less than

5 years, resulting fromabnormalities of the dental cementum,
which is important for connection between the tooth roots
and the periodontal ligament (Whyte, 1994). Affected chil-
dren also have short stature, rickets, deformation of the legs,
knees, ankles, and wrists, although some of these improve
with age. Affected patients have characteristic abnormalities
on radiographs, which include focal bony defects near the
ends of the major long bones. These manifest as a tonguelike
shape of radiolucency that projects from the growthplate into
the metaphysis (Whyte, 1994). The adult form of hypophos-
phatasia generally presents during middle age. A childhood
history of rickets or premature loss of deciduous teeth may
or may not be present. In general, affected adults enjoy rela-
tively good health as adolescents and young adults, but then
develop recurrent metatarsal stress fractures and early loss of
permanent teeth. The mildest form of hypophosphatasia is
called “odontohypophosphatasia,” which is reserved for pa-
tientswhoseonlyclinicalmanifestation isdentaldisease.Most
recently, it has become appreciated that there is another mild
form that presents in fetal life with severe symmetric long
bone bowing that resolves spontaneously (Moore et al., 1999;
Pauli et al., 1999; Comstock et al., 2005). No absolute diag-
nostic criteria exist for the separation of the various clinical
presentations. A continuous spectrum of symptoms exists.
This chapter will focus on the two forms that present in the
antenatal period.

INCIDENCE

The incidence of hypophosphatasia, based on data from
Toronto, is 1 in100,000 livebirths (Mulivor et al., 1978;Green-
berg et al., 1990). Cases of hypophosphatasia have been de-
scribed throughout the world, occurring in all races (Whyte,
1994). During the years 1977 to 1986, six neonates affected
with hypophosphatasia were born in southern Manitoba.
After these infants were identified, it was appreciated that
Mennonites in southern Canada have a 1 in 25 chance of be-
ing a carrier for at least one mutation in the TNSALP gene.
Thebirth incidenceof affected infantswithhypophosphatasia
in Mennonites is 1 in 2500 (Chodirker et al., 1990). This un-
usually high incidence is presumably due to a founder effect
with inbreeding.

SONOGRAPHIC FINDINGS

Themost striking abnormality described in cases of the severe
form of perinatal hypophosphatasia is the absence of a nor-
mally formed fetal skull (Kousseff and Mulivor, 1981). The
hallmarks for sonographic diagnosis of hypophosphatasia in-
clude a fetus that is small for gestational age with decreased
echogenicity of the bones, a prominent falx cerebri due to un-
dermineralization of the skull, various skeletal deformities,
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Figure 98-1 A. Sonographic image of a fetus at 24 weeks with hy-
pophosphatasia, demonstrating severely shortened and bent fore-
arm. B. Diagram of sonographic image in panel (A). (Reprinted, with
permission, from van Dongen PWJ, Hamel BCJ, Nijhuis JG, de Boer CN.
Prenatal follow-up of hypophosphatasia by ultrasound: case report. Eur
J Obstet Gynecol Reprod Biol. 1990;34:283-288. Reprinted with the per-
mission of Elsevier Science Ireland Ltd., Bay 15K, Shannon Industrial Es-
tate, Co. Clare, Ireland.)

and the presence of polyhydramnios occurring later in gesta-
tion (Wladimiroff et al., 1985). Also, pulmonary hypoplasia
may be documented as a result of a severely reduced thoracic
volume due to abnormal and short ribs. In one report, Van
Dongen et al. (1990) described sonographic studies per-
formed in a family with a previously affected child. Even as
early as 8 weeks of gestation, the crown-to-rump length was
suggestive of a fetus 1.5 weeks younger than the actual ges-
tational age. The family was lost to follow-up until 24 weeks
of gestation, when severe polyhydramnios was noted. Other
findings included an active fetus with shortened, bent, fixed
limbswithmarkedlydecreasedechogenicity,whichprevented
separate visualization of the fingers and toes (Figure 98-1A
and 98-1B). The falx cerebri and other central nervous system
structures could be distinguished unusually clearly due to the
low echogenicity of the skull bones (Figure 98-2A and98-2B).
This was described as being similar to the fetal appearance in
hydrocephalus. In another report of prenatal diagnosis in a
family at risk for recurrence of hypophosphatasia, the fail-
ure to outline a fetal head was noted at 16 weeks of gestation
(Rudd et al., 1976). The skull was described as a very thin,

faint circular outline. In addition, skip defects were noted in
the cervical spine vertebral bodies.

In another case, with a negative family history, but a
conception marked by consanguinity, underossification of
the skull, facial bones, ribs, and limbs was noted at 27 weeks
of gestation (DeLange and Rouse, 1990). In addition, under-
ossification of themetacarpals, neural arches of the spine, and
vertebral bodies was present. This groupmade a presumptive
prenatal diagnosis of hypophosphatasia based on (1) the gen-
eralized underossification of the fetal bones, (2) shortening
of the limbs, and (3) lack of ossification of groups of vertebral
bodies, the neural arches, and the hands.

Souka et al. (2002) demonstrated the presence of an
increased nuchal translucency measurement in two fetuses
with hypophosphatasia from the same family. In the first af-
fected fetus, additional findings were seen at 14 weeks, in-
cluding fixed flexed upper and lower limbs, hypomineral-
ization of the skull and spine, narrowing of the chest with
short ribs, shortening of all of the long bones, and bilateral
talipes. In the second affected pregnancy, sonographic exam-
ination at 12 weeks showed hypomineralization of the skull
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Figure 98-2 A. Sonographic image of the fetus seen in Figure 98-1A, demon-
strating unusually clear visualization of the falx cerebri. B. Diagram of sono-
graphic image in panel (A). (Reprinted, with permission, from van Dongen PWJ,
Hamel BCJ, Nijhuis JG, de Boer CN. Prenatal follow-up of hypophosphatasia by
ultrasound: case report. Eur J Obstet Gynecol Reprod Biol. 1990;34:283-288.
Reprinted with the permission of Elsevier Science Ireland Ltd., Bay 15K, Shannon
Industrial Estate, Co. Clare, Ireland.)

and spine, narrowingof the chest, and shortening andbowing
of the limbs. This report is the earliest prenatal sonographic
diagnosis of specific findings associated with hypophospha-
tasia.

A dominantly inherited form of mild hypophosphata-
sia has also been described that presents in utero as severe
bowing of the long bones (Moore et al., 1999; Pauli et al.,
1999). Interestingly, in this condition, prenatal and postna-
tal improvement of the bone dysplasia occurs spontaneously
although affected children remain short and have prema-
ture loss of teeth. Some authors suggest that the condition
should be called the “benign prenatal” formof hypophospha-
tasia.

DIFFERENTIAL DIAGNOSIS

Failure to visualize the fetal skull may lead to an initial pre-
sumptive differential diagnosis of hypophosphatasia versus
anencephaly. Other conditions that may result in malforma-
tion and undermineralization of the bones include osteoge-
nesis imperfecta types II and III, thanatophoric dysplasia,
campomelic dysplasia, and achondrogenesis. Achondrogen-
esis (see Chapter 97) can be distinguished from hypophos-

phatasia by an ossified calvarium, as well as better ossifica-
tion of the neural arches with nonossification of the verte-
bral bodies. Cleidocranial dysplasia can be associated with
decreased bone density and low alkaline phosphatase activ-
ity and may thus mimic hypophosphatasia (Morava et al.,
2002).

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history for fetuses
affected with hypophosphatasia. There is an increased inci-
dence of stillbirth for the severe perinatal form, although the
cause for this is unknown.

MANAGEMENT OF PREGNANCY

The strategies for the definitive prenatal diagnosis of hy-
pophosphatasia have included fetal radiography (in the early
1980s),prenatal sonography, assayof alkalinephosphatase ac-
tivity in cultured amniocytes, fibroblasts, or chorionic villus
samples,measurementofalkalinephosphataseactivity in fetal
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serum obtained by cordocentesis (Tongsong and Pongsatha,
2000), or analysis of DNA from fetal tissue (Henthorn and
Whyte, 1995). Management of pregnancy differs in the set-
ting of a positive family history of hypophosphatasia versus a
negative family history. If the family history is positive, ideally
DNAhas beenpreviously obtained from the affected proband
before death. This material, along with parental blood sam-
ples, should be sent to a diagnostic reference laboratory with
experience in the identification of mutations in the TNSALP
gene. If the mutation(s) in the family is known, prenatal di-
agnosis is best performed by chorionic villus sampling (CVS)
to identify the presence of parental mutation(s) in the fetus
(Mornet et al., 1999).

If mutation analysis has not been performed on a pre-
viously affected child, other approaches to prenatal diagnosis
may include the use of monoclonal antibody to the TNSALP
isoenzymeon fetalmaterial obtained byCVS. In one report of
16 pregnancies at risk for hypophosphatasia, a normal range
for the TNSALP levels was established (50–150 μmol activity
perminute per gram of tissue; median= 130). In 11 of the 16
at-risk cases, the fetus had greater than 50 μmol per minute
per gramof tissue. These values were considered to fall within
the normal range. All pregnancies continued to term and all
infants were normal. In 5 of the 16 at-risk pregnancies, the
TNSALP values were <25 μmol per minute per gram of tis-
sue and all fetuses were terminated. Four of the 5 affected
fetuses were confirmed as abnormal either by documenting
sonographic abnormalities, autopsy diagnosis of abnormally
foreshortened limbs, or by subsequent biochemical confir-
mation on fibroblast or liver tissue. One family was lost to
follow-up (Brock andBarron, 1991).Muller et al. (1991) have
cautioned that CVS material should be sampled at less than
12 weeks of gestation and that particular care should be taken
to eliminate maternal decidual tissue from the sample. These
authors have confirmed the very low activity of the TNSALP
in early chorionic villus material in affected fetuses. Placen-
tal alkaline phosphatase was never detected by these authors
before 9 weeks of gestation. Affected pregnancies have both
low total alkaline phosphatase and 0%TNSALP (Muller et al.,
1991). Thus, in families with a positive history of hypophos-
phatasia but with no knowledge of DNA mutation analysis,
prenatal diagnosis may be performed in two different ways
on chorionic villus material.

In the setting of a fetus with typical sonographic find-
ings suggesting the presence of hypophosphatasia, but a
negative or unknown family history, we suggest perform-
ing amniocentesis to measure amniotic fluid α-fetoprotein
to rule out anencephaly and to confirm the fetal kary-
otype. The amniocytes may be placed into culture and used
for both assay of alkaline phosphatase activity (Mulivor et
al., 1978; Kousseff and Mulivor, 1981) and DNA analysis
(Mornet et al., 1999). Alternatively, a cordocentesis can be
performed tomeasure alkaline phosphatase levels (Tongsong
and Pongsatha, 2000). Normal values are 51 ± 24 IU/L. Af-
fected fetuses have undetectable or very low levels. Consulta-
tion with a clinical geneticist is indicated.

FETAL INTERVENTION

There are no fetal interventions for hypophosphatasia.

TREATMENT OF THE NEWBORN

No effective treatment is currently available for the perinatal
form of hypophosphatasia. Vitamin D and mineral supple-
ments normally used in the treatment of rickets should be
avoided, since circulating levels of calcium, inorganic phos-
phorus, and the vitamin D metabolites are generally normal
in affected patients with hypophosphatasia (Whyte, 1994).
Unsuccessful attempts have beenmade to infuse several types
of alkalinephosphatase intravenously (Whyte, 1994).Because
perinatal hypophosphatasia is a lethal condition, treatment of
the newborn should be directed toward confirming the diag-
nosis and ensuring that amechanism is in place for follow-up
genetic counseling.

Physical findings at birth include rhizomelic and asym-
metric shortening of all four extremities, with very pliable
skull bones and possible craniotabes (Kousseff and Mulivor,
1981). The infant’s thorax is extremely compliant and a respi-
rator may be required for ventilation. This should be consid-
ered only for the time needed to confirm the diagnosis, as the
abnormalities in the thorax will not improve. Confirmatory
postnatal radiographs may be obtained, which should reveal
the extreme hypomineralization that is considered diagnos-
tic of this condition (Figure 98-3). Serum may be obtained
to demonstrate the decreased activity of TNSALP and in-
creased urinary excretion of phosphoethanolamine. Serum
calcium is typically normal except in infantile cases, in which
hypercalcemia is a secondary effect of renal failure (Chodirker
et al., 1990).

When the infant dies, an autopsy should be obtained to
confirmthediagnosis.Thiswill demonstrate that the cranium
hasbeenreplacedbyconnective tissue.Theabsenceof alkaline
phosphatase activity in the bones, heart, and liver should be
documented (Van Dongen et al., 1990).

SURGICAL TREATMENT

There is no surgical treatment for hypophosphatasia.

LONG-TERM OUTCOME

The long-term outcome is only an issue for infants with the
benign perinatal and infantile forms of hypophosphatasia.
These infants should be followed carefully for evidence of
increased intracranial pressure due to functional or true pre-
mature craniosynostosis (Whyte, 1994). Affected infants also
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Figure 98-3 Postmortem radiograph of a newborn infant with
hypophosphatasia. Note the severely hypomineralized bones.
(Reprinted, with permission, from van Dongen PWJ, Hamel BCJ,
Nijhuis JG, de Boer CN. Prenatal follow-up of hypophosphatasia
by ultrasound: case report. Eur J Obstet Gynecol Reprod Biol.
1990;34:283-288. Reprinted with the permission of Elsevier Sci-
ence Ireland Ltd., Bay 15K, Shannon Industrial Estate, Co. Clare,
Ireland.)

need close follow-up with an orthopedic surgeon and ob-
servation for the development and treatment of fractures.
These infants need close follow-up with a dentist and careful
attention to dental hygiene. Interestingly, adult survivors of
infantile hypophosphatasiamay have normal stature (Whyte,
1994). Bonemarrow transplant has been suggested as a treat-
ment for survivors that have poor growth, fractures, and res-
piratory problems (Whyte et al., 2003).

GENETICS AND RECURRENCE RISK

The TNSALP gene is the gene responsible for perinatal hy-
pophosphatasia. This gene has been localized to chromosome
1p36.1-34 (Greenberg et al., 1990).TheTNSALP gene is large,
consisting of more than 50 kilobases of DNA. The gene con-
tains 12 exons, 11 of which are translated. The nascent en-
zyme consists of 507 amino acid residues (Whyte, 1994). The

tissue-specific (placental, intestinal, and placental-like) alka-
line phosphatase genes are smaller and contain shorter exons.
There is approximately 87% identity between the sequences
of placental and intestinal alkaline phosphatase but only 52%
to 56% identity between the tissue-specific isoenzymes and
the tissue-nonspecific isoenzymes of alkaline phosphatase.
In the placenta, expression of alkaline phosphatase is con-
trolled through the fetal genome (Whyte, 1994).

Molecular studies havedetermined that theprimary ge-
netic defects in hypophosphatasia are missense mutations in
the TNSALP gene (Henthorn and Whyte, 1992; Henthorn
et al., 1992). Hypophosphatasia is molecularly heteroge-
neous, with a correlation between genotype and phenotype
(Zurutuza et al., 1999). More than 128 mutations have
been described to date (Gehring et al., 1999; Witters et al.,
2004). Individuals with the recessive form of hypophos-
phatasia have two mutant TNSALP alleles. Individuals with
the milder, dominant form of hypophosphatasia have only
one mutant TNSALP allele. Normal biomineralization oc-
curs if a single normal copy of TNSALP is present (Hu et al.,
2000).

Following the birth of an affected infant, the carrier sta-
tusofparents canbeconfirmedbybothbiochemical andDNA
studies. In obligate carriers, the TNSALP isoenzyme is lower
than normal and urinary phosphoethanolamine is signifi-
cantlyhigher.Carriers alsohavea relativehyperphosphatemia
with normal serum inorganic phosphate (Chodirker et al.,
1990). Families that have an affected infant with the peri-
natal form of hypophosphatasia should have DNA muta-
tion analyses coordinated by a genetic counseling center
and sent to a referral laboratory. Genetic counseling is defi-
nitely indicated for this condition, and prenatal diagnosis is
available for subsequent pregnancies (see “Management of
Pregnancy”).
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99
CHAPTER

Chondrodysplasia
Punctata

Key Points

■ Chondrodysplasia punctata comprises a group of
genetically heterogenous skeletal dysplasias
characterized by small calcified densities in the
epiphyses of the long bones.

■ The rhizomelic form (RCDP) is more severe and
inherited as an autosomal recessive condition.
Rhizomelic chondrodysplasia punctata is a
disorder of the peroxisomes.

■ The nonrhizomelic form, also known as
Conradi–Hünermann syndrome, can be inherited
as an autosomal dominant, X-linked recessive or
dominant condition. It is generally milder.

■ Sonographic findings include profound humeral
and femoral shortening in rhizomelic
chondrodysplasia punctata. Multiple hyperechoic
foci (puncta), nasal hypoplasia, midface
depression, vertebral anomalies, and congenital
heart defects are associated with both RCDP and
Conradi–Hünermann syndrome.

■ Differential diagnosis includes skeletal dysplasias,
autosomal trisomies, Zellweger syndrome,
disorders of vitamin K metabolism, warfarin
exposure, Smith–Lemli–Opitz syndrome, and GM1

gangliosidosis.
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Key Points (cont.)

■ Pregnant women carrying fetuses with punctate
calcifications should be referred to a tertiary center
and to a medical geneticist. Chromosome analysis
is indicated to rule out trisomy and deletions of
Xp22.3.

■ There are three types of RCDP; type 1 is most
common, caused by mutations in PEX7. Molecular
diagnosis is possible for all three types.

■ Prognosis is poor for RCDP. Only 50% of affected
infants survive past the age of 6 years. All affected
infants have severe failure to thrive, mental
retardation, joint contractures, and cataracts.

■ Infants affected with Conradi–Hünermann
syndrome have milder symptoms, generally
normal intelligence and, with the exception of the
X-linked dominant form in males, a fairly normal
lifespan.

CONDITION

Chondrodysplasia punctata denotes a group of skeletal dys-
plasias characterized by locally disordered bone mineraliza-
tion that results in bone stippling observed on radiographs
obtained during the newborn period (Pryde et al., 1993). The
areas of punctate calcificationwere first described byConradi
in 1914. In 1931, Hünermann designated the disorder “chon-
drodystrophia calcificans congenita.” This term was defined
as the X-ray finding of small calcified densities in the epi-
physes (Hyndman et al., 1976). The disorder recognized by
Hünermann also included micromelia, a saddle nose defor-
mity, flexion contractures, cataracts, and a dermopathy. As
used today, the term chondrodysplasia punctata comprises a
group of genetically heterogeneous disorders (Spranger et al.,
1971). Some of these are associated with rhizomelia (proxi-
mal limb shortness) and some are not. The rhizomelic form is
generallymore severe. It has been subdivided into three types,
each of which is associatedwith amutation in a different gene
(see Figure 99-1). All three types are inherited as autosomal
recessive conditions.Thenonrhizomelic formofchondrodys-
plasia punctata, also known as Conradi–Hünermann syn-
drome, is milder and can be inherited as an autosomal dom-
inant, X-linked recessive, or X-linked dominant condition.

Stippling of epiphyses noted

Rhizomelia present
(rhizomelic chondrodysplasia punctata)

Type 1
PEX 7

mutations

Type 2
DHAPAT
mutations

Type 3
ADAP

mutations

Rhizomelia absent

(Conradi-Hünermann syndrome)

X-linked
recessive

Autosomal
 dominant

X-linked
dominant

EBP mutation

Figure 99-1 Approach to the diagnosis of the conditions characterized by small calcified densities in the epiphyses of the long bones.

A rarer form of mild chondrodysplasia punctata, known as
the tibia-metacarpal type, is inherited as an autosomal dom-
inant condition.

Rhizomelic chondrodysplasia punctata is a disorder
of the peroxisomes. Peroxisomes are intracellular organelles
that catalyze a number of metabolic functions (Wanders and
Waterham, 2004). These include β-oxidative chain short-
ening of fatty acids and their derivatives, synthesis of ether
phospholipids, anddetoxificationof glyoxalate (Hoefler et al.,
1988; Schutgens et al., 1989; Wanders et al., 1993). Human
peroxisomal disorders are subdivided into two categories:
those in which the organelle is not normally formed (per-
oxisome biogenesis disorders) and those that involve a single
peroxisomal enzyme (Moser, 1999).

In patients with rhizomelic chondrodysplasia punc-
tata, the peroxisomes are present, but they have lost many
of their normal functions. Four distinct abnormalities have
been found in patients with rhizomelic chondrodysplasia.
These involve deficiency of enzymes important in phospho-
lipid synthesis and phytanic acid oxidation (Hoefler et al.,
1988; Schutgens et al., 1989;Wanders et al., 1993).A severede-
ficiency in plasmalogen synthesis is associated with deficient
activities of the peroxisomal enzymes acyl coenzyme A (acyl
CoA, dihydroxyacetone phosphate [DHAP] acyltransferase)
and alkyl-dihydroxyacteone phosphate synthase. In addition,
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there is deficient activity of phytanic acid oxidase, and the
enzyme peroxisomal 3-oxo-acyl-CoA thiolase is present in
an abnormal unprocessed form (Gendall et al., 1994; Suzuki
et al., 1994). Because of these enzyme abnormalities, the
characteristic biochemical abnormality in rhizomelic chon-
drodysplasia punctata is increased phytanic acid levels and
decreased plasmalogens (Singh et al., 1988). In rhizomelic
chondrodysplasia punctata, unlike in other peroxisomal con-
ditions, the amount of very long-chain fatty acids is normal.
In the absence of a known familial DNA mutation, one way
to identify rhizomelic chondrodysplasia punctata prenatally
is to analyze the plasmalogen levels in chorionic villi and ery-
throcytes (Wanders et al., 1993).

To date, 32 peroxisomal (peroxins, or PEX) genes have
been identified(WandersandWaterham,2004).Mostof them
are also found in yeast, indicating their essential importance
for cellular metabolism. Thus far, 16 PEX genes have been
identified in humans (Subramani, 1997;Wanders andWater-
ham, 2004). Of these, twelve have been implicated in human
disorders. Patients with rhizomelic chondrodysplasia punc-
tata are deficient in a subset of peroxisomal enzymes.

INCIDENCE

The incidence of rhizomelic chondrodysplasia punctata is
approximately 1 in 100,000 livebirths (Connor et al., 1985;
Stoll et al., 1989). Parental consanguinity has been noted in
8% to 10% of recessively inherited cases (Stoll et al., 1989).
The incidenceof dominantly inheritedConradi–Hünermann
syndrome is presumably higher, as clinically the condition
appears to be at least twice as common (Stoll et al., 1989).
Precise incidence figures are unavailable becausemanymildly
affected patients go unrecognized. The incidence of Zellweger
syndrome, another peroxisomal disorder that can be associ-

ated with punctate calcifications around the extremities, is
1 in 50,000, with an estimated gene frequency of 1 in 110
individuals in the United States (Zellweger et al., 1988).

SONOGRAPHIC FINDINGS

Themajor sonographic criterion for a diagnosis of rhizomelic
chondrodysplasia punctata includes profound humeral
shortening that is less marked than the femoral shortening,
without shortening of other bones. In addition, expanded
epiphyses are present, which contain multiple hyperechoic
foci (the so-called puncta) (Figure 99-2). In normal fetuses,
the distal femoral epiphyseal ossification center is never iden-
tified before 28 weeks and is more commonly appreciated
after 34 weeks (Pradhan et al., 2002). In addition, nasal hy-
poplasia or midface depression with frontal bossing may be
observed in the fetal profile. Approximately 10% of cases
have associated congenital heart disease, predominantly pul-
monic stenosis, and pulmonary artery and aortic calcifi-
cations (Fourie, 1995). In nonrhizomelic chondrodysplasia
punctata (Conradi–Hünermann syndrome), the major find-
ing is the long bone epiphyseal calcifications. Similar facial
abnormalities to those seen in the rhizomelic form may also
be present.

The first prenatal diagnosis of Conradi–Hünermann
syndrome wasmade incidentally, when radiography was per-
formed toassess fetalmaturity inawomanwhowaspost-term
(Hyndman et al., 1976). The radiograph demonstrated stip-
pling of the epiphyses at the fetal ankles, knees, pubic and
ischial bones, and femur. At birth, the infant was noted to
have a saddle nose deformity as well as coronal cleft vertebrae
in the lumbar spine.

Cases of sonographic prenatal diagnosis of Conradi–
Hünermann syndrome have also been described in the

Figure 99-2 Prenatal sonographic image
of a fetal femur at 22 weeks of gestation
demonstrating proximal shortening and
increased echogenicity due to punctate
epiphyseal calcification. (Reprinted, with
permission, from Sastrowijoto SH, Van-
denberghe K, Moerman P, Lauweryns JM,
Fryns JP. Prenatal ultrasound diagnosis of
rhizomelic chondrodysplasia punctata in a
primigravida. Prenat Diagn. 1994;14:770-
776. Copyright 1994 John Wiley & Sons.
Reprinted, by permission, of John Wiley &
Sons, Ltd.)
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literature. In one report, Tuck et al. (1990) described a
21-year-old primigravida with a known diagnosis of
Conradi–Hünermann syndrome. She had ichthyosis; sparse,
dry hair; and asymmetrical limb shortening. She had surgery
performed on her right hip at 6 years of age and subsequently
had operations to lengthen her right femur at the age of
9 years. As an adult, she had short stature (144 cm) and a
pronounced limp. When she became pregnant, sonographic
survey of fetal anatomy was performed at 17 weeks of ges-
tation and revealed a 3 mm asymmetry between the lengths
of the right and left fetal femora and humeri. This asymme-
try persisted on prenatal sonograms performed at 21, 24, 32,
and 35 weeks of gestation. At birth, radiographs of her infant
demonstrated epiphyseal stippling that wasmissed on prena-
tal sonogram. Physical examination also revealed a low nasal
bridge, malar hypoplasia, and ichthyotic skin (Tuck et al.,
1990).

As shown in the case above, the diagnosis of Conradi–
Hünermann syndrome is more straightforward when it is
known that one of the parents is affected. In one report,
Pryde et al. (1993) described a pregnant woman, who herself
had been diagnosed with Conradi–Hünermann syndrome at
birth, who presented with scoliosis, punctate calcifications
of the spine and femoral epiphyses, asymmetric limb short-
ening, postaxial polydactyly, cataracts, and irregular macular
skin hyperpigmentation. In her first pregnancy, her fetus was
noted to have asymmetrical short limbs, scoliosis, and mild
ventriculomegaly. Inher secondpregnancy, at 16weeksof ges-
tation a 5mmdifference was noted between the right and left
femoral lengths. At 32 weeks, severe polyhydramnios devel-
oped.At birth, the diagnosiswas confirmedby the presence of
a saddle nose, ichthyotic skin, and epiphyseal stipplings seen
on radiographs. In this report, an affected fetus with a neg-
ative family history was also described. Prenatal sonograms
were characterized by severe disorganization of the fetal spine
observed at 18weeks of gestation, represented bymalsegmen-
tation of the vertebrae along the entire length of the spine.
No definitive scoliosis or short long bones was observed. At
21 weeks, the fetal profile demonstrated a flat nasal bridge. In
addition, hyperechoic regions were observed at the femoral
epiphyses that suggested premature calcification. In the same
fetus, polyhydramnios was observed at 30 weeks (Pryde et al.,
1993).

Thediagnosis of rhizomelic chondrodysplasia punctata
is easier to make than Conradi–Hünermann syndrome be-
cause of the severe shortening of the extremities in combina-
tionwithpremature ossification and stippling of the ephiphy-
ses (Hertzberg et al., 1999). Since the condition is inherited
in an autosomal recessive manner, there will be a negative
family history for most cases. The prenatal sonographic find-
ings reveal bilateral symmetric proximal shortening of the
humeri and femora (less than the 3rd percentile for gesta-
tional age), along with marked epiphyseal echogenicity that
suggests the presence of the punctate epiphyseal calcifications
(Sastrowijoto et al., 1994). Additional fetal findings may
include brachycephaly, hydrocephalus, scalp edema, hyper-
telorism, hypoplastic nose, and coronal clefts of the vertebral

bodies. Bilateral cataracts have been detected by sonogram in
a fetus with rhizomelic chondrodysplasia, type 1, at 30 weeks
of gestation (Başbuğ et al., 2005).Congenital heart disease has
also been reported in the rhizomelic form of chondrodyspla-
sia punctata (Sastrowijoto et al., 1994).

Duff et al. (1990) described the sonographic diagno-
sis of rhizomelic chondrodysplasia punctata at 28 weeks of
gestation in a woman with a previous affected infant. These
investigators demonstrated stippling at the proximal end of
the right humerus and both femurs over an 8-week period.
The tibia consistently measured at the 20th percentile for
gestational age, but both the femur and humerus were con-
sistently at less than the 5th percentile. Over the period ob-
served, a progressively more mottled appearance of the prox-
imal end of the right humerus was demonstrated. The bone
became more and more attenuated, irregular, and stippled
in appearance, making it difficult to precisely define the end
of it (Duff et al., 1990). In another report, a set of dichori-
onic twins was described, in which one was noted to have
rhizomelic limb shortening at 25 weeks of gestation. In this
fetus, the humeri were shaped like dumbbells and multiple
hyperechoic foci were noted in the humeral epiphyses and the
proximal femoral epiphyses. A 15-week sonogram was rean-
alyzed retrospectively; it revealed that the profound humeral
shortening had previously been missed. Even at 15 weeks of
gestation, flared humeral metaphyses and widened hyper-
echoic proximal ends of the humeri were visible (Gendall
et al., 1994). After postmortem examination, the diagnosis
of rhizomelic chondrodysplasia punctata was confirmed in
this twin by demonstration of absent alkyl-dihydroxyacetone
phosphate synthase activity in cultured skin fibroblasts.

Although two-dimensional ultrasound is adequate for
diagnosis, at least one report exists that demonstrated en-
hanced resolution of pathologic findings in rhizomelic chon-
drodysplasia punctata using three-dimensional sonography
and three-dimensional helical computer tomography (Ruano
et al., 2004).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of conditions that result in limb
shortening with punctate epiphyses is given in Table 99-1.
The conditions include skeletal dysplasias, other genetic or
metabolic disorders, disorders of vitamin Kmetabolism, and
teratogens. To distinguish among the conditions grouped un-
der the term chondrodysplasia punctata, fetal limb length
must be measured. The humeri are the shortest in the rhi-
zomelic form of chondrodysplasia punctata. The presence of
polydactyly may suggest the more mildly X-linked dominant
form of Conradi–Hünermann syndrome (Poznanski, 1994).
The major consideration in the differential diagnosis is to
distinguish between the rhizomelic form of chondrodyspla-
sia punctata and the milder, Conradi–Hünermann type.

The other major condition that can present with punc-
tate epiphyses is Zellweger (cerebrohepatorenal) syndrome,
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Table 99-1

Differential Diagnosis of Punctate Epiphyses

Skeletal dysplasias
Chondrodysplasia punctata
Conradi–Hünermann type
Rhizomelic type
Brachytelephalangic type
Mesomelic metacarpal type
Sheffield type

Other genetic disorders
Zellweger syndrome
Trisomy 21
Trisomy 18
Smith–Lemli–Opitz syndrome
DeLange syndrome
GM1 gangliosidosis
Child syndrome

Vitamin K disorders
Warfarin embryopathy
Vitamin K epoxide reductase deficiency

Teratogens
Fetal alcohol effects
Hydantoin exposure
Phenacetin intoxication
Maternal febrile illness

Source: Poznanski AK. Punctate epiphyses: a radiological sign, not a
disease. Pediatr Radiol 1994;24:418-424.

which is also characterized by lack of peroxisomes. In this
condition, fetal limb length should be appropriate for ges-
tational age, but additional antenatal findings may include
hepatomegaly, hypotonia, and cystic changes in the liver and
kidney. The calcifications in Zellweger syndrome tend to be
centered around the patella. A number of other metabolic
conditions, such as Smith–Lemli–Opitz syndrome and GM1

gangliosidosis, can also present with punctate epiphyses (see
Table 99-1).

Fetal exposure to warfarin, an anticoagulant, or the
presence of a vitamin K epoxide reductase deficiency can re-
sult in stippled epiphyses. Warfarin exerts its effect on the
developing fetus by inhibiting vitamin K–dependent post-
translational carboxylation of certain bone proteins. Vitamin
K is normally converted to vitamin K epoxide. The enzyme
vitamin K epoxide reductase then converts this metabolite
back to vitamin K. Warfarin inhibits this reductase, so vita-
min K–dependent carboxylases do not have their cofactor.
The vitamin K disorders can result in fetal findings that are
very similar to chondrodysplasia punctata, including nasal
hypoplasia, calcification of the trachea, and brachytelepha-
langic changes of the digits (Poznanski, 1994; Tongsong et al.,

1999). The effects of warfarin and other coumarin derivatives
aremost significantwhen the fetus is exposed during the sixth
to ninth week of gestation (Poznanski, 1994). In both fetal al-
cohol exposure and the autosomal trisomies, the puncta are
characteristically seen in the tarsal bones.

ANTENATAL NATURAL HISTORY

The underlying bone abnormalities that result in the chon-
drodysplasia punctata phenotype are present in the early sec-
ond trimester. In studies of fetuses frompregnancies that have
been terminated, extensive characteristic calcifications have
been noted in the sites of endochondral bone formation in
the limbs and trunk. The calcifications are distinct from en-
dochondral bone.Ossification appears delayed in areaswhere
calcifications aremostprominent (Silengoet al., 1980). In rhi-
zomelic chondrodysplasia punctata, histopathologic studies
reveal that the abnormal areas of calcification are character-
ized by irregular distribution of cartilage cells,mucoid degen-
eration, presence of cystic spaces, increased vascularity, and
proliferation of fibroblasts (Duff et al., 1990). The growth
plates of the long bones are normal and the chondrocytes are
arranged in normal columns (Sastrowijoto et al., 1994).

In fetuses with Zellweger syndrome, stippled calcifica-
tions of the patella, femur, and humerus are all observed by
20 weeks of gestation. In addition, the renal microcysts and
macrocysts are also present. This condition is also charac-
terized by neuronal migrational abnormalities. Cortical plate
defects and heterotopias that are apparent at the light micro-
scope level are associated with lipid inclusions at the ultra-
structural level (Powers, 1995). These abnormalities are all
because of the absence of peroxisomes.

MANAGEMENT OF PREGNANCY

Fetuses that are suspected of having punctate calcifications
or rhizomelic limb shortening should be referred to a center
capable of detailed anatomic scanning. Once the suspected
diagnosis of chondrodysplasia punctata has been confirmed,
it is prudent to refer the parents to a medical geneticist,
who could then examine both of them for mild signs of
Conradi–Hünermann syndrome. This is extremely impor-
tant, as the prognosis for the infant will differ depending on
the cause of the puncta. If one of the parents is affected, as
opposed to neither parent being affected, the prognosis will
be considerably improved. It is critical that the person who
examines the parents looks for nonskeletal manifestations
of Conradi–Hünermann syndrome. As an example, Silengo
et al. (1980) reported that a 27-year-old woman presented for
genetic counseling because her 32-month-old daughter had
Conradi–Hünermann syndrome. Despite the fact that the
mother walked with a limp, was short, had patches of alope-
cia, andhad follicular atrophoderma, sheherself hadnot been
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diagnosed as having Conradi–Hünermann syndrome. A slit-
lamp examination revealed the presence of early lenticular
cataracts in themother. This woman had no abnormalities in
her long bones or spine, but because of her hip dysplasia and
eye and skin abnormalities, shewas retrospectively diagnosed
as affected. Therefore, for any fetus in which chondrodyspla-
sia punctata is suspected, parents and close relatives should
be specifically examined for the presence of a hypoplastic
nose, cataracts, optic atrophy, alopecia, or pigmentary skin
changes.

In addition, a chromosome analysis should be per-
formedon the fetus to evaluate for theX-linked recessive form
of chondrodysplasia punctata, which may be due to a dele-
tion of chromosome X at band p22.3 (Bick et al., 1992). Sev-
eral investigators have described the existence of a contiguous
gene syndrome at Xp22.3 that consists of chondrodysplasia
punctata, steroid sulfatase deficiency, and X-linked Kallman
syndrome, which includes hypogonadism due to hypothala-
mic gonadotropin-releasing hormone deficiency and anos-
mia secondary to absence of the olfactory bulbs and tracts
(Bick et al., 1992).

For families who have had previously affected children
with the rhizomelic form of chondrodysplasia punctata, pre-
natal diagnosis can be performed by biochemical analysis
of either chorionic villi or amniocytes, although the recent
identification of DNA mutations in the PEX7, DHAPAT, and
ADAPS genes (see “Genetics and Recurrence Risk”) should
facilitate prenatal DNA diagnosis.

No specific indication exists for cesarean delivery. Fe-
tuses inwhich chondrodysplasia punctata is suspected should
be delivered at a tertiary care center because of the risk of res-
piratory distress.

FETAL INTERVENTION

There are no fetal interventions for chondrodysplasia punc-
tata.

TREATMENT OF THE NEWBORN

Treatment of the newborn begins with an extensive and de-
tailed physical examination. A list of the comparative clini-
cal findings associated with nonrhizomelic chondrodysplasia
punctata is given in Table 99-2. For many of the conditions
associated with chondrodysplasia punctata, nasal hypoplasia
is commonly seen (Seguin et al., 1993). This finding may be
associated with a small and/or calcified airway. In one study,
29% of affected infants had respiratory distress syndrome
during the newborn period that was attributed to the small
airway (Seguin et al., 1993). The airway obstruction improves
with age, as it is not typically found in older children (see
Figure 99-3).

Many of the typical radiographic findings that aid in
obtaining the diagnosis are best observed during the new-

born period, as they tend to disappear with age. These
include the punctate epiphyses and vertebral clefts. A diag-
nosis of Conradi–Hünermann syndrome may be presump-
tively made by the characteristic facial appearance that con-
sists of a flattened face due to malar hypoplasia, a small
nose with a flat nasal bridge, a prominent forehead, wide-
set eyes, and upslanting palpebral fissures. Cataracts are seen
in 18% of affected infants (Poznanski, 1994). Infants affected
with Conradi–Hünermann syndrome may have ichthyosi-
formerythrodermaor systemicatrophoderma.Theymayalso
have patches of alopecia and contractures of the extremities.
The limb shortening is usually mild but it can be asymmet-
ric. Polydactyly may be observed in the X-linked dominant
form.

Infants affected with rhizomelic chondrodysplasia
punctata have much more marked shortening of the up-
per limbs. The metaphyses are generally flared. Radiographs
demonstrate the puncta less commonly than in Conradi–
Hünermann syndrome (see Figure 99-4). The physical ex-
amination reveals the presence of full cheeks, giving the in-
fant the appearance of a chipmunk (see Figure 99-3). The
skin changes aremuch less commonly observed in rhizomelic
chondrodysplasia punctata. Cataracts are present in 75% of
infants affected with this disorder (Poznanski, 1994). Devel-
opmental abnormalities are typical of the rhizomelic form
of chondrodysplasia punctata. Magnetic resonance imaging
(MRI) may reveal the presence of migrational disturbances
in the brain. An additional helpful radiographic finding is the
presence of coronal clefts that can be seen on lateral films of
the lumbar and thoracic vertebrae.

There are several milder forms of chondrodysplasia
punctata, characterized by abnormalities of the extremities.
In the tibia-metacarpal type of chondrodysplasia punctata,
short third and fourth metacarpals are observed. These chil-
dren also have a hypoplastic midface and a flattened nasal
bridge. In later life, they have a height that is 2 to 4 SD below
normal. The brachytelephalangic type of chondrodysplasia
punctata is characterized by an extremely small, anteverted,
grooved nose that resembles the one in infants affected with
Binder syndrome. On radiographs, the distal phalanges have
a characteristic triangular appearance. This conditionmay be
associated with a terminal deletion of the short arm of the X
chromosome.

Another important consideration during the newborn
period is the diagnosis of Zellweger syndrome, characterized
by calcification of the patella. These infants are much more
severely hypotonic than other infants. Renal sonographymay
also indicate the presence of cortical cystic changes. These
infants also have progressive hepatic failure.

SURGICAL TREATMENT

Formoremildly affected patients with Conradi–Hünermann
syndrome, orthopedic surgery may eventually be needed to
correct limb length asymmetry.
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Table 99-2

Comparative Manifestations of Nonrhizomelic Chondrodysplasia Punctata Subtypes by Inheritance Patterns

Skin Changes
Punctate Limb Saddle Nose (Ichthyosiform Mental Overall

Inheritance Synonyms Calcifications Shortness Deformity Erythroderma) Cataracts Retardation Other Prognosis

Autosomal
dominant

Chondrodystrophia
calcificans
congenita

Variable
severity
asymmetric

Mild or none Present Present in 28%
of cases

Symmetric, present
in 17% of cases

None or
minimal

Skeletal
dysplasia

Good

X-linked
recessive
without
chromo-
some
deletion

Brachytelephalangic
chondrodysplasia
punctata

Mild severity,
symmetric

Mild overall
growth lag

Variable
severity

No changes None None or mild Uniform distal
phalangeal
hypoplasia

Good

X-linked
recessive
with Xp
deletion

CPXR Extensive
bilateral
symmetric

Shortness of
stature

Typically
severe with
nasal
hypoplasia

Marked skin
changes

Occasional IQ range,
50–70

Steroid sulfatase
deficiency,
and frequent
distal
phalangeal
hypoplasia

Survival good,
but neuro-
developmentally
impaired

X-linked
dominant

CPXD Variable
asymmetric

Proximal
variable,
asymmetric

Present Marked cicatrical
“patchy”
changes

Asymmetric Normal Occasional
scoliosis

Lethal in
hemizygous
males

Teratogenic
phenocopy

Vitamin
K–dependent
coagulation
defect, warfarin
embryopathy

Irregular
asymmetric
pattern,
variable
severity

Moderate to
severe

Moderate to
severe with
frequent
nasal
hypoplasia

None None Mild or none Common mild
distal
phalangeal
hypoplasia

Good

Source: Pryde PG, Bawle E, Brandt F, Romero R, Treadwell MC, Evans MI. Prenatal diagnosis of nonrhizomelic chondrodysplasia punctata. Am J Med Genet. 1993;47:426-431.
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Figure 99-3 A child with chondrodysplasia punctata demon-
strating severe nasal hypoplasia. (Reprinted, with permission, from
Fourie DT. Chondrodysplasia punctata: case report and literature
review of patients with heart lesions. Pediatr Cardiol. 1995;16:247-
250.)

LONG-TERM OUTCOME

The long-term outcome is related to the underlying condi-
tion. The rhizomelic form of chondrodysplasia punctata is
the most severe, with a poor prognosis. A recent review of
97 affected cases reported that survival is better than previ-
ously reported, with 90% of infants surviving up to 1 year
and 50% surviving up to 6 years (White et al., 2003). All
infants with rhizomelic chondrodysplasia have severe failure
to thrive, profound mental retardation, joint contractures,
and bilateral cataracts. Surgical removal of cataracts is rec-
ommended to increase visual stimulation and environmental
interaction. Seizures are common. Death is usually due to
respiratory complications.

Patients affected with Conradi–Hünermann syndrome
are shorter than normal at birth and remain so throughout
life. The typical calcific stippling disappears by 3 to 4 years of
age (Poznanski, 1994). During infancy and early childhood,
these infants may have cataracts, growth failure, or feeding
problems. Affected infants are very susceptible to respiratory
infections, generally because of the airway abnormalities. The

Figure 99-4 Postmortem radiograph demonstrating presence
of epiphyseal calcifications in an infant with rhizomelic chon-
drodysplasia punctata. This is from the same individual shown in
Figure 99-2. (Reprinted, with permission, from Sastrowijoto SH, Van-
denberghe K, Moerman P, Lauweryns JM, Fryns JP. Prenatal ultra-
sound diagnosis of rhizomelic chondrodysplasia punctata in a prim-
igravida. Prenat Diagn. 1994;14:770-776. Copyright 1994 John Wiley
& Sons. Reprinted, by permission, of John Wiley & Sons, Ltd.

laryngeal and tracheal calcifications usually resolvewithin the
first 3 years of life (Seguin et al., 1993). Laryngoscopy and
bronchoscopy can be considered electively during the first
year of life to identify any lower airway abnormalities (Seguin
et al., 1993).

For infants who survive the first year of life, the skeletal
deformities eventually become less pronounced and the con-
tractures may disappear. The clinically unrecognized adults
with Conradi–Hünermann syndrome described in the liter-
ature have had normal intelligence.

GENETICS AND RECURRENCE RISK

To adequately calculate the recurrence risk, the definitive di-
agnosis must be known. For infants affected with rhizomelic
chondrodysplasia punctata, the condition is inherited in an
autosomal recessive fashion and parents should be counseled
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that there is a 25% recurrence risk. Prenatal diagnosis is avail-
able as early as 10 weeks of gestation by demonstration of
decreased plasmalogen synthesis and decreased phytanic ox-
idation in chorionic villi. In addition, immunoblot studies
of the peroxisomal 3-oxo-acyl-CoA thiolase can also defini-
tively diagnose the presence of an affected fetus with rhi-
zomelic chondrodysplasia punctata (Hoefler et al., 1988). If
the biochemical studies of the chorionic villi or cultured am-
niocytes arenormal, prenatal sonography canbeused as addi-
tional confirmationof fetal status (Schutgens et al., 1989;Gray
et al., 1990).

Mutations in the human PEX7 gene are the molecu-
lar basis for rhizomelic chondrodysplasia punctata type 1
(Braverman et al., 1997; Motley et al., 1997; Purdue et al.,
1997; Braverman et al., 2002; Motley et al., 2002). The PEX7
gene maps to human chromosome 6q22–24 and consists of
eight exons spanning more than 40 kb of DNA. In one study,
26 of 36 patients with rhizomelic chrondrodysplasia punc-
tata had a single inactivating mutation known as L292X.
This mutation was seen exclusively in patients of northern
European descent because of a founder effect (Braverman
et al., 1997) Type 1 rhizomelic chondrodysplasia punctata is
the most common of the rhizomelic forms (Motley et al.,
2002). In type 2, there is an isolated deficiency of DHAP acyl-
transferase because of mutations in the acyl CoA: dihydrox-
yacetone phosphate acyltansferase (DHAPAT) gene. Type 3
is caused by mutations in the alkyl-dihydroxyacetone phos-
phate synthase (ADHAPS) gene.

Once a mutation is identified in a particular family,
DNA diagnosis bymolecular studies of chorionic villi in sub-
sequent pregnancies is definitive. Therefore, arrangements
should be made to establish fibroblast cell cultures from af-
fected fetuses or infants who are electively terminated or die
during the perinatal period in order to identify the familial
mutation.

Similarly, Zellweger syndrome is inherited as an auto-
somal recessive condition. This condition can be diagnosed
definitively during the newborn period by measurement of
plasma very long-chain fatty acids. Prenatal diagnosis in sub-
sequent pregnancies can demonstrate the very long-chain
fatty acid abnormalities and the absence of peroxisomes in
cultured chorionic villus cells.

The diagnosis of Conradi–Hünermann syndrome de-
pends on a complete examination of both parents as well as
taking a complete family history to rule out the autosomal
dominant, X-linked dominant, and X-linked recessive forms.
Parents who are retrospectively diagnosed as being affected
with Conradi–Hünermann syndrome, such as in the case of
Silengo et al. (1980), will be counseled that their fetuses have
a 50% risk of recurrence. If possible, DNA diagnosis should
be performed on an affected parent to permit prenatal di-
agnosis. In one case, a pregnant woman with a mild form
of X-linked dominant chondrodysplasia punctata (Conradi–
Hünermann syndrome) was shown to have a mutation in
the emopamil binding pathway (EBP) gene (Whittock et al.,
2003). This allowed molecular prenatal testing on her male
fetus, who was shown to be unaffected.

Gene mapping studies have suggested that another
form of chondrodysplasia maps to chromosome 4p16
(Dimmick et al., 1991) and that the X-linked dominant form
maps to Xq28. The X-linked recessive and brachytelepha-
langic forms map to Xp22.3.
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Amniotic Band Syndrome

Key Points

■ Amniotic band syndrome is a group of congenital
anomalies involving limbs, craniofacial region, or
trunk.

■ Amniotic band syndrome can range from
constrictive bands involving a digit to
thoracoabdominoschisis, encephalocele, or the
limb–body wall complex.

■ The incidence ranges widely from 1 in 1200 to
1 in 15,000 livebirths depending on how it is
defined.

■ Ultrasound examination is the mainstay of
diagnosis.

■ Amniotic bands can occur spontaneously or as a
result of instrumentation of the pregnancy.

■ Fetoscopic release of amniotic bands may prevent
limb amputation when it involves an extremity or
may be lifesaving if they involve the umbilical cord.

■ Almost all cases of amniotic band syndrome
deliver prematurely.

CONDITION

The amniotic band syndrome (ABS) is a group of sporadic
congenital anomalies that involve the limbs, craniofacial re-
gions, and trunk, ranging from constrictive bands, pseu-
dosyndactyly to amputation, as well as multiple craniofacial,
visceral, and body wall defects (Torpin, 1965; Jones et al.,
1974; Higginbottom and Jones, 1979; Seeds et al., 1982; Ray
et al., 1988; Lockwood et al., 1989; Seidman et al., 1989;
Kulkarni and Gopal, 1990). The term amniotic band syn-
drome encompasses many congenital anomalies, including
amnioticbanddisruptioncomplex (HigginbottomandJones,
1979), amniochorionic mesoblastic fibrous strings (Torpin,
1965), aberrant tissue bands (Jones et al., 1974), amniotic de-
formity, adhesion and mutilation (ADAM) complex (Keller
et al., 1978; Orioli et al., 2003), amniotic adhesion malfor-
mation syndrome (Herva and Karkinen-Jaaskelainen, 1984),
and the limb and/or body wall defect (Bamforth, 1992).

Several theories have been advanced to explain the oc-
currence of these anomalies but two are most commonly
held. In 1930, Streeter proposed that a disruption in em-
bryogenesis at the time of formation of the germ disk and
the amniotic cavity initiated a chain of events leading to the
multiple defects. He suggested that amniotic bands were the
result, not the cause, of the pathologic process. In 1992,
Bamforth reviewed this theory in a series of 54 cases of ABS
and concluded that it may be caused by a localized distur-
bance in establishment of basic embryonic organization. The
most widely accepted theorywas proposed by Torpin in 1965.
He examined the placenta and fetal membranes in a number
of affected individuals and concluded that the disorder was
caused by primary rupture of the amnion early in gestation
(Keller et al., 1978; Higginbottom and Jones, 1979; Seeds
et al., 1982; Herva and Karkinen-Jaaskelainen, 1984).

More recently,Moerman et al. (1992) proposed that the
ABS is a collection of three distinct entities that can reconcile
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both Streeter’s and Torpin’s hypotheses. They suggested that
ABS consists of three distinct lesions: (1) constrictive tissue
bands; (2) amniotic adhesions; and (3) the more complex
pattern of anomalies designated the limb–body wall complex
(LBWC) (see Chapter 60). In this report of the fetopatho-
logic evaluation of 18 cases of ABS, 4 had clearly constrictive
bands, which formed as a result of the amnion rupture se-
quence. The bands that resulted from amnion rupture encir-
cled the limbs, resulting in annular constrictions, secondary
syndactyly, and intrauterine amputations. In addition, con-
striction of the umbilical cord is a recognized cause of fetal
death (Hong and Simon, 1963; Torpin, 1965). These authors
distinguish cases caused by constrictive bands from those
caused by broad amniotic adhesions. Moerman et al. (1992)
suggested that adhesive amniotic bands were morphologi-
cally and pathogenetically different from constrictive bands.
Adhesive amniotic bands are usually associated with severe
defects such as encephalocele and facial clefts. This group
demonstrated pathologically that cranioplacental adhesions
are broad adhesions, with the fetal skin fused to the amnion
at the margins of the cranial defect. They speculated that the
amnion covering the placenta or membranes seals the cra-
nial defect separating the protruding brain from the chorion.
Van Allen et al. (1987) proposed that the amnion becomes
adherent to the embryo in areas of ischemic necrosis follow-
ing vascular disruption. In short, the amniotic adhesions are
secondary to fetal defects.

Moerman et al. (1992) considered the LBWC to be
due to both band-related and non–band-related defects.
The band-related defects include limb defects such as club-
foot. Non–band-related defects occur as a result of vascular
disruptions or from compression (Miller et al., 1981). The
thoracoabdominoschisis of LBWC is characterized by an an-
terolateral body wall defect with evisceration of abdominal
and/or thoracic organs. The eviscerated organs are in an
extra-amniotic sac bounded by the chorionic plate, a per-
sistent extraembryonic coelom. The amnion is continuous
with the skin. The umbilical cord is extremely short, with
umbilical vessels running in the amniotic sac, often with an
absent umbilical artery. The severe scoliosis is a postural de-
formity caused by abnormal fixation of the fetus to the pla-
centa. They also cite the high incidence of internal structural
defects such as cardiac anomalies, unilateral absence of a kid-
ney, or intestinal atresia, which do not fit with simple amnion
rupture.

The fetal malformations that can occur as a result of
ABS can be categorized into neural tubelike defects, cran-
iofacial anomalies, limb anomalies, and constrictive bands
(Seeds et al., 1982; Lubinsky et al., 1983; Ho and Liu, 1987;
Seidman et al., 1989). The neural tubelike defects include
cases of anencephaly and encephalocele, whichmay be asym-
metric or multiple. The craniofacial anomalies include facial
clefts, nasal deformity, asymmetric microphthalmia, and ab-
normal cranial calcification. Limb anomaliesmay bemultiple
and asymmetric, including limb or digital amputation, pseu-
dosyndactyly, abnormal dermatoglyphics, and some cases of
clubbed feet. Abdominal wall and thoracic wall defects can

occur, and some cases are mistaken for gastroschisis or om-
phalocele with rupture.

The most puzzling component of the ABS is its asso-
ciation with visceral anomalies, including bladder exstrophy,
vertebral hypoplasia, and other renal, gonadal, cardiac, and
pulmonary defects (Bamforth, 1992). Constrictive bands in-
volving the extremities are the most common defect associ-
ated with the ABS (Huang et al., 1995).

The variation in manifestations of the ABS are thought
to be due to differences in timing of amniotic rupture and the
degree to which the fetus becomes entangled by strands of
amnion (Higginbottom and Jones, 1979; Seeds et al., 1982).
The effects the amniotic bands have on the developing fetus
have been classified into malformation, disruption, and de-
formation (Higginbottom and Jones, 1979). Amniotic bands
that interrupt the normal sequence of embryologic develop-
ment lead to malformations such as cleft lip and palate, and
abdominal wall defects. In contrast, bandsmay tear normally
developed structures, leading to disruption such as central
nervous system or calvarial defects, acrosyndactyly, amputa-
tions, andnonanatomical facial clefts (Lockwoodet al., 1989).
The effects of fetal compression and tethering may lead to
deformations such as clubbing of the feet and angulation of
the spine.

The timing of amnion rupture has been suggested to
occur between 28 days after conception to 18 weeks of gesta-
tion. If amnion rupture occurs prior to 45 days of gestation,
the results are likely to be devastating, including severe skull
defects and major visceral defects (Huang et al., 1995). Rup-
ture occurring after 45 days of gestation is likely to result in
more limited defects.

The cause of amnion rupture and band formation is
not well understood, but it has been observed following am-
niocentesis (Rehder, 1978). Late gestation bands, even in the
absence of an amniocentesis, can also occur. Lage et al. (1988)
reported ABS presenting at birth withmultiple abnormalities
of the extremities despite anormal sonographic appearance at
21 weeks of gestation. There have also been cases of ABS asso-
ciated with underlying disease. Young et al. (1985) reported
two cases in fetuses with Ehlers–Danlos syndrome type IV
and one with osteogenesis imperfecta. They speculated that
the premature amnion rupturemay have been due to reduced
or abnormal collagen in the amnion. There have been rare fa-
milial cases of ABS, and some teratogens, such as lysergic acid
diethylamide andmethadone, have been reported in associa-
tion with the syndrome (Chemke et al., 1973; Lubinsky et al.,
1983; Daly et al., 1996). Other significant exposures include
misoprostol and maternal fever (Orioli et al., 2003; Ribeiro
et al., 2004).

Chorioamniotic separation, occurring spontaneously
or as a consequence of invasive procedures, is a potential
cause of theABS. The incidence of chorioamniotic separation
diagnosed by ultrasound is reported to range from 1 in 187
to 1 in 4333 births (Kaufman et al., 1985; Borlum, 1989).
The natural history of chorioamniotic separation occurring
in normal pregnancies was initially thought to be benign.
However, Graf et al. (1997) reported a case of chorioamniotic
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separation that resulted in the formation of amniotic bands
involving the umbilical cord, resulting in fetal death. The
incidenceof chorioamniotic separationmaybe evenhigher in
cases of fetal surgery. In the same report, Graf and colleagues
described 5 cases of chorioamniotic separation occurring in
a series of 40 patients undergoing open fetal surgery. Three
of the five fetuses had amniotic bands involving the umbilical
cord, leading to fetal death in one. This report speculated that
because the amnion is adherent and fixed to the umbilical
cord, once formed amniotic bands may retract to the cord,
causing strangulation. Heifetz (1984), in a review of ABS,
reported that as many as 10% of cases had umbilical cord
strangulation.

ABS is often misdiagnosed, especially in cases of early
amniotic band rupture. Infants affected by early amniotic
rupture present with anencephaly, encephalocele, abdominal
or thoracic wall defects, and severe limb abnormalities. The
severity of the anomalies obscures the cause, especially if the
amniotic bands are not evident at birth. It has been estimated
that a correct neonatal diagnosis of ABS is made in only 24%
to 50% of patients without specialized genetic consultation
(Seeds et al., 1982).

INCIDENCE

Because of difficulties in accurately diagnosing ABS, the esti-
mates of its incidence vary widely. The reported incidence
ranges from 1 in 1200 to 1 in 15,000 livebirths (Chemke
et al., 1973; Seeds et al., 1982; Ho and Liu, 1987; Ray et al.,
1988). More recent estimates place the incidence of ABS at 1
in 1200 because of the more frequent recognition of an am-
niogenic cause for congenital anomalies (Ossipoff and Hall,
1977; Seeds et al., 1982;Moerman et al., 1992). In a retrospec-
tive analysis of 3173 autopsies performed during a 14-year
period, Czichos et al. (2005) found 744 cases of malforma-
tions of which 14 had anomalies thought to be a consequence
of amnion rupture. This series yielding an incidence of 1:226
among fetuses and newborns undergoing autopsy suggested
that it may be a more common cause of anomalies than gen-
erally appreciated.

Hands are more frequently affected than feet, with the
largest fingers (third, fourth, and second) more commonly
afflicted (Ribeiro et al., 2004).

SONOGRAPHIC FINDINGS

ABS is associated with numerous antenatal sonographic fea-
tures, as there are numerous forms of the syndrome and these
features may occur as isolated problems or in combination.
The earliest that amniotic bands have been seen is at 12 weeks
of gestation, by endovaginal probe. The bands can be ex-
tremely difficult to detect sonographically and ABS is more
often diagnosed by the effect that they have on fetal anatomy

Figure 100-1 Sonographic image demonstrating an amniotic
band attached to the fetus and floating in the amniotic fluid.

(Figure 100-1). The effect of amniotic bands on the extremi-
ties may be manifested by absent digits or portions of limbs,
or a swollen distal arm or leg resulting from constrictive am-
niotic bands (Paladini et al., 2004) (Figure 100-2). ABS may
affect the face with cleft lip or palate, asymmetric microph-
thalmia, or severe nasal deformity. Encephalocele may be a
manifestation of ABS, especially when eccentrically placed
(Figure 100-3). Abdominal wall defects can be the result of
ABS, typically with large defects with free-floating intestine
herniated outside the abdomen. The characteristic appear-
ance of an aberrant sheet or band of amnion attached to
the fetus with resultant deformity and restriction of mo-
tion allows a diagnosis of ABS to be made (Figure 100-3).
However, prenatal diagnosis is the exception rather than the
rule.

The findings in ABS may be limited to isolated de-
fects, including isolated facial cleft, digital amputation, or
mild elephantiasis of an extremity beyond a constrictive band
(Sentilhes et al., 2004; Dyson et al., 2000). These isolated fea-
tures may be difficult to diagnose sonographically because
the detailed fetal visualization required is beyond the scope
of routine obstetrical ultrasound examinations. At the worst
end of the spectrum, the fetus may be so severely deformed
by the amniotic bands that the spine is contracted and organs
are formed in perplexing and bizarre proportions. The head
may be completely misshapen or absent. The bands respon-
sible for these deformities are rarely seen and a presumptive
diagnosis of ABS is made based on the commonly associated
deformities.

The spinal deformities in ABS can be severe, mani-
festing as kyphotic lordosis or scoliosis as well as severe ro-
tational abnormalities and even spinal amputation (Chen,
2001).While spinaldeformitycanbe seen inother syndromes,
severe spinal deformity should suggest ABS.
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A B

Figure 100-2 Sonographic image of a fetus with a constricting amniotic band of an extremity. A. 2-D image depicting
amputation of the distal portion of both lower extremities as a result of amniotic bands. B. 2-D image of the same fetus
showing bilateral limb reduction defects.

Spinal deformity associatedwith an abdominalwall de-
fect isparticularly suggestiveofABS.While the typical appear-
ance of an omphalocele is possible, the more common defect
is a large slashlike defect of both the thoracic and abdom-
inal cavities with evisceration. These defects are associated
with exteriorized bowel, liver, and sometimes heart without
an enveloping membrane. When associated with limb ab-

normalities, this is characteristic of the LBWC form of ABS
(Figure 100-4).

Deformation of the calvarium is another group of
anomalies characteristic of ABS. If complete, the fetus may
appear anencephalic or to have acrania (Chen et al., 2004).
If partial, the fetus may appear to have an encephalocele.
The distinguishing features that characterize these defects as

A B CC

Figure 100-3 Sonographic image of a fetus with amniotic band syndrome manifesting as A. a ‘‘slash” defect in the
maxillary region, and B. an eccentric encephalocele. C. Amniotic bands were also noted to be attached to the ex-
tremities (arrowheads). (Reprinted, with permission, from Filly RA, Golbus MS. The fetus with amniotic band syndrome. In:
Harrison MR, Golbus MS, Filly RA, eds. The Unborn Patient. 2nd ed. Philadelphia, PA: WB Saunders; 1991:440-447.)
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A B C

Figure 100-4 Sonographic image of a fetus with limb–body wall complex showing severe twisting deformity of the
spine associated with gastropleuroschisis and amniotic bands attached to the extremities. A. The fetal spine (Sp) has
a severe twisting deformity. B. The twisting deformity is so severe that the viscera (VE) herniated through the gas-
tropleuroschisis are found posterior to the fetus. C. The amnion (arrows) encircles the exteriorized viscera. (Reprinted,
with permission, from Filly RA, Golbus MS. The fetus with amniotic band syndrome. In: Harrison MR, Golbus MS, Filly RA, eds.
The Unborn Patient. 2nd ed. Philadelphia, PA: WB Saunders; 1991:440-447.)

ABS are their asymmetric nature and associated spinal defor-
mity or abdominal wall defects. In classic anencephaly, the
calvarial bones are symmetrically absent (see Chapter 7). In
anencephaly caused by ABS there is some portion of calvar-
ium present, usually near the base of the skull or near one
other orbit. Similarly, classic encephaloceles occur near the
midline, while ABS causes encephaloceles off the midline.

The presence of bands is unnecessary for the diagnosis
of ABS in the presence of characteristic fetal anomalies. The
sonographic detection of bands is helpful in confirming the
diagnosis of ABS as the cause of fetal deformity. However,
observation of these bands without fetal abnormality is not
ABS. It is important for the sonographer to distinguish amni-
otic bands fromothermembranes and separations within the
amnion. Separation of amnion and chorion is normal in early
pregnancy until fusion occurs at approximately 16 weeks of
gestation (Sauerbrei et al., 1980; Burrows et al., 1982; Patten
et al., 1986).

Chorioamniotic separationmayoccur as a result of am-
niocentesis or fetal surgery, and extrachorionic hemorrhage
may separate the chorioamniotic membrane from the uter-
ine wall (Spirit et al., 1979; Burrows et al., 1982; Graf et al.,
1997). In both of these instances, a membrane may be ob-
served sonographically. Other causes of membranes in the
developing fetus include septate uterus, blighted twin, and
circumvallate placenta (Fillyand Golbus, 1991).

Adhesions that form in the uterus as a result of curet-
tage, cesarean section, or myomectomy may cause sheets of
amnion that protrude into the lumen of the amniotic cav-
ity (Asherman, 1948; Comninos and Zourlas, 1969; Mahony
et al., 1985; Randal et al., 1988; Filly and Golbus, 1991).
Randal et al. (1988) found that 76%of patients with amniotic
sheets had undergone prior instrumentation. This results in
an adhesion that becomes covered by chorion and amnion
and has a thickness similar to the intertwin membrane of
dichorionic diamniotic twins. These amniotic sheets do not
adhere to the fetus because the amnion is intact (Tan et al.,
2005). The uterine adhesion may rupture with growth of the

fetus. Filly andGolbus (1991) have described the sonographic
appearance of these synechiae as having a thickened base and
a fine edge that undulates. There may be a bulbous edge, pre-
sumably due to the synechiae. There are no associated fetal
abnormalities and there is free fetal movement around the
sheet. The synechiae may not be seen in the third trimester,
because of rupture or compression by the growing fetus.

In the LBWC there is a constellation of abnormali-
ties, including myelomeningocele or caudal regression, tho-
racoabdominoschisis, or abdominoschisis and limb defects
(see Figure 100-4). At least two of the three abnormalities
listed above are necessary to make a diagnosis of LBWC. The
umbilical cord is usually short or absent, with the placenta
attached to the fetus. If present, there may be only a two-
vessel cord. The limbs may be missing or the feet clubbed.
The spine is often short and curved and sacral regression is
common. There may be Arnold–Chiari malformation and
hydrocephalus associated with the meningomyelocele. There
may be ectopia cordis as part of the thoracoabdominoschisis.
Facial clefts may also be seen in LBWC.

ABS involving the umbilical cord can be recognized by
abnormal clustering of loops of umbilical cord, which may
be adherent to a bend fixed to a limb. These findings may be
subtle and should be sought in any case of ABS as umbilical
cord involvement may result in fetal demise (Figure 100-5).

DIFFERENTIAL DIAGNOSIS

Thedifferential diagnosis inABSdepends on the sonographic
findings. In isolated constrictive amniotic bands associated
with distal limb edema, possible lymphatic or vascular mal-
formations should be considered. However, color Doppler
studies should closely show the flow characteristics of a vas-
cular malformation. Constrictive bands involving the upper
extremity should suggest the possibility of the VACTERL as-
sociation if the radius is affected, and Fanconi anemia if radial
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A B

Figure 100-5 A. Sonographic image of amniotic bands involving the umbilical cord and the right upper extremity.
B. Color doppler of the same patient.

hypoplasia or absent thumbs are observed. Amniotic mem-
branes within the amniotic cavity without associated fetal
anomalies may be amniotic sheets secondary to intrauter-
ine synechiae or remnant of a blighted twin, or secondary to
amniocentesis or chorionic villus sampling.

A diagnosis of LBWC requires two of three of the fol-
lowing abnormalities: (1) myelomeningocele or caudal re-
gression, (2) abdominal or thoracoabdominal wall defect, or
(3) limb defects. The main differential diagnoses are cases of
isolated neural tube defects or ruptured omphalocele, which
do not meet the criteria for LBWC. The body stalk anomaly
has a similar constellation of anomalies but the placenta is
attached to the trunk of the fetus.

ANTENATAL NATURAL HISTORY

There is great controversy about the pathogenesis of the vari-
ous forms of ABS. Part of this controversy involves the timing
in gestation of the development of amniotic bands. However,
in constrictive amniotic bands of the extremities, the progres-
sion of constriction combined with fetal growth has resulted
in extremity amputation (Figures 100-2, 100-6, and 100-7)
(Hill et al., 1988). ABS can be associated with either polyhy-
dramnios or oligohydramnios. Despite the severity of some
forms of ABS, there are no adverse maternal consequences
for this diagnosis. The incidence of intrauterine fetal death
from ABS involving the umbilical cord is not known but nu-
merous cases have been reported (Torpin, 1965; Kanayama

Figure 100-6 3D image demonstrating absence of the left fetal
hand in a pregnancy complicated by amniotic bands.
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Figure 100-7 Plain radiograph of the right leg of a newborn who
sustained amputation in utero of the right leg and foot from am-
niotic bands. (Courtesy of Benjamin Alman, MD)

et al., 1995; Graf et al., 1997). However, the poorly character-
ized pathogenesis of this syndrome and limited sonographic
surveillance, limit our understanding of its prenatal natural
history.

ABS is a relatively common, if underappreciated, cause
of fetal and neonatal morbidity andmortality. The fetal lamb
model of ABS will be useful to better define the pathophysi-
ology of ABS and to provide a tool to understand the unique
fetal response to tissue injury, repair, and regeneration. Sono-
graphic identificationofABSaffecting theumbilical cordmay
be an indication for fetoscopic surgical intervention. In the
future, intervention for nonlethal limb deformationmay also
be considered if maternal risk is sufficiently lowered. ABS is
another in a growing list of conditions for which fetal surgery
may be considered in the future.

Constrictive bands most commonly affect the extrem-
ities, but can also involve the umbilical cord, with resulting
fetal death. Kanayama et al. (1995) described the reversal of
diastolic flow observed in a fetus with umbilical cord con-
striction due to amniotic bands. Graf et al. (1997) similarly
reported a case of amniotic bands involving the umbilical
cord following the development of chorioamniotic separa-
tion. Despite initially normal umbilical artery Doppler wave-
forms, this fetus died within 2 weeks from a constrictive am-
niotic band of the umbilical cord. Reports have described
constrictive amniotic bands as a cause of fetal death (Torpin,
1965; Moerman et al., 1992). However, until the reports by
Kanayama and Graf and their colleagues, this was a diagno-
sis made pathologically after the fact. It is in cases like these
that fetoscopic lysis of amniotic bands could be lifesaving (see
“Fetal Intervention”).

Cases of ABS, by definition, have ruptured membranes
and typically deliver prematurely with an average gestational
age of 32 weeks.

MANAGEMENT OF PREGNANCY

Inmanaging a pregnancywith suspectedABS, it is essential to
have a detailed sonographic fetal survey to accurately assess
any anomalies present. Fetal echocardiography is indicated
in cases of abdominal wall or abdominothoracic wall defects
because of the increased incidence of associated cardiac de-
fects. Amniocentesis is not necessary in clear-cut cases ofABS,
as these are sporadic deformations with no association with
chromosomal abnormalities. However, in instances in which
the diagnosis is uncertain, genetic amniocentesis should be
considered. For example, in cases of abdominalwall defects in
which a ruptured covered omphalocele cannot be excluded,
genetic amniocentesis is indicated.

A fetus with ABS should pose no increased risk for the
mother in themanagementof thepregnancy.There is no indi-
cation for cesarean section, except for obstetrical indications.
In severe cases of ABS, such as LBWC, in which survival is not
anticipated, conventional labor and vaginal delivery without
intervention for fetal distress should be considered.

FETAL INTERVENTION

The indications for fetal surgery are, with few exceptions,
only for life-threatening conditions such as congenital pul-
monary airway malformation (CPAM) with hydrops, di-
aphragmatic hernia with a low lung-to-heart ratio, bladder
outlet obstruction with oligohydramnios, or sacrococcygeal
teratoma with placentomegaly (see Chapters 35, 37, 38, 82,
and 115). However, as experience with the techniques of fetal
surgery has grown and the natural histories of certain non–
life-threatening conditions have been better defined, the in-
dications for fetal surgery have been extended. Two examples
of this are in utero repair of meningomyelocele to prevent
the devastating neurologic injury to the spinal cord (Adzick
et al., 1998) and fetoscopic cord ligation in monochorionic
twins with imminent death of one twin to prevent neurologic
injury in the surviving twin (Crombleholme et al., 1996).
The indications for fetal surgery in the ABS may be either
for a life-threatening condition if it involves constriction of
the umbilical cord or, more commonly, threatened limb am-
putation due to amniotic band constriction (Torpin, 1965;
Ashkenazy et al., 1982; Kanayama et al., 1995; Quintero et al.,
1997; Tadmor et al., 1997; Crombleholme, 2001; Keswani
et al., 2003).

Torpin (1965) reported 36 cases of fetal death due to
cord constriction from amniotic bands. In each case, the di-
agnosis was made retrospectively. Recognition of amniotic
bands constricting the umbilical cord has been reported by
Kanayama et al. (1995), who were able to document fetal
compromise by reversal of diastolic flow in the umbilical
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artery by color Doppler. It is in cases like the one reported by
Kanayama et al. that fetoscopic lysis of amniotic bands could
be lifesaving.

On the basis of their experience with fetoscopy for cord
ligation in TRAP sequence and the experimental work by
Crombleholme et al. demonstrating the potential for func-
tional recovery of banded extremities once released,Quintero
et al. performed the first fetoscopic lysis of amniotic bands in
human fetuses (Crombleholme et al., 1995; Quintero et al.,
1997). Their first case was a fetus at 21weeks of gestationwith
bilateral cleft lip and bands attached to the face and left upper
extremity with distal limb edema. In order to avert limb am-
putation, fetoscopic lysis of bands was attempted at 22 weeks
of gestation using a two-port technique. However, because of
bleeding encountered on insertion of the second operating
port, it was removed. The endoscissors were passed through
the port used for the fetoscope, and the lysis was performed
under ultrasound guidance. Therewas resolution of the distal
edema within 6 days of the procedure. At 32 weeks, micro-
phthalmia and anophthalmia of the right orbit were first
noted at the site of the previously attached amniotic band.
The infant was delivered at 39 weeks and was found to have
a type IV Tessier craniofacial cleft and right microphthalmia.
The extremity showed minimal residual scarring where the
band had been attached and lysed. The infant’s hand had
radial paresis and mild hypoplasia.

The second case was a fetus at 23 weeks of gestation
with a thick amniotic band constricting the left ankle of the
fetus. There was marked edema distal to the band and mini-
mal blood flow to the foot was observed by color and pulsed
Doppler. Fetoscopy was performed using a 2.7-mm 5-degree
endoscope and confirmed the sonographic findings. Again,
bleeding was encountered on insertion of the operating port,
necessitating its removal. Attempts at ultrasound-guided ly-
sis using endoscissors were unsuccessful. A 2.4-mm 0-degree
operating scope with a 400-μm contact YAG laser fiber was
used to lyse approximately 85% of the band. Complete lysis
of the band was not achieved for fear of injury to “important
elements in the ankle.” Postoperatively, the edema markedly
improved, as did distal arterial blood flow, and there was
return of flexion and extension on follow-up sonographic
examination. The mother was hospitalized 8 weeks postop-
eratively at 31 weeks of gestation with premature rupture of
membranes and delivered at 34.5 weeks of gestation. The in-
fant underwent Z-plasties for residual effects of the amniotic
band, and full functional recovery was anticipated.

The rationale for performing fetoscopic lysis of con-
stricting extremity amniotic bands is based on the hypothesis
that progressive compromise of fetal growth leads to am-
putation. However, this assumes that the procedure can be
accomplished with no maternal morbidity and minimal fe-
tal morbidity. This procedure would be hard to justify in the
face of a serious maternal complication or a fetal death due
to severely premature delivery at 21 or 23 weeks of gestation,
even in the face of certain fetal limb amputation.

The experience reported by Keswani et al. (2003) simi-
larly supports the use of fetoscopic release of amniotic bands

for limb salvage. However, the sequelae of the ABS may not
completely remove or may result in secondary lymphedema.
It is worth noting that the cases reported that all had ad-
ditional amniotic bands encircling limbs not appreciated by
ultrasound examination that were also lysed. Crombleholme
has experience with fetoscopic release of amniotic bands in-
volving the umbilical cords in five fetuses (Crombleholme
TM, unpublished observation, 2009). All were successfully
lysed with all three fetuses surviving the procedure.

While extremity ABS may have devastating morpho-
logic and functional effects on a limb, possibly resulting in
amputation, it is not lethal. Extremity ABS is not an indi-
cation for fetoscopic surgery unless maternal risks and inci-
dence of preterm labor are fully appreciated by the mother.
However, there are forms of ABS that are lethal or have dev-
astating neurologic sequelae thatmay justify the current risks
of intervention. Torpin (1965) has reported 36 cases of con-
strictive amniotic bands of the umbilical cord, which were
uniformly fatal. Although rarer than other forms of ABS,
umbilical cord constriction, once diagnosed sonographically,
may be amenable to fetoscopic release to avert fetal death as
shown by Crombleholme (unpublished observation, 2008).

TREATMENT OF THE NEWBORN

A fetus known to have ABS should be delivered in a tertiary
care center with neonatologists, pediatric surgeons, and pe-
diatric plastic and orthopedic surgeons available. Treatment
depends on the nature of the ABS and the severity of the de-
formation. In cases of umbilical cord involvement, early or
even emergency delivery may be indicated if there are signs
of fetal compromise (Kanayama et al., 1995). After delivery, a
careful physical examination should assess the severity of the
ABS. Often there will be no evidence of the amniotic band at
the time of delivery. In the case of extremity amniotic bands,
treatment is dictated by the severity of the deformation. The
severity of deformity can range from a mildly constrictive
band, requiring release, to near amputation, requiring de-
bridement. More often there is a bandlike deformation that
requires Z-plasties to surgically correct it (Dyer andChamlin,
2005; Findik et al., 2006) (Figure 100-8).

In cases of amniotic bands involving the face and head,
there may be severe facial clefts, anophthalmia, and en-
cephalocele. These deformities may require many extensive
reconstructive procedures to achieve an acceptable cosmetic
result. Cases of the LBWC form of ABS are always fatal, and
no reconstructive procedures are indicated.

LONG-TERM OUTCOME

The outcome in ABS depends on the severity of the deforma-
tion. Cases of extremity ABS usually have an excellent long-
term outcome. Even in cases of limb amputation, ambulation
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Figure 100-8 A. Postnatal appearance of the leg of a newborn with
extremity amniotic band syndrome. B. Postnatal appearance of the
hand of a newborn with extremity amniotic band syndrome.

is possible with the aid of a prosthesis. The cosmetic results
following extensive craniofacial reconstructive surgery are of-
ten acceptable, but the severity of these defects may leave
these children permanently disfigured. ABS in which feto-
scopic releasewasperformedmayshowevidenceof secondary
lymphedema, which may require multiple surgical proce-
dures to provide an acceptable functional result (Marler et al.,
2002).

GENETICS AND RECURRENCE RISK

Most cases of ABS are sporadic and there is no risk of
recurrence in subsequent pregnancies. There have been
cases of ABS associated with underlying disease, such as

Ehlers–Danlos syndrome type III or osteogenesis imperfecta.
Similarly, ABS has been reported in association with ter-
atogens such as methadone and lysergic acid diethylamide
(Chemke et al., 1973; Daly et al., 1996). While associated
maternal disease or teratogenic exposure may predispose to
recurrence, these are rare causes of the ABS.
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101
CHAPTER

Arthrogryposis

Key Points

■ Descriptive term that refers to the presence of
congenital contractures in two or more joints.
Does not necessarily represent a syndrome but is a
compensatory connective tissue response.

■ Causes include abnormal muscle tissue, abnormal
nerve function, abnormal connective tissue, and
mechanical limitation of fetal movement.

■ Incidence is 1 in 3000 livebirths.

■ Sonographic findings include malpositioned limbs,
limited fetal movements, hypoechogenicity of
long bones. May be associated with increased
nuchal translucency, polyhydramnios, and cystic
hygroma.

■ Differential diagnosis includes more than 150
conditions. Amyoplasia is the most common.
Chromosome abnormalities are unlikely, but
should consider trisomy 18 and mosaic trisomy 8.

■ Examine both prospective parents for signs of
distal arthrogryposis, which is dominantly
inherited and associated with 10 conditions.

■ Treatment of newborn focuses on whether only
limbs are affected or if there are abnormalities of
nervous or muscular systems.

■ Treatment for isolated joint abnormalities begins
with plaster casts in newborn period. Surgery, if
performed, occurs at 3 to 12 months.

CONDITION

The termarthrogryposis, amixture of Latin andGreekwords,
means curved or crooked joint (Hageman et al., 1988). This
termwasfirst used in 1923by Stern. Thefirstmedical descrip-
tion of arthrogryposis occurred in 1841, whenOtto described
an infant with multiple congenital contractures and referred
to the conditionas “congenitalmyodystrophy” (Swinyard and
Bleck, 1985).

Arthrogryposis refers to a symptom complex charac-
terized bymultiple joint contractures that are present at birth.
The muscles in the affected area or areas are replaced by fat
and fibrous tissue (Shapiro and Specht, 1993). Although the
term arthrogryposis is in wide use, the preferred descriptive

term is multiple congenital contractures. These contractures
do not represent a syndrome but a compensatory connective
tissue response (Swinyard and Bleck, 1985).

Clinical features of arthrogryposis include rigidity of
several joints, resulting fromshort, tightmuscles and capsular
contractures, dislocation of joints, “featureless” extremities
(normal skin creases are absent and there is an increase in the
amount of subcutaneous fat), presence of deep skin dimples
in the vicinity of affected joints, absence orfibrosis ofmuscles,
and normal intellectual development (Williams, 1978).

According toHall (1981), the termarthrogryposismul-
tiplex congenita was coined to describe infants with multiple
congenital contractures. Confusion has arisen because the
term was used as a diagnosis. The term is descriptive, and the
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presence of congenital contractures only indicates a clinical
sign with multiple underlying causes. In general, anything
that decreases intrauterine movement may lead to limitation
of joint movement and the subsequent formation of contrac-
tures. The earlier in development it occurs and the longer the
duration of limitation of movement, it will result in more
severe contractures at birth.

There are four major causes of congenital contractures
(Hall, 1981):

1. Abnormal muscle tissue:Examples of this aremuscular dys-
trophy, congenital myopathies, and congenital absence of
muscle (amyoplasia).

2. Abnormal nerve function: This includes central nervous
system malformations, congenital neuropathy, failure of
the nerves to form ormyelinate, or exposure to toxins that
affect nerve function.

3. Abnormal connective tissue:This interfereswith the normal
development of tendons, bone, cartilage, or joint tissue.

4. Mechanical limitation to movement in utero: This includes
uterine fibroids, oligohydramnios, amniotic bands, or the
presence of a multiple gestation.

INCIDENCE

The incidence of multiple congenital contractures is approx-
imately 1 in 3000 livebirths (Hall, 1985). In one study of
66 cases of arthrogryposis multiplex congenita, the mothers
were significantly older than average (Wynne-Davies and
Lloyd-Roberts, 1976). Davis and Kalousek (1988) identified
16 cases of fetal akinesia deformation sequence in 948 not yet
viable fetuses at 9 to 20 weeks of gestation. The fetal akinesia
deformation sequence was defined as joint contractures with
or without formation of webs, with intrauterine growth re-
striction, pulmonary hypoplasia, micrognathia, short umbil-
ical cord, and a short gut (Davis andKalousek, 1988). In addi-
tion, arthrogryposis multiplex congenita has been described
in association with cases of failed termination of pregnancy
(Hall, 1996). These authors hypothesized that the contrac-
tures were due to vascular compromise during attempted ter-
mination with a secondary loss of functional neurons leading
to fetal akinesia and subsequent contractures. A rupture of
membranes with continuous leakage of amniotic fluid after
attempted termination may have worsened the existing con-
tractures.

SONOGRAPHIC FINDINGS

Detailed examination of the fetal extremities is not listed in
themost recent AmericanCollege ofObstetricians andGyne-
cologists or American Institute of Ultrasound and Medicine
(AIUM) guidelines, but it is a critical adjunct to fetal imaging
and is needed to diagnose conditions such as arthrogryposis

Figure 101-1 Sagittal sonographic image of a fetal lower extrem-
ity with contractures at the knee and ankle.

(Bromley and Benacerraf, 1995; ACOG, 2008). The sono-
graphic diagnosis of arthrogryposis is made by observation
of the malposition of the limbs (Figure 101-1). The morpho-
logic aspects of the bones are normal but the range of move-
ments is limited (Deschamps et al., 1992). Increased nuchal
translucency, polyhydramnios, and cystic hygroma are often
observed in association with arthrogryposis (Goldberg et al.,
1986; Bui et al., 1992; Hyett et al., 1997; Scott et al., 1999).

Murphy et al. (2002) described three cases of fetal
arthrogryposis with severe hypoechogenicity of the long
bones that was noted after 30 weeks’ gestation. They spec-
ulated that fetal osteoporosis developed as a consequence of
absent fetal movement.

Baty et al. (1988) reported the prenatal diagnosis of dis-
tal arthrogryposis by sonographic examination at 18weeks of
gestation in a family with two other affected members. Real-
time sonographic evaluation demonstrated a flexed position
of the fingers and extension of the right wrist, which did not
change despite active motion of the shoulders and elbows.
The fetal hands were in a fist and the fingers did not extend
(Figure 101-2). These authors described the following im-
portant variables in the sonographic diagnosis of fetal joint
contractures (Baty et al., 1988):

1. The gestational age of the fetus.
2. The timing of the development of the joint contractures.
3. The severity of the joint contractures.
4. The index of suspicion of the ultrasonographer.
5. The skill, patience, and previous experience of the sonog-

rapher.
6. The divergence of the affected joints from the neutral

position.
7. The amount of joint movement.
8. The presence of other sonographically detectable anoma-

lies.
9. The persistence of findings over time.

Amyoplasia is the most common cause of joint con-
tractures. Sepulveda et al. (1995) diagnosed a case of fetal
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Figure 101-2 Sonographic image of a fetal hand demonstrating
fixed flexion of all digits.

amyoplasia at 19 weeks of gestation with absent fetal move-
ments, severe multiple congenital contractures, hydrops fe-
talis, and polyhydramnios. No spontaneous fetal movements
were seen over a 40-minute period of observation. Autopsy
of this affected fetus revealed small groups of poorly devel-
oped muscle fibers within areas of fat. These authors noted
that fetal movements were absent during intrahepatic venous
sampling in the fetus with amyoplasia. This was in contrast
to their previous observations that second trimester fetuses
normally react with vigorous movements during fetal blood
sampling.

Stoll et al. (1991) studied two children born to amother
with myasthenia gravis. Her first pregnancy was a 33-week-
old fetus with multiple flexion contractures, which died
1 hour after birth from respiratory insufficiency. Her second
pregnancywas remarkable for anabnormalultrasoundexam-
ination at 20weeks,which showeddecreased fetalmovements
andmultipleflexioncontractures. Inmyasthenia gravis, ama-
ternal factor is transferred to the fetus, which affects the fetal
joints. This has been confirmed in an animalmodel by inject-
ing pregnant mice with plasma from women who have anti-
bodies to the acetylcholine receptor (Jacobson et al., 1999).
Many pups were stillborn and showed fixed joints.

Goldberg et al. (1986) described a case of fetal arthro-
gryposis at 30 weeks of gestation in a fetus with scalp edema
but no ascites.Moderate polyhydramnios was present. In this
fetus, the lower extremities were tightly flexed and crossed
in a squatting position. No normal limb activity was noted.
These authors stated that late identification of arthrogryposis
was valuable in minimizing the birth trauma associated with
the vaginal delivery of an infant with fixed joints.

More recently, three-dimensional (3D) surface-
rendering images were used to show the fixed postural ab-
normalites of the fetal extremities (Ruano et al., 2003).When

viewed in real time, the authors were able to show that there
was absence of fetal movement, leading to a diagnosis of fetal
akinesia deformation sequence.

DIFFERENTIAL DIAGNOSIS

More than 150 conditions are known in which multiple con-
genital contractures are a predominant sign (Hall, 1985). In
a review of 155 patients with arthrogryposis, Sarwark et al.
(1990) noted that 43% of patients had amyoplasia, 35% had
other contracture syndromes, 7% had the dominantly inher-
ited formofdistal arthrogryposis, 6%hadmultiple congenital
anomalies, and 2% had chromosomal abnormalities.

Amyoplasia is the single most common cause of multi-
ple congenital contractures. A very specific limb positioning
exists in this condition. There is a marked decrease in mus-
cle mass. Contractures are symmetric, with all four limbs
affected. Affected patients have a round face with a mild mi-
crognathia andamidlinehemangioma. Intelligence is normal
in this condition.

Distal arthrogryposis refers to syndromes in which
thereare congenitaldistal contracturesbut theproximal joints
are largely spared (Beals, 2005). There is a lesser degree of in-
volvement of the extremities and preservation of goodmuscle
tone and bulk. Affected patients have a clenched-fist defor-
mity of the hand, occasional congenital dislocation of the hip,
mild to severe positional deformities of the foot, and normal
intelligence (Baty et al., 1988). In most distal arthrogryposis
conditions, the function of the hands improves with time,
use, and physical therapy.

Currently, there are 10 different syndromes described
that have a commonpattern of distal congenital contractures,
minimalproximal contractures, andotherfindings (Bamshad
et al., 1996; Beals, 2005). All are inherited as autosomal dom-
inant conditions with variable expression. This group of con-
ditions includes Freeman–Sheldon syndrome, (also known as
distal arthrogryposis type 2A), which presents with a distin-
tive facies, flexion, andulnardeviationof thefingers andverti-
cal talus. Congenital contractural arachnodactyly (Beals syn-
drome), also known as distal arthrogryposis type 9, presents
with ear deformities and finger contractures. This condition
is in the differential diagnosis for Marfan syndrome.

Another consideration in the differential diagnosis is
Pena–Shokeir syndrome, whichmanifests as severe intrauter-
ine growth restriction, a short umbilical cord, pulmonary
hypoplasia, micrognathia, and facial anomalies. The overall
appearance, however, is somewhat nonspecific.

Only a small percentage of patients with arthrogrypo-
sis will have a chromosomal abnormality. Themost common
abnormalities associated with this condition are trisomy 18
andmosaic trisomy 8. In one study, approximately a fourth of
the cases of trisomy 18 (23/89) were associated with arthro-
gryposis (Chen, 2005).

In Scandinavia, a lethal congenital contracture syn-
drome is inherited as an autosomal recessive condition. This
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condition is lethal in utero at a mean gestational age of
29 weeks. Affected fetuses present with hydrops fetalis and
malpositioning of the hips and knees with webbing of the
neck and elbows. The muscles are hypoplastic, and there is
severe thinning of the ventral half of the spinal cord (Kirkinen
et al., 1987; Herva et al., 1988).

Maternal myasthenia gravis is in the differential diag-
nosis, as neonatal myasthenia develops in 12%of babies born
to mothers with this condition. In the subgroup of patients
with contractures due to neurogenic abnormalities, spinal
muscular atrophy is a consideration.DNAanalysis of 12unre-
lated patients with congenital contractures, generalizedmus-
cle weakness, evidence of denervation on electromyographic
studies, and muscle biopsy evidence of denervation, revealed
that 50% of affected patients lacked the survival motor neu-
ron gene (Börglen et al., 1996). The survival motor neuron
(SMN) gene is absent or interrupted in 90% to 100% of pa-
tients with spinal muscular atrophy.

ANTENATAL NATURAL HISTORY

Joint development starts at 5.5 weeks of gestation, and by the
8th week, the first movement of the limbs can be observed
(Ajayi et al., 1995). Absence of motion leads to stiff joints,
pterygium formation, pulmonary hypoplasia, and a short
umbilical cord. The primary underlying problem in arthro-
gryposis is due to degeneration of the anterior horn cells,
occurring during the early months of gestation (Williams,
1978). Early destruction of muscle fibers in utero will result
in certain muscles being affected earlier or more severely. Af-
fected muscles tend to lose tone and fail to counterbalance
the tone of the normally developed antagonist muscles. This
further restricts the normal movements of the muscles and
joints during periods of rapid fetal growth (Williams, 1978).
According toHall (1996), an ischemic event occurring during
a critical period of anterior horn development may result in
contractures. Handling of the pregnant uterus disturbs uter-
ine blood flow, which may result in temporary hypoxia and
bradycardia of the embryo. Disruption or decreased flow in
the anterior spinal arteries or decreased uterine vessel blood
flowwill lead todamageor loss ofneuronsormuscles.The an-
terior horn cells are particularly susceptible to hypoxic dam-
age or loss at 8 to 14 weeks of gestation (Hall, 1996). The sub-
sequent lack of normal anterior horn cell function leads to
fetal akinesia and secondarily to multiple joint contractures.

Moessinger (1983) developed an animal model of fe-
tal akinesia deformation sequence by paralyzing rat fetuses
with injections of curare. The anomalies noted at the time of
delivery includedmultiple joint contractures, pulmonary hy-
poplasia,micrognathia, intrauterine growth restriction, short
umbilical cord, and polyhydramnios. The polyhydramnios in
association with fetal akinesia is mediated by lack of swallow-
ing activity.

Clarren and Hall (1983) studied the neuropathologic
findings in the spinal cords of 10 infants with neurogenic

arthrogryposis and compared them to 8 infants with spinal
muscular atrophy type I and II age matched controls. The
numbers of α-motor neurons were reduced in affected pa-
tients with arthrogryposis and spinal muscular atrophy. Ab-
normal histology was seen in patients with arthrogryposis. In
five patients, the pathologic pattern was consistent through-
out the entire spinal cord. Infivepatients therewas anunequal
distribution across the spinal cord and this correlatedwith the
muscle groups involved clinically.

MANAGEMENT OF PREGNANCY

The pregnant patient should be asked whether there is a his-
tory of decreased fetal movement. This may be difficult to as-
certain in a first pregnancy. She should also be asked whether
there is a history of infection, fever or hypothermia, or ex-
posure to teratogens. Additional considerations include the
exclusion of uterine masses, the presence of a twin gestation,
placental abnormalities, or oligohydramnios. The diagnoses
of myotonic dystrophy or myasthenia gravis should be ruled
out in the pregnant patient. The pregnant woman should be
specifically askedwhether she has any history of use of pheny-
toin, insulin, ethanol, or phencyclidine (PCP or angel dust)
(ThompsonandBilenker, 1985).Aprenatal karyotype should
be obtained to rule out an associated chromosomal abnor-
mality. Prenatal factors that potentially predict severe respi-
ratory insufficiency at birth include decreased fetal move-
ments, presence of polyhydramnios, micrognathia, and thin
ribs (Bianchi and Van Marter, 1994). If the fetus appears to
have arthrogryposis and has a strong likelihood of respiratory
insufficiency at birth, the prospective parents can be offered
termination of pregnancy. If the diagnosis is made later than
24 weeks of gestation, or if the parents do not desire termi-
nation, the fetal position should be checked close to term.
There is an increased incidence of breech positioning asso-
ciated with arthrogryposis. Delivery can be complicated by
abnormal fetal position and lack of flexibility of the limbs (see
Figure 101-1) (Hall, 1981). Therefore, an elective cesarean
section may be necessary for safe delivery. We recommend
delivery in a tertiary care center because of the potential for
respiratory difficulties at birth and the potential need forme-
chanical ventilation. The pregnant patient and her partner
should be examined for any signs of distal contractures that
might suggest a dominantly inherited condition.

FETAL INTERVENTION

There are no fetal interventions for arthrogryposis.

TREATMENT OF THE NEWBORN

The primary consideration in the treatment of the newborn
is to determine if only the limbs are affected, if there is
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evidence of central nervous system dysfunction, or if there
is evidence of additional organs being affected (Hall, 1981).
A complete and detailed physical examination should be per-
formed, including specific notation of the appearance and
position of the joints and the passive range of motion of the
joints. The physical examination should specifically rule out
the presence of a “whistling face,” micrognathia, cleft palate
(including the submucous isoform type), scoliosis, muscular
imbalance, hemivertebrae, or a covered neural tube defect.
Common skin defects associated with arthrogryposis include
scalpdefects, amnioticbands, anddimplesover the jointswith
limitation of movement. Midline hemangiomas are particu-
larly common in amyoplasia.

Laboratory tests that are recommended for diagno-
sis include cranial imaging by computed tomographic or
magnetic resonance imaging scan (Hageman et al., 1988),
chromosomeanalysis if not performedantenatally, electroen-
cephalography, electromyography with nerve conduction ve-
locity studies (Thompson and Bilenker, 1985), and radiogra-
phy. Thin ribs are associatedwith congenitalmuscular disease
(Chassevent et al., 1978). Creatine kinase levels are nonspecif-
ically elevated and are not useful in confirming a diagnosis
(Bianchi and VanMarter, 1994). A muscle biopsy can be per-
formed as early as days 6 to 15 of postnatal life (Bianchi and
Van Marter, 1994).

Physical examination findings consistent with a diag-
nosis of amyoplasia include a round face with a midline he-
mangioma (Figure 101-3), the presence of bilateral clubfeet,
hands that are always flexed at the wrists, and shoulders
that are internally rotated. The elbows are usually straight
and the hand is rotated posteriorly in what is known as
the “waiter’s tip” position. Affected children with amyopla-
sia have decreased muscle mass. It is important to mobi-
lize the joints as soon as possible after birth. Physical ther-
apy for children with amyoplasia should be initiated during
the newborn period. Treatment includes a mixture of ap-
plication of plaster casts with periods of vigorous therapy
(Figure 101-4).

A neuromuscular work-up may be warranted in cases
of arthrogryposis. Patients should be closely examined for the
occurrence of perinatal fractures. This can be suspected if a
localized deformity, soft tissue swelling, or irritability occurs.
Rigid joints and hypotonia contribute to the occurrence of
fractures at delivery (Shapiro and Specht, 1993).

SURGICAL TREATMENT

The goal of surgical treatment is to achieve the maximum
function possible for each involved joint. Major surgery
is generally performed between 3 and 12 months of age
(Mennen et al., 2005).

Clubfoot is the most common abnormality in arthro-
gryposis.Ninety percent of childrenwith arthrogryposis have
severe bilateral clubfeet (Solund et al., 1991). Treatment of the
foot is the dominant orthopedic problem throughout the first

Figure 101-3 Postnatal photograph of a newborn infant with
amyoplasia, demonstrating typical round face and a midline he-
mangioma on forehead and tip of nose.

year of life. Solund et al. (1991) treated 10 childrenwith 17 af-
fected feet for a mean follow-up period of 13 years. Fourteen
of the 17 feet were satisfactorily treated, defined as painless
and plantigrade at the time of examination. These authors
recommended performing a talectomy (removal of the talus)
before the expected age of walking.

Knee contractures are generally treated with physical
therapy to extend the range ofmotion. If operative correction
is necessary, this is performed with lengthening of the ham-
strings with a posterior capsulotomy. Thomas et al. (1985)
reported on 104 patients treated between 1952 and 1982.
Seventy-four of the 104 had significant knee contractures,
and they were followed for a period of 2 to 20 years. Of the
74, 43 had nonoperative treatment, which included physical
therapy, bracing, or serial casting. Thirty-one patients had
operative procedures, and these authors stated that the most
useful procedure in the growing child was a posterior capsule
release with hamstring tenotomy.

Affected patients can also have hip dislocation. The
characteristic deformity is flexion abduction–external rota-
tion contractures, accompanied by unilateral or bilateral hip
dislocation (Shapiro and Specht, 1993).

Scoliosis often occurs in patients with arthrogryposis
due to contractures of the muscles of the trunk. This almost
invariably responds to stretching and orthopedic manage-
ment. Most patients have a history of uterine malposition.
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Figure 101-4 Postnatal appearance of same infant in Figure 101-3, demonstrating early treatment with plaster casts.
At the time the photograph was taken, the left clubfoot was receiving a new cast. Symmetric contractures of all four
extremities are found in amyoplasia.

Surgical correction is recommended for curves of greater than
15 degrees (Sarwark et al., 1990).

Treatment options for contractures that involve the up-
per extremity include passive joint stretching, serial casting,
and surgical intervention. In one study of 17 infant patients
with both distal and classical arthrogryposis, outcome was
analyzed with an average follow-up of 6 years (Smith and
Drennan, 2002). For both groups, the maximal gain in wrist
motion occurred after the first casting session. Infants with
distal arthrogryposis had the largest improvement in passive
wrist motion, had no recurrence, andweremore functionally
independent at final follow-up. Infants with classic arthro-
gryposis hadmore rigid contractures that weremore likely to
recur after casting and interfere with daily living. These au-
thors suggested that repeat serial casting isunlikely to improve
wrist extension and that surgical options should be consid-
ered in the absence of improvement (Smith and Drennan,
2002).

LONG-TERM OUTCOME

Bianchi and Van Marter (1994) performed a retrospective
medical review and identified 15 newborns over a 10-year
period that had arthrogryposis multiplex congenita and re-
quired ventilatory support at birth. Fourteen of the 15 pa-
tients died; 13 were electively extubated after a variable time
course (2 hours to 64 days). All were totally apneic without
respiratory support. Autopsies were performed on all 14 non-
survivors and revealed an approximately equal distribution

of central nervous system malformations, peripheral neu-
ropathies, and peripheralmyopathies. The single patient who
survived had a different clinical course from the other infants.
She was weaned spontaneously from the ventilator at age 7
days and was ultimately diagnosed with myasthenia gravis.
These authors recommended performing an edrophonium
challenge test prior to elective extubation of any infant with
arthrogryposis multiplex congenita and inability to breathe.
However, most infants with arthrogryposis do not have res-
piratory problems, and their prognoses are considerably
better.

Amyoplasia is an example of a severe birth defect that
can improve with appropriate intervention. Sarwark et al.
(1990) described a better than expected prognosis in amy-
oplasia. The size of the limbs at birth and presence or absence
of pterygia (webs) can be used to predict response to therapy.
Sells et al. (1996) reviewed the outcome of 38 children with
amyoplasia, diagnosed by a medical geneticist. Eighty-four
percent of the 38 had symmetrical four-limb involvement.
Affected patients had an average of 5.7 orthopedic proce-
dures performed. By age 5 years, 85% of affected children
were ambulatory, althoughmobility aids were used by a large
proportion of them. Most of the children were relatively or
completely independent in their activities of daily living.Most
were in regular classrooms at the appropriate grade level. Al-
though infants with amyoplasia have pronounced muscu-
loskeletal involvement at birth and require orthopedic and
rehabilitative interventions during childhood, the authors
concluded that functional outcome in physical and educa-
tion areas is excellent (Sells et al., 1996). Of note, 11.6%of the
childrenwith amyoplasia had anomalies suggesting a vascular
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compromise in utero, including gastroschisis, bowel atresia,
or abdominal wall defects.

Carlson et al. (1985) identified a different population of
52 patientswhowere at least 16 years oldwith arthrogryposis.
The mean age was 27.3 years (range, 17–42 years). Although
these patients had limitation in shoulder motion they had
no significant functional handicaps despite the presence of
elbow deformities. Fifty-two percent had wrist deformities,
andapproximatelyhalfof themwerenot treated.Fifteenof the
27 patients with wrist deformities had serial casts and splints
and 7 required subsequent surgical correction. Following
carpectomy or wrist fusions patients had no pain and had
satisfactory wrist function. Seventy-one percent of the 52 pa-
tients had knee involvement and 85% had foot involvement,
mainly clubfoot. Twenty-six patients required surgery and
an average of 4.9 procedures on each foot. Fifty-six percent
of patients had hip problems but functioned well as adults.
The majority of patients had normal intelligence and 50%
of adults were married. In this mixed population of patients
with arthrogryposis, half walked independently, nine walked
with crutches or othermobility aids, andonly eightwere non-
ambulatory. Most of the patients had no limitations in their
activities of daily living.

GENETICS AND RECURRENCE RISK

The recurrence risk for arthrogryposis depends on the un-
derlying cause for the condition. Amyoplasia is sporadic with
little or no recurrence risk. Distal arthrogryposis types 1 to
10 are autosomal dominant conditions with a 50% risk of
recurrence. The gene for one of the subtypes of distal arthro-
gryposis type 1 maps to the pericentromeric region of chro-
mosome 9 (Bamshad et al., 1994). The Scandinavian form of
lethal congenital contracture syndrome is an autosomal re-
cessive condition with a 25% risk of recurrence (Vuopala and
Herva, 1994).

There is an increased incidence of clubfeet, dislocated
hips, and hyperextensibility in children with multiple con-
tractures (Hall, 1981). Hall (1985) personally studied a group
of more than 350 children with congenital contractures.
Twenty-eight percent of these cases had a known recogniz-
able genetic disorder caused by a single gene, chromosomal,
or multifactorial condition. Six percent were the result of an
environmental insult or exposure to a teratogen. Forty-six
percent of cases had known diagnoses (such as amyoplasia)
with no risk of recurrence. In only 20% of cases there was no
diagnosis made. In situations where there was no diagnosis
or cause for the arthrogryposis, Hall stratified the recurrence
risk. If the limbs are primarily affected, there is a recurrence
risk of 4.7%. If the limbs are affected in addition to other
malformations, there is a recurrence risk of 1.4%. If the limbs
and the central nervous system are both affected, there is a
recurrence risk of 7%. However, Hall cautioned that these
numbers should be used only if a specific diagnosis has not
been made for the index case with arthrogryposis.
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102
CHAPTER

Clinodactyly

Key Points

■ Medial deviation of finger at distal interphalangeal
joint. Fifth finger most commonly affected.

■ Not an anomaly. Usually due to developmental
delay or arrest.

■ Present in 1% of normal individuals, but also found
in 60% of newborns with Down syndrome.

■ Associated with many genetic syndromes.

■ A detailed fetal ultrasound evaluation should be
performed. If clinodactyly is isolated, karyotype is
not indicated. If an additional anomaly is found on
a detailed scan, obtain a fetal karyotype.

■ Isolated clinodactyly can be inherited as an
autosomal dominant trait.

CONDITION

The term clinodactyly derives from the two Greek words—
kleinin, meaning “to bend,” and dactylos, which means
“finger.” Clinodactyly is a descriptive term that refers to in-
curvingormedialdeviationof thefingerat thedistal interpha-
langeal joint (Figure102-1).Thefifthfinger ismost frequently
affected. Usually, this is due to wedging of the middle pha-
lanx so that the planes of the proximal and distal ends are not

parallel but converge toward the radial side (Birkbeck, 1975).
Clinodactyly is frequently accompanied by brachymesopha-
langy, whichmeans that themiddle phalanx of the fifth finger
is short and has increased breadth. There have been several
attempts to provide an objective definition of clinodactyly.
In one approach, clinodactyly is defined as the relationship
between the length of the fifthmiddle phalanx to the length of
the fourth middle phalanx (Birkbeck, 1975). Other authors
have used an angle of greater than 8 degrees between the long
axis of the distal phalanx and the middle phalanx (Birkbeck,
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Figure 102-1 Photograph of a child’s hand demonstrating me-
dial incurving of the fifth finger consistent with a clinical diagnosis
of clinodactyly.

1975). Yet other groups use a more stringent definition of a
distal phalanx deviation of at least 15 degrees (Skvarilova and
Smahel, 1984).

Clinodactyly may be isolated or part of a syndrome. It
may be a sporadic developmental event or it may be famil-
ial (Poznanski et al., 1969). Approximately 60% of newborns
with Down syndrome have bilateral fifth finger clinodactyly
(Hall, 1970). The associationbetween clinodactyly andDown
syndromehasbeenknown formore than100years (seeChap-
ter 131). In 1896, Smith published the first X-ray illustrating
fifth finger clinodactyly in a patient with Down syndrome
(Smith, 1896).

INCIDENCE

Several large population studies have addressed the inci-
dence of clinodactyly in healthy infants and children. In
Czechoslovakia, Skvarilova and Smahel (1984) studied 911
healthy children from Prague, age 6 to 18 years. They defined
clinodactyly as the presence of any distal phalanx axis devi-
ation of greater than 15 degrees on clinical examination. Af-
fected childrenunderwent radiography and the hands of their
immediate family members were examined. Clinodactyly of
the fifth finger was seen in 10 individuals (1.1%). Of these,
6 individuals also had brachymesophalangy. In 9 of the 10
affected cases at least one parent was confirmed as being simi-
larly affected. In the remainingcase, the fatherwasunavailable
for examination. Affected children had considerable bilateral
symmetry. The ratio of boys to girls affected was 3:2. An inci-
denceof clinodactylyof approximately 1%in thenormalpop-
ulation was confirmed in a study of healthy white newborns,
in which clinodactyly of the fifth finger was seen in 0.99%

of cases (Marden et al., 1964). Poznanski et al. (1969) have
noted significant racial and ethnic differences in fifth finger
clinodactyly. For example, they cite an incidence of 3.4% in a
Guatemalan population and an incidence of 5% in a popula-
tion fromHongKong. Clinodactyly is not an anomaly, per se,
but rather a developmental delay or arrest.Mehes et al. (1973)
reported that 0.5% of normal full-termHungarian newborns
had clinodactyly, but that this percentage increased to 0.9%
in full-term small for gestational age infants. This study also
noted an increased incidence of clinodactyly in preterm in-
fants at less than 25weeks of gestation, inwhich the incidence
was 2.56%. Clinodactyly is seen in 12% of newborns with
other major congenital anomalies (Marden et al., 1964).

SONOGRAPHIC FINDINGS

Although ossification of themiddle phalanx of the fifth finger
occurs normally early during the second trimester of preg-
nancy, themajor concern when fifth finger clinodactyly is de-
tected on a prenatal sonogram is its potential associationwith
trisomy 21 (Deren et al., 1998). In one study of ultrasound
markers of chromosomal disease, 3 of 21 cases of Down syn-
drome had postmortem or postnatal findings of fifth finger
clinodactyly (Twining and Zuccollo, 1993).

In 1988, Benacerraf et al. demonstrated hypoplasia of
the middle phalanx of the fifth digit in four of five fetuses
with Down syndrome examined at 17 to 20 weeks of ges-
tation. They described a radial curve to the fifth digit. One
of the five affected fetuses had no visible ossification of the
middle phalanx of the fifth digit (Figure 102-2). These au-
thors suggested that fifth finger clinodactyly could be used in
addition to other sonographic signs in screening for trisomy
21. This observation was followed by a prospective study ex-
amining the middle phalanx of the fourth and fifth digits in

Figure 102-2 Prenatal sonographic image demonstrating ab-
sent ossification of the middle phalanx of the fifth finger (arrow)
with radial incurving, suggesting a diagnosis of clinodactyly.
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1032 fetuses between 15 and 20 weeks of gestation prior to
routine genetic amniocentesis (Benacerraf et al., 1990). These
authors constructed a ratio of the middle phalanx of the fifth
digit divided by the middle phalanx of the fourth digit and
obtained a median value for normal fetuses of 0.85. In eight
fetuses with trisomy 21, the median ratio was 0.59. These
authors suggested a cutoff value of 0.70, which would iden-
tify 75% of the Down syndrome fetuses and 18% of normal
fetuses at the same gestational age. This gave a positive pre-
dictive value of this finding of 3.2%. These authors noted that
the ratio appeared to rise slightly between 15 and 16 weeks of
gestationandat greater than17.5weeksof gestation innormal
fetuses, implying that the ratios would be affected by normal
developmental maturation of this bone. Ossification of the
middle phalanxwas completely absent in 65 (6.3%)ofnormal
fetuses, although 50%of these fetuseswere between 15 and 16
weeks of gestation.Thus, ossificationof themiddle phalanxof
the fifth finger is a gradual process that is not normally com-
plete at 15 weeks of gestation. This has also been confirmed
by other investigators (Birkbeck, 1975). The conclusion of
this report was that measurement of the middle phalanx of
the fourth and fifth digits may be useful as an adjunct to
sonographic screening forDown syndrome (Benacerraf et al.,
1990).

Deren et al. (1998) examined whether the detection of
subtle sonographicabnormalities, includingclinodactyly, im-
proved screening efficiency for fetal trisomy 21. Clinodactyly
alone had a 28.6% detection rate. Clinodactyly, when seen in
associationwith increasednuchal thicknessor shorthumerus,
increased the detection rate of trisomy 21 from 53.3% to
63.2%.

Bahado-Singh et al. (2002) compared the performance
of different sonographic markers for fetal Down syndrome
detection at 14 to 16 weeks versus 16 to 24 weeks of gesta-
tion. As an individual sonographic marker, clinodactyly had
a 59.1% sensitivity for detection of Down syndrome with
a false-positive rate of 6.2% at <16 weeks’ gestation. After
16 weeks the sensitivity decreased to 28.2% and false-positive
rate was 2.9%.

DIFFERENTIAL DIAGNOSIS

Clinodactyly has been observed in 1% of normal individuals.
Therefore, the most likely diagnosis is a normal fetus. How-
ever, the finding should elicit some concern, as clinodactyly
is a component of many genetic syndromes, including Down
syndrome (clinodactyly observed in 60% of cases), Russell–
Silver dwarfism (76% of cases), Cornelia de Lange syndrome
(88% of cases), Klinefelter syndrome (84% of cases), oto-
palatal-digital syndrome, oro-facial-digital syndrome, oculo-
dento-digital syndrome, Holt–Oram syndrome, Prader–
Willi syndrome, Alagille syndrome, and Turner syndrome
(Poznanski et al., 1969). Many of these syndromes will be
characterized by the presence of additional anomalies or a
chromosomal abnormality.

ANTENATAL NATURAL HISTORY

Birkbeck (1975) examined radiographs of the silver-stained
hand bones of 210 human fetuses obtained between 8 and
20 weeks of gestation. In 179 (85%) of fetuses studied, clin-
odactyly of the fifth finger was demonstrated. He suggested
that clinodactyly and brachymesophalangy of the fifth fin-
ger were both normal developmental stages that diminished
with advancing age and bone development.He demonstrated
that a normal transition occurs from the characteristic wedge
shape of the middle phalanx of the fifth finger to the more
typical postnatal form with a series of radiographs taken at
different gestational age intervals.

Thus, demonstration of clinodactyly and brachy-
mesophalangy in the fetus after 16 weeks of gestation should
be considered examples of subtle developmental delays and
not malformations.

MANAGEMENT OF PREGNANCY

The documentation of fifth finger clinodactylymandates that
a targeted fetal sonographic scan should be performed to
screen for additional anomalies typical of Down syndrome,
including increased nuchal fold measurement, cystic hy-
groma, atrioventricular canal defect of the heart, duodenal
atresia, polyhydramnios, and an increased gap between the
first and second toes (see Chapters 2, 3, and 131). We do not
advocate karyotyping for isolated fifth finger clinodactyly, es-
pecially if both parents have been examined and at least one
has fifth finger clinodactyly. In the setting of both fifth finger
clinodactyly and an additional fetal anomaly, we would rec-
ommend obtaining a prenatal chromosome analysis, as there
are many reports in the literature of abnormal karyotypes
associated with this combination of findings.

FETAL INTERVENTION

There are no fetal interventions for clinodactyly.

TREATMENT OF THE NEWBORN

No treatment is required for isolated fifth finger clinodactyly.
However, a thorough physical examination of the newborn
is indicated to elicit subtle anomalies that may have been
missed on the prenatal sonographic examination. If not ex-
amined prior to their infant’s birth, an attempt should be
made to examine the hands of both parents. If a hand of one
of the parents demonstrates clinodactyly on physical exami-
nation, radiographic studies are not necessary. Parental hand
films might be helpful to detect subtle abnormalities of the
phalanges.
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SURGICAL TREATMENT

For most cases of fifth finger clinodactyly, there is no in-
dication for surgical treatment. However, rare case reports
exist in which the clinodactyly has been treated surgically
(Godunova, 1982). In most of these case reports, additional
hand anomalies, such as the absence of the fifth metacarpal,
have also been present, creating a more serious hand defor-
mity.

LONG-TERM OUTCOME

For isolated clinodactyly, the long-term outcome is expected
to be excellent. The presence of the clinodactyly seldom im-
pairs manual dexterity.

GENETICS AND RECURRENCE RISK

For a discussion of the genetics of trisomy 21, see Chap-
ter 131. Most cases of clinodactyly are isolated or are due
to an autosomal dominant trait with variable expressivity
(Skvarilova and Smahel, 1984; Leung and Kao, 2003). There
aremultiple reports of three and four generation pedigrees in
which clinodactyly is inherited as an asymptomatic autoso-
mal dominant trait, as summarized in Leung andKao (2003).
Clinodactylymaybeone featureof the syndromes listedunder
“Differential Diagnosis.” In addition, it can be one compo-
nent of rarer syndromes, such as the dominantly inherited
syndrome of characteristic facial appearance, preauricular
pits, fifth finger clinodactyly, and tetralogy of Fallot (Jones
and Waldman, 1985). When clinodactyly occurs as part of
a genetic syndrome, or if it is due to a chromosome abnor-
mality, the recurrence risk is that of the specific syndrome or
chromosome abnormality.
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103
CHAPTER

Ectrodactyly

Key Points

■ Developmental malformation that consists of
missing digits, a deep median cleft, and fusion of
remaining digits.

■ Occurs as either a nonsyndromic split hand/foot
malformation or as a syndromic condition with
associated anomalies.

■ Most syndromic ectrodactylies are inherited as
autosomal dominant conditions and are due to
mutations in the p63 gene.

■ Incidence is 1/18,000 in newborns.

■ Fetuses with ectrodactyly should be referred for
detailed fetal sonographic anatomic evaluation
due to the high incidence of associated anomalies.

■ Parents should be examined by a medical
geneticist to specifically rule out subtle
malformations such as missing teeth.

■ Fetal karyotype is indicated.

■ Intelligence is generally normal and functional
outcome of the hands is good following surgical
repair.

CONDITION

The termectrodactyly derives from theGreek ektroma,mean-
ing “abortion,” anddaktylos,meaning “finger.”Ectrodactyly is
a human developmental malformation that consists of miss-
ing digits, a deepmedian cleft, and fusion of remaining digits,
all ofwhich result in clawlike extremities (Scherer et al., 1994).
A central ray defect is the hallmark of the split hand and split
foot malformation. This deformity was first reported in the
medical literature in 1575, when Ambroise Paré described a
9-year-old boy with a right split hand and an absence de-
formity of the long bones of the legs (cited in Temtamy and
McKusick, 1978) (Figure 103-1).

Although the common usage of the term ectrodactyly
is as a descriptive term for the split hand or foot malforma-
tion, the term was actually first used in 1832 by St. Hilaire
to denote “absence of fingers.” According to Temtamy and
McKusick (1978), ectrodactyly refers to a specific hand de-
formity with a partial or total absence of the distal segments
of the hand and normal proximal segments. In this broader
definition, ectrodactylymay involve certain phalanges (apha-
langia), only the digits (adactylia), or the full hand (acheiria).
More recently, it has become clear that ectrodactyly occurs
in two clinical settings—the split nonsyndromic hand/foot
malformation, a single-gene defect that is transmitted as an
autosomal dominant disorder in families; and the syndromic

ectrodactylies that include split hand and split foot as one
component of a group of anomalies, which occur in approx-
imately 40% of cases (Czeizel et al., 1993; Evans et al., 1994).

The syndromic ectrodactylies encompass many differ-
ent conditions, suchas ectrodactyly ectodermaldysplasia cleft
syndrome (EEC syndrome). Many of these syndromic ectro-
dactylies are due tomutations in the p63 gene (Brunner et al.,
2002). P 63 is specifically expressed in embryonic ectoderm.
The p63 knockout mouse dies at birth and has absent epi-
dermis, prostate, breast, and urothelial tissues as well as limb
anomalies.

INCIDENCE

The incidence of split handmalformation is 1 in 18,000 new-
borns (Czeizel et al., 1993; Evans et al., 1994)

SONOGRAPHIC FINDINGS

The characteristic sonographic findings in ectrodactyly are
the absenceof the central digits of thehandwithnormalor en-
larged digits at the lateral aspects (Figure 103-2) (Leung et al.,
1995). Prenatal diagnosis of ectrodactyly was first reported
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A B

Figure 103-1 Similarities occurring between two cases of split hand/split foot malformation in cases separated by
four centuries. A. Affected infant with ectrodactyly of the right hand. B. Nine-year-old affected boy described by
Ambroise Paré in 1575. (Reprinted, with permission, from Temtamy S, McKusick V. The Genetics of Hand Malformations.
New York : Liss, 1978. Copyright 1978 Alan R. Liss. Reprinted, by permission, of John Wiley and Sons, Inc.)

in 1980, when a fetus studied at 16 and 19 weeks of gesta-
tion was noted to have one hand with syndactyly and both
feet with lobster-claw deformities. This diagnosis occurred
in the setting of a father known to be affected with ectro-
dactyly. These parents elected to terminate the pregnancy.
Examination following termination confirmed bilateral syn-
dactyly of the third and fourth fingers and bilateral lobster-

Figure 103-2 Prenatal sonographic image of a fetal hand with
ectrodactyly. Note the absence of central digits.

clawdeformities of the feet (Henrion et al., 1980).Kohler et al.
(1989) described the detection of a 30-week appropriate-for-
gestational-age male fetus with cleft palate, syndactyly, and
lobster-claw deformity and no family history of ectrodactyly.

Transvaginal sonographyhasalsobeenused todiagnose
bilateral cleft lip with lobster-claw deformities of the hands
and feet in a fetuswith anapparentlynegative familyhistory at
14 weeks of gestation (Figure 103-3). Post-termination stud-
ies confirmed the diagnosis of EEC syndrome. The mother
was a healthy 24-year-old woman who had sonography per-
formed as an anatomic screen without a specific clinical in-
dication. After diagnosis of EEC syndrome in this fetus, the
motherwasmore closely examined andwas found tohavemi-
crodontia of two lateral upper incisors. This was not apparent
initially because cosmetic dental work had been performed.
The authors suggested that the dental anomalies could repre-
sent an extremelymild form of EEC syndrome in themother.
She was advised to have transvaginal sonography after the
10th week of gestation in a subsequent pregnancy, when fetal
fingers and toes can be visualized (Bronshtein and Gershoni-
Baruch, 1993). Approximately 8% of patients with EEC syn-
drome also have urologic anomalies. Chuangsuwanich et al.
(2005) described a fetus with EEC and a large nephrogenic
cyst that resulted in bladder and pulmonary hypoplasia.

We described a case of ectrodactyly in all four fetal
extremities observed on a sonogram performed for assess-
ment of pre-eclampsia at 33 4/7 weeks (O’Brien et al., 2002).
The father of the fetus had bilateral foot and right hand
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Figure 103-3 Corresponding transvaginal
sonographic and pathologic views at 14 weeks
of gestation of the fetal hand, demonstrating
absent digits and symphalangism (panels A
and B) and the fetal foot, showing absent digits
and split foot malformation (panels C and D).
(Reprinted, with permission, from Bronshtein
M, Gershoni-Baruch R. Prenatal transvaginal
diagnosis of the ectrodactyly, ectodermal dyspla-
sia, cleft palate (EEC) syndrome. Prenat Diagn.
1993;13:519-522. Copyright 1993 John Wiley and
Sons. Reprinted, by permission, of John Wiley and
Sons, Inc.)

ectrodactyly, small peg-shaped teeth, microretrognathia, nail
dysplasia, and a history of lacrimal duct blockage requiring
surgeryduringhis infancy.Thispromptedadiagnosis of acro-
dermato-ungual-lacrimal-tooth (ADULT) syndrome, adom-
inantly inherited condition. Remarkably, the father had never
been seen by a geneticist, and was told by his primary care
physician that his condition would not affect his offspring.
Following publication of the sonographic findings (O’Brien
et al., 2002) the father and son were shown to havemutations
in the p63 gene.

Ectrodactylyhas alsobeendescribed inassociationwith
autosomal recessively inherited disorders, such as Smith–
Lemli–Opitz syndrome (de Jong et al., 1998), bilateral tibial
agenesis with ectrodactyly (Witters et al., 2001), and acro-
cardio-facial syndrome (Guion-Almeida et al., 2000).

DIFFERENTIAL DIAGNOSIS

The main consideration in the prenatal diagnosis of ectro-
dactyly is the distinction between the nonsyndromic split
hand and footmalformation, inherited as a single-gene auto-
somal dominant disorder, versus the syndromic ectrodacty-
lies. Some of the clinical features of the various ectrodactyly
syndromes aredescribed inTable 103-1.Themostwell known
of the syndromic ectrodactylies is the EEC syndrome (ec-

trodactyly, ectodermal dysplasia, cleft lip and palate). In the
EEC syndrome, the ectodermal dysplasia is manifested by
lightly pigmented, sparse and wiry hair, a decreased num-
ber of hairs in the eyelashes and eyebrows, hypopigmented
skin with numerous pigmented nevi in the head and neck
region, abnormalities of the primary and permanent teeth,
including hypoplasia of the enamel, severe caries, brittle or
dystrophic nails, atretic lacrimal puncta, a decrease or ab-
sence of the orifices of the meibomian glands, and corneal
vascularization and scarring, which results in limitation of
visual acuity or functional blindness (Bystrom et al., 1975).
A conductive sensorineural hearing loss may be a complica-
tion of the cleft palate seen in EEC syndrome (Anneren et al.,
1991). In one large study of 123 affected patients, 100% had
ectodermal dysplasia, 84% had tear duct anomalies, 83.7%
had ectrodactyly, 72.4% had cleft lip and/or palate, 33.3%
had genitourinary anomalies, and 14% had deafness (Rodini
and Richieri-Costa, 1990). EEC syndrome is characterized by
variability in clinical expression. A variety of other disorders
overlap the EEC syndrome.

The EE syndrome (Wallis, 1988) is a distinct autosomal
dominant disorder that manifests as ectrodactyly and ecto-
dermal dysplasia. Wallis (1988) described six members of a
four-generation Mauritian family with ectrodactyly and ec-
todermal dysplasia but with no evidence of cleft lip and/or
palate, no abnormalities in the nasolacrimal ducts or sac,
and no abnormalities of the scalp. Similarly, families have
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Table 103-1

Clinical Features of the Ectrodactyly Syndromes

Ecto- Genito- Dysmor-
Mode of dermal Cleft Lip/ Tear Duct urinary Hearing phic

Condition Inheritance Ectrodactyly Dysplasia Palate Abnormality Abnormality Loss Facies

EEC Autosomal
dominant

+ + + + + + +

EE Autosomal
dominant

+ + +

ECP Autosomal
dominant

+ +

E-HL Autosomal
dominant

+ +

LADD Autosomal
dominant

+ + +

ADULT Autosomal
dominant

+ + +

Goltz–Gorlin X-linked
dominant

+ + + +

For definitions of abbreviations, see text.
Source: Scherer SW, Poorkaj P, Massa H, et al. Physical mapping of the split hand/split foot locus on chromosome 7 and implication in syndromic ectrodactyly.
Hum Mol Genet. 1994;3:1345-1354.

been described with ectrodactyly and cleft lip (ECP syn-
drome) but no evidence of ectodermal dysplasia. To fur-
ther confuse matters, there is another autosomal dominant
disorder that presents as ectrodactyly and absent or hy-
poplastic long bones of the extremities (Hoyme et al., 1987;
Genuardi et al., 1990). In this latter condition, approximately
68% of patients have handmalformations and 64% have foot
malformations. The associated defects observed in affected
kindreds include craniosynostosis, a bifid xiphoid process,
and kidney stones. The other abnormalities characteristic of
EEC syndrome are not observed in this unique disorder. Pa-
tients have also been described with ectrodactyly and hearing
loss (E-HL syndrome). The lacrimo-auriculo-dental-digital
(LADD) syndrome is characterized by tear duct abnormali-
ties, nasolacrimal duct obstruction, ear anomalies, deafness,
small and peg-shaped teeth with hypoplastic enamel, and re-
nal anomalies. These patients are distinguished from patients
withEECby the lackof characteristic lobster-clawdeformities
(Rodini and Richieri-Costa, 1990). The ADULT syndrome is
another dominantly inherited disorder characterized by hy-
podontia, early loss of permanent teeth due to weak fixation,
ectrodactyly, obstruction of the tear ducts, onychodysplasia,
and excessive freckling (Propping and Zerres, 1993). In this
unique disorder, intelligence is normal and skin pigmenta-

tion with sun exposure is normal. Patients have some overlap
with EEC syndrome. In Goltz–Gorlin syndrome, affected pa-
tients are female. This disorder is inherited as an X-linked
dominant condition with lethality inmales. Affected patients
have ectodermal dysplasia, facial clefts, limb abnormalities,
(but not typically ectrodactyly), tear duct and genitourinary
abnormalities, and hearing loss. These patients also typically
exhibit growth and neuropsychomotor delay, which is not a
characteristic of EEC syndrome or the split hand and foot
malformation. In patients with Goltz–Gorlin syndrome, the
presence of characteristic focal dermal hypoplasia facilitates
the diagnosis (Rodini et al., 1992). A relatively recently appre-
ciated genetic disorder, limb–mammary syndrome, consists
of mammary gland abnormalities and nipple hypolasia, ec-
trodactyly, and cleft palate but not cleft lip (van Bokhoven
et al., 1999).

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history of the
ectrodactyly syndromes. Pregnancy loss is not a characteristic
feature of these syndromes.
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MANAGEMENT OF PREGNANCY

Fetuses ascertained to have ectrodactyly on a prenatal sono-
graphic examination should be referred to a perinatal center
capable of performing a complete anatomic study, due to
the high incidence of associated anomalies. Particular atten-
tion should be paid to the diagnosis of cleft lip and/or palate
(see Chapter 23), genitourinary abnormalities, and other
anatomic defects. Once ectrodactyly has been diagnosed, it is
important to examine both parents and to obtain a complete
family history. The ectrodactyly syndromes are characterized
by extreme variation in clinical expression. Thus, it is impor-
tant to be aware of extremely mild manifestations of these
disorders such as missing teeth in the parents. A number of
ectrodactyly conditions have been associatedwith chromoso-
mal abnormalities, particularly involving chromosome 7q22
(Naritomi et al., 1993; Scherer et al., 1994; McElveen et al.,
1995). Therefore, prenatal karyotyping is recommended
when ectrodactyly is observed in the fetus. Furthermore, con-
sideration should be given to obtaining amniocytes for DNA
analysis of mutations in the p63 gene (South et al., 2002).

Patients with EEC syndrome have been described with
low birth weight and a slightly increased incidence of prema-
turity (Anneren et al., 1991).

There is no indication for delivery by cesarean section
solely for the diagnosis of ectrodactyly. Decisions regarding
routeofdelivery shouldproceedaccording to standardobstet-
ricalmanagement. There is no indication for delivery in a ter-
tiary care center, as many of the malformations characteristic
of the ectrodactyly syndromes generally present with symp-
toms later in life. However, arrangements should bemade for
postnatal referral to a clinical genetics unit and a plastic sur-
geon. Infants with severe cleft lip and cleft palate may need
to have a feeding team evaluation.

FETAL INTERVENTION

There are no fetal interventions for ectrodactyly.

TREATMENT OF THE NEWBORN

Infants affected with split hand/foot malformation or one
of the ectrodactyly syndromes generally do not have diffi-
culty with their cardiopulmonary systems and do not require
neonatal resuscitation. A thorough postnatal physical exami-
nation ismandatory. Infants diagnosed prenatally with ectro-
dactyly should have a complete examination of the palate, in-
cluding the soft palate and the uvula. Given that these infants
are at a reasonably high risk for underlying genitourinary ab-
normalities, we recommend administration of prophylactic
antibiotics until renal anatomy can be studied postnatally.
In addition, an early audiologic investigation should be per-
formed, as there is also a significant risk of associated hearing

loss. For further management of cleft lip and cleft palate,
see Chapter 23. If evidence of decreased lacrimal secretion
is present, consideration can be given to administration of
artificial tears.

SURGICAL TREATMENT

Surgical treatment for affected patients with EEC syndrome
includes functional improvement of the hands, repair of cleft
lip and/or cleft palate, and removal of lacrimal duct block-
age. None of these surgical procedures are performed during
the newborn period. Although the hands will never appear
normal, the main surgical consideration is the successful es-
tablishment of opposition between two digits.

LONG-TERM OUTCOME

Functional impairment of the hands of affected patients with
ectrodactyly is not usually very significant, provided that op-
position of two digits can be obtained (Buss et al., 1995).
Surgical procedures are directed mainly toward closing an
exceptionally wide cleft of the hands and separating syn-
dactylousdigits. Patientswithectrodactyly alsohavedifficulty
finding proper-fitting shoes. For patients with split hand/foot
malformation or EEC syndrome, there is little evidence that
intelligence is affected. Inone studyof24casesofpatientswith
EEC syndrome, there was no evidence of mental retardation
or developmental delay (Buss et al., 1995). In this study, every
affected patient attended a normal school and each patient
had normal languagemilestones despite some of themhaving
problems with hearing loss.

The major difficulties associated with EEC syndrome
with regard to long-term outcome include visual difficul-
ties resulting from corneal scarring due to meibomian gland
dysfunction and recurrent blepharitis. This latter condition
has been ameliorated by operations that improve lacrimal
drainage. Orofacial clefting, seen in 14 of 24 patients de-
scribed with EEC syndrome, may also affect hearing (Buss
et al., 1995).

Since themajor complications of EEC syndrome are re-
lated torepeated infectionsof theeyes,upper respiratory tract,
teeth, and urogenital system, the question has been raised as
to whether these patients have an underlying immunodefi-
ciency. In one report, four patients with EEC syndrome were
studied and shown to have normal immunoglobulin produc-
tion, complement activity, and lymphocyte and granulocyte
function. These authors concluded that the recurrent infec-
tions inEECsyndromeweredue to thepredisposinganatomic
abnormalities and recommended surgical repair of the naso-
lacrimal duct andextractionofhypoplastic teeth to reduce the
frequency of infections (Obel et al., 1993). They also recom-
mended prophylactic use of antibiotics to prevent deafness
and ophthalmic sequelae.
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GENETICS AND RECURRENCE RISK

The split hand/foot malformation and the ectrodactyly syn-
dromes are characterized by wide variability of clinical ex-
pression. Autosomal dominant inheritance of ectrodactyly
was first suggested in 1908 (Temtamy and McKusick, 1978).
Families with pedigree evidence of autosomal dominant in-
heritance have a 50% risk of recurrence.

The autosomal dominant form of nonsyndromic
split hand/foot malformation was mapped to chromosome
7q21.3-q22.1 by studying multiple patients with cytogenetic
rearrangements (Naritomi et al., 1993; Scherer et al., 1994;
McElveen et al., 1995) Ectrodactyly is present in 41% of pa-
tients who have a deletion of 7q21.2-7q22.1. Based on cyto-
genetic information,molecularmapping has identified a crit-
ical region of DNA for a locus designated as SHFM1 (split
hand/foot malformation number 1). There are at least two
other separate genetic loci for isolated split hand/foot mal-
formation. There is an X-linked gene that maps to Xq26.1,
knownasSHFM2, andanadditional locus,SHFM3, thatmaps
to chromosome 10q24, (Nunes et al., 1995; Roscioli et al.,
2004).

Mutations in the p63 gene have been found in four
syndromes associated with ectrodactyly to date (Brunner
et al., 2002; Duijf et al., 2002). In nine unrelated fami-
lies affected with EEC, mutations were demonstrated in the
p63 gene (Celli et al., 1999). In a larger study, 40/43 in-
dividuals with EEC syndrome, 2/3 individuals with limb-
mammary syndrome, and 4/35 individuals with isolated split
hand/foot malformation were shown to have p63 mutations
(van Bokhoven et al., 2001). There is a genotype–phenotype
correlation for the p63 mutations. EEC syndrome is charac-
terized by missense mutations whereas limb–mammary syn-
drome is associated with frameshift mutations. Functional
data suggest that thesemutations are consistent with a partial
lossof function incombinationwithdominantgainor change
of function defects (Celli et al., 1999; Brunner et al., 2002).
P63 mutations have also been demonstrated in ADULT
syndrome (Amiel et al., 2001; O’Brien et al., 2002).

Families with clear-cut evidence of a dominantly in-
herited form of ectrodactyly should be encouraged to submit
blood samples to one of the laboratories investigating the var-
ious ectrodactyly genes. If linkage is documented within an
individual family, prenatal DNA diagnosis is possible (South
et al., 2002). When the case is isolated or there is no evidence
ofDNAmutation in one of the previously identified SHFMor
p63 loci, prenatal diagnosis of ectrodactyly can be performed
by sonography starting at 10 weeks using a transvaginal
probe.
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CHAPTER

Polydactyly

Key Points

■ Defined as the presence of a hand or foot with
more than 5 digits.

■ May be “radial/tibial” (formerly preaxial), “ulnar/
fibular” (formerly postaxial), or “central”.

■ Incidence is 1/100 to 1/698 depending on ethnic
origin of population studied.

■ Major consideration is to determine if isolated or
associated with other anomalies. Isolated
polydactyly is frequently inherited as an autosomal
dominant condition.

■ Polydactyly is a component of at least 119
recognized conditions.

■ Differential diagnosis includes trisomy 13,
Meckel–Gruber syndrome, Bardet–Biedl syndrome,
Ellis–van Creveld syndrome, short-rib polydactyly
syndrome, and Smith–Lemli–Opitz syndrome.

■ Refer for detailed fetal sonographic anatomic
evaluation, consider karyotype.

■ Surgical outcome and prognosis are good if
isolated.

■ If associated with other anomalies, consider
genetics consultation and DNA mutation testing.

■ Recurrence risk depends on underlying diagnosis.

CONDITION

Polydactyly is the presence of a hand or a foot with more
than five fingers or toes. Although the medical term poly-
dactyly was first ascribed to the 17th century Amsterdam
physician Theodor Kerckring (Blauth and Olason, 1988), the
presence of polydactyly was mentioned in the Bible (Nicolai
and Schoch, 1986) and is even evident on the left leg of

St. Joseph in Raphael’s famous 16th century painting of “The
Marriage of the Virgin” (Mimouni et al., 2000). Polydactyly
is the most frequent congenital anomaly of the human hand
(Tsukurov et al., 1994). Polydactyly affecting the thumb or
great toe is now classified as “radial/tibial” (formerly preax-
ial), which refers to a duplication of digits on the radial side
of the hand and the tibial side of the foot, or “ulnar/fibular”
(formerly postaxial), in which the extra digits occur on the
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ulnar and fibular sides of the hand and foot, respectively
(Talamillo et al., 2005). Cases in which the three central digits
are affected are referred to as “central polydactyly” and are
the least common of the three types. In general, radial/tibial
polydactyly is more common than ulnar/fibular polydactyly
(Temtamy and McKusick, 1978). Polydactyly has been fur-
ther subclassified on a descriptive basis. In ulnar/fibular poly-
dactyly, type A denotes fully developed extra digits. Type B
describes rudimentary extra digits or a pedunculated skin tag
that is usually found on the hands and only rarely on the
feet. This type is very common among blacks. In radial/tibial
polydactyly, when the thumb is polydactylous it is known as
type I, when a triphalangeal thumb is present it is known as
type II, when the index finger is polydactylous it is type III,
and when polysyndactyly occurs it is known as type IV.

Morphogenetically, the hand and foot malformations
can be considered as a process of bifurcation of one or several
finger or toe rays in the longitudinal axis progressing from
peripheral to central. Segment polarity genes initially iden-
tified in Drosophila, such as sonic hedgehog (SHH), play a
critical role in this process.

INCIDENCE

Notable differences exist in the incidence of polydactyly ac-
cording to race and gender. In a 1963 study performed inNew
York City, the incidence of ulnar/fibular polydactyly in blacks
was 10.7 in 1000 livebirths, whereas in a comparable white
population, the incidence was 1.6 in 1000 livebirths. In this
study, polydactyly was noted to be twice as common inmales
as in females (Mellin, 1963). Ingeneral, there is a1%incidence
of ulnar/fibular polydactyly of the hand in black individuals.
This is inherited as an autosomal dominant trait. There is
also a high frequency of ulnar/fibular polydactyly in some
Latino populations (Orioli, 1995). In one Japanese study, ra-
dial/fibular polydactyly was demonstrated in the hand and
ulnar/fibular polydactyly in the foot (Masada et al., 1986).
Affected females predominated when the foot was involved
andmales predominated when the hand was involved. In this
study of 523 cases, associated anomalies were seen in 5% of
patients (Masada et al., 1986). In another Japanese study of
330 feet in 265 patients affected with foot polydactyly, a 10%
incidence of a positive family history was noted (Watanabe
et al., 1992). More recently, in a sonographic study of 17,760
consecutive Israeli women, Zimmer and Bronshtein (2000)
detected 26 fetuses with polydactyly. This equated to an in-
cidence of 1 in 698 women. Most of the examinations in this
study were performed at 14–16 weeks of gestation.

Maternal smoking increases the chance of fetal limb
defects (Hampton, 2006; Man and Chang, 2006).

SONOGRAPHIC FINDINGS

The phalanges are identifiable as early as the 13th week
of gestation by transabdominal sonographic examination

Figure 104-1 Prenatal sonographic image of a fetus with five
normal digits. In this image two phalangeal bones are demon-
strated in the thumb, whereas the other digits each have three
clearly visualized phalangeal bones.

(Figures 104-1 and 104-2) (Deschamps et al., 1992), and by
11 weeks of gestation by transvaginal scan (Hobbins et al.,
1994). The major consideration in the prenatal sonographic
examination is to determine whether the polydactyly is iso-
lated. As polydactyly is a component of many genetic syn-
dromes, it is especially important to perform a thorough
anatomic survey to look for associated anomalies. Specific
associations that should be ruled out include skeletal dyspla-
sia, polycystic kidneys, and encephalocele. Once polydactyly
is identified it is especially important to note the length of the
long bones (Bromley and Benacerraf, 1995). Polydactyly of
the hand is easier to diagnose than that of the foot (Figures
104-3 and 104-4). Anulnar/fibular skin tag can be easily over-
looked, whereas a normally formed extra digit will be more
easily visualized. Triphalangeal thumbs are also considered
within the diagnostic spectrum of polydactyly. Three dimen-
sional (3D) sonography may provide improved resolution of

Figure 104-2 Prenatal sonographic image of a fetus with ul-
nar/fibular polydactyly. Note the presence of a single phalanx
that appears to be on the ulnar side of the fifth digit.
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Figure 104-3 Sonographic image of the base of a normal fetal
foot indicating the great toe and four additional smaller toes.

the fingers and toes, especially when using transparent mode
reconstruction (Kos et al., 2002).

DIFFERENTIAL DIAGNOSIS

The majority of antenatally diagnosed cases of polydactyly
will be isolated and associated with a normal prognosis
(Bromley et al., 2000). The major consideration in the differ-
ential diagnosis is to determine whether the condition is iso-
lated and familial or due to a syndrome. Isolated polydactyly
is also considered to be a manifestation of the heterozygote
(carrier) state for Ellis–van Creveld andMeckel–Gruber syn-
dromes (Goldblatt et al., 1992; Nelson et al., 1994; Wright
et al., 1994). Trisomy 13, which manifests as polydactyly in
75% of affected patients (Tsukurov et al., 1994) should be
ruled out by prenatal karyotyping if additional sonographic
abnormalities are present (see Chapter 129). Fetuses with tri-
somy 13 have polydactyly, cardiac defects, central nervous

Figure 104-4 Sonographic view of a fetus with polydactyly of
the foot, indicating the presence of six well-formed toes.

system defects including holoprosencephaly, and other ma-
jor organ abnormalities. If the chromosomes are normal but
the fetus is noted to have polydactyly and holoprosencephaly,
a possible diagnosis is pseudotrisomy 13, which is inherited
as an autosomal recessive condition (Verloes et al., 1991). For
patients to receive this diagnosis, the karyotype must be nor-
mal and holoprosencephalymust be present with polydactyly
or other anomalies.

Alternatively, polydactyly with other serious central
nervous system defects can be present (Lurie and Wulfsberg,
1993). The constellation of brain abnormalities in the set-
ting of polydactyly suggestsMeckel–Gruber syndrome,which
is also inherited as an autosomal recessive trait (Gershoni-
Baruch et al., 1992). Fetuses with Meckel–Gruber syndrome
characteristically have an occipital encephalocele, polycys-
tic kidneys, and polydactyly. This condition was first de-
scribed in 1822 (Ueda et al., 1987). Isolated polydactyly has
been questioned in carriers of theMeckel–Gruber syndrome.
Nelson et al. (1994) described a family in which three boys
were affected. Their father and paternal first cousin had bi-
lateral ulnar/fibular polydactyly, which raised the question of
whether they were manifesting heterozygotes. One hundred
percent of patients affected with Meckel–Gruber syndrome
have cystic renal dysplasia and 55% of these patients have
polydactyly.

The constellation of ulnar/fibular polydactyly, obesity,
progressive retinal dystrophy, hypogonadism, renal dysfunc-
tion, and learning difficulty suggests the diagnosis of Bardet–
Biedl syndrome, which is also inherited as a recessive trait.
Bardet–Biedl syndrome is genetically heterogenous, and eight
genes have been identified to date (BBS1-BBS8) (Karmons-
Benailly et al., 2005). In cases of Bardet–Biedl syndrome,
prenatal sonographic findings such as polydactyly and cystic
kidneys may initially suggest a diagnosis of Meckel–Gruber
syndrome. In one study, 13 fetuses that presented with these
findings and did not have encephalocele, but were diagnosed
as having Meckel–Gruber syndrome, underwent DNA se-
quencing for BBS1–8 mutations (Karmons-Benailly et al.,
2005). In six of the 13 cases, recessive mutations in BBS genes
were identified. Thus, the antenatal presentation of Bardet–
Biedl syndrome mimics Meckel–Gruber syndrome.

The combination of short-limb dysplasia, thoracic hy-
poplasia, multiple visceral abnormalities, and polydactyly
suggest a diagnosis of short-rib polydactyly syndrome (see
Chapter 95). Ellis–van Creveld syndrome (see Chapter 94)
presents with polydactyly and a skeletal dysplasia, along with
cardiac malformations. If a midline abdominal cyst is seen
in association with the polydactyly, the underlying diagno-
sis could be McKusick–Kaufman syndrome (Chitayat et al.,
1987). Smith–Lemli–Opitz syndrome, a recessive condition
that is due to deficiency of 7-dehydrocholesterol reductase,
presents antenatally as growth restriction with polydactyly
and ambiguous genitalia in males (Goldenberg et al., 2004).
The findings of radial/tibial polydactyly and club hands with
hypoplastic firstmetacarpal have been described inDiGeorge
syndrome and 22q11.2 deletion (see Chapter 139) (Cormier-
Daire et al., 1995; Fryer, 1996). Additional considerations in
the differential diagnosis are given in Table 104-1.
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Table 104-1

Differential Diagnosis of Polydactyly

Major Associated
Condition Prenatal Findings

Bardet–Biedl syndrome Cystic kidneys, micropenis

Cephalopolysyndactyly Craniosynostosis, syndactyly
(Greig syndrome)

Chondrodysplasia Skeletal, midface anomalies
punctata (X-linked)

DiGeorge syndrome Cardiac, renal anomalies

Ellis–van Creveld Skeletal dysplasias, cardiac
syndrome anomalies

Holt–Oram syndrome Cardiac anomalies

Isolated (familial) None

McKusick–Kaufman Cystic abdominal mass
syndrome (hydrometrocolpos)

Meckel–Gruber syndrome Encephalocele, renal
dysplasia, liver cysts

Pallister–Hall syndrome Midline central nervous
system anomalies

Pseudotrisomy 13 Holoprosencephaly

Short-rib polydactyly Skeletal dysplasia
syndromes

Smith–Lemli–Opitz Intrauterine growth retarda-
syndrome tion, holoprosencephaly,

ambiguous genitalia

Trisomy 13 Central nervous system,
cardiac, renal anomalies

ANTENATAL NATURAL HISTORY

The antenatal natural history depends entirely on the under-
lying associated diagnosis. Isolated polydactyly has no appar-
ent effect on the antenatal natural history. Conditions such as
trisomy13have aprofoundeffect on the antenatal natural his-
tory and may result in miscarriage. Autoamputation of extra
digits has been observed in utero (Zimmer and Bronshtein,
2000).

MANAGEMENT OF PREGNANCY

Fetuses inwhichpolydactyly is suspected shouldbe referred to
a tertiary care center capable of detailed fetal anatomic diag-
nosis.Acomplete familyhistory shouldbeobtained regarding
theoccurrenceof polydactyly inother familymembers.Occa-
sionally, parents are unaware of the fact that they themselves
had small digits removed during infancy. Both parents should
beexamined for thepresenceof scarson theulnar sidesof their
hands. For fetuses with isolated polydactyly, there is no indi-
cation for delivery at a tertiary care center, especially in light
of a positive family history. However, if the fetus is shown to
have associated abnormalities, consideration should be given
to delivery in a tertiary care center, where clinical geneticists
are available for syndromic diagnosis. Consideration should
be given to performing antenatal karyotyping to specifically
rule out trisomy 13. As stated earlier, sonographic attention
should be paid to the length of the long bones, the central
nervous system, the heart, and the kidneys as these are the or-
gans that are abnormal inmajor conditions that are associated
with polydactyly. For families known to be at risk for a single-
gene disorder associated with polydactyly, embryofetoscopy
has been performed successfully to diagnose polydactyly
(Quintero et al., 1993). In one report, in a family at risk for
recurrence forMeckel–Gruber syndrome, ulnar/fibular poly-
dactylywasobservedonboth thehandsand feetof a fetus at 10
menstrual weeks (Dumez et al., 1994). In addition, bilateral
cystic lesions in the mesonephros and metanephros were vi-
sualized. The fingers and toes can be observed as early as
9 weeks of gestation by embryoscopy in fetuses at high risk
for an inherited abnormality (Dumez et al., 1994). Given the
advances in high frequency transvaginal ultrasound trans-
ducers, it is unlikely that embyrofetoscopy offers any advan-
tages for diagnosis in contemporary practice.

FETAL INTERVENTION

There is no fetal intervention for polydactyly.

TREATMENT OF THE NEWBORN

Newborns who are delivered with polydactyly should have
a thorough physical examination by a clinical geneticist to
rule out associated findings (Figures 104-5 and 104-6A). If
karyotyping has not been performed prenatally, it should be
considered at the time of birth to rule out trisomy 13. A
case of 22q11 deletion has been associated with polydactyly
(Fryer, 1996). If evidence of polysyndactyly is present, radio-
graphs may be obtained to document the underlying bony
anatomy (see Figure 104-6B). A pediatric orthopedic surgeon
should be consulted.

In cases of ulnar/fibular polydactyly that consist of a
small skin tag, consideration can be given to their removal.
Pediatricians are commonly taught to ligate the base of these
lesions with suture material as a simple, inexpensive form of
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Figure 104-5 Postnatal photograph of a newborn infant at term
with six well-formed fingers. This patient has radial/tibial poly-
dactyly of the index finger (type III). At 3 months of age this infant
was diagnosed with Pallister–Hall syndrome.

A

B

Figure 104-6 A. Postnatal photograph of the same infant in
Figure 104-5 with polysyndactyly of the toes. B. Radiograph
of this foot.

removal (Frieden, 1995). However, because these supernu-
merary digits may vary in size and internal contents, consul-
tation with a pediatric orthopedic surgeon may be advisable.
Extra digits with a wide pedicle at the base are at increased
risk for infection, scarring, or incomplete removal. Frieden,
(1995) suggest infiltrating the base of the extra digit with a lo-
cal anthestic and removing the lesion with sterile iris scissors.
They suggest that hemostasiswill occurwithfirm, direct pres-
sure for several minutes, or with 20% ammonium chloride
or ferric subsulfate solution or a silver nitrate stick.

SURGICAL TREATMENT

Forwell-formeddigits that interferewith hand function, con-
sultation with a hand surgeon is advisable. The goal of sur-
gical treatment is to achieve optimal function and as normal
an appearance as possible. In one report, Ganley and Lubahn
(1995) performed a follow-up study of 21 patients with ra-
dial/tibial polydactyly who were treated between 1979 and
1994. There were 26 thumbs affected. Of their patients, 9
were boys and 12 were girls. Of the 26 thumbs, 6 were treated
with ablation alone, 10 were treated with ablation and radial
collateral ligament reconstruction and shaving of the meta-
carpal, 5 thumbs were treated with the Bilhaut–Cloquet pro-
cedure (see below), and 5 thumbs were treated conservatively
with only observation. Of the 6 thumbs treated with ablation
alone, 5 required subsequent radial collateral ligament re-
construction.Patientswhounderwent ablationwith ligament
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reconstruction showed improvement in clinical alignment and
stability of the thumbs, but they did not have normal joint
motion. The Bilhaut–Cloquet procedure involves removing
themiddle portions of the two adjoining thumbs; the remain-
ing thumbs are sewn together, resulting in a narrower single
digit. Patients who underwent this procedure had improved
cosmetic appearanceand function,however, theydidnothave
normal jointmotion. These authors recommended that abla-
tion be performed only in the context of reconstruction of the
radial collateral ligament. They also cautioned that no sur-
gical techniques guarantee ultimately normal joint motion.
However, all of their patients were satisfied that the postop-
erative thumb was significantly improved as compared with
their preoperative condition (Ganley and Lubahn, 1995).

LONG-TERM OUTCOME

See under “Surgical Treatment.”

GENETICS AND RECURRENCE RISK

There are at least 119 human disorders associated with poly-
dactyly (Biesecker, 2002). Of these, 97 are syndromic and 22
are nonsyndromic. Mutations in at least 26 genes have been
identified. Themajor genes involved areGLI3 (Greig cephalo-
polysyndactyly, Pallister–Hall syndrome), MKS (McKusick–
Kaufman syndrome), EVC (Ellis-van–Creveld syndrome),
and DHCR7 (Smith–Lemli–Opitz syndrome). The genes
that have been identified to date in association with poly-
dactyly are all critical for normal mammalian development
(Biesecker, 2002). They consist of transcription factors, DNA
repair genes, signal transductionmolecules, chaperonins, and
growth factors.

Several of the genes responsible for polysyndactyly have
beenmapped to chromosome7q36 (Roberts andTabin, 1994;
Zguricas et al., 1999). Hing et al. (1995) described a six-
generation North American white kindred with radial/tibial
polydactyly; they showed linkage to chromosome7q36. In ad-
dition, genes responsible for polysyndactyly and radial/tibial
polydactyly types II and III have also been mapped to the
same region (Tsukurov et al., 1994; Zguricas et al., 1999). In-
terestingly, both EN2, the human homologue of the engrailed
gene of Drosophila, which is important for axial patterning,
and SHH, sonic hedgehog, map to the same region of the
human genome.

Greig cephalopolysyndactyly syndrome is a rare auto-
somal dominant disorder characterized by craniofacial ab-
normalities, polydactyly, as well as syndactyly of the hands
and feet. Point mutations in the human GLI3 gene, as well
as cytogenetic rearrangements of chromosome 7p13 that dis-
rupt the GLI3 gene, are the underlying basis of this condition
(Wild et al., 1997).

Patients with isolated polydactyly generally inherit this
trait as an autosomal dominant condition. In one report,
Radhakrishna et al. (1993) described a five generational pedi-
greeof 71 affectedmembers of an Indian family inGujarat.All
affected family members had radial/tibial polydactyly mani-

festing as a well formed, articulated digit of the hand or foot.
An additional 20 family members had triphalangeal thumbs
or duplication of the great toe. The digital anomalies were
isolated. Patients had no other abnormalities, and the poly-
dactyly did not interferewith their work as agricultural labor-
ers. There was no effect of this gene on reproductive fitness.
This autosomal dominant gene was manifested by three dif-
ferent phenotypes: radial/tibial polydactyly, duplication of
the thumbs or great toes, or the presence of triphalangeal
thumbs.

The recurrence risk for isolated familial polysyndactyly
is 50%. The recurrence risk for many of the associated condi-
tions depends on the specific condition.Many of these condi-
tions are inherited as autosomal recessive genes, which carry
a 25% recurrence risk. Trisomy 13 has a 1% recurrence that is
independent ofmaternal age. Prenatal diagnosis is possible as
early as 11 weeks of gestation by transvaginal sonography, or
possibly earlier by fetoscopy. If a specific condition has been
identified in aprior affected fetusDNAmutation information
may be available. If this is the case, prenatal diagnosis will be
most accurate if a CVS is performed to obtain fetal DNA.
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105
CHAPTER

Syndactyly

Key Points

■ Syndactyly refers to apparent fusion of digits,
either osseous or cutaneous.

■ Prenatal ultrasound examination reveals an
inability to distinguish separate digits of fingers or
toes or to demonstrate independent movement of
fingers.

■ May be isolated or syndromic.

■ Many syndromes are associated with
craniosynostosis.

■ Fetuses with syndactyly should undergo detailed
fetal sonographic examination to look for
associated anomalies.

■ Review results of estriol levels in maternal serum
screen, as low levels are present in triploidy and
Smith–Lemli–Opitz syndrome.

■ Consider karyotype to rule out triploidy. Obtain
complete family history. Review results of estriol
levels in maternal serum screen.

■ A complete physical examination of infant at birth
is essential.
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CONDITION

The term syndactyly comes from the Greek syn, meaning to-
gether and daktylos, meaning finger. It describes an apparent
fusion of the digits. Syndactyly can be osseous, which refers
to fusion of the bones, or cutaneous, defined as webbing of
the skin between two digits. In fetal life, the limb budsmay be
recognized sonographically as early as 8 weeks of gestation,
but the digits become visible only at 11 to 12 weeks (Bromley
and Benacerraf, 1995). After the 12th week, the hand is fully
formed, but separate movements of the digits are not eas-
ily observed until 15 weeks of gestation (Deschamps, et al.,
1992). Absence of digital dissociation implies a diagnosis of
syndactyly.

Although mild cutaneous syndactyly, or webbing, of
the toes is a common familial trait, it is generally too subtle
to be appreciated on a prenatal sonogram. Syndactyly se-
vere enough to interfere with digital movement suggests a
more serious pathology, such as one of the acrocephalosyn-
dactyly syndromes. These syndromes are generally associated
with abnormalities of the skull shape due to craniosynostosis
(Chapter 10).

INCIDENCE

Mild syndactyly is relatively common. It has an inci-
dence of 1 in 1650 to 1 in 3000 livebirths (Temtamy and
McKusick, 1978). Syndactyly severe enough to interfere with
fetal digital movement is rare. Triploidy, which is associated
with syndactyly, has an incidence of 1 in 10,000 livebirths.
The incidence of Apert syndrome, which includes syndactyly
as one component, is 1 in 160,000 livebirths. There is an
associated high neonatal mortality rate in this condition,
which results in a 1 in 2 million incidence in the general
population (Hill et al., 1987; Filkins et al., 1997; Boog et al.,
1999).

SONOGRAPHIC FINDINGS

Syndactyly is suggested by the inability to distinguish separate
digits of the fingers and toes or to demonstrate independent
movement of the fingers. Syndactyly is excluded if the fetus
splays or interdigitates the fingers (Ginsberg et al., 1994).

Syndactyly may be one component of a syndrome. To
make a syndromic diagnosis, the sonographer needs to decide
if all four limbsare involvedandwhatassociatedanomalies are
present. Many of the syndromes associated with syndactyly
also have synostosis of the cranial sutures. Thismay appear as
acrocephaly, a tall, peaked skull shape with a high forehead,
frontal bossing, and a prominent metopic suture.

One of the better known acrocephalosyndactyly syn-
dromes is Apert syndrome. In Apert syndrome, complete
syndactyly of the second through fourth digits is present,

which leads to the characteristic “mitten-like” hands and feet
(Figures 105-1 and 105-2). This condition also frequently in-
volves the fifth finger. Multiple case reports have appeared in
the literature regarding the prenatal sonographic diagnosis of
Apert syndrome (Kim et al., 1986; Hill et al., 1987; Narayan
and Scott, 1991; Parent et al., 1994; Filkins et al., 1997; Boog
et al., 1999).Thehallmarkof the sonographicdiagnosis of this
condition is that despite prolonged observation, the fetus is
never noted to have distinct or separate finger movements.
The hands are never seen to open in this condition (Figure
105-1A). In addition, the toes appear fused (Figure 105-2A).
Additional abnormalities characteristic of Apert syndrome
include polyhydramnios and an acrocephalic calvarium (Hill
et al., 1987), ventriculomegaly, partial agenesis of the cor-
pus callosum (Parent et al., 1994), hydrocephalus (Kim et al.,
1986), and dysmorphic features, including a high forehead,
hypertelorism, and a depressed nasal bridge (Parent et al.,
1994). Prenatal sonographic diagnosis of Apert syndromehas
been made in both the setting of an affected mother with a
fetus at 50% risk for inheriting the condition (Narayan and
Scott, 1991), as well as in the setting of a negative family
history with the disorder presumably due to a spontaneous
mutation (Filkins et al., 1997; Hill and Grzybek, 1994; Parent
et al., 1994). Three dimensional sonography improves visu-
alization of both cranial and extremity anatomy (Esser et al.,
2005).

Prenatal sonographic diagnosis of Carpenter syndrome
has been reported in a twin gestation first studied at 17 weeks
(Ashby et al., 1994). In this case report, one twin was noted
to have clublike fetal hands, with the fingers maintained per-
manently in a flexed position. At 20weeks of gestation, an ab-
normal, diamond-shaped head was noted in the axial plane
along with preaxial polydactyly of the feet and duplication
of the great toe. The fingers were described as being “pulled
together,” and they never spread normally, which was noticed
easily because the other twin had normal digital movements
(Ashby et al., 1994).

Synpolydactyly is a rare dominantly inherited malfor-
mation of the distal limbs (Goodman, 2002). Its severity can
range from partial cutaneous syndactyly to complete dupli-
cation of the digits.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of syndactyly is listed in Table
105-1. Syndactyly can be isolated or syndromic. Fetuses
with triploidy (see Chapter 132) have characteristic, pathog-
nomonic cutaneous syndactyly of the third and fourth dig-
its. Fetuses with triploidy also have second trimester growth
restriction, cystic and/or small placentae, ventriculomegaly,
andcongenital heart defects (Mittal et al., 1998).Thedifferen-
tial diagnosis also includes Apert syndrome (acrocephalosyn-
dactyly type I). Patients with acrocephalosyndactyly type II
(Carpenter syndrome) have acrocephaly, with variable syn-
ostoses of the sagittal lambdoid, and coronal sutures
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A
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Figure 105-1 A. Postmortem photograph of
a hand from a fetus at 21 weeks of gesta-
tion demonstrating the ‘‘mitten-like” appear-
ance due to syndactyly of the second, third,
and fourth digits. B. Corresponding prena-
tal sonographic image obtained from the
fetus shown in (A), showing syndactyly.
(Courtesy of Dr. Joseph Semple.)

(see Chapter 10). They also have syndactyly, preaxial poly-
dactyly of the toes, and brachydactyly of the hands and feet
with short or absent middle phalanges. One of the difficul-
ties in the prenatal diagnosis of Carpenter syndrome is that
marked variability exists even within a family. Pfeiffer syn-
drome, another acrocephalosyndactyly syndrome, is char-
acterized by craniosynostosis, hydrocephalus, large thumb,
and partial cutaneous soft-tissue syndactyly of the hands and
feet (Hill and Grzybek, 1994). Magnetic resonance imaging
may be helpful in demonstrating both the syndactyly and

the broad thumbs that are characteristic of this condition
(Itoh et al., 2006). Syndactyly that occurs between the second
and third digits is a major manifestation of Smith–Lemli–
Opitz syndrome, a recessively inherited disorder of choles-
terol metabolism. Fraser syndrome (see Chapter 29) is char-
acterized by cryptophthalmos and syndactyly (Fryns et al.,
1997). Patients with Fraser syndrome also have renal agene-
sis, laryngeal stenosis or atresia, abnormalities of the ears and
external genitalia, and other minor anomalies (Rousseau et
al., 2002). Syndactyly is a major feature of Fraser syndrome.
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A

B

Figure 105-2 A. Postmortem photograph
of the fetus in Figure 105-1 demonstrat-
ing syndactyly of all of the toes. The
pregnancy was terminated due to a di-
agnosis of Apert syndrome. (Courtesy of
Dr. Joseph Semple.) B. Corresponding pre-
natal sonographic image obtained from
the same fetus shown in (A), showing
fusion of the toes.

It occurs in 77% of patients with this condition (Ramsing
et al., 1990). The syndactyly in Fraser syndrome is always
cutaneous andmost often involves fingers and toes. Its sever-
ity may vary from slight interdigital webbing to complete
syndactyly. Another consideration in the differential diagno-
sis of syndactyly is short-rib polydactyly syndrome (SRPS)
type II, Majewski (see Chapter 95). In type II SRPS, pa-
tients havepolysyndactyly, short ribs, cleft lip, and short tibiae
(Thomson et al., 1982).

ANTENATAL NATURAL HISTORY

Syndactyly is due to deficiency in the normal pattern of pre-
programmed cell death that occurs with the radial grooves
of the hand and foot plates (Ramsing et al., 1990). Under
normal developmental circumstances, differentiation of the
metacarpal bones and phalanges occurs in the fifth to sixth
week of fetal life (Hill et al., 1987). Persistent digital fusion
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Table 105-1

Differential Diagnosis of Fetal Syndactyly

Isolated

Triploidy

Acrocephalosyndactyly Type I (Apert syndrome)

Acrocephalosyndactyly Type II (Carpenter syndrome)

Fraser syndrome

Pfeiffer syndrome

Short-rib polydactyly syndrome Type II
Smith–Lemli–Opitz syndrome (Majewski syndrome)

Synpolydactyly

results from failure of the tissue between the digits to degen-
erate at between 40 and 44 days of gestation (Schauer et al.,
1990).

The HOX genes code for a highly conserved family of
transcription factors that are essential for normal morpho-
genesis during embryonic life. Likemost vertebrates, humans
have 39 HOX genes that are organized into four separate clus-
ters, known as HOXA, HOXB, HOXC, and HOXD. Each clus-
ter contains 9 to 11 genes and is oriented in the same 5′ to
3′ direction (Goodman, 2002). The parts of the HOXA and
HOXD gene clusters that are nearest the 5′ end are important
in limb development. Synpolydactyly results frommutations
in the HOXD13 gene (Muragaki et al., 1996).

MANAGEMENT OF PREGNANCY

When syndactyly is suspected, the pregnant patient should
be referred to a center with expertise in sonographic diag-
nosis. The fetus should undergo a thorough examination to
screen for the possibility of other anatomic abnormalities.
A complete family history should be obtained by a genetic
counselor or geneticist. The results of second trimester ma-
ternal screening tests, if performed, should be reviewed, with
particular inspection of the estriol levels, whichmay be low in
cases of Smith–Lemli–Opitz syndrome and triploidy. A pre-
natal chromosome analysis should be considered to rule out
a diagnosis of triploidy. It is important to diagnose triploidy,
as this condition is lethal, and it carries a maternal risk of
preeclampsia.

Fetal chromosomes are normal in the acrocephalosyn-
dactyly syndromes. Craniosynostosis and abnormalities of

skull shape should be specifically ruled out. Prospective par-
entsmay benefit fromdiscussing the fetal anomalies observed
with a genetic counselor and/or medical geneticist. If a di-
agnosis of one of the acrocephalosyndactyly syndromes is
made before 24 weeks of gestation, the parents should be
given the option of terminating the pregnancy. It may be
helpful for the parents to see photographs of infants and chil-
drenwith the acrocephalosyndactyly syndromes.Care should
be taken when discussing the long-term implications of the
diagnosis.

Delivery by cesarean section should be reserved for
standard obstetric reasons. Consideration may be given to
delivering the patient at a tertiary care center to permit im-
mediate postnatal consultation with a clinical geneticist and
pediatric plastic and orthopedic surgeons.

TREATMENT OF THE NEWBORN

The newborn with prenatally diagnosed syndactyly should
have a complete physical examination at birth. Consideration
should be given to obtaining postnatal radiographs of the ex-
tremities and skull if clinical suspicion exists that the child
has craniosynostosis. Consultation with a dysmorphologist
is indicated. Typical physical features of Apert syndrome in-
clude craniosynostosis, turricephaly (a towerlike skull), a flat
occiput,midface hypoplasia, ocular hypertelorism, proptosis,
a parrot-beaked nose, maxillary hypoplasia, and mandibular
prognathism (Narayan and Scott, 1991). In Apert syndrome,
one of the characteristic features is that symmetrical syn-
dactyly is present in all four limbs. Subcutaneous or osseous
syndactyly always exists in the second through fourth digits,
presenting as a large bony mass with a common nail. Partial
separation may be present for the first and fifth digits.

The infant with triploidy will be severely growth re-
stricted but may not have markedly dysmorphic features.
Often infants with triploidy are mistakenly thought to have
trisomy 18.

FETAL INTERVENTION

There are no fetal interventions.

SURGICAL TREATMENT

Affected children with syndactylymay require plastic surgery
to improve their appearance. Consultation with a plastic or
orthopedic surgeon is recommended because these children
eventually require hand surgery to create a pincer grasp.

Patients affectedwith one of the acrocephalosyndactyly
syndromes may require neurosurgical repair of the prema-
turely fused sutures during infancy (see Chapter 10).
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LONG-TERM OUTCOME

Acrocephalosyndactyly syndromes are compatible with sur-
vival outside the womb, although the infant mortality rate
is greater than 10% for Apert syndrome (Kim et al., 1986).
Hydrocephaly is considered tobeoneof themorecommonas-
sociations inApert syndrome.Approximately 48%ofpatients
with Apert syndrome have normal or borderline intelligence
(Narayan and Scott, 1991). There is no long-term outcome
for triploidy because it is not compatible with extrauterine
survival.

GENETICS AND RECURRENCE RISK

In general, triploidy is due to double fertilization and has a
negligible recurrence risk. Apert syndrome is inherited as an
autosomal dominant condition, with a 50% recurrence risk
in affected individuals. Most cases represent a newmutation,
possibly associated with increased paternal age (Tolorova
et al., 1997).Newmutations inApert syndromeare exclusively
paternal in origin (Maloney et al., 1996). Phenotypically nor-
mal individuals have given birth to more than one affected
child, which implies that gonadal mosaicism exists for this
condition (Parent et al., 1994). Patients affected with Apert
syndrome have reproduced (Leonard et al., 1982; Narayan
and Scott, 1991). Apert and Pfeiffer syndromes are associated
with fibroblast growth factor receptor type 2 (FGFR2) mu-
tations (see Chapter 10), so if the affected person has been
genotyped, DNA diagnosis is possible in the first trimester in
at-risk families (Chang et al., 1998).

First trimester prenatal diagnosis of disorders associ-
ated with syndactyly are also amenable to the diagnosis by
fetoscopy (Ginsberg et al., 1994).

Carpenter and Fraser syndromes are both inherited as
autosomal recessive conditionswith a 25% risk of recurrence.
Pfeiffer syndrome is an autosomal dominant trait with a 50%
risk of recurrence. Synpolydactyly is inherited as an autoso-
mal dominant condition,with a 50%recurrence risk. Thedis-
order isdue toexpansionofpolyalanine tractswithin thegene.
There is a genotype phenotype correlation in that the larger
the expansion, the greater the number of limbs involved
and more complete extent of digital duplication (Goodman,
2002).

Patients who have previously had affected fetuses or in-
fants with syndactyly should have targeted sonographic stud-
ies in future pregnancies.
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106
CHAPTER

Radial Aplasia

Key Points

■ Defect occurs on the radial (formerly preaxial) side
of the forearm. Findings may include absence or
hypoplasia of the radius, absence or hypoplasia of
the scaphoid and trapezium bones of the wrist, or
abnormalities of the thumb and the first metacarpal.

■ Radial deformities may be associated with
hematologic abnormalities.

■ Incidence is 1 in 30,000. Occurs bilaterally in 50% of
cases.

■ May be diagnosed as early as 14–15 weeks.
Sonographically, a single forearm bone is seen
with radial deviation of the hand.

■ Differential diagnosis includes chromosome
abnormalities, single-gene (dominant or recessive)
disorders, teratogen exposure, and multiple
congenital anomaly syndromes.

■ Should exclude trisomy 18 by performing a
karyotype.

■ Delivery is recommended at a tertiary center to
permit consultation with genetics, radiology, and
orthopedics.

■ Recurrence risk depends on underlying condition.

CONDITION

Radial aplasia is onemanifestationof a spectrumof anomalies
known as radial ray malformations. These may occur unilat-
erally or bilaterally, and either as isolatedmalformations or in
association with other birth defects (Figure 106-1). In radial
aplasia, the defect occurs on the radial (thumb) side of the
forearm. Skeletal findings in radial ray malformations may
include absence or hypoplasia of the radius, with associated
absence or hypoplasia of the scaphoid and trapezium bones
of the wrist, with or without first metacarpal and thumb ab-
normalities (Lamb, 1972; Brons et al., 1990).

Radial aplasia results from arrest of radial longitudi-
nal development, which may be secondary to damage at the
apical ectoderm of the limb bud occurring between 6 and
12 weeks of gestation. One hypothesis regarding its etiology
is that radial aplasia may result from abnormal blood vessel
development, which causes an abnormal gradient of nutri-
ents important for the differentiation of mesenchyme into
bone or muscle (Van Allen et al., 1982). In radial aplasia,
bones as well as associatedmuscles, nerves, and joints may be
affected. Other causes for the developmental arrest of the ra-
dius includematernal infectious agents and local biochemical
abnormalities secondary to maternal diabetes or medication.

In many cases, a correlation exists between the specific
type of radial deformity and associated hematologic abnor-
malities (Bay and Levine, 1988). For example, absence of the
radius with presence of the thumb affects the platelets and is a
characteristicfinding in the thrombocytopenia–absent radius
(TAR) syndrome. If both the radius and thumb are absent,
the hematologic findings are more severe; aplastic anemia
generally results (Bay and Levine, 1988).

INCIDENCE

The incidence of radial aplasia is approximately 1 in 30,000
livebirths (Brons et al., 1990; Sofer et al., 1983). The condition
is bilateral in approximately 50% of cases (Bay and Levine,
1988).

SONOGRAPHIC FINDINGS

In radial aplasia, a single fetal forearm bone is identified, with
acute radial deviation of the hand (Figure 106-2). The sin-
gle forearm bone can be identified as an ulna by comparison
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Figure 106-1 Postnatal photograph of a
newborn infant with bilateral radial aplasia
and absent thumbs.

with standard tables of ulnar lengths (Ylagan and Budorick,
1994). Published standards exist for normal humeral, radial,
and ulnar bone lengths at different points in gestation (Jeanty
et al., 1985). Detailed examination of the fetal extremities
is not listed in current American College of Obstetricians
and Gynecologists or American Institute of Ultrasound in
Medicine (AIUM) guidelines for standard obstetric sonogra-
phy (ACOG, 2008). However, examination of the extremities
is critically important in the diagnosis of many genetic syn-
dromes. The fetal limb buds may be seen sonographically
as early as 8 weeks of gestation, with the limb articulations
and digits becoming visible by 11 to 12 weeks of gestation
(Bromley and Benacerraf, 1995).

The diagnosis of radial aplasia may be made as early
as 14 to 15 weeks of gestation by noting the absence of the

Figure 106-2 Prenatal sonographic image of a fetal right fore-
arm, demonstrating the presence of a single bone, the ulna.

radius and the hand in varus position. Prolonged observa-
tion of the fetus will reveal that malposition of the hand per-
sists during the entire sonographic examination. When the
fetus moves its arms, the hand remains flexed but not rigid
(Deschamps et al., 1992). More recently, three-dimensional
ultrasound examination has been used to demonstrate ra-
dial agenesis in a male fetus with trisomy 18 (Huang et al.,
2004).

In one report, Meizner et al. (1986) described the pre-
natal diagnosis of an affected fetus with absence of the radius
and thumb at 18 weeks of gestation. They noted shorten-
ing and bowing of the ulna. The fetal hands were clubbed
and deviated laterally. An additional finding included crossed
renal ectopy of the right kidney. The family history was no-
table for an affected father and sibling (Sofer et al., 1983;
Meizner et al., 1986). In a retrospective study of seven affected
fetuses and infants with radial aplasia diagnosed during the
perinatal period at the University Hospitals of Amsterdam
and Rotterdam, six affected patients were noted to have asso-
ciated abnormalities of the central nervous system, gastroin-
testinal tract, kidneys, or heart (Brons et al., 1990). Three of
these affected fetuses had trisomy 18. A high degree of peri-
natal lethality was noted in this report; however, there may
havebeenbiasof ascertainment.Theseauthors recommended
both longitudinal visualizationand transverse scanningof the
bones of the extremities to clearly delineate the ulna from the
radius. They recommended that the best time for visualiza-
tion and separate measurements of the radius and ulna was
approximately 13 to 16 weeks of gestation. Many of the cases
in this report were complicated by abnormalities in amniotic
fluid, including both oligohydramnios and polyhydramnios.
These authors emphasized, however, that special attention
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should be paid to the central nervous system, heart, kidneys,
vertebral column, and monitoring of fetal growth.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for conditions associated with ra-
dial aplasia is listed in Table 106-1. The conditions comprise
four different categories: single-gene disorders,multiple con-
genital anomaly syndromes of unknown or sporadic cause,
chromosomal abnormalities, and teratogen exposures. The
most commonchromosomal abnormality associatedwith ra-
dial aplasia is trisomy 18, although radial abnormalities are
generally uncommon in trisomy 18 (Sepulveda et al., 1995).
More commonly, a shortened radial ray is present. However,
in one case of trisomy 18, upper limb defects (bilateral radial
aplasia, and absent first metacarpals and thumbs) were the
only sonographic abnormalities detected (Makrydimas et al.,
2003). Although many authors list trisomy 13 as potentially
being associated with radial aplasia, themuchmore common
skeletal abnormality in trisomy 13 is polydactyly (see Chapter
129). In one report, a case of mosaic trisomy 22 was associ-
ated with radial aplasia (Dulitzky et al., 1981). In another
case report, a translocation occurring between chromosomes
1 and 7 was associated with the presence ofWilms tumor and
bilateral radial aplasia (Hewitt et al., 1991).

With regard to maternal teratogen exposure, valproic
acid is the biggest concern (Verloes et al., 1990). Valproic
acid is the most effective antiepileptic drug for simple petit
mal seizures, which is the most commonly occurring type
of epilepsy in women of childbearing age. Unfortunately,
valproic acid is associated with a higher prevalence of fetal
anomalies than other antiepileptic agents (Ylagan and
Budorick, 1994). The risk of neural tube defects with val-
proic acid exposure during pregnancy is on the order of 1%
to 2%. Valproic acid crosses the placenta, and the fetal serum
concentration is greater than the maternal serum concentra-
tion. Limb anomalies have been reported in 47% to 65% of
mothers exposed to valproic acid. These figures, however, in-
cludeevenminorabnormalitiesof thenails suchashypoplasia
(Ylagan and Budorick, 1994).

In one case, a fetus with radial ray aplasia was described
in a mother with a petit mal seizure disorder who took val-
proic acid from 2 to 8 menstrual weeks. After 8 weeks, when
it was determined that she was pregnant, her therapy was
changed to carbamazepine for the remainder of the preg-
nancy (Ylagan and Budorick, 1994). Multidrug therapy has
been noted to be a primary factor associated with an in-
creased incidence of malformations in offspring of women
with epilepsy (Delgado-Escueta and Janz, 1992).

A complete family history is essential for any fetus diag-
nosed with radial ray aplasia. Several disorders characterized
by autosomal dominant patterns of inheritance are associated
with radial ray malformations. These include Holt–Oram
syndrome, the acrorenal syndrome, and acrofacial dysostosis
(Nager syndrome) (Paladini et al., 2003) (see Table 106-1).

Many of the autosomal recessive conditions associated with
radial aplasia are also associated with hematologic distur-
bances. The major disorders in this category include Fanconi
anemia, thrombocytopenia–absent radius (TAR) syndrome,
and Aase syndrome. In the TAR syndrome, thrombocytope-
nia results in symptomatic bleeding in more than 90% of
affected cases during the first 6months of life (Bhargava et al.,
1972;Adeyokunnu, 1984;O’Flanaganet al., 1989).Cordocen-
tesis results documenting the presence of thrombocytopenia
will diagnose this condition (Boute et al., 1996; Shelton et al.,
1999). The Baller–Gerold syndrome is distinguishable by the
hallmark findings of craniosynostosis, short stature, and ra-
dial aplasia. In this condition, cases are divisible into two
groups: those who do not have additionalmalformations and
those who have a broad range of additional abnormalities. In
Baller–Gerold syndrome, the chromosomes are normal and
most patients are intellectually normal (Greitzer et al., 1974;
Feingold et al., 1979; Anyane-Yeboa et al., 1980; Boudreaux
et al., 1990; Galea and Tolmie, 1990). Juberg–Hayward syn-
drome is an autosomal recessive condition characterized by
growth restriction, microcephaly, cleft lip and palate, and
radial abnormalities (Couvreur-Lionnais et al., 2005). The
acronym RAPADILINO stands for radial aplasia, patella ab-
sent, diarrhea, dislocated joints, little size/limb malforma-
tions, nose long, normal intelligence. To date, affected pa-
tients have been of Finnish ancestry (Kaariainen et al., 1989).

The finding of associated vertebral, cardiac, renal, or
tracheoesophageal abnormalitiesmay also lead to a presumed
diagnosis of VACTERL association (Tongsong et al., 1999).

ANTENATAL NATURAL HISTORY

At 6 weeks of gestation, the upper limb buds are recog-
nized as small bumps on the lateral side of the embryo’s
body. Embryonic mesenchyme induces a thickening of the
covering ectoderm. This ectoderm secondarily induces mes-
enchymal differentiation. The proximal segment of the limb
bud develops first (Deschamps et al., 1992). At 7 weeks the
limb buds first become visible sonographically (Bromley and
Benacerraf, 1995). At 8 weeks, the distal limb buds flatten
to become the hand and foot plates. The limbs subsequently
develop and flex. Development of the upper limb occurs ap-
proximately 2 days ahead of the lower limbs (Bromley and
Benacerraf, 1995). By 9 weeks the fetal forearms can raise
progressively above the shoulder level. The hands are often
observed to cover the mouth and nose. At this point, how-
ever, sonographic differentiation of the digits is still not pos-
sible (Deschamps et al., 1992). At 10 weeks of gestation, pos-
terior rotation of the upper limb occurs, and for the first
time, individual digits can be identified. At 12 weeks, pri-
mary ossification centers of the long bones are present. By
14 weeks of gestation, the whole hand is fully formed and
one can observe full movements of the fetal arm, including
abduction, flexion, scratching, and movements toward the
mouth. By 15 weeks of gestation, differentiation of the carpal
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Table 106-1

Differential Diagnosis of Radial Aplasia

Associated Findings in Addition to
Condition Radial Aplasia Mode of Inheritance

Single-Gene Disorders
Aase syndrome Cleft lip and/or palate, hypoplastic anemia Autosomal Recessive
Acrofacial dysostosis (Nager

syndrome)
Malar and mandibular hypoplasia, deafness,

coloboma of lower eyelids
Autosomal Dominant

Acrorenal syndrome Crossed renal ectopy, single kidney, ear
malformations

Autosomal Dominant

Baller–Gerold syndrome Craniosynostosis, short stature Autosomal Recessive
Cornelia de Lange syndrome Dwarfism, microcephaly, synophrys Autosomal Dominant,

X-linked
Fanconi anemia Pancytopenia, microcephaly, hyperpigmentation,

increased chromosome breakage
Autosomal Recessive

Holt–Oram syndrome Cardiac abnormalities Autosomal Dominant
IVIC (oculo-oto-radial syndrome) Hearing impairment, external opthalmoplegia,

thrombocytopenia, urogenital anomalies
Autosomal Recessive

Juberg–Hayward syndrome Growth restriction, microcephaly, cleft lip and
palate

Autosomal Recessive

Lacrimo-auriculo-dental-digital
syndrome

Lacrimal duct stenosis, cupped external ear,
dental anomalies

Autosomal Dominant

RAPADILINO syndrome Absent patellae, dislocated joints, diarrhea, short
stature, long nose

Autosomal Recessive

Roberts syndrome Cardiac anomalies, cleft lip and/or palate,
tetraphocomelia

Autosomal Recessive

Seckel syndrome Dwarfism, microcephaly, mental retardation,
prominent nose

Autosomal Recessive

Thrombocytopenia-absent radius
(TAR)

Thrombocytopenia Autosomal Recessive

Multiple anomalies, unknown cause
Poland anomaly Breast and chest wall deformities on affected side Vascular accident
VACTERL association Vertebral, anal, cardiac, tracheoesophageal, renal,

and limb defects
Sporadic

Chromosomal abnormalities
46,XY,t(1:7)(q42;p15) Wilms’ tumor Chromosomal

(familial)
Mosaic trisomy 22 Ectopic kidney, mental retardation Post-meiosis

nondisjunction
Trisomy 13 Polydactyly, central nervous system abnormalities,

cardiac and renal abnormalities
Chromosomal

Trisomy 18 Intrauterine growth restriction, micrognathia,
cardiac anomalies, clenched hand

Chromosomal

Teratogen exposure
Thalidomide Tetraphocomelia Environmental
Valproic acid Neural tube defects, vertebral and cardiac

abnormalities
Environmental
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bones is possible and individual phalanges are identifiable
(Deschamps et al., 1992).

Any disruption in the process of limb development oc-
curring between 6 and 12 weeks of gestation will result in a
limb defect (Bay and Levine, 1988). Vascular differentiation
may have a role in this process. The radial artery is the last
major vessel of the arm to appear, at 39 days of embryonic
life. The radial bone develops later than the ulna. The dif-
ference in timing may contribute to the increased frequency
of radial versus ulnar defects observed in humans (Van Allen
et al., 1982). Vasculogenesis precedes differentiation of the
mesenchyme intomuscle and bone. The formation of arteries
does not require the presence of bone. Van Allen et al., (1982)
described three different patterns of vascular abnormalities in
spontaneously miscarried fetuses with radial aplasia. In type
1 cases, a single midline superficial vessel was observed, with
no radial or ulnar artery. This pattern of malformation was
characteristic of fetuses with acardia. In type 2 cases, absence
of the radial artery was seen with or without persistence of
the median artery. Other vessels were within normal limits.
This patternwas observed in fetuseswithmultiplemalforma-
tions of unknown cause. In type 3 cases, the radial artery was
present but had an abnormal course. All other vessels were
normal. This pattern was characteristic of TAR syndrome.
These authors hypothesized that the morphogenesis of the
entire limb was determined by a previously established pat-
tern of blood vessels. They hypothesized that radial aplasia
may be the result of abnormal vessel development. The early
capillaries form a three dimensional network that gives the
appearance of a humerus, radius, and ulna even before chon-
drogenesis ensues. The existing vasculature establishes gradi-
ents that are important in the determination ofmesenchymal
differentiation into bone or muscle. Therefore, it is not un-
reasonable to imply that abnormalities in vessel development
will have important consequences for subsequent bone and
muscle development.

FETAL INTERVENTION

There are no fetal interventions for radial aplasia.

MANAGEMENT OF PREGNANCY

Fetuses inwhich radial aplasia is ascertainedneed tohaveade-
tailed anatomic survey to specifically delineate the presence
of other anatomic abnormalities. Areas of concern include
the central nervous system, heart, vertebral column, gastroin-
testinal system,andkidneys.Acomplete familyhistory should
be obtained, ideally by a genetic counselor, to specifically rule
out consanguinity,whichmaypredispose the fetus to an auto-
somal recessive disorder. The parents should be examined for
subtle malformations such as ear abnormalities (present in
the acrorenal syndrome) or minor, clinically subtle hand ab-

normalities that may occur in the Holt–Oram syndrome. A
history of teratogen exposure should be obtained from the
mother, specifically with regard to valproic acid treatment
during the pregnancy.Maternal diabetes should be ruled out.
Anamniocentesis shouldbeperformed to study the fetal kary-
otype. The most likely underlying chromosomal abnormal-
ity is trisomy 18. Microarray analysis should be considered
to rule out the microdeletion on chromosome 1q21.1 that is
associated with thrombocytopenia-absent radius syndrome
(Klopocki et al., 2007). If Fanconi anemia is a consideration,
karyotyping should be performed, with specific documen-
tation of the presence of chromosomal breaks and the for-
mation of quadriradial figures. To rule out Fanconi anemia,
the chromosomes must also be studied after exposure to the
clastogenic agent diepoxybutane. This is best performed by a
specialty laboratory with experience in the prenatal diagnosis
of Fanconi anemia.

In the setting of a positive family history for TAR syn-
drome, or to rule out associated hematologic abnormalities,
consideration should be given to cordocentesis. Cordocente-
sis can provide both chromosome analysis and diagnosis of
hematologic abnormalities. It is potentially useful in ruling
out thrombocytopenia or early signs of aplastic anemia, such
as an increasedmean corpuscular volume for gestational age.

Consideration should be given to delivery of the infant
by cesarean section because of the presence of bilateral flexion
contractures at the elbow, which might result in dystocia.
Delivery is recommended at a tertiary care center to permit
early consultationwithexperts in clinical genetics, orthopedic
surgery, and pediatric radiology.

TREATMENT OF THE NEWBORN

A complete physical examination is essential at birth. The
newborn should be evaluated by individuals with experience
in clinical genetics, pediatric orthopedic surgery, pediatric
hematology, and pediatric radiology. Confirmatory skeletal
radiography of the extremities should be performed (Fig-
ure 106-3). If a chromosome analysis was not performed
prenatally, full-scale banded karyotyping with observation
for chromosome breaks and a diepoxybutane study should
be performed postnatally. A complete blood count with a
differential and platelet counts should also be obtained to
rule out Fanconi anemia, and TAR, and Aase syndromes. A
subtle manifestation of aplastic anemia during the newborn
period is an increased elevation in the mean cellular volume
as compared with normal reference values for neonates.

SURGICAL TREATMENT

The child with radial aplasia will have displacement of the
wrists and hand to the radial side of the ulna, producing a
characteristic deformity (see Figure 106-1). This is initially
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Figure 106-3 Postnatal radiograph of an infant with VATER asso-
ciation. Note the presence of vertebral malformations. The arrow
indicates a single left forearm bone with clubbed hand.

correctable with manipulation by casts or by splinting. The
soft tissues of the wrists can be tight and contracted on the
radial side. This is generally due to the presence of a strong,
fibrous band that replaces the absent radius.With subsequent
long-bone growth, bowing of the ulna increases. Therefore,
splinting is an essential part of the early treatment of radial
aplasia (Lamb, 1972). The two digits on the ulnar side of the
hand are almost always normal in appearance and function.
The twodigits on the radial side of thehandusually have some
impairment in joint structure and function. Most affected
children prefer to use the ulnar two digits for prehension
(Lamb, 1972).

Surgical treatment depends onwhether the affected pa-
tient has unilateral or bilateral radial aplasia. If the case is
unilateral, the normal arm will be the functional one and
the affected arm will serve only as an aid. In this case, the
major goal is to improve the appearance of the affected arm.
Functional outcome is a secondary consideration. In bilateral
cases, the goal is to improve function to permit independent
living. In general, treatment begins during the newborn pe-
riod and operative intervention occurs within the first year of
life. All therapies are designed to improve mobility, strength,
and stability of the forearm and wrist, and to improve the
dexterity of the hand and fingers (Bay and Levine, 1988). The
four basic principles of treatment are (Lamb, 1972):

1. Prevent soft-tissue contractures by short casts or by creat-
ing splints for the patient to wear at night.

2. Excise the fibrous band that causes radial contractures.

3. Centralize the carpus over the ulna. This produces wrist
stability with a limited range of wrist movement.

4. Pollicize the index finger (creating a thumb from the
index finger by surgically migrating to the position of the
thumb).

LONG-TERM OUTCOME

In one report, 10 patients were described with congenital
anomalies of the radius diagnosed at birth. None of the cases
were isolated. Two of the patients had TAR syndrome, 1 had
VACTERL association, 1 had Holt–Oram syndrome, and
1 had Poland anomaly. All patients had concomitant abnor-
malities of the ulna. Four patients had associated congeni-
tal cardiac disease. Three patients had vertebral defects and
2 had abnormalities of the sacrum. Seven of the 10 cases were
bilateral. Three patients had a positive family history and
2 were infants of diabetic mothers. Of the 10 patients, 5 re-
quired surgery: 3 had centralization of the carpus over the
ulna, 1 had pollicization of the index finger, and 1 had local
reconstructive hand surgery. In all 5 cases, the limb function
improved to some degree (Bay and Levine, 1988).

GENETICS AND RECURRENCE RISK

The genetics and recurrence risk of radial aplasia depends
on the underlying condition responsible for this bony ab-
normality. If a chromosomal abnormality was diagnosed, the
recurrence risk for a condition such as trisomy 18 will be the
maternal age–related risk or 1%, whichever is greater. If an
unbalanced chromosomal abnormality was diagnosed, both
parents need to be studied to determine whether a parental
translocation was responsible for the unbalanced situation in
the offspring. If a single-gene disorder was diagnosed, the re-
currence risk will be 25% or 50%, depending on whether the
condition is inherited as an autosomal recessive or autoso-
mal dominant condition, respectively (see Table 106-1). The
VACTERL association is considered to be sporadic, with a
negligible recurrence risk. If maternal valproic acid exposure
has been determined to be the underlying cause for the ra-
dial aplasia, consideration should be given to stopping the
antiepileptic medication prior to conception after consul-
tation with a neurologist. If necessary, medication can be
restarted during the second trimester.

Thrombocytopenia-absent radius (TAR) syndromehas
recently been shown to be the result of homozygosity for
a common interstitial microdeletion of 200 kb of DNA on
chromosome 1q21.1 using microarray analysis (Klopocki
et al., 2007). If, followingmicroarray analysis, amicrodeletion
is found in the fetus, parental studies should be performed to
determine if the deletion is inherited or de novo. About 25%
of TAR cases arise from de novo deletions.
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In the event that the fetus or infant dies from associated
malformations, a perinatal autopsy is strongly recommended
to determine the underlying diagnosis.
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CHAPTER

Clubfoot

Key Points

■ Positional abnormality of the fetal foot that results
in it being fixed in adduction, supination, and
varus, with concomitant soft-tissue abnormalities.

■ Incidence is 1 in 1000 livebirths.

■ Early amniocentesis (11–14 weeks of gestation) is
associated with an increased incidence of clubfoot.

■ Fetuses with clubfoot should be referred to a
facility capable of performing detailed fetal
sonographic anatomic evaluation. Such a targeted
scan should include measurement of amniotic
fluid volume, observation for presence of amniotic
bands, masses or abnormalities that could crowd
the fetus, and assessment of fetal movement.

■ Associated abnormalities are seen in 23% to 61%
of cases. More than 250 syndromes include
clubfoot as one component.

■ If associated anomalies are seen, consider
obtaining a karyotype. If clubfoot is isolated, a
karyotype is not needed.

■ Treatment consists of stretching exercises, serial
casting, and/or surgery. Surgery, if performed, is
done at 2 to 12 months.

■ Recurrence risk depends on whether a syndrome is
present. If clubfoot is isolated, complete family
history information is needed to quote a risk.

CONDITION

The term clubfoot refers to a positional abnormality of the
fetal foot, resulting in it being fixed in adduction, supina-
tion, and varus, with concomitant soft-tissue abnormalities
(Drvaric et al., 1989). The Latin term talipes equinovarus
(tali = ankle, pes = foot, equino = horse, varus = bent inward)
(abbreviated as TEV) is used interchangeably with clubfoot.

Two general categories of clubfoot are recognized. In-
trinsic clubfoot describes a foot that is rigid at birth with
marked atrophy, fibrosis, and abnormal bony relationships.
This formof clubfoot is generally treated by surgical interven-
tion. Extrinsic clubfoot refers to a foot that is flexible at birth,
although bony relationships may be abnormal. This type of
clubfoot may be corrected conservatively, with manipulation
and stretching (Kawashima and Uhthoff, 1990).

Even today, the causeof clubfoot is notprecisely known.
Most investigators agree that clubfoot is the result of an in-
trauterine developmental deformity, although controversy
exists as to whether the cause is primarily muscular or neuro-
logic in origin. The chief anatomic abnormality is the defor-
mity of the talus, which is smaller than normal. Plantar and
medial deviation of the head and neck of the talus also exists.

Bony malposition and subsequent development of contrac-
tures serve tokeep the foot inafixedposition, resulting in fore-
foot adduction,midfoot supination, andhindfoot supination
or equinus deformity (Drvaric et al., 1989). One hypothesis
proposed for the cause of clubfoot involves a potential arrest
in fetal development. The evidence for this relates to studies
performed by Kawashima and Uhthoff (1990), who demon-
strated that during normal embryologic development of the
lower limb bud, the foot is first adducted in a position that
resembles the clubfoot deformity at approximately 8 to
9weeks of gestation (Figure 107-1) (Kawashima andUhthoff,
1990).Movements of the fetal lower limbbeginbetween9 and
11 weeks of gestation. Thus, if neurologic ormuscular abnor-
malities impede limb movement, the joints will eventually
become stiff and contracted. Flexion of the fetal foot occurs
to the point at which by 11 weeks of gestation it reaches a
normal position (Kawashima and Uhthoff, 1990). Therefore,
some investigators believe that anything that arrests develop-
ment of the fetal foot at approximately 8 to 9 weeks will even-
tually result in a clubfoot deformity. Other theories regarding
the cause of clubfoot include primary bony abnormalities,
either intrinsic or because of exogenous forces acting on the
bone, primary muscle imbalances, ligamentous contractures
with fibrosis, peroneal nerve weakness, peroneal dorsiflexor
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Figure 107-1 Sagittal section of the fetal
foot and ankle at approximately 8 weeks
of gestation, demonstrating the marked
equinus angle in the normal developing
early fetal foot. (Courtesy of Professor Hans
K. Uhthoff, Ottawa.)

weakness, collagen abnormalities, neurogenic abnormalities,
or the presence of subcellular retractile elements (Drvaric et
al., 1989), excessive fibrous tissue resulting in a retracting
fibrosis, contracture of myofibroblastlike cells enhanced by
histamine release frommast cells, anomalous insertion of the
Achilles tendon, tibialis anterior or peroneal tendons (Bleck,
1993), or relative delay in the growth of the tissues of the
posteromedial foot and leg (Dietz, 1985).

Early amniocentesis, at 11 to 14 weeks of gestation, is
associated with an increased incidence of clubfoot (Sundberg
et al., 1997; Canadian Early andMid-Trimester Amniocente-
sis Trial Group, 1998; Cederholm et al., 2005). Pediatric or-
thopedic surgeons who reviewed the data from the Canadian
Early andMidtrimester Amniocentesis Trial group (CEMAT)
concluded that the increase in foot deformities seen in the
early amniocentesis group suggested that the period between
11 and 16 weeks is a vulnerable time (Tredwell et al., 2001).
Weeks 12 to 16 are a period of maximal foot growth ve-
locity and also a time when the fetus is developing coordi-
natedmovements,whicharenecessary for thedevelopmentof
normal synovial joints. During this period the amniotic fluid
volume isalso increasingexponentially.Theorthopedistspro-
posed that the loss or leakage of amniotic fluid induces a
temporary fetal akinesia, which results in joint and limb de-
formities. The underlyingmechanism is at present unknown,
but has been speculated to be either a physical response or a
result of maternal humoral and local microcellular response
to the loss of amniotic fluid (Tredwell et al., 2001).

INCIDENCE

The incidence of clubfoot is approximately 1 in 1000 liveborn
infants (Wynne-Davies, 1964a; Bakalis et al., 2002). In a study
that encompassedaperiodof 45years (1946–1990) inMalmö,
Sweden, Danielsson (1992), determined that there weremore

than 128 cases of clubfoot in 137,614 livebirths that occurred
over this period, yielding an incidence of 0.93 case per 1000
livebirths. In one study, the incidence of prenatally diagnosed
clubfoot was 0.43% of cases (Treadwell et al., 1999). The in-
cidence of clubfoot depends on the ethnic background of the
patient. The highest incidence of clubfoot occurs in individu-
als of Polynesian ancestry, specifically Hawaiians and Maoris
of New Zealand, who have an incidence of 6.5 to 7 cases of
clubfoot per 1000 livebirths (Wynne-Davies, 1972; Drvaric
et al., 1989). In all published studies, the incidence of clubfoot
is more common in males than in females, with an approxi-
mate 2:1 ratio (Wynne-Davies, 1964a). In Danielsson’s study,
79% of affected patients were males (the range in other stud-
ies was 64%–76%) (Danielsson, 1992). Forty-four percent
of cases are bilateral (range 40%–59%) (Danielsson, 1992).
When the clubfoot is unilateral, there is a slight right-sided
predominance (Drvaric et al., 1989). The incidence of club-
foot is not increasedwith advancedmaternal age (Yamamoto,
1979). In one study, a seasonal variation was demonstrated,
with an increased incidence of milder forms of clubfoot oc-
curring in babies born between November and April (Pryor
et al., 1991).

SONOGRAPHIC FINDINGS

Prenatal sonographic detection of clubfoot is now common.
The first prenatal diagnosis of clubfoot was reported in 1985
by Benacerraf and Frigoletto, who described five affected
fetuses. Of the five fetuses, four had other associated mal-
formations (Benacerraf and Frigoletto, 1985). These authors
recommended examining the fetal lower extremity in a trans-
verse section, in which the plantar aspect of the foot can be
seen perpendicular to the shaft of the tibia (Figures 107-2
and 3). They made a diagnosis of clubfoot deformity when
the foot was oriented in the same plane as the lower leg and
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Figure 107-2 Prenatal sonogram demonstrating the visualiza-
tion of the fetal foot and tibia and fibula in the same plane.

was visualized only in a plane or section parallel to the lower
leg rather than perpendicular to it. Transvaginal sonography
has been used to diagnose the presence of bilateral clubfeet
in a female fetus at 13 weeks of gestation (Bronshtein and
Zimmer, 1989). In this case, the family historywas notable for
maternal congenital hip dysplasia and a maternal uncle with
orthopedic problems in one of his ankles during infancy. This
case highlights what has been noted previously in a genetic
epidemiologic study of clubfoot: A high frequency of associ-
atedconnective tissuedisorders, suchashernia, congenitalhip
dislocation, and generalized joint laxity are observed in fam-
ilies that have at least one affected member (Wynne-Davies,
1964a).

Figure 107-3 Three-dimensional surface rendered image of a
fetus at 24 weeks of gestation showing bilateral clubfoot.

The presence of a clubfoot deformitymaynot be appar-
ent on an early sonographic scan. For example, intrauterine
progression of a clubfoot deformity was demonstrated con-
current with the worsening of hydrocephalus observed by
transvaginal scanning over a period between 11 and 16 weeks
of gestation (Bronshtein et al., 1992). Similarly, in a fetus
with trisomy 18, early scans performed at 14 and 17 weeks of
gestation did not reveal the presence of a clubfoot deformity
(Bar-Hava et al., 1993). At 21 weeks of gestation, multiple
sonographic abnormalities, including clubfoot, were easily
observed.

The targeted anatomic scan for a fetus with clubfoot
should include measurement of amniotic fluid volume; ob-
servation for the presence of amniotic bands; detailed ob-
servation for the presence of masses within the uterus that
could result in an abnormal, fixed position of the fetus; ev-
idence for uterine abnormalities that might similarly crowd
the fetus, resulting in a positional deformation; and a careful
observation for the presence of associated anomalies.

Using this approach, a number of studies have looked
at outcome for fetuses diagnosed with clubfoot (see Table
107-1). The relatively high percentage of associated anoma-
lies (23%–62%) reflects the fact that most of these studies
were performed in high-risk referral centers. Studies involv-
ing large numbers of liveborn infants quote a 10% incidence
of associated anomalies (Yamamoto, 1979). Also of note is the
fact that there is a significant false-positive rate for the diag-
nosis of clubfoot (Bar-On et al., 2005; Mammen and Benson,
2004).While three-dimensional sonography (see Figure 107-
3) is not usually needed to make or clarify the diagnosis of
clubfoot, in one case it was used to help a couple visualize the
problem and better understand it (Mohammed and Biswas,
2002).

DIFFERENTIAL DIAGNOSIS

Most cases of clubfoot are isolated and idiopathic.When con-
sidering the differential diagnosis, it is important to deter-
minewhether this is a familial trait, part of a syndrome, or as a
resultof apositionaldeformity.More than250nonchromoso-
mal syndromes include clubfoot as one component (Rebbeck
et al., 1993) (Table 107-2). Chromosomal abnormalities that
are associated with clubfoot deformity include trisomy 18
(Bar-Hava et al., 1993) and deletion of chromosomes 18q,
4p, 7q, 9q, and 13q. Possible causes of positional deformity
include uterine constriction due to amultiple gestation, large
uterine fibroid, or severe oligohydramnios. Consideration
must also be given to underlying neuromuscular disorders in
the fetus, including neural tube defects, spinalmuscular atro-
phy, muscular dystrophy, and arthrogryposis multiplex con-
genita (see Chapter 101). Dominantly inherited Mendelian
disorders, suchasFreeman–Sheldonsyndrome, canbeassoci-
ated with clubfoot. Similarly, recessively inherited syndromes
such as Smith–Lemli–Opitz, Larsen, and multiple pterygium
(Ramer et al., 1988) can all be associated with clubfoot. Some
of the skeletal dysplasias, for example, diastrophic dysplasia
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Table 107-1

Clubfoot: Characteristics of Prenatally Diagnosed Cases

Percent with
Percent No or Mild

Number of Mean age at Associated Treatment
Fetuses with Percent Diagnosis with (Less than

Study Clubfoot Bilateral (wk) Anomalies Casting)

Katz et al., 1999 13 69 23.6 23 0

Tillett et al., 2000 14 64 20 NG 21

Bakalis et al., 2002 107 60 18–23 48 NG

Mammen and Benson, 2004 87 52 22.2 62 NG

Bar-On et al., 2005 51 61 22.1 39 NG

NG, not given in article.

(Gollop andEigier, 1987) are also associatedwith thepresence
of clubfoot (see Chapter 93).

The presence of clubfoot has also been reported after
in utero treatment of maternal tetanus with tubocurarine.
This finding has been duplicated experimentally in chickens.
Clubfoot has also been documented following failed abortion
attempts using sodium aminopterin (Drvaric et al., 1989).

ANTENATAL NATURAL HISTORY

The antenatal natural history for a lower extremity affected
by a clubfoot deformity includes atrophy of the leg, result-
ing from a decrease in the size of the individual muscle fibers.
Tendon sheaths in the affected extremity are frequently thick-
ened, especially around the peroneal and tibialis posterior
tendons. Eventually, during fetal life, the joint capsules be-
come contracted at the ankle, subtalar, talonavicular, and
calcaneocuboid joints (Bronshtein et al., 1992). Involved lig-
aments eventually become contracted. Contractures of the
fascial planes and plantar fascia may also occur. The end re-
sult is that in cases of unilateral clubfoot, the entire lower limb
may be shorter than the normal limb on the affected side.

There is no evidence for increased loss of pregnancy in
cases of isolated clubfoot.When the clubfoot deformity is part
of a more generalized syndrome, there may be an increased
chance of spontaneous pregnancy loss.

MANAGEMENT OF PREGNANCY

When a diagnosis of fetal clubfoot is made antenatally, re-
ferral to a center with expertise in targeted fetal anatomy
scanning is indicated. We recommend that associated abnor-

malities, oligohydramnios, and uterine deformities be specif-
ically ruled out. We also recommend consultation with a ge-
netic counselor or medical geneticist, who can obtain a com-
plete family history and examine the parents for evidence of
discrepancies in leg length and width. The presence of asso-
ciated anomalies may suggest an underlying syndromic diag-
nosis. Controversy exists about whether to offer genetic am-
niocentesis for fetal karyotype when the clubfoot is isolated
(Benacerraf, 1986). In one study, follow-upof 68 fetuses iden-
tified prenatally with clubfoot showed that four had abnor-
mal karyotypes: 47, XXY, 47,XXX, trisomy18, and trisomy21
(Shipp and Benacerraf, 1998). However, the two fetuses with
trisomy18and21hadadditional abnormal sonographicfind-
ings, so theclubfootwasnot isolated.Asdescribed inChapters
135 and 136 on the XXY and XXX syndromes, clubfoot is not
considered part of the phenotype associated with these kary-
otypes. In another study performed at Tufts-New England
Medical Center, we reviewed 51 cases of prenatally diagnosed
isolated clubfoot (Malone et al., 2000).Nocases of aneuploidy
were found on either fetal karyotype evaluation or newborn
physical examination. Our findings and subsequently, those
of others (Bakalis et al., 2002; Mammen and Benson, 2004)
suggest that invasive testing for fetal karyotype is not neces-
sary if the fetal anatomy has been studied by an appropriately
detailed sonographic anatomy survey and found to be other-
wise normal.

In a study performed at the Royal Women’s Hospital,
Melbourne, 17 fetuses were diagnosed with isolated clubfoot
(Woodrow et al., 1998). Sixteen of the seventeen had anormal
karyotypeand the remainingcasewasphenotypicallynormal.
Six infants did not have clubfoot at birth, two infants did not
require further treatment, and nine infants required casting,
orthotics, and/or surgery. All infants had excellent results at
2 years of age.
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Table 107-2

Conditions Associated with Clubfoot

Type of Condition Pattern of Inheritance

Chromosome Abnormalities Chromosomal

Neuromuscular Disorders
Meningomyelocele Multifactorial
Amyoplasia congenita Sporadic
Arthrogryposis multiplex

congenita
Many etiologies

Moebius sequence Sporadic
Pena Shokeir phenotype Many etiologies

Skeletal Dysplasias
Campomelic dysplasia Autosomal recessive
Diastrophic dysplasia Autosomal recessive
Chondrodysplasia

punctata, rhizomelic
Autosomal recessive

Ellis-van Creveld
syndrome

Autosomal recessive

Single-gene Disorders
Escobar syndrome Autosomal recessive
Multiple pterygium

syndrome
Autosomal recessive

Freeman–Sheldon
syndrome

Autosomal dominant

Hecht syndrome Autosomal dominant
Larsen syndrome Autosomal recessive

and dominant
Smith–Lemli–Opitz

syndrome
Autosomal recessive

Meckel–Gruber syndrome Autosomal recessive
Zellweger syndrome Autosomal recessive

If the clubfoot is an isolated abnormality, there is no
indication for delivery at a tertiary care hospital. Similarly,
cesarean section should be performed only for standard ob-
stetric indications. The parents may benefit from antenatal
consultation with a pediatric orthopedic surgeon, who can
counsel them regarding the expected treatment for the con-
dition.

FETAL INTERVENTION

There is no fetal intervention for clubfoot.

TREATMENT OF THE NEWBORN

For the fetus diagnosed antenatally with clubfoot, we recom-
mend that a complete and detailed physical examination be

performed during the newborn period. We also recommend
consultation shortly after birth with a pediatric orthopedic
surgeon. Initial therapy consists of gentle stretching and ma-
nipulation of the affected foot or feet, followed by taping,
casting, or a Denis Browne splint, which consists of adhesive
strapping of shoes to a metal plate that is rotated laterally
and attached to a transverse bar. The infant corrects the foot
abnormality by constant kicking, which forces the foot into
eversion and dorsiflexion (Bleck, 1993). With conservative
management, the clubfoot that results from uterine defor-
mation will be corrected in most cases. In cases that are due
to an underlying neurologic or neuromuscular disorder, ap-
proximately one-third to one-half of cases will be corrected
with physical manipulation (Drvaric et al., 1989). Casting of
the foot prevents further tightening of contracted structures
prior to surgery. Other authors have described evenmore op-
timistic results fromconservativemanagement. Inone clinic’s
experience, satisfactory functional results were achieved in
89% of cases by manipulation and serial application of casts,
supported by limited operative intervention (Ponseti, 1992).
This author suggested that a successful nonoperatively treated
clubfoot results in much better long-term function than the
successfully surgically treated foot (Ponseti, 1992).

Some authors recommend obtaining an anteroposte-
rior radiograph of the foot (Bleck, 1993). In the newborn, one
can visualize only the ossification centers of the major tarsal
bones, but not the key indicator of prognosis, the navicular
ossification center. Other authors recommend that magnetic
resonance imaging (MRI) may be more helpful to study the
foot anatomy (Downey et al., 1992). MRI produces excel-
lent images of the tendons, cartilage, and bone in the infant’s
hindfoot. In one study, the T2-weighted image was demon-
strated to be useful in delineating articular surfaces, but the
intermediate weighting image gave the best overall image of
the cartilaginous structures. Downey et al. (1992) studied the
feet of 10 infants with clubfoot by MRI. This was the first
study to look in great detail at the relationships between the
bones in the in vivo setting. These authors observed medial
angulation of the talar neck and rotation of the calcaneus
with the anterior portion of the calcaneus shifting medially
and the posterior portion of the calcaneus shifting laterally.
They thought that the primary problem in clubfoot was a
talar head and neck deformity, which resulted in the anterior
calcaneus following the deformed anterior talus, thus caus-
ing a pivot about the interosseous ligament so the posterior
calcaneus is forced laterally (Downey et al., 1992).

SURGICAL TREATMENT

Many different surgical approaches have been described for
the treatment of clubfoot. In many ways, however, little has
changed since Felix Würtz, a Basel surgeon, published the
following treatment for clubfoot in 1563: “It hapneth that a
child is born with crooked feet . . . Let no man be neglective
if his child be thus crooked, as not to ask counsel about it;
though all be not recovered which are in such cases, yet many



738

Part II Management of Fetal Conditions Diagnosed by Sonography

are cured, if not perfectly, yet may they be mended in some
sort. Observewhether that joint both lie and turn easily to the
place where it should be, then bind it that way, and cure it”
(Würtz, cited in Dunn, 1992). All authors agree that the ini-
tial management should be nonoperative with manipulation
andcasting.Theoptimal age for initial surgical intervention is
3 to6months (Drvaric et al., 1989).There appears tobenoad-
vantage for surgery performed at less than 2 months of age.
Ideally, however, surgery should be performed at less than
12 months of age because up to this time, the tarsal bones
are still cartilaginous. Thus, maximal potential for remodel-
ing of the joint still remains. The goal of surgery is that the
patient ends up with a functional, pain-free, plantigrade foot
with goodmobility and no calluses and no need for modified
shoes (Ponseti, 1992). Precise surgical goals consist of accu-
rate bone realignment, resulting in talonavicular articulation
and proper alignment of the bimalleolar axis with normal
range of motion. Most surgical techniques consist of soft-
tissue release with lengthening of the tendons. Some authors
usewires to stabilize the talonavicular and talocalcaneal joints
(Drvaric et al., 1989). In one approach, the contracted joint
capsules are cut, the tendonsare lengthened, and thebones are
repositioned correctly in one stage. Specifically, this consists
of a posterior ankle capsulotomy and tendon lengthenings to
correct the equinus deformity, and capsulotomy of the talon-
avicular joint with posterior tibial tendon lengthening to shift
the navicular bone laterally onto the head of the talar neck to
correct the varus deformity (Bleck, 1993).

LONG-TERM OUTCOME

Prospective parents of a fetuswith isolated clubfoot should be
counseled that successful results of treatment, consisting of
complete correction and no recurrence of the deformity with
manipulation, serial casting, or surgery, varies from 60% to
95% of cases (Bleck, 1993). A good clinical prognosis exists
for a female infantwith a unilateral clubfoot, clinical evidence
at birth of increased joint laxity, or an age at diagnosis and
treatment of less than 9 months. A relatively poorer prog-
nosis exists for an infant older than 9 months of age at the
time of diagnosis and treatment. Also, the presence of a deep
medial crease in the plantar arch because of a cavus defor-
mity or evidence of marked atrophy of the leg on the affected
side indicate an underlying neurologic or neuromuscular
disorder.

Prospective parents should be counseled that eventual
correction can be achieved withmanipulation and surgery in
themajorityof cases, although recurrenceswill occur in some.
Surgery is generally successful for most patients who require
operative intervention, but 25%of casesmay require revision
surgery (Atar et al., 1992). Prospective parents should also be
counseled that in unilateral cases, the corrected clubfoot will
remain smaller than the normal foot. Similarly, the circum-
ference of the calf on the affected side will be smaller than
that of the contralateral calf. This will be variable in severity
but will persist into adult life (Bleck, 1993; Ponseti, 1992).

In general, children with corrected clubfeet can participate
in almost all athletic activities and there appears to be no
long-term apparent functional disability.

To document long-term outcome for patients with
clubfoot,Wynne-Davies (1964b) reportedonher clinical out-
come studies of 84 patients (representing 121 feet) at age 10
through 35 years of life. This study was performed to deter-
mine residual disability and deformity in patients with club-
foot. These individuals were treated with casting, splinting,
Denis Browne shoes with a cross bar, and eventual surgical
correction if conservative management failed. She concluded
that very few of these patients limited their activities because
of the clubfoot. Extremely few of the patients reported any
symptoms at all. Only after extensive questioning, the com-
monest complaint was the presence of calluses on the lateral
border of the affected foot or feet. Inunilateral cases, somepa-
tients had shortening of the affected leg, which on an average
was 2.5 cm shorter than the contralateral leg. Nearly all the
patients with the unilateral deformity had a smaller foot on
the affected side (average difference 2.5 cm), but interestingly,
the patients did not buy shoes of unequal size. Dr. Wynne-
Davies also measured the extent of the equinus deformity,
which was measured as the distance between the heel and the
ground when the tibia was vertical. In 51 of 121 feet stud-
ied, there was greater than a 1.25-cm distance, but this was
not described as a practical problem for the patient when the
individual was wearing shoes. Overall, this long-term study
indicated that there was very little residual morbidity associ-
ated with the clubfoot deformity (Wynne-Davies, 1964b).

GENETICS AND RECURRENCE RISK

The traditional teaching has been that clubfoot is inherited
as a multifactorial trait (Yamamoto, 1979) or as polygenic
inheritance with a threshold effect (Wynne-Davies, 1972).
Evidence for the presence of a genetic background effect was
demonstrated in one large-scale study of twins, in which the
incidence of clubfoot was compared between monozygous
and dizygous twins. In 4 of 134 (2.9%) dizygotic twins, there
was concordance of the clubfoot deformity. This was greatly
increased above the background incidence of 0.1% in the gen-
eral population. In the monozygous twins, there was an even
higher incidenceofboth twinsbeingaffected,13of40(32.5%)
twins. Because of the increased incidence in monozygous as
opposed to dizygous twins, genetic factors must have a cause
in the inheritance of clubfoot; however, the trait cannot be
solely genetic or the incidence in monozygous twins would
have been closer to 100% (Wynne-Davies, 1972).

Using complex segregation analyses, Rebbeck et al.
(1993)demonstrated that theprobability of having idiopathic
clubfoot was explained by Mendelian segregation of a single
genewith twodifferent alleles in thepopulation,plus effects of
other unmeasured factors shared by siblings (Rebbeck et al.,
1993). This study suggests that a search for an underlying
DNA abnormality in a single gene as the molecular basis of
the disorder is warranted.
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At present, the appropriate recurrence risk counseling
for parents is as follows: If both parents are normal, and the
initially affected fetus or child was male, the risk for a subse-
quent sibling to be affected is 2%. If both parents are normal
and the original affected fetus or child was female, the risk for
a subsequently affected sibling is higher, in the order of 5%.
However, if one parent has a clubfoot deformity and one pre-
vious fetus or child has been affected with clubfoot, the risk
for a subsequent sibling to be affected is 25% (Wynne-Davies,
1972). The appropriate prenatal diagnosticmethod for detec-
tion of clubfoot is antenatal sonographic examination.
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SECTION K

Umbilical Cord

108
CHAPTER

Umbilical Cord
Abnormalities

Key Points

■ A variety of umbilical cord abnormalities may be
sonographically detected, including short cord,
lack of coiling, and cystic and vascular
malformations.

■ Sonographic examination of the cord should
include counting the number of vessels, Doppler
studies, notation of coiling, and observation of the
presence of cysts, masses, and vascular
malformations.

■ Umbilical cord diameter increases with age.

■ The major consideration in the differential diagnosis
is to determine if cord abnormality is isolated or
associated with anomalies or aneuploidy.

■ The umbilical cord grows by tension generated by
fetal movement. Short cords are associated with
trisomy 21 and neuromuscular abnormalities.

■ Other findings associated with aneuploidy include
lack of coiling, umbilical vein varix, aneurysms, and
pseudocysts. Abnormal umbilical cord diameter
measurements are not currently thought to be
accurate markers of aneuploidy.

CONDITION

A variety of umbilical cord abnormalities may be detected by
prenatal sonography. These conditions include a short cord,
lackof coiling, umbilical cordulceration, a knot in theumbili-
cal cord, umbilical artery hypoplasia, supernumerary vessels,
and a variety of cystic and vascular malformations (Table
108-1) (Persutte andHobbins, 1995). Themost common ab-
normality, singleumbilical artery, is discussed inChapter 109.

INCIDENCE

An absolutely short cord (≤35 cm at term) occurs in 0.78%
of pregnancies (Skupski et al., 1992). A relatively short cord
(≤54 cm at term) occurs in 16.8% of pregnancies (Skupski
et al., 1992). Noncoiled umbilical vessels occur in 4.3% (38 of

394 pregnancies) (Strong et al., 1993). Umbilical cord ulcer-
ation is a rare abnormality. Four umbilical vessels have been
noted in0.4%(2of 444pregnancies) (Aokio et al., 1997).Um-
bilical artery hypoplasia occurs in 1.9% of pregnancies (6 of
310 high-risk patients) (Sepulveda et al., 1992). A knot occurs
in the umbilical cord in 0.3% to 2.1% of pregnancies (Sepul-
veda et al., 1995). Vascular malformations are rare. Tumors
of the umbilical cord are extremely rare.

SONOGRAPHIC FINDINGS

Sonographic examination of the umbilical cord includes doc-
umentation of the number of vessels, Doppler velocimetry
studies, and observation of coiling and looping of the cord
(Figure 108-1). The umbilical cord is routinely examined in
three locations: at the insertion site in the anterior abdominal
wall of the fetus, at some point along the cord to determine
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Table 108-1

Abnormalities of the Umbilical Cord

Umbilical cord
Abnormal length and diameter
Neoplasms

Thrombosis
Hemangioma
Hematoma
Teratoma

Edema
Distortional abnormalities

Loops
Knots
Torsions
Twists

Vascular malformations
Abnormal vessel number
Abnormal vascular spiraling
Umbilical cord varix
Umbilical artery aneurysm
Persistent right umbilical vein

Wharton jelly
Aberrations in amount
Mucinous degeneration

Other
Allantoic duct cysts
Omphalomesenteric duct cysts
Varix of the umbilical cord
Urachal cyst
Omphalocele
Gastroschisis

Source: Persutte WH, Hobbins J. Single umbilical artery: a clinical enigma
in modern prenatal diagnosis. Ultrasound Obstet Gynecol.
1995;6:216-229.

the number of vessels, and at the segment floating within the
cavityduringassessmentof amnioticfluidvolume(Sepulveda
et al., 1995). Theumbilical corddiameter canbemeasured. Its
diameter increases with gestational age (Ghezzi et al., 2002;
Rembouskos et al., 2004). An increased umbilical cord di-
ameter was originally thought to be a marker for aneuploidy
(Ghezzi et al., 2002) but this finding was disproven in a later
study (Rembouskos et al., 2004).

In extremely short umbilical cords, the cord appears
to be stretched tautly across the uterine cavity (Skupski
et al., 1992). Color Doppler has greatly enhanced the ability
to visualize abnormalities in the umbilical cord (see Figure
108-1) (Jauniaux et al., 1989). Vascular abnormalities include
umbilical artery aneurysm (Siddiqui et al., 1992), umbilical
vein varix (Estroff and Benacerraf, 1992;Mahony et al., 1992;

Figure 108-1 Color Doppler velocimetry studies showing the
normal coiling of the umbilical cord.

Rahemtullah et al., 2001), and persistent right umbilical vein
(Jeanty, 1989; Hill et al., 1994; Wolman et al., 2002). The dis-
tance between spirals (helixes) in the umbilical cord can be
measured. Normally, this distance is 2 to 2.5 cm. If the dis-
tancedecreases to less than2cmbetweenhelixes, acute torsion
of the cord is possible (Collins et al., 1993). Umbilical cord
knots are difficult to identify prospectively; as many as 72%
of cases are missed on third trimester color Doppler studies
(Sepulveda et al., 1995). Umbilical cord cysts are found in
3% of pregnancies in the first trimester; most resolve spon-
taneously (Weissman and Drugan 2001). When found in the
second or third trimester, there is a high incidence of struc-
tural or chromosome abnormalities (Smith et al., 1996).

DIFFERENTIAL DIAGNOSIS

Themajor consideration in the differential diagnosis is to de-
termine if the umbilical cord abnormality is a false-positive
finding and if it is associated with other sonographically de-
tectable abnormalities. Many umbilical cord abnormalities
are descriptive. Sensitivity and specificity of diagnosis is im-
proved by the concurrent use of Doppler studies. The dif-
ferential diagnosis for umbilical cord tumors includes he-
mangioma and teratoma. The differential diagnosis for cystic
masses includes true cysts, pseudocysts, allantoic cysts, and
hematomas.

ANTENATAL NATURAL HISTORY

The umbilical cord grows by tension generated by fetalmove-
ment; Naeye (1985) has measured umbilical cord lengths of
35,779 singletons and determined that a length of at least
32 cm is necessary to prevent traction on the cord during a
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vaginal delivery. The majority of umbilical cord growth oc-
curs during the first and second trimesters. Walker and Pye
(1960) demonstrated that the cord length of premature ba-
bies is similar to that of full-termbabies. Themean length of a
full-term newborn’s umbilical cord is 60 cm. There is no cor-
relation between umbilical cord length and parity, maternal
age, maternal weight or height, presence of preeclampsia, or
fetal gender, weight, length, or presenting part (Walker and
Pye, 1960).

Short umbilical cords are significantly associated with
low IQ values and neuromuscular abnormalities, such as the
fetal akinesia deformation sequence or severe infantile spinal
muscular atrophy (Naeye, 1985). In infants with trisomy 21,
the average cord length is 45 cm; this is almost certainly due
to in utero hypotonia, which causes decreased tension to be
placed on the cord (Moessinger et al., 1982). Miller et al.
(1981) studied infants with a variety of pathologic condi-
tions. They found the most dramatically shortened cords in
patients with early evidence of amnion rupture. Restriction
of fetal movement was thought to be the effect of tethering
by amniotic bands. The lesser degree of cord shortening seen
in renal agenesis is presumably due to a later decrease in in-
trauterine space resulting from oligohydramnios.

Experiments on rat fetuses have confirmed that early
oligohydramnios affects the cord length by limiting the in-
trauterine environment. Conversely, rat fetuses allowed to
develop in the maternal abdomen have a cord length that
is 147% greater than controls. In addition, rat fetuses with
movements that areparalyzedbycurarehave cord lengths that
are 85% of control values (Moessinger et al., 1986; Skupski
et al., 1992).

Umbilical vascular coiling is established by the end of
the first trimester. A sinistral (counterclockwise) rotation is
present in most pregnancies (Fletcher 1993; Strong et al.,
1993). The absence of the normal coiling of the umbilical
cord has been identified as an antenatal risk factor for perina-
tal morbidity and mortality. This finding occurs in approx-
imately 5% of fetuses (Weissman and Drugan, 2001). This
so-called straight cord may be structurally weaker and more
susceptible to external tension (Figure 108-2) (Strong et al.,
1993). Lacro et al. (1987) noted a 10% stillbirth rate in new-
borns with absent umbilical coiling. In a prospective study,
38 fetuseswith noncoiled umbilical vessels were identified. As
compared with normal control fetuses, the noncoiled group
had a significantly increased incidence of intrauterine death,
pretermdelivery, repetitive intrapartum fetal heart rate decel-
erations, operative delivery for fetal distress,meconiumstain-
ing, and anatomical and karyotype abnormalities (Strong
et al., 1993). Other investigators have calculated an umbil-
ical coiling index by dividing the total number of coils ob-
served by the length of the cord. Subjects with below the 10th
percentile and above the 90th are defined as hypocoiled and
hypercoiled, respectively. In one study of 635 placentas from
deliveries of at least 24 weeks of gestation, Rana et al. (1995)
found that subjects with hypocoiled cords had increased rates
of fetal heart rate disturbances and interventional delivery.
Fetuses with hypercoiled cords had a higher rate of prema-

Figure 108-2 Color Doppler velocimetry studies demonstrating
a straight umbilical cord. Note the lack of coiling as compared
with Figure 108-1.

ture delivery as compared with fetuses with normally coiled
cords.

To our knowledge, prospective outcome studies related
to a sonographic finding of umbilical cord ulceration have
not yet been performed. The finding is described here be-
cause of the reported association of umbilical cord ulceration
noted at birth with intestinal atresia in two infants and one
stillborn fetus (Bendon et al., 1991). In two of three cases,
severe in utero hemorrhage occurred from the ulcers. The
intestinal atresia is the primary problem, with umbilical cord
ulceration occurring as a secondary phenomenon. The fol-
lowing hypotheses have been proposed to account for this
association: vascular reactivity, gastric reflux, and epithelial
abnormalities (Bendon et al., 1991).

Inone case report, an infantwith fourumbilical arteries
and one vein was described (Beck and Naulty, 1985). The
infant had multiple medical problems due to Escherichia coli
sepsis, but ultimately survived with age-appropriate growth
and development. There were no associated anomalies. The
patient was shown to have triplication of the right umbilical
artery.

Umbilical artery hypoplasia has been defined as a dif-
ference in the diameter between both umbilical arteries of
≥2 mm (Sepulveda et al., 1992). The umbilical arteries have
discordantbloodflowvelocitywaveforms in theabsenceof as-
sociated placental pathology. In one series, two of six affected
fetuses with this finding had an adverse perinatal outcome
(Dolkart et al., 1992). In another case report with pathologic
follow-up of the umbilical cord after birth, no adverse effect
was seen (Sepulveda et al., 1992).

Vascular malformations of the umbilical cord, such
as umbilical vein varix and umbilical artery aneurysm, are
rare. In one study, 25 cases of intra-abdominal umbilical
vein varix were identified over a 10-year period (Rahemtullah
et al., 2001). Follow-up information was available for 23 of
25 cases. Eleven of 23 cases (48%) had normal pregnan-
cies, full-term deliveries, and normal neonatal outcome.
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Three cases (13%) had preterm deliveries, and one had Kell
isoimmunization. In the remaining 8 cases (35%) struc-
tural anomalies were identified. These authors recommended
that a thorough fetal survey and echocardiogram be per-
formed if anumbilical vein varix is observed.Umbilical artery
aneurysmispotentially lethal inuterobecauseofumbilical ve-
nous compression (Siddiqui et al., 1992). One case of umbili-
cal cordaneurysmandarteriovenousfistulahasbeenreported
in association with a case of trisomy 18 (Berg et al., 2001).
Cystic dilatation of the umbilical vein has been variously as-
sociated with both an increased incidence of in utero death
(Mahony et al., 1992) and a normal outcome (Estroff and
Benacerraf, 1992).Umbilical cordcystsdevelop fromthe rem-
nants of the allantois or omphalomesenteric duct (Weissman
and Drugan, 2001). They are usually located near the fetal
insertion end of the cord and range from 4 to 60 mm in size.
Pseudocysts have no epithelial lining and represent localized
edema of Wharton’s jelly (Kiran et al., 2003). Allantoic cysts
originate from an extra-abdominal urachal system (Bunch
et al., 2006).

MANAGEMENT OF PREGNANCY

When a short cord is diagnosed, detailed level II sonography
is indicated to look for evidence of oligohydramnios, amni-
otic bands, body wall defects, neuromuscular abnormalities,
and arthrogryposis. A short cord in the setting of abnormali-
ties such as increased nuchal translucency measurement and
a decreased ratio of femur to foot length may suggest tri-
somy 21. Fetuses with noncoiled umbilical cords may also
be at increased risk for aneuploidy. In one study of 48 con-
secutive liveborn neonates with noncoiled umbilical vessels,
four cases of trisomy (8.3%) and one case of mosaic trisomy
(2.1%) were identified (Strong, 1995). However, all of these
fetuses had additional anomalies detectedwith sonography. It
is therefore unclear at present whether amniocentesis is indi-
cated for an isolated noncoiled cord. Umbilical cord pseudo-
cysts, if detected with other sonographic abnormalities, are
strongly associated with aneuploidy and, in particular, tri-
somy 18 (Sepulveda et al., 1999). A good general principle is
that cord abnormalities, when found with other malforma-
tions, are an indication for fetal karyotyping.

Fetuses with noncoiled umbilical cords are at increased
risk for perinatal mortality; antepartum testing and early
documentation of fetal lung maturity should be considered.
Fetuses with evidence of bowel atresia should be monitored
for sonographic findings consistent with umbilical cord ul-
ceration and resulting hemorrhage.

Fetuses with vascular malformations such as umbilical
artery aneurysm may need to be delivered as soon as lung
maturity is present (Siddiqui et al., 1992). Fetuses with true
knots of the umbilical cord ascertained prenatally may need
to be delivered by cesarean section. In one report, a fetus with
umbilical cord cysts underwent magnetic resonance imaging
(MRI). TheMRI suggested that the diagnosis was actually an
allantoic cyst (Bunch et al., 2006).

FETAL INTERVENTION

There are no fetal interventions for umbilical cord abnormal-
ities.

TREATMENT OF THE NEWBORN

For all of the conditions discussed here, a thorough physical
examination of the newborn and the umbilical cord is indi-
cated. Umbilical cord hemangioma is associated with a high
(40%) incidence of vascular birthmarks, such as port wine
stains (Daniel-Spiegel et al., 2005).

In the setting of the short cord, observation of newborn
movements, with particular emphasis on the neurologic ex-
amination, is important. Tables of normal values exist for the
measurement of periumbilical skin length in the newborn.
These standards are useful in the neonatal diagnosis of syn-
dromes that include umbilical dysmorphology (O’Marcaigh
et al., 1992).

SURGICAL TREATMENT

There is no surgical treatment indicated for most umbili-
cal cord abnormalities. Allantoic cyst is the prenatal presen-
tation of patent urachus (Van der Bilt et al., 2003; Bunch
et al., 2006). These umbilical cords are often grossly edema-
tous from reflux of urine via the patent urachus. The cord
is usually clamped well away from the edematous segment
of cord. In the newborn period, the urachus can be surgi-
cally closed and cord remnants debrided away. Postnatally,
the patent urachus needs to be resected.

LONG-TERM OUTCOME

The isolated umbilical cord findings do not need follow-up.
Follow-up is indicated for associated abnormalities.

GENETICS AND RECURRENCE RISK

None of the conditions discussed, when present as an isolated
finding, have implications for familial recurrence.
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CHAPTER

Single Umbilical Artery

Key Points

■ Single umbilical artery (SUA) is one of the most
common malformations found in humans.

■ Color Doppler techniques have improved the
ability to visualize vessels in the umbilical cord,
particularly in a transverse view through the fetal
bladder.

■ Detailed sonographic evaluation of fetal anatomy
is important to determine if SUA is isolated or
associated with other anomalies.

■ If isolated, fetal echocardiography should be
considered, but karyotype is not indicated.

■ If associated anomalies are present, fetal karyotype
should be obtained, with trisomy 18 being the
most commonly associated aneuploidy.

■ SUA is associated with increased perinatal
mortality, increased chance of IUGR, and slightly
increased prematurity.

■ If no additional anomalies are detected, postnatal
urologic radiographic investigations are not
indicated.

■ For surviving infants, long-term prognosis is
excellent.

CONDITION

The normal umbilical cord consists of three vessels—two ar-
teries and one vein (Figure 109-1). Single umbilical artery
(SUA) refers to the congenital absence of one of the arter-
ies. The condition was originally described by Vesalius in
1543, Fallopio in 1561, and by Bauhin in 1621 (Persutte and
Hobbins 1995). The first prenatal diagnosis of SUAwasmade
in 1980 (Jassani et al., 1980). SUA is one of themost common
malformations found in humans.

INCIDENCE

In prospective studies of liveborn infants, the incidence of
SUA varied from 344 in 39,773 (0.9%) to 782 in 372,066
(0.48%) births in the United States National Collabora-
tive Perinatal Project and a Swedish registry, respectively
(Froehlich andFujikura, 1973; Lilja, 1991). The incidencewas
twofold to threefold higher in a survey of spontaneous abor-
tuses (Byrne and Blanc, 1985). In most studies, the gender
distribution is equal. In the National Collaborative Perinatal
Project, SUA was noted in 1.2% of white infants and 0.5%
of black infants (Froehlich and Fujikura, 1973). SUA occurs
three to four timesmore frequently among twins than among

singletons (Heifetz, 1984). Other conditions associated with
SUA include maternal diabetes, epilepsy, hypertension, an-
tepartum hemorrhage, polyhydramnios, and oligohydram-
nios (Persutte and Hobbins, 1995). Maternal age does not
affect the incidence of SUA (Prucka et al., 2004).

SONOGRAPHIC FINDINGS

The normal umbilical cord contains two arteries and one vein
(see Figure 109-1). SUA is easiest to demonstrate in cross-
sectional images (Figure 109-2) but may also be visualized
longitudinally (Figure 109-3). The most reliable technique
is to use color Doppler to visualize both umbilical arteries
on either side of the dome of the fetal bladder. SUA can be
diagnosed in the first trimester (Rembouskos et al., 2003).
Fetuses with SUA have an increased diameter of the umbili-
cal artery with no changes in diameter of the umbilical vein
(Sepulveda et al., 1996b). There may, however, be a reduc-
tion in the amount of Wharton’s jelly present (Raio et al.,
1999). Color flow Doppler techniques have greatly enhanced
the ability to both visualize the umbilical cord (Jauniaux et al.,
1989; Catanzarite et al., 1995) and measure its flow velocity
waveforms (Sepulveda et al., 1996a; Ulm et al., 1997). Fetal
umbilical arteries should be examined near the bifurcation of
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Figure 109-1 Color Doppler study demonstrating the presence
of two umbilical arteries and one umbilical vein.

the aorta with color Doppler (see Figure 109-3). The intrafe-
tal portion of the umbilical arteries may be easier to visualize
than the free-floating cord. A SUA may have a diameter that
approaches that of the umbilical vein. Diagnosis of SUA by
sonography has a sensitivity of 64.9%, a specificity of 99.9%,
and a positive predictive value of 64.9% (Jones et al., 1993).

Rembouskos et al. (2002) performed a prospective
study in 717 consecutively examined singleton pregnancies
undergoing chorionic villus sampling at 11 to 14 weeks to de-
termine the incidence of SUA. Color flow mapping was used
to visualize the umbilical arteries on either side of the blad-
der. The overall incidence of SUA was 5.9% (42/712), which
is much higher than the liveborn incidence. In the 21 fetuses
with SUA and normal chromosomes, 6 had major anoma-
lies detected, including omphalocele, diaphragmatic hernia,
megacystis, and scoliosis. In the 21 fetuses with SUA and an
abnormal karyotype, 14 had trisomy 18, 5 had trisomy 21,
and 2 had other abnormalities. In this study, the incidence
of associated chromosome abnormalities in fetuses with SUA

Figure 109-2 Cross-sectional view of the umbilical cord demon-
strating the presence of two umbilical vessels.

Figure 109-3 Longitudinal view of the umbilical arteries at the
bifurcation of the aorta, demonstrating the presence of a single
umbilical artery. BL, bladder.

was much higher (50%) than in studies performed in the
second and third trimester.

DIFFERENTIAL DIAGNOSIS

Nonvisualized second umbilical artery should be ruled out.
False-positive diagnoses are more likely to occur before
22 weeks of gestation.

ANTENATAL NATURAL HISTORY

The umbilical arteries develop from the allantois, a divertic-
ulum of the yolk sac. Between 3 and 5 weeks of gestation, a
transient common umbilical artery is normally present in all
embryos, replacing a plexus of arteries around the allantois.
Subsequently, the commonumbilical artery becomes shorter,
and right and left umbilical arteries advance within the body
stalk (Monie, 1970). SUA can result from one of three mech-
anisms: primary agenesis of one of the definitive umbilical
arteries, a secondary atrophy or atresia of a previously nor-
mal umbilical artery, or persistence of the common allantoic
or umbilical artery. In several prospective studies of fetuses
with antenatally diagnosed SUA, the left artery was absent
69% to 73% of the time. In addition, the presence of multiple
anomalies and/or abnormal karyotype were seen more com-
monly with absence of the left artery (Abuhamad et al., 1995;
Geipel et al., 2000). However, other studies do not demon-
strate an association between the side of the single artery
and presence of malformations (Blazer et al., 1997; Budorick
et al., 2001). The risk of perinatal mortality increases when
SUA is diagnosed. Much of this is due to the presence of as-
sociated congenital malformations. Independent of the pres-
ence of malformations, several studies have documented an
increased chance of intrauterine growth restriction (with an
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Figure 109-4 Cross-sectional view of an
umbilical cord with two vessels, in associa-
tion with a large simple ovarian cyst. (Cour-
tesy of Dr. Wolfgang Holzgreve.)

average birth weight of less than 2.5 kg) and preterm delivery
(with an average gestation of 35.9weeks) for infantswith SUA
(Heifetz, 1984; Leung and Robson, 1989; Lilja, 1991; Jones
et al., 1993; Gornall et al., 2003).

MANAGEMENT OF PREGNANCY

The key determinant of prognosis for a fetus with SUA is to
detect the presence of associated anomalies (Table 109-1, Fig-
ure 109-4) (Csecsei et al., 1992). For this reason, detailed fetal
sonographic evaluation is recommended for all cases of SUA.
Some groups advocate fetal echocardiographic studies even
for cases of apparently isolated SUA (Abuhamad et al., 1995;
Persutte and Hobbins, 1995; Budorick et al., 2001). Other
groups have not found abnormalities on echocardiography in
fetuses with isolated SUA (Gossett et al., 2002). In newborns,
the incidence of major malformations ranges from 17.5% to
44% (Leung and Robson, 1989). These malformations af-
fect a wide variety of organ systems, including heart, brain,
skeletal, gastrointestinal, and genitourinary systems (Table
109-1) (Froehlich and Fujikura, 1989). In fetuses with SUA,
prospective studies indicate a 26% to 31% chance of asso-
ciated structural anomalies (Abuhamad et al., 1995; Chow
et al., 1998). The distribution of anomalies in fetuses differs
from newborns in that genitourinary and cardiac anomalies
aremore common (Martı́nez-Payo et al., 2005) (Table 109-1).
The documentation of associated anomalies puts the fetus at
a significant risk for a chromosomal abnormality (Byrne and
Blanc, 1985; Nyberg et al., 1991, 1988); prenatal karyotyp-
ing is recommended. Trisomies 13, 18, and 21 and Turner
syndrome have all been reported in association with SUA
(Saller et al., 1990), although trisomy 18 is the most com-
mon aneuploidy (Rembouskos et al., 2003). If the karyotype
is normal but there are associated anomalies, consideration

should be given to planned delivery in a tertiary care center
capableofnewbornresuscitationandsophisticated syndrome
diagnosis. If the karyotype reveals a diagnosis incompatible
with prolonged extrauterine survival, the infant can be deliv-
ered in a community hospital with pediatric consultation and

Table 109-1

Anomalies Associated with a Single
Umbilical Artery

Newborn
Fetuses∗ Malformations†

Multiple congenital anomalies Skeletal system

ADAM sequence Cardiovascular

Urogenital malformations Urogenital

Craniospinal malformations Gastrointestinal

Meckel syndrome Central nervous system

Nonimmune hydrops Respiratory tract
Integumentary (skin)

∗Data from Csécsei K, Kovacs T, Hinchliffe SA, Papp Z. Incidence and
associations of single umbilical artery in prenatally diagnosed, malformed,
midtrimester fetuses: a review of 62 cases. Am J Med Genet.
1992;43:524-530.
†Data from Froehlich LA, Fujikura T. Follow-up of infants with single
umbilical artery. Pediatrics. 1973;52:6-13 and Leung AK, Robson WL.
Single umbilical artery: a report of 159 cases. Am J Dis Child.
1989;143:108-111.
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an antenatal agreement not to perform heroic resuscitative
efforts.

Many questions arise regarding the appropriate subse-
quent management of a fetus with an isolated SUA. On the
basis of our experience and review of the literature, prenatal
karyotype is not indicated once the detailed fetal anatomical
survey reveals no other abnormalities (Nyberg et al., 1991;
Budorick et al., 2001). Many groups now recommend that
fetal echocardiography be performed as part of the evalua-
tion of SUA. In addition, careful attention to fetal growth
during the third trimester with serial ultrasound examina-
tions is warranted. (Nyberg et al., 1991; Khong and George,
1992; Catanzarite et al., 1995).

FETAL INTERVENTION

There are no fetal interventions indicated for SUA.

TREATMENT OF THE NEWBORN

As discussed above, the newborn with associated malforma-
tions needs delivery, treatment, and diagnostic evaluation in
a tertiary care center. The newborn with isolated SUA needs
no immediate treatment other than a thorough physical ex-
amination.

A somewhat controversial area has been the need for a
renal workup following the demonstration of SUA. This orig-
inated froma studybyFeingold (1964),whoperformed intra-
venous pyelography on 24 childrenwith isolated SUA at birth
and found genitourinary tract abnormalities in one-third of
cases. These findings were confirmed by an Irish study of 112
infants who were found to have isolated SUA at delivery. In
this study, 19 infants were documented with abnormal post-
natal renal sonography; 8 of 112 (7.1%) had significant per-
sisting abnormalities, with vesicoureteric reflux found in five
infants (Bourke et al., 1993). Themorphologic abnormalities
found in three patients included megaureter, pelvic kidney,
and dilation of the collecting system. These anomalies, how-
ever, would be visible on a contemporary sonographic scan.
Therefore, if a detailed fetal sonographic anatomic evaluation
is normal, we do not advocate confirmatory postnatal renal
screening in the absence of clinical symptoms.

A more recent meta-analysis of 37 postnatal studies on
SUA published over a 40-year period confirms this approach
(Thummala et al., 1998). The mean incidence of associated
anomalies in liveborn infantswith SUAwas 27%(range 22%–
32%). Additional urologic studies were performed on 204
infants with apparently isolated SUA. Of these, 33 (16.2%)
had some form of renal anomaly, but more than half of these
anomalies were minor or self-limiting. Thummala et al. con-
cluded that current data do not justify extensive urologic ra-
diographic investigations for asymptomatic newborns with
isolated SUA.

SURGICAL TREATMENT

There is no surgical treatment for isolated SUA. If a geni-
tourinary abnormality is detected, consultation with a pedi-
atric urologist is warranted. Postnatal follow-upmay include
renal sonography and voiding cystourethrography.

LONG-TERM OUTCOME

For surviving infants, the prognosis is excellent. TheNational
Collaborative Perinatal Project noted that growth-restricted
infants caught up with their peers (Froehlich and Fujikura,
1973). Intelligence was in the normal range. The one surpris-
ing finding was the increased incidence of inguinal hernias in
survivors.

GENETICS AND RECURRENCE RISK

Isolated SUA is thought to be a developmental anomaly, with
no risk for familial recurrence. In the setting of associated
anomalies, it is important to make an accurate diagnosis to
permit proper genetic counseling.
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SECTION L

Tumors

110
CHAPTER

Cervical Teratoma

Key Points

■ Cervical teratomas are often large, solid, and cystic
lesions with calcifications.

■ Polyhydramnios occurs from esophageal
compression, predisposing to preterm delivery.

■ Vascular malformations, including lymphangiomas
and arteriovenous malformations, are the main
differential diagnoses.

■ The EXIT procedure is indicated to secure the
airway.

■ Delivery should occur in a tertiary center with
expertise in the EXIT procedure.

■ Cervical teratomas can arise in the thyroid.
Postoperative hypothyroidism or
hypoparathyroidism can occur.

■ Close follow-up after resection is indicated, as
residual or recurrent teratoma is at risk for
malignant transformation.

CONDITION

Cervical teratoma is a rare tumor. Approximately 300 con-
genital cases have been described (Riedlinger et al., 2005; Oka
et al., 2007). Since the first prenatal diagnosis of fetal cervi-
cal teratoma in 1978, there have been only a few dozen pub-
lished reports of cervicalmasses detected inutero (Schoenfeld
et al., 1978; Patel et al., 1982; Suita et al., 1982; Kagan, 1983;
Thurkow et al., 1983; Trecet et al., 1984; Pearl et al., 1986;
Cunninghamet al., 1987;Hitchcock et al., 1987;Holinger and
Birnholz, 1987; Roodhooft et al., 1987; Jordan and Gauderer,
1988; Kelly et al., 1990; Zerella and Finberg, 1990; Baumann
and Nerlich, 1993; Liechty et al., 1997; O’Callaghan et al.,
1997).

As in other teratomas, cervical teratomas are composed
of tissues foreign to their normal anatomic sites. All three
germ layers are represented within the tumor. Neural tissue
is the most common histologic component, with cartilage
and respiratory epithelium also observed (Schoenfeld et al.,

1982). Thyroid tissue occurs in 30% to 40% but it is uncer-
tain whether this represents actual involvement of the gland
or ectopic thyroid tissue (Jordan and Gauderer, 1988). Theo-
ries regarding the origin of cervical teratoma include deriva-
tion from totipotential germ cells or abnormal development
following cleavage of monozygous twins with fetus in feta
(Ashley, 1973; Hitchcock et al., 1987).

INCIDENCE

Cervical teratomas are rare with an incidence ranging from 1
in 20,000 to 1 in 40,000 livebirths (Azizkhan et al., 1995).
Cervical teratomas account for 3% to 6% of teratomas
(Azizkhan et al., 1995, Jordan and Gauderer, 1988). There
is no apparent relationship to maternal age or parity
(Hitchcock et al., 1987). Unlike other teratomas, males and
females are equally affected (Batsakis et al., 1964; Tapper and
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Figure 110-1 Sagittal image demonstrating cervical teratoma.
Note the solid and cystic areas.

Lack, 1983) and there is no racial predilection (Suita et al.,
1982).

SONOGRAPHIC FINDINGS

On ultrasound examination, cervical teratomas are typically
asymmetric, unilateral,mobile, andwell demarcated (Figures
110-1 to 110-3). Most are multiloculated, irregular masses
with solid and cystic components (Figure 110-1). As many
as 50% have calcifications present (Gundry et al., 1983; Kelly
et al., 1990). Calcifications may be difficult to appreciate on
ultrasound examination and are more easily seen on plain

Figure 110-2 3D image revealing a mass arising from the right
side of the fetal face.

radiographs (Goodwin and Gay, 1965; Hajdu et al., 1966;
Suita et a1., 1982). Calcifications, when present in a partially
cystic and solid neck mass, are virtually diagnostic of cervical
teratoma (Gundry et al., 1983).

Cervical teratomas are usually large andbulky, typically
measuring5 to12 cm indiameter (SilbermanandMendelson,
1960; Batsakis et al., 1964; Liechty et al., 1997; Liechty and
Crombleholme, 1999; Crombleholme and Albanese, 2001).
Tumormasses greater than the size of the fetal head have also

A B

Figure 110-3 A. Prenatal sonographic image of a fetus in sagittal section demonstrating a complex cervical mass
resulting in hyperextension of the neck due to a cervical teratoma. This has been referred to as the ‘‘flying fetus” sign,
as the head extension is similar to that observed in ski jumpers when they fly off the ski jump. B. Postnatal appearance
of the same patient.



753

Chapter 110 Cervical Teratoma

Figure 110-4 Fetal magnetic resonance image (MRI) showing a
giant cervical teratoma with a huge cystic component. The cer-
vical teratoma was larger than the fetus. (Reprinted, with permis-
sion, from Liechty KW, Crombleholme TM, Flake AW, et al. Intra-
partum airway management for giant fetal neck masses: the EXIT
procedure (ex-utero intrapartum treatment). Am J Obstet Gynecol.
1997;177:870-874.)

been reported (Figure 110-4) (Batsakis et al., 1964; Owor and
Master, 1974; Jordan andGauderer, 1988). These tumors usu-
ally extend to the mastoid process and body of the mandible,
superiorly displacing the ear. Inferiorly they can extend to
the clavicle and suprasternal notch or extend into the medi-
astinum. Posteriorly, they can extend to the anterior border of
the trapezius. Involvement of the oral floor, protrusion into
the oral cavity (epignathus), and extension into the supe-
rior mediastinum have also been noted in cervical teratomas
(Jordan and Gauderer, 1988).

Polyhydramnios will complicate 20% to 40% of the
prenatally diagnosed cases and is more commonly observed
in large tumors (Bale, 1949; Lloyd and Clatworthy, 1958;
Hajdu et al., 1966; Trecet et al., 1984). Polyhydramnios is
thought to be due to esophageal obstruction, as has been
demonstrated by contrast amniography (Rosenfeld et al.,
1979; Mochizuki et al., 1986). An empty stomach may be the
first sonographic clue to esophageal obstruction from cervi-
cal teratoma (Rosenfeld et al., 1979; Suita et al., 1982). Other
anomalies have been reported in association with cervical
teratomas, including one case each of chondrodystrophia fe-

talis and imperforate anus (McGoon, 1952). Hypoplastic left
ventricle and trisomy 13 have also been reported in associa-
tion with cervical teratoma (Gundry et al., 1983; Dische and
Gardner, 1987), as has agenesis of the corpus callosum
(Goldstein and Drugan, 2005). Mandibular hypoplasia may
also be seen as a direct result of mass effect on the developing
mandible (Liechty et al., 1997).

The fetus with a large cervical teratoma often has a
marked extension of the neck due to mass effect. The cervi-
cal teratomas are deeper than the strap muscles of the neck,
thus causing severe compression of the larynx, trachea, and
esophagus. As noted above, esophageal compression results
in polyhydramnios, and compression of the larynx and tra-
chea can result in not only deviation and distortion of the
airway, but also marked laryngotracheomalacia. The hyper-
extension of the fetal neck may also result in profound pul-
monary hypoplasia. The hyperextended neck pulls the fetal
trachea cephalad, and in severe cases the carina can be found
above the level of the thoracic inlet. This pulls the lungs into
the cupola of the thoracic cavities, preventing normal lung
growth. Several cases of death due to profound pulmonary
hypoplasia have been reported despite successful EXIT (ex
utero intrapartum treatment) procedures to secure the air-
way (Liechty and Crombleholme, 1999; Crombleholme and
Albanese, 2001).

DIFFERENTIAL DIAGNOSIS

Cystic hygroma is themost likely entity to bemistaken for cer-
vical teratoma in cases detected prenatally (see Chapter 32).
The similarities in size, sonographic findings, clinical char-
acteristics, location, and gestational age at presentationmake
this distinction difficult (Batsakis et al., 1964). Cystic hygro-
mas are typically multiloculated cystic masses with poorly
defined borders that infiltrate the normal structures of the
neck. This contrasts with the usually well-defined borders
of cervical teratomas. Furthermore, cystic hygromas tend to
be smaller than cervical teratomas, are unilateral, and more
frequently involve the posterior triangle (Pearl et al., 1986).

Many other entities may resemble a cervical teratoma
on sonographic imaging (Table 110-1). Amniotic fluid α-
fetoprotein (AFP) has been suggested as an aid in the differ-
ential diagnosis of a cervical mass. However, maternal and
fetal AFP levels may be either elevated or normal in cervical
teratomas. Because fewer than 30%of cervical teratomas have
an elevated AFP (Schoenfeld et al., 1982; Trecet et al., 1984),
this assay is not particularly helpful in the differential diagno-
sis of fetal cervical masses. An elevated serumAFP level in the
newborn, however, may be helpful in following the patient
for signs of teratoma recurrence after successful resection.
The preoperative values may be difficult to interpret, as AFP
levels are high in normal newborns

Vascular malformations are another important condi-
tion in the differential diagnosis. These lesions may be both
cystic and solid, like cervical teratomas, but do not have
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Table 110-1

Differential Diagnosis of Cervical Teratoma

Congenital goiter

Solid thyroid tumors

Thyroid cyst or thyroglossal duct cyst

Branchial cleft cyst

Neuroblastoma

Hamartoma

Hemangioma

Lipoma

Laryngocele

Lymphangioma

Parotid tumor

Neural tube defects, such as occipital encephalocele or
cervical myelomeningocele

calcifications. These lesions are often quite vascular and color
flow Doppler images often reveal the extensive vascularity of
these lesions. Flow through either cervical teratomas or vas-
cular malformations can result in high-output failure, and
echocardiographic assessment of combined ventricular out-
put is indicated in all cases.

FetalMRI has proven particularly useful in distinguish-
ing the complex, septic, and solid teratoma from lymphan-
gioma (see Figure 110-2) (Liechty et al., 1997; Hubbard et al.,
1998). AnMRI allows a larger field of view than anultrasound
and may show better tissue contrast (Figure 110-4). The T1

andT2-weighted imagingmayallow fat tobe identifiedwithin
the lesion, which is more consistent with a diagnosis of cervi-
cal teratoma than cystic hygroma or vascular malformation
(Hubbard et al., 1998).

ANTENATAL NATURAL HISTORY

The antenatal natural history of fetal cervical teratomas is
not well defined. Although they are most often malignant
in adults, the vast majority of cervical teratomas in fetuses
and infants are benign (Mochizuki et al., 1986). However,
rare cases of malignancies in this age group have been de-
scribed with estimates of fewer than 10% of cases being ma-
lignant (Heys et al., 1967; Schoenfeld et al., 1982; Thurkow
et al., 1983; Touran et al., 1989; Baumann and Nerlich, 1993;
Azizkhan et al., 1995). The true malignant potential of a cer-

vical teratoma is uncertain (Batsakis et al., 1964; Owor and
Master, 1974; Watanatittan et al., 1981; Gundry et al., 1983;
Pupovac, 1986; Cunningham et al., 1987). Despite the exis-
tence of primitive tissue types in the tumor and metastases
to regional lymph nodes, many infants have remained free
from recurrence following complete resection of a cervical
teratoma. These cases suggest that malignant biologic behav-
ior is uncommon in this population (Batsakis et al., 1964;
Gundry et al., 1983; Dunn et al., 1992). Immature tissue seen
on histologic examination may merely represent the imma-
turity of the host; thus, pathologic studies are not completely
reliable in predicting the prognosis (Batsakis et al., 1964;
Tapper and Lack, 1983). This is an unusual tumor that may
have “benign” metastases to regional lymph nodes detected
after resectionof thecervical teratoma(Rothschildet al., 1994;
Azizkhan et al., 1995; Oka et al., 2007).

A fetus with a cervical teratoma is at increased risk for
intrauterine fetal demise and stillbirth. It has been estimated
that asmany as 17%die in utero and 35%die prior to surgery
(Mochizuki et al., 1986; Berry, 1997; Berge et al., 2004).
Because of esophageal compression, the majority of the fe-
tuses with cervical teratoma will have polyhydramnios. The
notable exceptions are small lesions and those that extend to
one side without severe compression of the esophagus. The
presence of a large cervical mass may result in compression
of the cranial nerves. This results in loss of function, most
notably the mandibular branch of the facial nerve with an
attendant drop of the corner of themouth, of the hypoglossal
nerve with deviation of the tongue to the contralateral side
with protrusion, and of the recurrent laryngeal nerve with
paresis or paralysis of the ipsilateral vocal cord. The large
cervical teratomas may compress or displace the mandible,
causing hypoplasia or flaring out of the mandible from the
face at odd angles, causing marked facial asymmetry.

In some cases, cervical teratomas may result in nonim-
mune hydrops due to the highly vascular nature of some of
these lesions. In this rare circumstance, fetal demise would
be anticipated without fetal surgical resection (Hirose et al.,
2003).

MANAGEMENT OF PREGNANCY

Fetal cervical teratoma can profoundly affect the course of
pregnancy. Repeated ultrasound examinations are indicated
to monitor amniotic fluid volume, tumor size, and fetal well-
being. In cases followed by serial sonography, rapid tumor
growth has been noted (Hitchcock et al., 1987; Baumann and
Nerlich, 1993). Stillbirth rates of 10% to 50% have been re-
ported (Silberman and Mendelson, 1960; Hajdu et al., 1966;
Hawkins and Park, 1972; Trecet et al., 1984; Roodhooft et
al., 1987). There is a high incidence of preterm labor and
preterm delivery, thought to be secondary to the increase in
uterine size due to polyhydramnios and/or tumor. Because
of the hyperextension of the neck, the so-called “flying fetus”
sign (see Figure 110-1) and the often large tumor size, there
is an increased incidence of malpresentation and dystocia
(Owor and Master, 1974; Gonzalez-Crussi, 1982). Cesarean
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section is often recommended because of the abnormal fetal
position (Kagan et al., 1983; Chervenak et al., 1985; Rempen
and Feige, 1985; Levine et al., 1990). Stabilization of the new-
born’s airway at delivery is facilitated by the assembly of a
team qualified to obtain a bronchoscopic or surgical air-
way, if orotracheal intubation is unsuccessful (Zerella and
Finberg, 1990). Currently, a fetus with cervical teratoma is
best managed by the EXIT procedure, which provides time
for laryngoscopy, bronchoscopy, tracheostomy, or tumor re-
section, if necessary, to secure the airway (Liechty et al.,
1997; Crombleholme and Albanese, 2001; Marwan and
Crombleholme, 2006).

Airway obstruction and respiratory compromise at
birth can be life-threatening and accounts for up to 45% of
the mortality seen with this abnormality. Consequently, de-
livery should occur at a tertiary care center with significant
experience with the EXIT procedure. There have been anec-
dotal reports of intrapartum laryngoscopy or bronchoscopy
in cases of fetal neck masses in which the fetus is delivered
but the cord is not clamped (Kelly et al., 1990). Unfortu-
nately, this procedure offers no advantage over standard ce-
sarean section, as the removal of the fetus from the womb
results in uterine contraction and cessation of the uteropla-
cental gas exchange (McNamara and Johnson, 1995; Liechty
et al., 1997; Crombleholme and Albanese, 2001; Bouchard
et al., 2002; Marwan and Crombleholme, 2006).

FETAL INTERVENTION

The ex utero partum treatment, or EXIT, procedure was
specifically designed to provide time to secure an airway
while preserving uteroplacental gas exchange (Figure 110-5).
While Langer and Schwartz and their colleagues had each re-
ported a case using this approach, the technique was not fully
developed until it was applied in diaphragmatic hernia
(Langer et al., 1992; Schwartz et al., 1993; Mychalishka et al.,
1997). When tracheal clip application was applied in human

Figure 110-5 EXIT procedure being performed on a fetus with
a cervical teratoma. Only the head and the upper chest are re-
moved from the uterus to maintain uterine volume. A pulse
oximetry probe is on the right hand and a bronchoscope is in-
serted into the airway of the fetus.

fetuses with diaphragmatic hernia, it was necessary to de-
velop a technique to allow time for neck dissection, clip re-
moval, bronchoscopy, and intubation. Several individual case
reports have described “operating on placental support” for
fetal airwaymanagement, butnonepresenteda systematic ap-
proach and correlated cord blood gases with time or placental
support (Catalano et al., 1992; Langer et al., 1992; Schwartz
et al., 1993; Tanaka et al., 1994; Skarsgard et al., 1996).
Crombleholme et al., (1997) applied the lessons learned from
use of the EXIT procedure in diaphragmatic hernia to the
management of giant fetal neck masses in a small series of
five patients, three with cervical teratomas and twowith lym-
phangioma (Crombleholme et al., 1997; Liechty et al., 1997).
The mean duration of the EXIT procedure was 28 minutes,
with a range of 8 to 54minutes. Direct laryngoscopy was per-
formed in all five cases. Although orotracheal intubation was
possible in two of the five, but one of the two intubations
was possible only after drainage of 1800 ml of cyst fluid. In
one case, massive involvement of the chest, neck, and face by
the lymphangioma precluded orotracheal intubation and, in
accordance with the family’s wishes, a surgical airway was not
attempted. In the remaining twopatients,whohad teratomas,
there was severe distortion of the airway, rendering intuba-
tion by direct laryngoscopy impossible. In each of these cases
bronchoscopy and tracheostomy were required to secure the
airway. In both cases the mass effect of the tumor had pulled
the thoracic trachea into the neck. In the first case this re-
sulted in a tracheostomy 1.5 cm above the carina, and in the
second case the tracheostomywas performed between the 8th
and 10th tracheal rings, as this was the only available site be-
cause of mass effect of the tumor (Figure 110-6). This infant
subsequently underwent resection of the mass closure of this
distal tracheostomy and creation of a new tracheostomy be-
tween the 2nd and 3rd tracheal rings.

Unlike a conventional cesarean section, the EXIT pro-
cedure maintains uteroplacental blood flow and fetal gas ex-
change by keeping the uterus relaxed with the use of in-
halational agents and the maintenance of uterine volume,
by only partially exposing the fetus (Bouchard et al., 2002;
Marwan and Crombleholme, 2006). This is apparent in the
relatively normal venous cord blood gases seen after up to
54 minutes of uteroplacental support (Liechty et al., 1997).
By preserving uteroplacental blood flow, the EXIT procedure
allows for adequate time toperformmultiple procedures such
as direct laryngoscopy, bronchoscopy, tracheostomy, surfac-
tant administration, and cyst decompression, some or all of
which may be required to secure the airway (Figures 110-5
and 110-6).

There are anumberof potential risks to themotherwho
undergoes an EXIT procedure. Because inhalational agents
keep the uterus very relaxed, there is a risk of increased hem-
orrhage because of uterine atony. The risk of uterine atony
and hemorrhage can beminimized through coordination be-
tween the surgeon and the anesthesiologist to decrease the
concentration of inhalational anesthetic and administer oxy-
tocin at the time of umbilical cord ligation. The use of the
uterine stapling device and coordination with the anesthesi-
ologist keeps the average intraoperative blood loss at 950 ml,
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Figure 110-6 The same patient in Figure 110-5 during the EXIT
procedure. The cervical teratoma had so distorted the airway that
an endotracheal tube had to be tunneled through the soft tissue
of the neck and entered the trachea between the 8th and 10th
tracheal rings.

well within the accepted range for traditional cesarean section
(Hood and Holubec, 1990).

Lower uterine segment hysterotomy is preferred for the
EXIT procedure, as it allows the possibility of future vaginal
delivery. However, a low anterior placenta or extremely large
neck mass may make lower uterine segment section impos-
sible. In such cases, a classical hysterotomy is necessary. This
approach necessitates cesarean delivery for all future deliver-
ies because of the risk of uterine rupture during labor. Prior
to an EXIT procedure, mothers should be counseled about
the possibility that future pregnancies would require cesarean
delivery. In rare cases, hydrops resulting from a cervical ter-
atoma in a fetus less than 30 weeks’ gestation may necessitate
open fetal surgery to resect the teratoma. To date this has been
performed successfully in only one case (Hirose et al., 2003).

TREATMENT OF THE NEWBORN

Airway obstruction at birth is life-threatening and associated
with a high mortality rate (Azizkhan et al., 1995). In giant

fetal neck masses, this mortality is usually associated with a
delay in obtaining an airway and an inability to ventilate the
infant effectively. This delay can result in hypoxia and acidosis
and, if the delay is greater than 5 minutes, anoxic injury may
occur (Dawes, 1968). This complication is all the more tragic
as most of these children have an isolated benign tumor and
do well after postnatal resection.

Mortality canbeashighas80%to100%inuntreated in-
fants, regardless of the tumor size (SilbermanandMendelson,
1960; Batsakis et al., 1964; Goodwin and Gay, 1965; Hurlbut
et al., 1967; Gundry et al., 1983; Garmel and Crombleholme,
1985). Delaying surgery can result in retention of secretions,
atelectasis, and/or pneumonia due to interference with swal-
lowing (Batsakis et al., 1964;Gonzalez-Crussi, 1982). In addi-
tion, precipitous airway obstruction may occur due to hem-
orrhage into the tumor (Silberman and Mendelson, 1960;
Batsakis et al., 1964; Hurlbut et al., 1967; Gundry et al., 1983)
even in minimally symptomatic newborns. For this reason,
orotracheal intubation is indicated in all patients regardless of
the presence or absence of symptoms. Mortality decreases to
between 9% and 17% in infants treated surgically (Silberman
andMendelson, 1960; Batsakis et al., 1964;Goodwin andGay,
1965; Hajdu et al., 1966; Hurlbut et al., 1967; Gundry et al.,
1983).

SURGICAL TREATMENT

These tumors tend tobe large, disfiguringmasses thatdisplace
or envelop vital structures in the neck. Extensive neck dissec-
tion and multiple procedures are often necessary to achieve
the goals of complete extirpationof the tumorwith acceptable
functional and cosmetic results.

In a review of 18 cases of cervical and orofacial
teratomas, Azizkhan and colleagues reported that life-
threatening airway obstruction occurred in 7 infants (39%), 2
of whom died without ever having a secure airway (Azizkhan
et al., 1995). Two neonates with prenatally diagnosed tumors,
survived because tracheostomies were performed in the de-
livery room by an attending pediatric surgeon. Survival was
observed in 15 of the 18 cases (83%). One neonate required
multiple surgeries to achieve complete tumor removal. Mor-
bidity included two cases with recurrent laryngeal nerve in-
jury, two with hypothyroidism, and two with developmental
delay andmental retardation secondary to airwayobstruction
and asphyxia at birth.

LONG-TERM OUTCOME

Infants with cervical teratoma are at risk for transient or
permanent hypoparathyroidism and hypothyroidism. Cer-
vical teratoma may completely replace the thyroid gland and
tumor resection may result in permanent hypothyroidism.
More commonly, thyroid tissuemaybepreservedbutmaynot
be adequately functioning and an interval of thyroxine sup-
plementationmaybenecessary. Becauseof themassivenature
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of these tumors and the difficulty in identifying parathyroid
glands, transient or even permanent hypoparathyroidism
may be observed. Calcium and vitamin D supplementation
may be needed postoperatively. A pediatric endocrinologist
should be consulted if these complications are encountered.
In approximately one-third of the cases, cervical teratomas
produce markedly elevated levels of AFP. However, an ele-
vated AFP level obtained immediately postoperatively must
be interpreted with caution. AFP levels in normal newborns
have an enormous range, with some as high as 20,000 units
during the first month of life. The AFP values progressively
fall during infancy until levels of less than 10 units are ob-
tained at the age of one. While an elevated AFP level may not
necessarily be abnormal, the levels should progressively de-
crease during infancy. A rising AFP should alert the clinician
to the possibility of teratoma recurrence. While cervical ter-
atoma is generally a benign tumor, there is the possibility of
malignant transformation, and close surveillance for tumor
recurrence is essential. We recommend following AFP levels
at 3-month intervals in infancy and yearly thereafter, with CT
or MRI scanning twice a year for the first three years of life.

GENETICS AND RECURRENCE RISK

There has been one report of congenital cervical teratoma
occurring in siblings, but no other familial cases have been
described (Hurlbut et al., 1967).
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111
CHAPTER

Liver Tumors

Key Points

■ Liver tumors account for only 5% of fetal and
neonatal tumors.

■ The most common tumor is hemangioma
followed by mesenchymal hamartoma and
hepatoblastoma.

■ Hemangiomas can be hypoechoic, hyperechoic, or
undetectable and can result in high-output failure
polyhydramnios and hydrops.

■ Mesenchymal hamartomas tend to be cystic
lesions.

■ Hepatoblastomas are typically solid and echogenic
and occasionally have calcifications.

■ Hepatoblastoma can be associated with
Beckwith–Wiedemann syndrome, familial
adenomatous polyposis coli, and rarely,
trisomy 18.
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Key Points (cont.)

■ Alpha-fetoprotein levels may be markedly elevated
in mesenchymal hamartoma and neuroblastoma.

■ In utero cyst decompression, rare mesenchymal
hamartomas with extremely large cysts may be
considered.

■ Transplacental steroids may be helpful in large
hemangiomas associated with high-output cardiac
failure or hydrops.

■ There is increased risk of intrauterine demise and
stillbirth in primary hepatic tumors.

■ Neonatal management of primary hepatic tumor is
complicated and should be performed at centers
with appropriate expertise.

CONDITION

Tumors of the liver are rare during the perinatal period. They
account for only 5% of all neoplasms that occur in the fetus
and the newborn (Campbell et al., 1987; Borch et al., 1992;
Broadbent, 1992; Werbe et al., 1992; Isaacs, 1997). The most
commonprimary hepatic tumor is hemangioma, followed by
mesenchymal hamartoma and hepatoblastoma (Stocker and
Ishak, 1983; Isaacs, 1985; Davis et al., 1988; Davenport et al.,
1995; von Schweinitz, 2003; Laberge et al., 2005; Christison-
Lagay et al., 2007; Isaacs, 2007). Each has been detected pre-
natally by ultrasound examination and can be detected post-
natally by palpation of an abdominal mass (Romero et al.,
1988; Garmel et al., 1994; Isaacs, 1997; Isaacs, 2007). How-
ever, metastatic lesions are more common than primary liver
tumors (Dehner, 1978; Coffin and Dehner, 1992). The most
common tumor that metastasizes to the liver in the fetus and
newborn is neuroblastoma, followed by leukemia, yolk sac
tumor from sacrococcygeal teratoma, and rhabdoid tumor of
the kidney (Dehner, 1978; Isaacs, 1985, Isaacs, 1997). Thema-
jority of hepatic hemangiomas are diagnosed before the age
of 6 months and almost 50% appear within the first week of
life (Dehner et al., 1975; Laird et al., 1976; Stanley et al., 1977,
Dehner, 1978, Dehner, 1981, Ehren et al., 1983; Miller and
Greenspan, 1985a and Miller and Greenspan, 1985b; Golitz
et al., 1986; Dehner, 1987; Davis et al., 1988; Luks et al., 1991;
Drut et al., 1992;Werbe et al., 1992). Therehavebeenmultiple
reports in the literature of hepatic hemangiomas diagnosed
by prenatal sonographic examination (Nakamoto et al., 1983;
Platt et al., 1983; Horgan et al., 1984; Petrovic et al., 1992;
Sepulveda et al., 1993; Chou et al., 2005; Isaacs, 2007). In the
report by Isaacs, reviewing reported cases in the literature
and experience at Children’s Hospital San Diego and Chil-
dren’sHospital Los Angeles, he found that of the 194 fetal and
neonatal tumors, 29% presented antenatally (Isaacs, 2007).
The most common of these were hepatic hemangiomas, ac-
counting for 117 of the 194 tumors, with 28% presenting
antenatally. The most common antenatal presentation was
the sonographic detection of a hepatic mass followed by
anemia, hydrops, polyhydramnios, heart failure, thrombocy-
topenia, and disseminated intravascular coagulation (Isaacs,
2007). It is likely that more hemangiomas occur in the liver
than are actually recognized, becausemany are asymptomatic

or silent conditions that regress or are discovered as only
an incidental finding on clinical imaging or postmortem
examination (Dehner, 1978). Some hemangiomas, in con-
trast, present with hepatomegaly or a mass lesion and high-
output cardiac failure, while others may be life-threatening
during the perinatal period because of rupture of the he-
mangioma and hemoperitoneum during delivery (Dehner,
1981; Larcher et al., 1981; Miller and Greenspan, 1985a and
Miller and Greenspan, 1985b; Weinberg and Finegold, 1986;
Dehner, 1987; Romero et al., 1988; Stanley et al., 1989; Berry,
1993; Davenport et al., 1995). Hemangiomas have been as-
sociated with consumptive coagulopathy resulting from dis-
seminated intravascular coagulation (DIC), sequestration of
platelets causing a bleeding diathesis (Kasabach–Merritt syn-
drome), and anemia (Dehner, 1987; Slopeck and Lakatau,
1989; Isaacs, 1991; Berry, 1993; Isaacs, 2007). High-output
cardiac failure leading to in utero demise as a result of hep-
atic hemangioma has been described by (Nakamoto et al.
(1983); Isaacs, 2007). In a report from Stanley et al. (1989) a
palpable abdominal mass and cardiac failure were the most
frequent presenting findings in 20 infants diagnosed with
hepatic hemangiomas. Hepatic hemangiomas can be focal or
multifocal. Most focal hemangiomas occur in the right lobe
of the liver (Isaacs, 2007). Associated extrahepatic heman-
giomas most often occur in skin, brain, placenta, lungs, and
eyes. In about 50% of newborns, hepatic hemangiomas are
associated with hemangiomas of the skin and other organs
(Dehner, 1978; Shturman-Ellstein et al., 1978; Larcher et al.,
1981; Isaacs, 1985; Golitz et al., 1986; Dehner, 1987; Stanley
et al., 1989; Berry, 1993; Leonidas et al., 1993; Davenport
et al., 1995; Isaacs, 2007). The fatal combination of cutaneous
and hepatic hemangiomas, hydrops fetalis, hydramnios, and
premature delivery has been reported by Shturman-Ellstein
et al. (1978). This case was also notable for associated placen-
tal edema and chorioangioma, with a terminal clinical course
complicated by thrombocytopenia andDIC in theKasabach–
Merritt syndrome that was further compromised by respira-
tory distress syndrome (Shturman-Ellstein et al., 1978).

Congenital malformations may also be observed in as-
sociation with hepatic hemangiomas. Werbe et al. (1992) de-
scribed two such cases in stillborn infants. One infant had
a 4-cm hemangioma and an encephalocele, while the other
had two liver lesions in addition to encephalomyelitis, partial
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gut malrotation, and single umbilical artery. In another re-
port, congenital heart disease and prune belly syndrome, re-
spectively, occurred with hepatic hemangiomas in two other
neonates (Ehren et al., 1983). Shah et al. (1987) reported a
6-hour-old full-term female infant who died during surgery
for repair of a left congenital diaphragmatic hernia and was
found to have hemangioma rising from the lobe of the liver
in the left thorax. Hepatic hemangiomas have also been de-
scribed in association with the Beckwith–Wiedemann syn-
drome, placental chorioangioma, and dysmorphic kidneys
(Drut et al., 1992). In the review by Isaacs, capillary and
cavernous hemangioma was the most common histology,
accounting for 39% of cases, followed by type I heman-
gioendothelioma (31%), infantile hemangiomas (24%), and
angiosarcoma (7%) (Isaacs, 2007).

The second most common benign hepatic tumor that
occurs during the perinatal period is mesenchymal hamar-
toma (Dehner, 1978; Dehner, 1981, Isaacs, 1983; Stocker and
Ishak, 1983; Weinberg and Finegold, 1986; Davis et al., 1988;
De Maioribus et al., 1990; Isaacs, 1991; Isaacs, 2007;). Over
33% of cases of mesenchymal hamartomas are diagnosed in
infants and about 25% are in newborns. In the review by
Isaacs, 23% of hepatic tumors were mesenchymal hamar-
tomas (Isaacs, 2007). In a report by Keeling (1971), five of
seven patients with this conditionwere of the age of 2months
or younger. The lesion was an incidental postmortem finding
in three newborns, including one stillborn infant.

The pathogenesis of mesenchymal hamartoma is in-
completely understood and, as the name hamartoma im-
plies, it is of a developmental rather than a neoplastic origin
(Dehner, 1978, Weinberg and Finegold, 1986). Lennington
et al. (1993) have suggested that mesenchymal hamartomas
result from anomalous blood supply to a liver lobule, lead-
ing to ischemia and subsequent cystic change and fibrosis.
Consistent with this premise is the observation that some

hamartomas have necrotic centers and are attached to the
liverbyapedicle (Lenningtonetal., 1993). Inaddition,neither
recurrence followingcomplete resectionnormalignant trans-
formation has been reported in mesenchymal hamartomas
(Dehner, 1978; Isaacs, 1983; Stocker and Ishak, 1983; Stanley
et al., 1989). Mesenchymal hamartomas can readily be de-
tected by prenatal sonographic examination (Foucar et al.,
1983; Hirata et al., 1990; Wienk et al., 1990; Mason et al.,
1992; Garmel et al., 1994; Isaacs, 2007). Most mesenchymal
hamartomas are multicystic (70%), with the remainder be-
ing either solid or a combination of solid and cystic (Isaacs,
2007). In general, mesenchymal hamartomas are not asso-
ciated with other congenital malformations (Weinberg and
Finegold, 1986), but occasional exceptions have been noted,
including Keeling’s (1971), report of excessive oral mucus se-
cretions and an abdominal mass. This infant was found to
have a tracheoesophageal fistula with an annular pancreas
in addition to the hamartoma. Stocker et al., reported that
5 of their 30 patients with mesenchymal hamartoma had
various anomalies and associated conditions (Stocker and
Ishak, 1983). Most mesenchymal hamartomas occur in the
right lobe of the liver (90%) but up to 10% can be bilateral
(Dehner, 1978; Weinberg and Finegold, 1986; Dehner, 1987;
Isaacs, 2007). Hepatoblastoma is the leading primary hep-
atic malignant tumor occurring during the first year of life
(Isaacs , 1997; Isaacs, 2007). Over half of all hepatoblastomas
are diagnosed in infants, but less than 10% are found in new-
borns (Keeling, 1971; Exelby et al., 1974; Gonzalez-Crussi
et al., 1982; Weinberg and Finegold, 1983; Weinberg and
Finegold, 1986; Campbell et al., 1987; Isaacs, 1991). Among
the 32 cases of fetal and neonatal hepatoblastomas reported
by Isaacs, 9 were diagnosed prenatally (Isaacs, 2007).

Typically, hepatoblastomapresents as anupper abdom-
inalmass arising from a single area,more often from the right
lobe of the liver than the left (Figure 111-1). Hepatoblastoma

Figure 111-1 Intraoperative view of a new-
born with congenital hepatoblastoma aris-
ing from the right lobe of the liver.
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can be detected by antenatal sonography (van de Bor et al.,
1985; Orozco-Florian et al., 1991; Garmel et al., 1994; Isaacs,
2007). In one prenatally detected case, a hepatoblastoma was
responsible for compression of the inferior vena cava, leading
to fetal hydrops and intrauterine death at 36 weeks of gesta-
tion (Benjamin et al., 1981). Kazzi et al. (1989) described
a similar case in a newborn with hepatoblastoma that was
diagnosed antenatally. Hydrops fetalis, consumptive coagu-
lopathy associated with massive hemorrhage into the tumor,
and anemiawere present at birth in this fetus.Orozco-Florian
et al. (1991) reported a fetus with hepatoblastoma detected
antenatally that had associated nephromegaly and pancreatic
nesidioblastosis consistent with the diagnosis of Beckwith–
Wiedemann syndrome; however, the affected neonate did
not have either macroglossia or omphalocele. In addition
to neuroblastoma and leukemia, hepatoblastoma is one of
the rare perinatal malignancies that can metastasize to the
placenta and cause fetal death (Bond, 1976; Robinson and
Bolande, 1985; Dinmick, 1991). A broad range of congenital
anomalies and malformation syndromes have been reported
to occur in association with hepatoblastoma. Hemihypertro-
phy can occur in as many as 2% to 3% of affected patients.
Beckwith–Wiedemann syndrome and familial intestinal ade-
nomatous polyposis (FAP) are the most common associ-
ated syndromes (Geiser et al., 1970; Landing, 1976; Fraumeni
et al., 1978; Dehner, 1981; Weinberg and Finegold, 1986; Li
et al., 1987; Kazzi et al., 1989; Hartley et al., 1990; Giardiello
et al., 1991; Orozco-Florian et al., 1991; Greenberg and Filler,
1993; Rubie et al., 1993). Hepatoblastoma, in addition, has
been described in siblings in a variety of clinical settings, in-
cluding in fetal alcohol syndrome, in associationwith thema-
ternal use of contraceptives, in trisomy 18, in patients with
Wilms tumor, and in newborns with adenomatoid malfor-
mation of the renal epithelium (Landing, 1976; Khan et al.,
1979; Knowlson and Cameron, 1979; Mamlok et al., 1989;
Riikonen et al., 1985; Greenberg and Filler, 1993). Aicardi
syndrome (infantile spasms, agenesis of the corpus callosum,
and multiple ocular malformations) has been described in
a 2-month-old female infant with hepatoblastoma (Tanaka
et al., 1985).

No clearly defined factors have been implicated in the
development of these tumors and the causes of these entities
are unknown. Because of the rarity of these lesions, much
remains to be learned about the prenatal sonographic find-
ings, natural history, and optimal pregnancymanagement for
these unusual cases.

INCIDENCE

Tumors of the liver presenting during the perinatal period are
rare. Primary hepatic neoplasms account for only 0.5% to 2%
of pediatric tumors (Alagille and Odievre, 1979). They com-
prise5%of totalneoplasmsoccurring in the fetus andneonate
(Dehner, 1978; Wu et al., 1981; Lack et al., 1982; Stocker
and Ishak, 1983; Weinberg and Finegold, 1986; DeMaioribus

et al., 1990; Samuel and Spitz, 1995; von Schweinitz, 2003;
Sallam et al., 2005). Hemangiomas are relatively common,
occurring in as many as 1 in 100 newborns and in 1 in 5
premature infants with a birth weight less than 1000 grams
(Folkman, 1984; Enjorlas et al., 1990). The specific incidence
of hepatic hemangioma is not known. The annual incidence
ofhepatoblastoma in theUnitedStates is estimated tobe0.9 in
1million children, with a 2:1male predominance (Young and
Jr Miller, 1975; Fraumeni et al., 1978). However Isaacs found
a 1.6:1 female ratio in fetal and neonatal hepatoblastomas
(Isaacs, 2007). The incidence of mesenchymal hamartoma
is uncertain, but there appears to be a male predominance.
The prenatal incidence of each of these hepatic tumors is un-
known.

SONOGRAPHIC FINDINGS

There have been multiple reported cases of hepatic he-
mangiomas diagnosed prenatally by ultrasound examination
(Nakamoto et al., 1983; Platt et al., 1983; Horgan et al., 1984;
Petrovic et al., 1992; Sepulveda et al., 1993; von Schweinitz,
2003; Christison-Lagay et al., 2007). These lesions can be
single or multiple and can appear hypoechogenic, hypere-
chogenic, or mixed in appearance depending on the degree
of fibrosis and the stage of evolution (Nakamoto et al., 1983;
Horgan et al., 1984; Gonen et al., 1989). The reported sizes
of hemangiomas have ranged from 1.1 × 0.9 cm to 7.8 ×
6.4 cm (Petrovic et al., 1992; Sepulveda et al., 1993). Hep-
atomegaly may also be seen. Polyhydramnios has been noted
occasionally, which is thought to be due to either a hyperdy-
namic state induced by this vascular tumor or gastrointesti-
nal tract compression secondary to mass effect (Nakamoto
et al., 1983; Petrovic et al., 1992). In addition, fetal hydrops
has been reported in one case by Shturman-Ellstein et al.
(1978).

Mesenchymal hamartomas have also been described
prenatally (Foucar et al., 1983; Stocker and Ishak, 1983;
Hirata et al., 1990; Mason et al., 1992; Laberge et al., 2005).
Hamartomas typically appear as an irregular cyst on ultra-
sound examination (Nyberg et al., 1990). Both oligohydram-
nios and polyhydramnios have been reported in association
with mesenchymal hamartomas (Mason et al., 1992).

Hepatoblastoma develops in fetal life and is the most
commonprimary livermalignancy in infancy and childhood,
yet only rarely are cases detected prenatally (van de Bor et al.,
1985; Garmel et al., 1994; Isaacs, 1997; Shih et al., 2000; von
Schweinitz, 2003;Aviramet al., 2005;Catanzarite et al., 2008).
Neonatal hepatoblastomas are typically solid and echogenic
and calcifications may be present. Two-thirds involve only
one lobe (Exelby et al., 1974). Associated anomalies have
been reported in the neonate, including hemihypertrophy,
Down syndrome, cardiovascular defects, and genitourinary
anomalies (Gonzalez-Crussi et al., 1982). Whether most of
these are chance associations is not clear. In van de Bor et al.’s
(1985) case report of hepatoblastoma, polyhydramnios was
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noted in association with hepatomegaly; this was because of
a gastrointestinal obstruction.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of fetal hepatomegaly also usu-
ally involves splenomegaly and includes hydrops, fetal infec-
tion, anemia,metabolic abnormalities (e.g., hypothyroidism)
and genetic syndromes such as Beckwith–Wiedemann and
Zellweger (Schutgens et al., 1985; Nyberg et al., 1990). The
differential diagnosis of prenatally diagnosed hepatic masses
should include isolated nonparasitic cysts (Chung, 1986),
cysts associatedwithpolycystic kidneydisease, andmetastatic
neuroblastoma. Gonen et al. (1989) prenatally confirmed the
vascular nature of hemangioma with pulsed Doppler studies
showing drainage into an enlarged hepatic vein. This tech-
niquemayproveuseful in adifferential diagnosis of prenatally
detected hepatic lesions. In addition to hemangioma, hepa-
toblastoma, and mesenchymal hamartomas, one should also
consider the possibility of hepatic adenoma. There has been
one reported case of prenatally diagnosed hepatic adenoma.
Marks et al. (1990) noted a 4-cm × 4-cm hypoechoic liver
masswithnoassociated anomalies.Anautopsy confirmed the
diagnosis of hepatic adenoma. Hepatic hemangioendothe-
lioma has also been diagnosed prenatally as a cystic and solid
lesion with Doppler imaging, confirming the vascular nature
of the tumor (Gonen et al., 1989).While this fetus progressed
to nonimmune hydrops, another case was noted to sponta-
neously regress (Horgan et al., 1984).

Alpha-fetoprotein (AFP) levels aremarkedly elevated in
neonatal cases of hepatoblastoma and mesenchymal hamar-
toma (Exelby et al., 1974; Ito et al., 1984; Pollice et al., 1992).
AFP levels can be difficult to interpret in the newborn, as this
value is normally quite high. This has not yet been reported
with prenatal lesions, and the usefulness of maternal serum
AFP levels in the diagnosis and management of prenatally
detected hepatic tumors is unknown.

ANTENATAL NATURAL HISTORY

Because of the rarity of these lesions, little is known about the
antenatal natural history of hepatic tumors. Hemangiomas
arehistologicallybenign.Postnatally, thenaturalhistory tends
toward spontaneous regression after infancy. However, there
is great variability in severity and complications (Larcher
et al., 1981). Occasionally, hemangiomas are associated with
arteriovenous shunting and subsequent congestive heart fail-
ure. Heart failure and hydrops, with resultant intrauterine
neonatal death, has been reported (Berdon and Baker, 1969;
Nakamoto et al., 1983; Gonen et al., 1989). These cases may
represent the prenatal correlate of infants with hemangiomas
and arteriovenous shunting, resulting in congestive heart fail-
ure. Others have reported either no change or spontaneous

resolution (Platt et al., 1983; Horgan et al., 1984; Sepulveda
et al., 1993). Once the diagnosis of hemangioma is confirmed
postnatally, by computed tomographic (CT) ormagnetic res-
onance imaging (MRI) scans, the asymptomatic neonate can
be treated conservatively with counseling to alert the family
of potential complications (Platt et al., 1983; Horgan et al.,
1984). In the absence of complications, such as heart failure,
the prognosis is good (Slovis et al., 1975).

The report by van de Bor et al. (1985) of prenatally
detected hepatomegaly, later found to be hepatoblastoma,
described neonatal death from liver rupture. Benjamin et al.
(1981) reported hepatoblastoma as a cause of intrauterine
fetal death. Similarly, Robinson and Bolande (1985) reported
a stillborn infant with metastases to the lungs, placenta, and
cord from hepatoblastoma. Experience with infants and chil-
dren is slightly more encouraging. In patients in whom com-
plete resection is possible, the long-term survival rate is 60%
(Exelby et al., 1974). However, local extension and recurrence
occurs in more than 40% of patients with hepatoblastoma.
Hepatoblastoma is usually fatal if it cannot be completely re-
sected, despite preoperative chemotherapy (Gonzalez-Crussi
et al., 1982).

There is one reported case of stillbirth associated with
mesenchymal hamartoma, and no other fetal abnormalities
potentially responsible for fetal death were noted at autopsy
(Foucar et al., 1983). Laberge et al., have reported fetal demise
because ofmesenchymal hamartoma thatwas associatedwith
placental changes of mesenchymal stem villous hyperplasia
of the placenta. They noted that among 11 such cases diag-
nosed prenatally, 4 had died in utero. Two other fetuses with
prenatally diagnosed hamartomas did well after surgical re-
section. This last scenario is more consistent with neonatal
mesenchymal hamartoma, in which the prognosis is favor-
able following tumor resection (Hirata et al., 1990). How-
ever, Isaacs reported that among 45 fetuses and neonates with
mesenchymal hamartoma that underwent surgery, only 76%
survived. Some patients were not treated and only one-third
survived, yielding an overall survival rate for mesenchymal
hamartoma of 65% (Isaacs, 2007).

MANAGEMENT OF PREGNANCY

A pregnant woman carrying a fetus in which a hepatic tumor
is suspected should undergo an extensive prenatal evalua-
tion. This should include a detailed sonographic examina-
tion to define the nature of the mass, location, blood supply,
and any associated anomalies. Color Doppler studies may
be helpful in distinguishing hemangioma from hepatoblas-
toma, mesenchymal hamartoma, or adenoma. Evidence of
other hemangiomas should be sought. While mesenchymal
hamartoma is usually an isolated finding, associated anoma-
lies such as tracheoesophageal fistula and annular pancreas
have been reported (Keeling, 1971; Stocker and Ishak, 1983).
Hepatoblastoma has been reported in Beckwith–Wiedemann
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syndrome and a fetus with a hepatic tumor should be exam-
ined for evidence of organomegaly or macroglossia. Hepa-
toblastoma also occurs in the Aicardi syndrome, and care
should be taken to rule out agenesis of the corpus callosum
(Jones, 1997). Every fetuswith a hepaticmass shouldundergo
echocardiography to obtain baseline values and be followed
for development of high-output cardiac physiology. Serial
scans in fetuses with hepatic tumors are indicated because
of the potential for the development of oligohydramnios,
polyhydramnios, nonimmune hydrops, and intrauterine
fetal death. FetalMRI scanningmay be helpful in establishing
a diagnosis of a liver tumor as well as defining the anatomic
relationshipwith intrahepatic structures andadjacentorgans.

Pregnancies complicated by hepatic tumors should be
delivered in a tertiary care center, with neonatologists, pedi-
atric surgeons, and pediatric oncologists available. Depend-
ingon the sizeof the lesion, cesarean sectionmaybenecessary.
Tumor rupture at the time of delivery has been reported with
mesenchymal hamartoma and hepatoblastoma. Because of
the vascular nature of these lesions, every effort should be
made to minimize the risk of tumor rupture.

FETAL INTERVENTION

There are few indications for fetal interventions for liver
tumors. However, in case of fatal fetal mesenchymal hamar-
tomas, decompression of large cystic components was sug-
gested as a last ditch effort to prevent fetal death from tumor
growth (Laberge et al., 2005). In the case of large hepatic he-

mangiomas that result in high-output failure and hydrops,
maternal steroid treatment should be considered.

TREATMENT OF THE NEWBORN

Once an infant with a hepatic tumor is born, attention should
focus on establishing a definitive diagnosis. In the case of hep-
atic hemangiomas, more than 50%will have associated cuta-
neous hemangiomas. The infant’s platelet count, fibrinogen,
and fibrin split products should be checked to exclude DIC
and platelet trapping. Follow-up echocardiography should
be performed to exclude high-output cardiac physiology. An
initial bedside ultrasound examination may be helpful in es-
tablishing thediagnosis; however,CTorMRI scansareusually
indicated to more fully define these lesions.

In the newborn with a hepatic mass suspected of
being a hepatoblastoma, the serum AFP level should be
measured. However, values in normal term infants may be
between 20,000 and 120,000 ng/mL, which may make inter-
pretation difficult in the newborn, but even more markedly
elevated AFP levels are usually seen in hepatoblastoma. Ul-
trasound examination is helpful in differentiating solid from
cystic masses. Hepatoblastoma usually shows a large hypere-
choic mass. Color Doppler imaging is also helpful in evaluat-
ing the involvement of the portal vein, hepatic veins, and the
inferior vena cava.

CT or MRI scanning of the liver is helpful in defining
the extent of the tumor and assessing its resectability (Figure
111-2). MRI scans give detailed information not only on

Figure 111-2 CT scan of a patient with a hep-
atoblastoma largely replacing the right lobe of
the liver.
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segmental anatomy of a hepatic tumor, but also on the vas-
cular anatomy of the liver, making angiography unnecessary.

The distinction between hepatic hemangioma and ar-
teriovenous malformations is an important one. Hepatic ar-
teriovenous malformations require embolization or surgical
resection and do not respond to corticosteroids or interferon
gamma.

SURGICAL TREATMENT

In the experience with 34 hepatic hemangiomas causing
congestive heart failure, the mortality associated with sur-
gical resection of solitary lesions was 25%, and it was 45%
when embolization was used for solitary andmultiple lesions
(Folkman, 1984). Themortality rate was only 20%when cor-
ticosteroids were used. Eleven patients who did not respond
to corticosteroids received interferon gamma, resulting in a
mortality rate of only 9%. Currently, interferon gamma is
restricted to treatment of serious or life-threatening heman-
giomas that fail to respond to corticosteroids, develop com-
plications of corticosteroid administration, or have a con-
traindication to long-term corticosteroids (gastrointestinal
bleeding, vomiting, infection), or if there is parental refusal
of corticosteroids. An initial 2-week course of oral corticos-
teroids at 2 to 3 mg per kilogram of body weight per day is
given. If the hemangioma responds, as evidenced by shrink-
age, decreased turgor, pallor, or arrest of growth, then steroids
are continued for 4 weeks before beginning a slow taper over
8 to 10 months (Folkman et al., 1997).

Interferon gamma is not without potential complica-
tions; recognized toxicities include fever, elevated liver func-
tion tests, transient neutropenia, and anemia. These toxicities
are reversible. One worrisome complication associated with
interferon gamma is the development of long tract signs and
increased motor tone in the lower limbs.

The survival among fetuses and neonates with heman-
giomas reported by Isaacs depended on treatment and histol-
ogy. Only 78% of the 41 patients with multifocal heman-
giomas were treated. Twenty-two percent were untreated,
with survival rates of 75% and 56%, respectively. Among the
5 patients with type II hemangioendothelioma or angiosar-
coma, 2 of the 5 operated on survived. Corticosteroids were
a frequent choice of therapy for multifocal hemangiomas; all
10 patients who received them survived. Hepatic artery liga-
tion was used successfully in 11 of 12 patients with or with-
out steroids. In large type I hemangioendotheliomas, even
biopsy canprecipitate a consumptive coagulopathy, andmed-
ical therapy using steroids or even chemotherapy to shrink
the lesion may be safer than surgery alone (Isaacs, 2007).

In cases of mesenchymal hamartoma, definitive treat-
ment consists of a frozen section to confirm the diagnosis
and exclude the possibility of malignancy. This is followed
by complete resection of the mass. In the review by Isaacs,
surgery was performed in 29 of 45 patients (64%) with 76%
survival. Only one-third of those not treated survived. The

fetal and neonatal survival with mesoblastic nephroma was
64% and 65%, respectively (Isaacs, 2007).

Surgical resection is the primary mode of treatment in
hepatoblastoma.However, in tumors that are found to be un-
resectable at operative staging, a biopsy is performed tomake
a diagnosis and chemotherapy is begun. Reexploration for
evidence of tumor regression with consideration of defini-
tive resection occurs after several cycles of chemotherapy. In
some centers a decision on resectability is made on the basis
of imaging studies, and a percutaneous biopsy is obtained to
make a tissue diagnosis before starting chemotherapy.

Surgical resection of liver tumors, whether heman-
gioendotheliomas, mesenchymal harmatomas, or hepato-
blastomas, should be undertaken by experienced pediatric
surgeons. In the case of hemangioendotheliomas, the involve-
ment of multiple specialists from a Vascular Malformation
and Tumor service is advisable. In the case of hepatoblas-
toma, the survival of the 32 cases compiled by Isaacs were
stage dependent, with survival rates of 50%, 50% and 0% for
stages I, III, and IV, respectively (Isaacs, 2007).

LONG-TERM OUTCOME

Inhepatic hemangiomas in the absence of complications such
as congestive heart failure, platelet trapping, or rupture at
the time of delivery, a good prognosis can be anticipated.
Most hepatic hemangiomas are asymptomatic and go unrec-
ognized and donot develop complications. Even in the face of
complications there has been significant improvement in sur-
vival because of the treatment of hepatic hemangiomas with
corticosteroids and interferon gamma (Folkman et al., 1997).
The natural history of hemangiomas is to progress during in-
fancy and then to steadily regress thereafter (Folkman et al.,
1997).

The long-term prognosis in mesenchymal hamartoma
is excellent following complete resection. These tumors are
not associated with malignant transformation and do not
recur following complete resection.

There has also been steady progress in the outcome
of patients treated for hepatoblastoma. The combination of
surgery, chemotherapy, and liver transplantationhasachieved
disease-free survival rates of 100% for stage I, 75% for stage II,
and 67% for stage III disease (Tagge and Tagge, 1997; Sallam
et al., 2005; Tiao et al., 2005). Unfortunately, no disease-free
survival has been achieved with stage IV disease.

GENETICS AND RECURRENCE RISK

Most of the hepatic lesions discussed in this chapter develop
sporadically, without an associated risk for recurrence in sub-
sequent pregnancies. There are, however, three notable ex-
ceptions associated with hepatoblastoma. Hepatoblastoma
occurs in up to 10% of children with Beckwith–Wiedemann
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syndrome, which is inherited as an autosomal dominant con-
dition (see Chapter 27). There is also an increased risk of hep-
atoblastoma inkindredswith familial adenomatouspolyposis
(FAP). This is an autosomal dominant condition that predis-
poses to colonic adenomas and carcinomas. It is estimated
that the risk of hepatoblastoma in children of patients with
FAP is 0.42% (Li et al., 1987, Tagge and Tagge, 1997). DNA
mutation analysis of the APC gene is clinically available for
families with symptoms that suggest FAP. Lastly, hepatoblas-
tomahasbeen reported in4 individualswith trisomy18 (Bove
et al., 1996).
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CHAPTER

Mesoblastic Nephroma

Key Points

■ Most common congenital renal tumor.

■ Sonographically, mesoblastic nephroma is most
often a unilateral solid mass with nodular densities.

■ Differential diagnosis includes hydronephrosis,
multicystic dysplastic kidney, and nephroblastoma
(Wilms’ tumor).

■ Mesoblastic nephroma can be cystic in areas due
to hemorrhage with cystic degeneration.

■ There are 3 histologic variants: classic, cellular, and
mixed.

■ 50% deliver prior to 34 weeks of gestation and are
associated with polyhydramnios; 23% are
hypertensive.

■ Surgical resection is curative – local recurrence and
metastases usually associated with the cellular
variant.

CONDITION

Although in general, congenital renal tumors are rare,
mesoblastic nephroma is among themost common topresent
during the first few months of postnatal life, accounting for
50% of all renal masses in the neonate (Campagnola et al.,
1998; Jones and Cohen, 2007). Mesoblastic nephroma is also
known as fetal renal hamartoma, lyomyomatous hamartoma,
and mesenchymal hamartoma (Wigger, 1975; Slasky et al.,
1982). These tumors are composed of mesenchymal tissue,
in the form of interlacing bundles of ovoid or spindle-shaped
cells. Since this “classical” form ofmesoblastic nephromawas
reported, a cellular variant has been described that may ac-
count for a large proportion of cases. Both types can coexist
in distinct areas in a given tumor; this is known as a mixed
type (Joshi et al., 1986; Pettinato et al., 1989). The cellular
type of mesoblastic nephroma accounts for 42% to 63% of
all cases (Knezevich et al., 1998; Furtwaengler et al., 2006).
The cause of mesoblastic nephroma is unknown, but it has
been suggested that mesoblastic nephroma is a differentiated
form ofWilms’ tumor (Bolande, 1974) or a derivative of sec-
ondary mesenchyme (Wigger, 1975). Current opinion favors
classification of mesoblastic nephroma as a distinct, usually
benign neoplasm arising from renal mesenchyme.

There is much debate as to the nature of mesoblastic
nephroma and its biologic behavior. It is estimated that 95%
of patients with mesoblastic nephroma do not relapse. The
majority of those that either recur locally or metastasize have
the cellular variant of mesoblastic nephroma (Bolande, 1974;

Howell et al., 1982). The cellular variant has the strongest
evidence, given the rarity of this tumor, for associated poor
prognosis with a recurrence-free survival of 85% in contrast
to 100% for the classic variant (Furtwaengler et al., 2006).
This biologic behavior in the cellular variant may be due
to a chromosome translocation, which results in the ETV6
sequence on chromosome 12p13 fusing with the NTRK3 se-
quence on chromosome 15q25 (Argani and Beckwith, 2000;
Anderson et al., 2006). These genes are thought to result in
constitutive dimerization of activating tyrosine kinase me-
diated growth signals. This translocation is not present in
the classic variant and is variably present in the mixed type
(Argani and Beckwith, 2000; Anderson et al., 2006; Ahmed
et al., 2007).

INCIDENCE

Amesoblastic nephroma is a rare tumor, but accounts for 3%
to 10% of all pediatric renal tumors and is the most common
renal tumor in infants under threemonths of age (Glick et al.,
2004; Ahmed et al., 2007). Ninety percent of mesoblastic
nephromas are diagnosed in the first year of life (Glick et al.,
2004). It has been estimated that fewer than 50 cases have
been described in utero (Chen et al., 2003; Jones and Cohen,
2007). The rarity of this tumor makes estimates of the inci-
dence of this lesion difficult. In one report, there was a male
predominance of 2 to 1 (Furtwaengler et al., 2006). Another
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report of 29 cases found a female predominance of 1.6 to 1
(Sanstedt et al., 1985).

SONOGRAPHIC FINDINGS

Ehman et al. (1983) described the first case of mesoblastic
nephroma detected prenatally by ultrasound examination—
a 4-cm solid mass in the left upper quadrant of a twin fetus
at 35 weeks of gestation. They also noted mild-to-moderate
polyhydramnios. A nephrectomy performed after birth con-
firmed the diagnosis of mesoblastic nephroma. Since then,
other authors have described the detection of these tumors
prenatallywithultrasound imagingduring the third trimester
(Giulian, 1984; Romano, 1984; Geirsson et al., 1985; Howey
et al., 1985; Walter andMcGahan, 1985; Appuzio et al., 1986;
Yamboa et al., 1986; Burtner andWillard, 1988; Boulot et al.,
1989; Kuo et al., 1989; Ohmichi et al., 1989; Rempen et al.,
1992; Matsumura et al., 1993; Irsutti et al., 2000; Chen et al.,
2003;Wonetal., 2002;Yamamotoet al., 2006).However, some
of these authors did not consider the diagnosis ofmesoblastic
nephroma prenatally. Mesoblastic nephroma can present as a
large (4 to 8 cm), unilateral renal mass with nodular densities
or as diffuse renal enlargement (Figure 112-1). These tumors
are predominantly solid, but cystic areas are occasionally seen
(Slasky et al., 1982), most likely due to hemorrhage with sub-
sequent cystic degeneration.UnlikeWilms’ tumor, there is no
well-defined capsule.

Many fetalmesoblastic nephromas are initially detected
by ultrasound examination because of a discrepancy between
uterine size and gestational dates due to associated poly-
hydramnios. Polyhydramnios has been detected in most of
the published cases of mesoblastic nephroma (Giulian, 1984;
Romano, 1984; Geirsson et al., 1985; Howey et al., 1985;
Walter and McGahan, 1985; Appuzio et al., 1986; Yamboa
et al., 1986; Burtner and Willard, 1988; Boulot et al., 1989;

Figure 112-1 Transverse sonographic image of a fetal mesoblas-
tic nephroma demonstrating the complex solid and cystic com-
ponents of the tumor completely replacing the normal renal
structure.

Figure 112-2 Fetal MRI demonstrating the anatomic relations
of this very large mesoblastic nephroma elevating the ipsilateral
liver and diaphragm, crossing the midline with the ureter visible
along the medial and inferior border of the tumor.

Ohmichi et al., 1989; Rempen et al., 1992). Themechanismof
polyhydramnios is unclear (Favara et al., 1968; Howey et al.,
1985; Walter and McGahan, 1985). Theories regarding cause
include impaired gastrointestinal obstruction due tomass ef-
fectof the tumor(Geirssonet al., 1985;Howeyet al., 1985)and
increased renal blood flow or impaired renal concentrating
ability (Perlman et al., 1976; Geirsson et al., 1985), with sub-
sequent increase in fetal urine production (Ohmichi et al.,
1989). No matter the cause, over 70% of fetal mesoblastic
nephromas will present with polyhydramnios, which may
predispose topreterm labor anddelivery (Haddad et al., 1996;
Glick et al., 2004; Yamamoto et al., 2006).

Fetal MRI has been reported to aid in the accurate
prenatal diagnosis of mesoblastic nephroma (Figure 112-2)
(Matsumura et al., 1993; Irsutti et al., 2000; Won et al., 2002;
Yamamoto et al., 2006). The advantages ofMRI include better
tissue contrast and definition of the relationship of the tumor
to adjacent structures (Yamamoto et al., 2006). However, the
overlap in imaging findings between mesoblastic nephroma
andWilms’ tumor often preclude a definitive diagnosis with-
out tissue histology (Toma et al., 1990; Geller et al., 1997;
Applegate et al., 1999).

Associated anomalies have been reported with con-
genital mesoblastic nephroma; these include neuroblastoma
(Blank et al., 1978) and central nervous system (Howell et al.,
1982; Werb et al., 1992), genitourinary, gastrointestinal, and
limb abnormalities (Howell et al., 1982).
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis of mesoblastic nephroma includes
hydronephrosis and multicystic dysplastic kidney, which are
both more common than mesoblastic nephroma and appear
typically cystic on ultrasound examination. The more malig-
nant nephroblastoma, or Wilms’ tumor (see Chapter 116),
may be indistinguishable from mesoblastic nephroma an-
tenatally (Giulian, 1984; Walter and McGahan, 1985; Toma
et al., 1990; Geller et al., 1997; Applegate et al., 1999). Wilms’
tumor usually has a well-defined capsule and, although an
embryonic tumor, is more likely to be seen in the infant or
young child. Focal renal dysplasia should also be considered
in the differential diagnosis (Gordillo et al., 1987; Sanders
et al., 1988). In addition, diffuse nephroblastomatosis should
be considered, in which case both kidneys are involved and
can be seen as acoustic shadowing due to calcifications
(Ambrosino et al., 1990). Infantile polycystic kidney dis-
ease can be recognized by nonvisualization of the bladder,
oligohydramnios, and bilaterally enlarged echogenic kidneys
(Rempen et al., 1992). Adult polycystic kidney disease can
be presumed in the presence of a positive family history of
this condition (see Chapter 79). Kidney enlargement in other
inheriteddisorders, suchasMeckel–Gruber syndrome, isusu-
ally bilateral.

In the differential diagnosis, one must also rule out
masses extending from adjacent organs such as the adrenal
gland or the liver. Solid tumors, such as neuroblastoma of
the adrenal or extraadrenal neuroblastoma and extratho-
racic bronchopulmonary sequestration, may be mistaken
for mesoblastic nephroma. Careful sonography can usually
distinguish the normal-appearing kidney adjacent to these
external tumors.

Other conditions that should be considered in the dif-
ferential diagnosis include rhabdoid tumor, clear cell sar-
coma, angiomyolipoma and ossifying renal tumor of infancy
(Marsden and Lawler, 1983; Pinto and Guignard, 1995; Lowe
et al., 2000; Glick et al., 2004).

ANTENATAL NATURAL HISTORY

Mesoblastic nephromas are usually benign. In the vast ma-
jority of cases, total nephrectomy is curative. However, infil-
tration of adjacent structures, local recurrence, and metas-
tases have been reported (Fu and Kay, 1973; Joshi et al.,
1973; Walker and Richard, 1973; Bolande, 1974; Gonzalez-
Crussi et al., 1980; Shen and Yunis, 1980; Howell et al., 1982;
Steinfeld et al., 1984). These unusual cases may be due to in-
complete excision (Slasky et al., 1982; Beckwith and Weeks,
1986). However, mesenchymal tumors are a heterogeneous
group, with malignant tumors comprising one end of the
spectrum and the majority (the benign tumors) at the other
end (Gonzalez-Crussi et al., 1981; Beckwith andWeeks, 1986;
Joshi et al., 1986).

Most of the tumors that recur locally or with dis-
tant metastasis fall into the cellular variant of mesoblastic

nephroma (Fu and Kay, 1973; Howell et al., 1982; Ahmed
et al., 2007). Recurrent disease can be local (Fu andKay 1973)
or due to distant metastases to lung (Gonzalez-Crussi et al.,
1980), liver (Patel et al., 2003), heart (Vujanic et al., 1993) or
brain (Heidelberger et al., 1993).

MANAGEMENT OF PREGNANCY

Because of the benign nature of most mesoblastic nephro-
mas, if ultrasound examination convincingly shows a renal
lesion, it is recommended to allow the pregnancy to go to
term (Giulian, 1984). There appears to be a higher incidence
of preterm labor and/or preterm rupture of membranes in
pregnancies complicated by mesoblastic nephroma, as a re-
sult of associated polyhydramnios (Walter and McGahan,
1985;Haddad et al., 1996). In a reviewof prenatally diagnosed
mesoblastic nephroma, 9 of 13 (69%) cases were complicated
by preterm labor and/or preterm rupture of membranes as
early as 26 weeks of gestation (Appuzio et al., 1986; Rempen
et al., 1992). LeClair et al. found that almost half of new-
borns with mesoblastic nephroma delivered before 34 weeks’
(LeClair et al., 2005). In addition, 25% of fetuses showed ev-
idence of fetal distress prompting Cesarean section delivery.
Not only were these infants delivered prematurely, but 8 re-
quired ventilatory support either due to respiratory distress
syndrome or an abdominal mass that compressed the di-
aphragm. Therefore, due to the risks of prematurity and po-
tential for complications related to mesoblastic nephroma,
we recommended delivery of these patients in tertiary care
centers to optimize care of the neonate.

Dystocia may complicate these deliveries due to the
large size of these renal tumors (Yamboa et al., 1986). There
has also been one report of hydrops in association with a
large mesoblastic nephroma. Possible mechanisms include
obstruction of the portal vein or inferior vena cava circu-
lations, increased vascularity with subsequent arteriovenous
shunting, massive hemorrhage into the tumor with resultant
anemia, or some combination of these factors (Gray, 1989).
Serial ultrasoundexaminations shouldbeperformed tomon-
itor tumor size, amniotic fluid volume, and fetal well being.
The prospective parents should be advised that the prognosis
for cases of fetal mesoblastic nephroma is excellent with cur-
rent surgical techniques and close postoperative surveillance
for possible recurrence.

FETAL INTERVENTION

There is no fetal treatment for mesoblastic nephroma.

TREATMENT OF THE NEWBORN

The main differential diagnosis in an infant with a large het-
erogeneous renalmass is betweenmesoblastic nephroma and
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malignant neoplasms, such as Wilms’ tumor, clear tumor,
clear-cell sarcoma of the kidney, and malignant rhabdoid tu-
mor and ossifying renal tumor of infancy. The infant should
bedelivered in a tertiary care setting,with consideration given
to cesarean section delivery to obviate the potential for dysto-
cia or hemorrhage into the tumor. Once the infant has been
stabilized, further preoperative evaluation should include an
ultrasound examination with color flow Doppler studies to
evaluate for the presence of tumor thrombus within the re-
nal veins or inferior vena cava, as is commonly seen with
Wilms’ tumor, but is uncommonly associatedwithmesoblas-
tic nephroma. Computed tomographic scanning of the ab-
domen is useful to best define the extent of the tumor and
plan the surgical resection.

Careful blood pressure monitoring is indicated, as up
to 23% of cases of mesoblastic nephroma will have signif-
icant hypertension due either to renin production within
the tumor or altered renal perfusion by the tumor, inducing
renin production by the native kidney (Malone et al., 1989).
This will need to be controlled preoperatively. Hypercalcemia
may also occur in mesoblastic nephroma as a paraneo-
plastic phenomenon due to tumor production of parathy-
roid hormone-like peptides or prostaglandins causing hy-
percalcemia (Shanbhogue et al., 1986; Jayabose et al., 1988;
Yokomori et al., 1988; Tsuchida et al., 1993).

SURGICAL TREATMENT

Radical resection of the tumor is the therapy of choice, and it
is usually curative (Bolande, 1974; Wigger, 1975). Although
resection alone is usually curative for mesoblastic nephroma,
a small percentage may have local recurrence or present later
with metastases. It is thought that these local recurrences are
due to inadequate resection during the primary procedure. It
was observed by Beckwith andWeeks (1986) thatmany of the
specimens of patients in whom metastases subsequently de-
veloped showed either focal or diffuse increases in cellularity,
with high mitotic rates. Some have suggested that the so-
called cellular or atypical congenital mesoblastic nephroma
should be treated as a potentially malignant tumor (Joshi
et al., 1986). However, a review of all cases of recurrent or
metastatic mesoblastic nephroma demonstrated that the cel-
lular variant is not associatedwith adverse outcome in infants
younger than 3 months, with the exception of one instance
in which incomplete removal of the tumor was documented
(Beckwith and Weeks, 1986).

Because of the tendency to extend into perirenal tissues
and subsequently recur, appropriate treatment ofmesoblastic
nephroma includes a radical surgical approach with efforts
to secure wide margins of uninvolved tissue on all aspects of
the specimen. In addition, the cellular variant of mesoblastic
nephroma carries no adverse prognostic significance in in-
fants younger than three months of age. However, in older
infants the demonstration of increased cellularity and high
mitotic rate is of some concern because a few patients with
such lesionswill experience local recurrence or distantmetas-

tases. Infants older than 3 months of age with the cellular
variant of congenital mesoblastic nephroma should probably
receive adjuvant chemotherapy, whereas in infants younger
than 3 months of age, resection alone is adequate therapy
(Beckwith and Weeks, 1986; Berry, 1987). The proper role
for adjuvant chemotherapy mesoblastic nephroma remains
controversial (Jones and Cohen, 2007) especially in infants
less than3monthsofage in thepresenceof tumorspillagewith
the cellular variant. It is believed that cellular variants with
genetic characteristics like ETV-6-NTRK3 gene fusion associ-
atedwith translocationbetween chromosomes 12 and15may
respond better to chemotherapy (Jones and Cohen, 2007). In
the setting of recurrent disease, combinations of vincristine,
doxorubicin and cyclophosphamide or ifosfamide, carbo-
platin and etoposide have been used successfully (Ahmed
et al., 2007). Chemotherapy can be used either alone or in
combinationwith radiation therapy (Howell et al., 1982; Loeb
et al., 2002).

LONG-TERM OUTCOME

Because of the potential in a small percentage of patients with
these tumors for local recurrence or distant metastases, these
patients need to be followed closely for evidence of recurrence
so that they can be treated aggressively. It has been suggested
that monthly postnatal ultrasound examinations be used to
screen for local recurrence. In addition, if a patient is hyper-
calcemic preoperatively, calcium levels can be followed as an
indicator of recurrent disease. The majority of recurrences,
either local or metastatic, occur within one year.

GENETICS AND RECURRENCE RISK

Mesoblastic nephroma is not known to be familial and there
is no known risk of recurrence in subsequent siblings.
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CHAPTER

Neuroblastoma

Key Points

■ Most common solid tumor in infants.

■ Neuroblastomas are generally diagnosed by
sonography in the third trimester, and can be
cystic, solid, or both.

■ The differential diagnosis includes hydronephrosis,
multicystic kidney, obstructive duplex collecting
system, Wilms’ tumor, mesoblastic nephroma, and
adrenal hemorrhage.

■ Neuroblastoma in situ may be responsible for many
prenatally diagnosed cystic neuroblastomas, and
may be due to delayed regression of neuroblasts.

■ 83% of prenatally diagnosed neuroblastomas will
be localized stage I or II disease.

■ Neuroblastoma is stage III or IVS in only 16% of
cases.

■ Poor prognostic signs, such as N-myc
amplification, occur in less than 5% of cases.

■ Prenatal complications such as fetal hydrops,
hepatomegaly, and maternal hypertension occur
rarely.

CONDITION

Neuroblastomas arise from undifferentiated neural tissue of
the adrenal medulla (40% to 70%), or extraadrenal sympa-
thetic ganglia (30% to 60%), in the abdomen, thorax, pelvis,
or head and neck (Birner, 1961; Beckwith and Perrin, 1963;
Schneider et al., 1965; Janetschek et al., 1984; Ferraro et al.,
1988). Neuroblastic nodules appear to be normal fetal struc-
tures within the adrenal gland that regress or differentiate
throughout gestation. Greater numbers of these nodules are
present early in gestation than at birth or during early in-
fancy (Turkel and Habashi, 1974; Ikeda et al., 1981; Grosfeld
et al., 1993). Neuroblastic nodules were found in 100% of the
adrenal glands studied in second trimester abortuses (Turkel
andHabashi, 1974; Ikeda et al., 1981) (Figure 113-1). Postna-

tal autopsy studies of newborn and young infants who died
of unrelated causes reveal nodules to be present in 0.5% to
2.5% of carefully sectioned specimens (Beckwith and Perrin,
1963; Guin et al., 1969; Grosfeld et al., 1993). These figures
contrast with the incidence of symptomatic neuroblastoma
of 1 in 10,000 to 1 in 30,000 children. This calls into question
the clinical significance of these early lesions and the need
for treatment. It is also of interest that adrenal cysts are more
commonly seen in fetal neuroblastoma, but are relatively un-
common in postnatal life (Turkel and Habashi, 1974). Cystic
changemay also represent a phase of normal adrenal develop-
ment, thus accounting for prenatal detection of sonograph-
ically apparent but possibly clinically insignificant tumors
(Tubergen and Heyn, 1970) (Figure 113-2). Although these
tumors may represent rests of neural tissue with persistence
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Figure 113-1 Histologic section demonstrat-
ing fetal neuroblastic nodules, or rests.

into neonatal life, the potential for malignant transforma-
tion due to defective regression or differentiation must be
considered (Turkel and Habashi, 1974; Grosfeld et al., 1993).
Beckwith referred to these lesions as “neuroblastoma in situ”
because these aggregates of neuroblasts exhibited mitotic fig-
ures and infiltration of the adult cortex (Beckwith and Perrin,
1963).

Figure 113-2 Prenatal sonographic image of an adrenal cyst
from a fetal neuroblastoma. (Reprinted, with permission, from
Garmel SH, Crombleholme TM, Semple JP, et al. Prenatal diagnosis
and management of fetal tumors. Semin Perinatol. 1994b;18:350-
365.)

The results of mass infant screening programs in Japan
and Canada using urinary vanillylmandelic acid (VMA) and
homovanillic acid (HVA) support the view that neuroblas-
toma in situ may not represent clinically significant disease
(Bessho et al., 1991;Murphy et al., 1991; Grosfeld et al., 1993;
Woods et al., 2002). Screening infants at 6 months of age has
resulted in a doubling of the incidence of neuroblastoma de-
tected in infants. However, the expected fall in the incidence
of more advanced stage neuroblastoma detected in older age
groups was not seen. Furthermore, survival in the screened
groups has approached 100%. The asymptomatic cases de-
tected by screeningmay represent a subset of tumors destined
to regressordifferentiatewithoutposinganyclinical risk.This
would explain both the high incidence in infants detected by
screening programs and their excellent survival. The group
detected by newborn screening may be the same subset of
tumors detected prenatally with ultrasound examination.

In contrast, there is a subset of neuroblastoma diag-
nosed in utero or in newborns that does display an aggressive
biologic behavior. Among the 300 cases of fetal or perinatal
neuroblastoma reported, 83% were stage I or II, but there
were also one each with stage III and IV disease (Fenart et al.,
1983; Gadwood andReynes, 1983; Sones, 1983;Newton et al.,
1985; Atkinson et al., 1986; deFilippi et al., 1986; Giulian
et al., 1986; Tovar et al., 1988; Kurtz and Hilbert, 1989; Pley
et al., 1989; Forman et al., 1990; Hosoda et al., 1992; Suresh
et al., 1993;Crombleholme et al., 1994a;Goldstein et al., 1994;
Garmel et al., 1994b; Acharya et al., 1997; Granata et al., 2000;
Sauvat et al., 2002; Nuchtern, 2006) and five with stage IVS
disease (Hainaut et al., 1987; Ho et al., 1993). All children
affected with stage IV disease died. In a review of congenital
neuroblastoma reported between 1985 and 1991, Jennings et
al. (1993) found 14 stillbirths, 44 neonatal deaths, and 2 late
deaths, with only 10 survivors. Eight cases were associated
with metastases to the placenta, and 1 had umbilical cord
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metastases. This subset of aggressive tumors associated with
such poor outcomes may be quite different from the subset
detected by the Japanese screening programs (Grosfeld et al.,
1993) or by prenatal ultrasound examination.

The cause of neuroblastoma is unclear, although most
cases appear sporadically (Behrman, 1992). At least one hy-
pothesis is that antenatal factors play a role, with some ad-
verse stimulus or stimuli occurring in late pregnancy. Preterm
delivery is protective, while growth restricted term infants
are at risk (Johnson and Spitz, 1985). There have been re-
ports of congenital neuroblastoma in association withmater-
nal phenytoin and phenobarbital use (Sherman and Roizen,
1976; Allen et al., 1980). The causative effect of phenytoin in
neuroblastoma has been questioned and this is most likely a
coincidental finding. In addition, some epidemiologic studies
have suggested an association with maternal diabetes (Chow
et al., 2007) and antenatal exposure to codeine (Cook et al.,
2004).

INCIDENCE

Neuroblastoma is one of themost common tumors of infancy
andchildhood,withaclinical incidenceofbetween1 in10,000
and 1 in 30,000 individuals (Janetschek et al., 1984; Fowlie
et al., 1986; Goodman et al., 1999). Gurney et al., estimated
the rate of neuroblastoma in the U.S. at 58 per 1,000,000 in-
fants per year (Gurney et al., 1997). Neuroblastoma may be
more common in white children than in other ethnic groups,
and more common in male than in female children (Miller
et al., 1968; Turkel andHabashi, 1974; Askin andGeschickter,
1985; Behrman, 1992). It is estimated that 16% of infant neu-
roblastomas are diagnosed in the first month of life and 41%
within the first three months (Goodman et al., 1999).

SONOGRAPHIC FINDINGS

Since the first case of prenatally detected neuroblastoma was
reported by Fenart et al., 300 cases of neuroblastoma have
been suspected or diagnosed by prenatal ultrasound exami-
nation (Nuchtern, 2006; Fenart et al., 1983). All have been vi-
sualized during the third trimester of pregnancy (Fenart et al.,
1983; Gadwood and Reynes, 1983; Sones, 1983; Janetschek
et al., 1984; Newton et al., 1985; Atkinson et al., 1986;
deFilippi et al., 1986; Fowlie et al., 1986; Giulian et al., 1986;
Hainaut et al., 1987; Ferraro et al., 1988; Tovar et al., 1988;
Kurtz and Hilbert, 1989; Pley et al., 1989; Forman et al.,
1990; Hosoda et al., 1992; Liyanage and Katoch, 1992; Ho
et al., 1993; Jaffa et al., 1993; Jennings et al., 1993; Suresh
et al., 1993; Crombleholme et al., 1994a; Garmel et al., 1994b;
Goldstein et al., 1994;Acharya et al., 1997;Granata et al., 2000;
Sauvat et al., 2002). The sonographic findings described by
these studies were quite variable. The primary tumor is of-
ten small (only a few millimeters or centimeters in great-

est diameter). Ninety percent of cases involve the adrenal
gland, creating difficulties in distinction between the mass
itself and the upper pole of the ipsilateral kidney. Cystic and
solid areas within the mass are typically seen, which may be
related to hemorrhage and necrosis of the tumor (Atkinson
et al., 1986). Purely cystic lesions have also been reported
in fetal neuroblastoma and may indicate a more favorable
prognosis (Atkinson et al., 1986; Kurtz and Hilbert, 1989;
Crombleholme et al., 1994a; Garmel et al., 1994b; Hamada
et al., 1999; Petit et al., 2001; Lopez Alvarez-Buhilla et al.,
2002; Tanaka et al., 2003; Athanassiadou et al., 2005). Occa-
sionally, calcifications can be seen within the tumor (Potter,
1961; Fowlie et al., 1986; Giulian et al., 1986). Calcifications
within neuroblastomas are often described as microcalcifi-
cations with acoustic shadowing (Kurtz and Hilbert, 1989;
Gorincour et al., 2003). The tumor is usually well encapsu-
lated and may displace the kidney inferiorly and laterally but
preserves the renal outline (Figure 113-3A and B). If aris-
ing in the sympathetic ganglia, the mass may be seen in the
chest, cervical region, or intra-abdominal paravertebral lo-
cations. Cervical lesions sufficiently large to compromise the
fetal airway have been reported (Gorincour et al., 2003), as
have large retroperitoneal masses presenting as flank masses
that are readily palpable on physical examination (Nagasako
et al., 2004).

Occultneuroblastomasare rarelymetastatic, butprena-
tal detection of liver metastases has been reported (Liyanage
and Katoch, 1992; Jaffa et al., 1993; Nagasako et al., 2004).
A suprarenal mass associated with hepatomegaly is highly
suggestive of the diagnosis of neuroblastoma. Likewise, if a
liver mass is seen on prenatal ultrasound examination, one
needs to carefully examine all neural crest regions, especially
in the renal and suprarenal areas, to rule out a primary tu-
mor locus (Jaffa et al., 1993). Several cases have been reported
with neuroblastoma metastatic to the placenta and umbilical
cord. Careful imaging of the placenta and umbilical cord is
also indicated because of reports of metastases to these areas.
Fetoplacental metastases have been also reported in mono-
chorionic twins with a primary tumor detectable in only one
twin, with both having simultaneous evidence of metastatic
disease (Adaletli et al., 2006).

Occasionally, ultrasound examination may also reveal
polyhydramnios and/or hydrops (Falkinburg and Kay, 1953;
Forman et al., 1990). Although the underlying mechanism is
unknown,numeroushypotheseshavebeenproposed, includ-
ing hepatomegaly with subsequent mechanical obstruction
of the umbilical vein or vena cava (Moss and Kaplan, 1978;
Van der Slikke and Balk, 1980), compromised liver function
with resultanthypoproteinemia (AdzickandHarrison, 1994);
metastatic involvement of the placenta with placentomegaly
and hydrops (Janetschek et al., 1984), tumor infiltration of
bonemarrowwith subsequentanemiaandheart failure (Moss
andKaplan, 1987), or arrhythmia andheart failure due to cat-
echolamine release (Moss and Kaplan, 1987).

Malformations have occasionally been noted in as-
sociation with neuroblastoma in children, including mi-
crocephaly, hydrocephaly, absence of the corpus callosum,
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A B

Figure 113-3 A. Axial image on fetal MRI of a large neuroblastoma arising from the retroperitoneum. B. Coronal
image of same fetus demonstrating very large neuroblastoma.

cleft lip and palate, tracheoesophageal fistula, heart defects,
skeletal abnormalities, genitourinary abnormalities, poly-
dactyly, and single umbilical artery (Potter and Parrish, 1942;
Kouyoumdjian and McDonald, 1951; Bodian, 1963; Berry
et al., 1970; Andersen and Hariri, 1983). A consistent pattern
of associated anomalies has not been demonstrated however,
and the majority have been isolated cases of fetal neuroblas-
tomas (Miller, 1966; Sy and Edmonson, 1968; Berry et al.,
1970).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis in neuroblastoma is extensive, as
these tumors can be found in the adrenal gland and else-
where along the sympathetic ganglia. The involvement of the
adrenals canbemistaken for hydronephrosis,multicystic kid-
ney, or upper-pole cystic dysplasia seen in obstructive duplex
collecting systems, Wilms’ tumor or mesoblastic nephroma
unless a clear distinction from the adjacent kidney is made.
Less common entities are outlined in Table 113-1. Demon-
stration of low-impedancewaveforms by colorDoppler stud-
ies and flow mapping may be helpful in differentiating neu-
roblastoma fromadrenal hemorrhage (Goldstein et al., 1994).
If the liver is involved, hamartoma, hepatoblastoma, and he-
mangioma must be considered. Subdiaphragmatic extralo-
bar pulmonary sequestrations are predominantly left-sided,
solid, with echogenic appearance and occur only one-third

Table 113-1

Differential Diagnosis of Fetal Suprarenal
Mass or Cyst

Adrenal hematoma

Duplex collecting system with dysplastic changes

Neuroblastoma

Extralobar bronchopulmonary sequestration

Liver cyst

Hepatoblastoma

Lymphangioma

Mesenteric cyst

Meconium cyst

Splenic cyst
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as frequently as neuroblastomas (Curtis et al., 1997). A case
report of a solid neck mass seen prenatally on ultrasound
examination was found postmortem to be consistent with ei-
therprimaryormetastatic cervical neuroblastoma (Gadwood
and Reynes, 1983). In this case, the differential diagnosis in-
cluded cystic hygroma, neural tube defect, cervical teratoma,
and goiter. In one case report of cerebral neuroblastoma, the
differential diagnosis included teratoma, glioblastoma, and
craniopharyngioma. Prenatal tumor biopsy confirmed the
diagnosis of neuroblastoma (Suresh et al., 1993).

ANTENATAL NATURAL HISTORY

Our understanding of the antenatal natural history of pre-
natally diagnosed neuroblastoma is still evolving, and much
remains uncertain. The incidence of adrenal neuroblastoma
in situ at neonatal autopsy has been reported to occur in 1 of
40patientsdying fromunrelatedcauses (Grosfeldet al., 1993).
The majority of occult neuroblastomas are most likely devel-
opmental variants, which regress spontaneously before be-
coming clinically evident, or differentiate into benign gan-
glioneuromas (Beckwith and Perrin, 1963; Miller et al., 1968;
Turkel and Habashi, 1974; Pley et al., 1989).

Among the 300 reported cases of fetal or perinatal neu-
roblastoma, the vastmajoritydeveloped in the adrenal glands,
with rare cases of intrathoracic, intracranial tumor, or an un-
known primary site (Gadwood and Reynes, 1983; deFilippi
et al., 1986; Jaffa et al., 1993; Ho et al., 1993; Suresh et al.,
1993; Acharya et al., 1997; Granata et al., 2000; Sauvat et al.,
2002). Eighty-three percent of these neuroblastomas were
stage I or II, only 16.6% were stage III, IV, or IVS (Gadwood
and Reynes, 1983; Newton et al., 1985; Hainaut et al., 1987;
Kurtz andHilbert, 1989; Liyanage andKatoch, 1992;Ho et al.,
1993; Jaffa et al., 1993; Suresh et al., 1993; Acharya et al.,
1997; Granata et al., 2000; Sauvat et al., 2002). It is interesting
that in two patients initially diagnosed and treated as stage
I postnatally, hepatic metastases developed and later evolved
to stage IV (Fenart et al., 1983; Ferraro et al., 1988). One pa-
tient with neuroblastoma initially diagnosed and treated as
stage II later had hepatic and bonemarrowmetastases, which
evolved into stage IVS (Ho et al., 1993). These cases under-
score the need for close postoperative surveillance, even in
patients with stage I disease. Hydrops developed in three fe-
tuses with stage IV or IVS and liver metastases (Gadwood
and Reynes, 1983; Newton et al., 1985; Hainaut et al., 1987).
In addition, hypertension and preeclampsia reportedly de-
veloped in three pregnant women, thought to be induced by
catecholamines secreted from functional tumors although it
was not documented (Newton et al., 1985; Pley et al., 1989;
Jennings et al., 1993).

The two most important factors in the prognosis of
clinical neuroblastoma are the age of the patient at diagnosis
and the stage of the disease. The overall survival is only 10%
to 20% in children presenting after 1 year of age, but is greater
than 90% in patients younger than 1 year of age at the time
of diagnosis (Estroff et al., 1991; Grosfeld et al., 1993). Pa-

tients with disease at an earlier stage and well-differentiated
tumors have a better prognosis than those with disease at a
more advanced stage and poorly differentiated tumors. Early
diagnosis is important in identifyingpatients prior to 1 yearof
age and at an early stage of disease. The increasing use of pre-
natal ultrasound imaging may allow diagnosis at a younger
age and earlier stage with the hope of improved survival.
The caveat is that the clinical significance of fetal neurob-
lastoma remains unknown. It is not clear that the natural
history of fetal neuroblastoma parallels that of clinical neu-
roblastoma presenting later in life. The true prenatal natural
history of fetal neuroblastoma may never be determined be-
cause potentially malignant tumors are rarely managed ex-
pectantly. The Children’s Oncology Group is conducting a
clinical trial of expectant observation for infants with small
stage I neuroblastomas diagnosed either prenatally or within
the first 6 months of life (Nuchtern, 2006). Because of this
we may be subjecting neonates, many of whom have bio-
logically benign lesions, to unnecessary risks of surgery and
chemotherapy.

MANAGEMENT OF PREGNANCY

Serial ultrasound examinations to assess tumor size, amniotic
fluid volume, and fetal well-being play an important role in
pregnancy management. A search should also be made for
evidence of metastatic spread. An attempt should be made to
stage the disease prenatally by sonographic examination. The
presence of extensive hepatic metastases places the fetus at
markedly increased risk for the development of hydrops. Sig-
nificant and rapid tumorgrowthhasbeennoted in at least two
reports and may not be predictable (Janetschek et al., 1984;
Fowlie et al., 1986). Others have reported an association with
placentomegaly and hydrops, with subsequent death in utero
or during early neonatal life (Potter and Parrish, 1942; Birner,
1961; Anders et al., 1973; Van der Slikke and Balk, 1980;
Gadwood and Reynes, 1983; Newton et al., 1985; Hainaut
et al., 1987; Jaffa et al., 1993). Because of the poor prognosis,
delivery is recommended if hydrops develops. In one case,
the rapid growth of the component of the neuroblastoma
extending into the spinal canal resulted in irreversible paral-
ysis (Nagasako et al., 2004). The authors speculated that early
delivery to prevent cord compression might have prevented
paralysis.

Dystocia at delivery has been reported due to liver en-
largement with capsule rupture and subsequent hemoperi-
toneum (Hagstrom, 1929; Askin and Geschickter, 1985;
Birner, 1961; Potter, 1961). Cesarean section should be con-
sidered to avoid tumor hemorrhage during labor when the
neuroblastoma is large, as has been reported by Murthy,
Weinberg, and others (Weinberg and Radman, 1943; Murthy
et al., 1978; Jaffa et al., 1993). However, Ho et al. (1993) re-
ported no peripartum delivery complications in their series.
We recommend an ultrasound examination late in gestation
to evaluate the likelihoodofdystocia and theneed for cesarean
section.
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Maternal symptoms related to fetal catacholamine pro-
duction, including sweating, flushing, palpitations and hy-
pertension, have been reported during the third trimester of
pregnancy (Voute et al., 1970; Newton et al., 1985). Develop-
ment of hypertension is a potential complication in pregnan-
cies associated with either a functioning fetal adrenal tumor
or a hydropic fetus (Nicolay and Gainey, 1964; Voute et al.,
1970; Newton et al., 1985). Early delivery may be indicated if
maternal health is jeopardized. Delivery should take place at
a tertiary care center, with neonatologists, pediatric surgeons
and oncologists available.

It has been suggested that a 24-hour maternal urine as-
say or amniocentesis for fetal urinary catecholaminemetabo-
lites (VMA,HVA)maybehelpfulwhen the prenatal diagnosis
of neuroblastoma is unclear or the cause of maternal hyper-
tension is suspected (Zambotti et al., 1975; Newton et al.,
1985; Crombleholme et al., 1994a; Garmel et al., 1994b).
However, most neuroblastomas are nonfunctional, and thus
far, amniotic fluid catecholamine studies have not been help-
ful in establishing the prenatal diagnosis of neuroblastoma
(Hosoda et al., 1992). Therefore, in the absence of maternal
or fetal complications, no invasive diagnostic testing is war-
ranted, but serial examinations of the mother and fetus are
recommended (Crombleholme et al., 1994a; Garmel et al.,
1994b).

FETAL INTERVENTION

There is currently no indication for fetal intervention in fe-
tal neuroblastoma. However, if fetal or maternal complica-
tions arise, early delivery should be considered in cases of
catecholamine-induced hypertension or fetal hydrops. Early
deliverymaybewarranted ifultrasoundorMRIdemonstrates
intraspinal extension of the tumor. If the neuroblastoma is

rapidly growing, the spinal extension may cause cord com-
pression and urgent delivery may be warranted.

TREATMENT OF THE NEWBORN

An infant with a prenatal diagnosis of suspected fetal neu-
roblastoma should undergo a detailed physical examination.
In cases of stage IVS disease, bluish subcutaneous nodules
(the so-called “blueberry muffin” sign) frommetastatic neu-
roblastoma may be seen all over the infant’s body. The blood
pressure should be noted prior to and during palpation of
the suspected tumormass.Amongpostnatal neuroblastomas,
approximately 20% may release vasoactive peptides on pal-
pation. The abdomen should be gently palpated to discern
an abdominal mass and its relationship to other viscera. The
liver should be assessed for size and evidence of metastases.
Similarly, gentle palpation of a cervical mass will offer clues
to histology and relationship to adjacent structures.

Thenewbornwith suspectedcongenitalneuroblastoma
should have plain radiography of the abdomen, chest, or neck
region (depending on tumor location). Neuroblastoma has
characteristic finely stippled calcifications. A postnatal ultra-
sound examination may be useful to correlate with prenatal
findings. Chest radiography should be performed to exclude
pulmonary metastases. In most instances a computed tomo-
graphic (CT) scan is indicated to more accurately stage the
disease and define the extent of the primary tumor (Figure
113-4).

Urine should be collected for spotmeasurement of cat-
echolamines and tumor metabolites, including epinephrine,
norepinephrine, dopamine, VMA, and HVA. Baseline liver
function tests should be determined in all patients even
without evidence of hepatic metastases. Serum ferritin and
neuron-specific enolase should be assayed, as they have

Figure 113-4 CT of newborn diagnosed
with fetal neuroblastoma.
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prognostic significance in patients less than 1 year of age.
As part of the preoperative staging, a technetium-99m bone
scan, and bone marrow aspiration and biopsy should be
performed. 123I-MIBG and 99mTc-MDP scintigraphy can be
useful in identifying metastatic disease (Sauvat et al., 2002;
Kushner, 2004).

The child should undergo surgery for biopsy, staging,
and resection of the primary tumor, if possible without jeop-
ardizing adjacent structures. Similarly, in stage IVS disease,
resection of the primary tumor is indicated. This will provide
tissue for determination of N-myc amplification and DNA
ploidy. In stage IVS disease, with the presence of diploidDNA
complement and N-myc amplification, chemotherapy is in-
dicated. In the absence of these findings, observation alone
is indicated. The treatment of neuroblastoma depends on
the clinical staging. In stage I (primary with regional or dis-
tant metastases) or stage II (regional lymph node metastases
but no distant metastases), surgery alone is sufficient. But in
stage III (tumor extends beyond midline and bilateral lymph
nodes may be involved) or stage IV (distant metastases) pre-
operative chemotherapy is indicated.

LONG-TERM OUTCOME

The newborn with congenital neuroblastoma may initially
presentwith stage I disease that subsequently progresses. This
does not represent disease recurrence but rather a delayed
presentation of metastases, which results in restaging to stage
IVS or IV, which requires chemotherapy. As with all pediatric
oncology patients, close long-term follow-up is essential even
after completion of therapy to ensure early detection of recur-
rence. Overall, the long-term survival in prenatally diagnosed
neuroblastoma is over 90% (Nuchtern, 2006).

GENETICS AND RECURRENCE RISK

Several cytogenetic abnormalities can be seen in neurob-
lastoma, including deletion of the short arm of chromo-
some 1, abnormal chromosome fragments known as “double
minutes” (DMs, N-myc amplification), and integrated ho-
mogeneously staining regions (HSRs) (Brodeur et al., 1981;
Brodeur and Fong, 1989). The chromosome 1p deletion may
represent loss of a tumor suppressor gene involved in neu-
roblastoma, while the DMs and the HSRsmay represent gene
amplification. Neuroblastomas can be familial, but no char-
acteristic genetic syndrome or congenital anomaly is associ-
atedwithapredisposition for this tumor.Theproto-oncogene
N-myc was found initially because itwas amplified inneurob-
lastoma cell lines (Schwab et al., 1983). N-myc amplification
(3- to 300-fold) is found in primary neuroblastoma and is as-
sociated with advanced stages of disease, rapid progression,
and poor outcome (Brodeur et al., 1984; Seeger et al., 1985;
Brodeur, 1990). Neuroblastomas with favorable prognoses
are diagnosed early in life, at an early stage, with hyperdiploid

karyotypes, and without abnormalities of chromosome 1p or
N-myc amplification (Jennings et al., 1993). More than 90%
of perinatal neuroblastomas have a DNA index of >1, which
is associated with a better prognosis in infants (Acharya et al.,
1997; Granata et al., 2000; Sauvat et al., 2002). In addition,
less than 5% of perinatal neuroblastomas have N-myc am-
plification (Acharya et al., 1997; Granata et al., 2000; Sauvat
et al., 2002).

Familial cases of neuroblastoma have been observed in
siblings, identical twins, and one case in which the mother
and child were both affected (Pendergrass andHanson, 1976;
Emery et al., 1983; Grotting et al., 1983; Gorincour et al.,
2003). Neuroblastoma has also been reported in patients
with the Beckwith–Wiedemann syndrome, pancreatic islet-
cell dysplasia, and infants born to mothers taking phenytoin.
There have also been occasional reports of familial neuroblas-
toma.One report involved fourorfive siblings,which suggests
that some neuroblastomas may be inherited as an autoso-
mal dominant trait (Dodge and Benner, 1945; Chatten and
Voorhees, 1967). There is also an increased incidence of neu-
roblastoma in infants with the fetal alcohol syndrome (Seeler
et al., 1979; Kinney et al., 1980). Neuroblastoma has also been
reported in infants with both rectosigmoid and total colonic
Hirschsprung’s disease (Carachi et al., 1982; Michna et al.,
1988).
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CHAPTER

Retinoblastoma

Key Points

■ Most common intraocular tumor of childhood,
with only a few cases diagnosed antenatally.

■ Retinoblastoma develops in cells that have
mutations in both copies of the gene RB1, which is
located on chromosome 13q14.

■ Retinoblastoma may be nonheritable or heritable.
When familial, a single RB1 mutation is inherited as
an autosomal dominant condition. Tumor
formation then requires a second mutation.
Heritable forms are predisposed to second
malignancies, such as sarcoma.

■ Prenatal sonography is an extremely insensitive
screening technique for families at risk for
recurrence. DNA diagnosis is definitive if the RB1
mutation is known.

■ In fetuses with a suspected retinoblastoma and
negative family history, work-up should include
chromosome analysis with FISH probes for 13q14
deletion, level II sonography, and delivery in a
tertiary setting.

■ Many postnatal treatment options exist, including
radiation, enucleation, and chemotherapy.
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CONDITION

Retinoblastoma is the most common intraocular tumor of
childhood (Donaldson et al., 1993). It is a malignant tumor
that arises from the embryonic neural retina. This tumor is
thought to be congenital, although it may not be recognized
at birth. Although it usually presents during early childhood,
there has been at least one report of retinoblastomadiagnosed
in utero (Maat-Kievit et al., 1993). Retinoblastoma occurs in
both sporadic and inherited forms, with the hereditary type
predisposing to other malignant tumors (Abramson et al.,
1984; Murphree and Benedict, 1984; Roarty et al., 1988;
Wilson et al., 1996). Retinoblastoma is usually characterized
by rapid growth, enlarging over a period of only weeks to
destroy increasing amounts of the retina. The tumor can fill
the eye, either by direct enlargement or by growth of tumor
seeds. Once the globe is filled by the tumor, orbital and in-
tracranial extensionmay occur. Retinoblastomahas been said
to have a spontaneous regression rate of 1%, but this figure is
sometimes confused with two separate processes (Gallie and
Phillips, 1982). In the first process there is true regression af-
ter an enlarged intraocular tumor becomes totally necrotic.
The tumor subsequently atrophies, resulting in a small, disor-
ganized blind eye. The second process occurs in a functional
eye as a benign variant of retinoblastoma, which has been
termed “retinocytoma” or “retinoma” (Gallie and Phillips,
1982; Marga et al., 1983; Zimmerman, 1985). These tumors
are usually composed of viable, benign-appearing tumor cells
with a high degree of photoreceptor differentiation. On oph-
thalmoscopic examination, retinomas have an appearance
similar to retinoblastomas that have undergone regression
following radiotherapy. Despite the presence of the retinoma,
vision is usually normal, but the genetic implications are the
same as for retinoblastoma.

The majority of cases of retinoblastoma are diagnosed
while the tumor remains confined to the eye. In contrast, in
prenatal diagnosis, becauseof the insensitivity of sonographic
evaluation of the eye, to be detected there must be gross ex-
tension to the orbit (Maat-Kievit et al., 1993). Themost com-
mon postnatal sign in retinoblastoma is leukokoria of one or
both eyes, which has been termed the “cat’s-eye reflex” but
which parents described as an unusual appearance of the eye
(Donaldson et al., 1993). The next most common presenting
sign is strabismus, which occurs when the tumor arises in the
macula, causing lossof central visionand, therefore, lossof the
fusional reflex so that the eyemay drift, resulting in esotropia
or exotropia. Other less common signs are orbital inflamma-
tion, hyphema, fixed pupil, and heterochromic irides. Vision
loss is not a typical symptom at presentation because young
children do not report unilaterally decreased vision. In ad-
dition, intraocular tumors are not painful unless secondary
glaucoma or inflammation is present. Between 20% and 30%
of cases are bilateral at the time of initial diagnosis. In these
cases the disease is often multifocal, with several tumors in
each eye. The presentation in utero is that of a sonographi-
cally detected ocular mass, which is irregular and echogenic,
with extension beyond the orbit itself.

INCIDENCE

The incidence of retinoblastoma is estimated to be 1 in 15,000
to 1 in 34,000 livebirths (Devesa, 1975; Shields and Shields,
1990; Salim et al., 1998). The estimated frequency of bilateral
cases of retinoblastoma in children is between 20% and 30%
(Donaldson et al., 1993). There is no known racial or gender
predisposition for this tumor. Retinoblastoma is a congenital
tumor and is present at birth, although it is not often rec-
ognized at that time. Eighty percent of cases are diagnosed
before the age of 3 to 4 years, with a mean time of presenta-
tion at 2 years of age. Bilateral retinoblastoma typically be-
comes clinically apparent earlier; the average age at diagnosis
is 12 months (Shields and Shields, 1990). In rare cases, mul-
tiple congenital anomalies may be seen in association with
retinoblastoma.However, these cases represent only 0.05%of
cases of retinoblastoma reported in the United States (Jensen
andMiller, 1971). The reported anomalies include congenital
heart disease, cleft palate, Bloch–Sulzberger syndrome, infan-
tile corital hyperasthosis, dentinogenesis imperfecta, incon-
tinentia pigmenti, and familial congenital cataracts (Green,
1985).

SONOGRAPHIC FINDINGS

Only a few cases of retinoblastoma have been antenatally di-
agnosed (Maat-Kievit et al., 1993; Salim et al., 1998; Kodzov
et al., 2002; Lehman, 2003). In the case reported by Maat-
Kievit et al. (1993), a fetus at 21 weeks of gestation had an
oval-shaped mass protruding from the right side of the face
(Figure 114-1). The tumor was an irregular echogenic mass
measuring 8 × 6 × 3 cm. The tumor was covered by a thin
membrane with an echolucent rim between the membrane

Figure 114-1 Fetus at 22 weeks of gestation with a large tu-
mor originating from the right eye. (Reprinted from Maat-Kievit JA,
Oepkes D, Hartwig NG, et al. A large retinoblastoma detected in
a fetus at 21 weeks of gestation. Prenat Diagn. 1993;13:377-384.
Copyright John Wiley & Sons Limited. Reproduced with permission.)
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Table 114-1

Differential Diagnosis of Facial/Orbital
Tumors Detected by Prenatal Sonographic
Studies

Epignathus
Sonolucent and (highly) echogenic areas
Irregular shape
Localization: nasopharyngeal area

Cephalocele
Intracranial abnormalities, hydrocephaly, skull defect
Smooth, rounded shape
Localization: skull

Hemangioma
Echogenic or sonolucent areas
Pulsations, flow (Doppler)
Localization: oral cavity

Myoblastoma
Echogenic with small sonolucent areas
Multilobular shape
Localization: oral cavity

Dacryocystocele
Sonolucent
Small cyst
Localization: inferomedial to the orbit

Retinoblastoma
Irregular, echogenic, surrounded by sonolucent area
Oval shape, covered by membrane
Localization: eye

Source: Maat-Kievit JA, Oepkes D, Hartwig NG, et al. A large
retinoblastoma detected in a fetus at 21 weeks of gestation. Prenat Diagn
1993;13:377-384.

and the tumor. The majority of the face was obscured by the
tumor. The tumor deformed the normal anatomy of the fa-
cial bones, and the contralateral orbit could not be seen. The
differential diagnosis of a facial tumordetectedbyprenatal ul-
trasound examination and the features that distinguish them
are listed in Table 114-1. It should be noted that ultrasound
examination is an extremely insensitive screening technique
for heritable retinoblastoma in families at risk for recurrence.
In these cases, percutaneous umbilical blood sampling, CVS,
or amniocentesis to obtain fetal tissue is recommended, as
DNA-based prenatal diagnosis is available.

DIFFERENTIAL DIAGNOSIS

The case of retinoblastoma diagnosed at 21 weeks of gesta-
tion was found to have a very large oval-shaped mass pro-

truding from the right side of the fetal face (Maat-Kievit
et al., 1993). Histologic studies confirmed the diagnosis of
retinoblastoma with extension beyond the orbit with an
8 × 6 × 3-cm mass rounded by a transonic area covered
by a thin membrane. Because of the location and the size
of this tumor the differential diagnosis included most causes
of facial tumors (see Table 114-1). Epignathus is a tumor
that grows through the floor of the mouth, is usually quite
irregular in shape, and is localized primarily in the nasopha-
ryngeal area. Although it has a heterogeneous appearance,
with sonolucent and highly echogenic areas, its location usu-
ally distinguishes it from retinoblastoma. Encephalocele (see
Chapter 12) is usually associated with intracranial abnormal-
ities, such as hydrocephalus and calvarial defects. It is usu-
ally smooth, contoured, round in shape, and localized to the
skull. In contrast, hemangiomas are usually readily identi-
fied by color flow Doppler studies, which show significant
blood flow within the tumor mass. Myoblastomas are ordi-
narily localized to the oral cavity and tend to be echogenic,
with other sonolucent areas within it. Dacryocystocele may
be more difficult to distinguish from retinoblastoma because
of its proximity to the eye. It is usually localized in the in-
framedial aspect of the orbit. Retinoblastoma is an irregular
echogenic mass that may be surrounded by the sonolucent
area that arises specifically from the eye (see Figure 114-1).

ANTENATAL NATURAL HISTORY

Retinoblastoma is a congenital tumor that arises from em-
bryonic neural crest cells. In most newborns, as well as fe-
tuses, retinoblastomas remain undetected until ophthalmo-
logic symptoms arise during childhood (Liebman and Gellis,
1966; Gallie and Phillips, 1982; Abramson et al., 1983). It is
thought that the onset of retinoblastoma must be after the
transformation and first differentiation of the nervous layer
of the pars optica of the retina in the fifth to eighth weeks of
embryogenesis (England, 1983). In the case reportedbyMaat-
Kievit et al. (1993), the fetus presented at 21weekswith a large
mass extending beyond the orbit. This suggests that the tu-
mor cells must have undergone enormous mitotic activity to
create such a large tumor in a brief time. This is not the usual
presentation of retinoblastoma, which may not be detected
for the first several years of life. Whether the natural history
of retinoblastoma presenting prenatally is distinct frommore
typical cases that present in early childhood is unknown.

MANAGEMENT OF PREGNANCY

Fetuses in which retinoblastoma is suspected should be re-
ferred to a tertiary care center capable of anatomic sono-
graphic diagnosis of the fetus. Level 2 sonograms should be
obtained to exclude the possibility of associated congenital
anomalies, including cleft palate and congenital heart dis-
ease. Because of the potential for associated congenital heart
disease, if any abnormalities are detected on four-chamber
view of the heart, or the outflow tracts or abnormalities in
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cardiac axis are detected, formal echocardiography is indi-
cated. Chromosome analysis should be considered to look
for deletions in chromosome band 13q14. FISH probes are
available specifically for this region. If a deletion is found, the
parental chromosomes also need to be analyzed.

If retinoblastoma is detected prior to 24 weeks of ges-
tation, the parents should be counseled about the option of
terminating the pregnancy. No treatment options are cur-
rently available in utero, and the parents should be informed
that a retinoblastoma of a sufficient size to be detected sono-
graphically places the fetus in a very poorprognostic category.
Postnatal survivalwith tumorsof thisnature ispoor,withonly
a third of the eyes being salvageable, and the cure rate is less
than 25%.

Although data regarding the management of the preg-
nancy are scarce, as few cases have been diagnosed prenatally,
consideration should be given to delivery at lungmaturity for
immediate postnatal therapy. It is unclear if cesarean section
is warranted and should be based on an assessment of the size
of the tumor close to the time of delivery. Delivery should be
planned in a tertiary care setting, with pediatric ophthalmol-
ogists, oncologists, and radiation therapists available to plan
the treatment of the newborn.

FETAL INTERVENTION

There is no fetal treatment for retinoblastoma. However, in a
fetuswith anRB1mutation that had sonographically detected
tumors, preterm delivery was induced to initiate postnatal
treatment (Gallie et al., 1999).

TREATMENT OF THE NEWBORN

The neonate should be carefully examined for the presence
of associated anomalies. An ophthalmologic consultation
should be obtained to assess the extent of the tumor, as well
as the contralateral eye. Molecular genetic testing should be
performed on peripheral blood to identify the two RB1 mu-
tations that inactivated both RB1 alleles. If no mutations are
detected in the blood and the eye(s) requires enucleation,
tumor DNA should also be studied.

SURGICAL TREATMENT

The goals of treatment are first, to preserve life and second,
to preserve sight. Retinoblastoma cure rates exceed 90%with
current treatment methods (Shields and Shields, 1990). Spe-
cific treatment approaches vary from center to center, and
increasing attention is now focused on preservation of visual
function. Enucleation of the eye is considered when there is
no hope for useful vision, even if the tumor is thought to be
eradicated. A cosmetic disadvantage of this approach is that
in children younger than 3 years of age the orbit ceases to
grow normally after the eye is removed, and as the face of the
infant grows the orbit looks increasingly sunken (see Chap-

ter 29). External beam radiation therapy produces the same
appearance due to inhibition of bone growth. The indication
for cryotherapy and photocoagulation are similar; however,
both techniques can successfully treat only small lesions, less
than 3 mm in diameter and 2 mm thick. Episcleral plaque
radiotherapymay be superior to external beam irradiation in
delivering a higher local tumor radiation dose with consid-
erably lower orbital and facial radiation and may be used in
solitary tumors less than 8 mm in thickness.

Retinoblastomas are considered radiosensitive. The
purpose of radiation therapy for retinoblastomas is control
of local disease while preserving vision. Because the major-
ity of patients will have multiple tumors in one or both eyes
and these tumorsmay bemultifocal in origin, radiation fields
must include the entire geographic extentof the retina, the an-
terior border of which is the ora serrata. In an attempt to pre-
serve vision, external beam or episcleral plaque radiotherapy
has become the treatment of choice for the majority of chil-
dren with retinoblastoma. Any eye that has a chance for use-
ful vision should be considered for radiation therapy rather
than enucleation. The results of chemotherapy treatment for
intraocular retinoblastoma have been disappointing because
intraocular penetration of systemic drugs is poor and tumors
often express the membrane glycoprotein p170 and become
drug-resistant (Chan et al., 1989). Adjuvant chemotherapy
has been tested in children with group V disease (tumors in-
volving more than half the retina or with vitreous seeding)
after enucleation,withnosurvival advantageover enucleation
alone (Abramson, 1985). Chemotherapy is best restricted to
patientswith extraocular disease or regional or distantmetas-
tases (Pizzo et al., 1985).

After initial treatment, patients must be examined
closely for tumor regrowth, extraocular extension, and/or vit-
reous seeding, and additional radiation, laser, cryotherapy, or
adjuvant chemotherapy may be indicated in these cases.

Coordinated follow-up between the ocular oncologist
and the primary care specialist is essential because of the like-
lihood of retinoblastoma recurrence, treatment-associated
morbidity, and development of a second tumor that is not
retinoblastoma.

LONG-TERM OUTCOME

Patients with heritable retinoblastoma have an increased risk
for developing other malignancies (Abramson et al., 1984;
Roarty et al., 1988; Wilson et al., 1996). In one study, 13%
of patients with retinoblastoma, treated by radiation therapy,
had second malignancies. Seventy percent of these tumors
were in and 30% outside the irradiation field (Abramson et
al., 1984). In the same study, there were 23 patients who did
not receive radiation therapy and 5 of these had second ma-
lignant tumors. These tumors were predominately sarcomas,
with osteosarcoma the tumor most frequently reported. The
incidence of second malignant tumors appears to increase
with time, with a 20% incidence after 10 years. This rises to
50%at 20 years, and at 30 years it approaches 90%(Abramson
et al., 1984).
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There is considerable controversy regarding the true
rate of secondmalignancy in retinoblastoma survivors. Long-
term follow-up studies vary widely with respect to long-term
incidence, with reported rates of secondmalignancy between
25% and 90% at 30-year follow-up. Because of the increasing
risk of the development of a second tumor, patients should
be examined periodically by the primary care physician. In
particular, patients with bilateral retinoblastoma are always
at risk for the development of second tumor; the longest
reported interval is 57 years between primary retinoblas-
toma diagnosis and second tumor presentation (Wilson et
al., 1996).

GENETICS AND RECURRENCE RISK

Retinoblastoma develops in cells that have mutations in both
copies of RB1, the retinoblastoma locus, which is located on
chromosome 13q14 (Sparkes et al., 1980). Cytogenetic anal-
ysis has revealed that there is a deletion of band 13q14 in
5% to 10% of patients with retinoblastoma (Howard, 1982;
Lemieux and Richer, 1990). Genetic and physical mapping
indicates that the retinoblastoma gene is closely linked to the
genetic locus for esterase D, whichmaps exactly to this region
(Sparkes et al., 1983; Lee and Lee, 1986; Squire et al., 1986).

RB1 is the only gene known to be associated with
retinoblastoma. RB1 is 200,000 base pairs in size and it en-
codes a protein of 928 amino acids. The RB1 gene product is
a nuclear phosphoprotein with DNA-binding activity that is
expressed in many different types of cells (Lee et al., 1987).
RB1 protein forms complexes with viral oncoproteins of sev-
eral DNA tumor viruses (DeCaprio et al., 1988; Whyte et al.,
1988).Many studies have suggested that theRB1protein plays
a role in the regulation of cell growth (Chan et al., 1989).

Retinoblastoma may be either nonheritable or of the
heritable type that shows an autosomal dominant inheritance
pattern with a high degree of penetrance (Nussbaum and
Puck, 1976; Vogel, 1979). If there is a positive family history,
genetic counseling becomes more straightforward because
this is clearly a heritable case of retinoblastoma (Cavenee et
al., 1986; Yandell et al., 1989; Draper et al., 1992). In spo-
radic cases, which include the majority of patients, this may
be either heritable or nonheritable. Bilateral sporadic cases
are always heritable, and each child of the affected patients
who survive will have a 50% risk of having retinoblastoma.
Unilateral sporadic cases may be either heritable or nonher-
itable, with empiric risk studies revealing a 10% to 12% risk
of having heritable type and that the first child of a survivor
has a 5% to 6% chance of having the disease (Vogel, 1979). If
normal parents have one affected child, the risk of their next
child having a retinoblastoma is approximately 1% if the first
child has a unilateral tumor and 6% if the child has bilateral
tumors. To rule out the possibility that one parent is silently
clinically affected with an unsuspected retinoblastoma, both
parents should have ophthalmologic examinations to facili-
tate accurate genetic counseling.

DNA-based prenatal diagnosis is available for families
in which one parent is affected with a heritable RB1mutation
(Wiggs et al., 1988). For these families a 50% recurrence risk
exists. DNA analysis is much more accurate than prenatal
sonography (Dryja et al., 1989; Gallie et al., 1991; Naumova
and Sapienza, 1994). Preimplantation genetic diagnosis of
retinoblastoma is also available for families at risk for the
disease to screen embryos prior to embryo transfer (Girardet
et al., 2003; Xu et al., 2004; Thornhill, 2005).

References
AbramsonDH.Treatment of retinoblastoma. In: Blandi FC, ed.Contem-

porary Issues in Ophthalmology. Vol. 2. Retinoblastoma. New York:
Churchill Livingstone; 1985:63-93.

Abramson DH, Ellsworth RM, Kitchin FD, Tung G. Second nonocu-
lar tumors in retinoblastoma survivors: are they radiation induced?
Ophthalmology. 1984;91:1351-1355.

Abramson DH, Notterman RB, Ellsworth RM. Retinoblastoma treated
in infants in the first six months of life. Arch Ophtholmol.
1983;101:1362-1366.

Cavenee WK, Murphree L, Shull MM, et al. Prediction of familial pre-
disposition to retinoblastoma. N Engl J Med. 1986;314:1201-1206.

ChanSL,CantonMD,Gallie BL.Chemosensitivity andmulti-drug resis-
tance to antineoplastic drugs in retinoblastoma cell lines. Anticancer
Res. 1989;9:469-474.

DeCaprio JA, Ludlow JW, Figge J, et al. SV40 large tumor antigen forms
a specific complex with the product of the retinoblastoma suscepti-
bility gene. Cell. 1988;54:275-283.

Devesa SS. The incidence of retinoblastoma. Am J Ophthalmol.
1975;80:263-265.

Donaldson SS, Egbert PR, Lee WH. Retinoblastoma. In: Pizzo PA,
Poplack DG, eds. Principles and Practice of Pediatric Oncology.
Philadelphia: Lippincott; 1993:683-696.

DraperGJ, Sanders BM,Brownhill PA, et al. Patterns of risk of hereditary
retinoblastoma and applications to genetic counseling. Br J Cancer.
1992;66:211-219.

Dryja TP, Mukai S, Petersen R, et al. Parental origin of mutations of the
retinoblastoma gene. Nature. 1989;339:556-558.

EnglandMA.A Color Atlas of Life Before Birth: Normal Fetal Development.
Chicago: Year Book Medical Publisher; 1983:66-68.

Gallie BL, Dunn JM, Chan HSL, et al. The genetics of retinoblastoma:
relevance to the patient. Pediatr Clin North Am. 1991;38:299-315.

Gallie BL, Gardiner JA, Toi A, et al. Retinoblastoma treatment in pre-
mature infants diagnosed prenatally by ultrasound and molecular
analysis. Am J Hum Genet. 1999;66:A62.

Gallie BL, Phillips RA. Multiple manifestations of the retinoblastoma
gene. Birth Defects Orig Artic Ser. 1982;18:689-701.

Girardet A, Hamamah S, Anahory T, et al. First preimplantation genetic
diagnosisofhereditary retinoblastomausing informativemicrosatel-
lite markers. Mol Hum Reprod. 2003;9:111-116.

Green DM. Retinoblastoma. In: Green DM, ed. Diagnosis and Man-
agement of Malignant Solid Tumors in Infants and Children. Boston:
Martinus Nijhoff; 1985:90-128.

Howard RO. Chromosome errors in retinoblastoma. Birth Defects Orig
Artic Ser. 1982;18:705-715.

Jensen RD, Miller RW. Retinoblastoma: epidemiologic characteristics.
N Engl J Med. 1971;285:307-311.

Kodzov MB, Khvatova AV, Maliuta GD, et al. Clinical informative value
of new methods of ultrasonic examination in the differential diag-
nosis of various forms of congenital diseases of the eyes in children
[Russian]. Vestn Oftalmol. 2002;118:28-31.

Lee EY-HP, Lee W-H. Molecular cloning of the human esterase D
gene, a genetic marker of retinoblastoma. Proc Natl Acad Sci USA.
1986;88:6337-6341.



785

Chapter 114 Retinoblastoma

LeeW-H,ShewJY,HongFD,et al.The retinoblastomasusceptibility gene
encodes a nuclear phosphoprotein associated with DNA binding
activity. Nature. 1987;329:642-645.

Lehman SS. Antenatal ophthalmology. J AAPOS. 2003;7:428-429.
Lemieux N, Richer CL. Chromosome evolution and high resolution

analysis of leukocytes, bone marrow and tumor cells of retinoblas-
toma patients. Am J Med Genet. 1990;36:456-462.

Liebman SD, Gellis SS. The Pediatrician’s Ophthalmology. St. Louis,MO:
Mosby; 1966:257-260.

Maat-Kievit JA,OepkesD,HartwigNG, et al. A large retinoblastoma de-
tected in a fetus at 21 weeks of gestation. Prenat Diagn. 1993;13:377-
384.

Marga CE, Hidayat A, Kopelman J, et al. Retinocytoma: a benign variant
of retinoblastoma. Arch Ophthal. 1983;101:1519-1531.

Murphree AL, Benedict WF. Retinoblastoma: clues to human oncogen-
esis. Science. 1984;223:1028-1033.

Naumova A, Sapienza C. The genetics of retinoblastoma, revisited. Am
J Hum Genet. 1994;54:264-273.

Nussbaum R, Puck J. Recurrence risks for retinoblastoma: a model for
autosomal dominant disorders with complex inheritance. J Pediatr
Ophthalmol. 1976;13:89-98.

Pizzo PA, Mises JS, Cassody JR, et al. Solid tumors of childhood. In:
Devita UT, Hellman S, Rosenberg SA, eds. Cancer: Principles and
Practice of Oncology. 2nd ed. Philadelphia: Lippincott; 1985:1536-
1540.

Roarty JD, McLean IW, Zimmerman LE. Incidence of second neo-
plasms in patients with bilateral retinoblastoma. Ophthalmology.
1988;95:1583-1587.

Salim A,Wiknjosastro GH, Danukusumo D, et al. Fetal retinoblastoma.
J Ultrasound Med. 1998;17:717-720.

Shields JA, Shields CL. Update on retinoblastoma. Semin Ophthalmol.
1990;5:183-192.

Sparkes RS, Murphree AL, Lingua RW, et al. Gene for hereditary
retinoblastoma assigned to human chromosome 13 by linkage to
esterase D. Science. 1983;219:971-973.

Sparkes RS, Sparkes MC, Wilson MG, et al. Regional assignment of
genes for human esterase D and retinoblastoma to chromosome
band 13q14. Science. 1980;208:1042-1044.

Squire J, Dryja TP, Dunn J, et al. Cloning of the esterase D gene:
a polymorphic gene probe closely linked to the retinoblastoma
on chromosome 13. Proc Natl Acad Sci U S A. 1986;83:6573-
6577.

Thornhill C. Embryo screening approved for retinoblastoma. Lancet
Oncol. 2005;6:742.

Vogel F. Genetics of retinoblastoma. Hum Genet. 1979;52:1-54.
Whyte P, Buchkovich KJ, Horowitz JM, et al. Association between

an oncogene and an anti-oncogene: the adenovirus E1A proteins
bind to the retinoblastoma gene product. Nature. 1988;334:124-
129.

Wiggs J, Nordenskjold M, Yandell D, et al. Prediction of the risk of
hereditary retinoblastoma, using DNA polymorphisms within the
retinoblastoma gene. N Engl J Med. 1988;318:151-157.

Wilson MC, Shields JA, Shields CL, et al. Orbital rhabdomyosar-
coma fifty-seven years after radiotherapy for retinoblastoma. Orbit.
1996;15(2):97-100.

XuK,RosenwaksZ,BeaversonK,et al.Preimplantationgeneticdiagnosis
for retinoblastoma: the first reported liveborn. Am J Ophthalmol.
2004;137:18-23.

Yandell DW, Campbell TA, Dayton SH, et al. Oncogenic point muta-
tions in the human retinoblastoma gene: their application to genetic
counseling. N Engl J Med. 1989;321:1689-1694.

ZimmermanLE.Retinoblastomaandretinocytoma. In:SpencerWH,ed.
Ophthalmic Pathology: An Atlas and Textbook. Vol 2, 3rd ed. Philadel-
phia: WB Saunders; 1985:1292-1351.

115
CHAPTER

Sacrococcygeal Teratoma

Key Points

■ Sacrococcygeal teratomas (SCTs) arise from a
totipotent stem cell in Henson’s node.

■ Most SCTs are large, complex, solid, and cystic
masses but may have intrapelvic or
intra-abdominal extension.

■ Ultrasound alone will make the diagnosis, but fetal
MRI will help define anatomic relations, and
echocardiographs will evaluate high-output state.

■ SCTs that are >10 cm, solid, highly vascular, or
rapidly growing are at highest risk for hydrops.

■ Fetal surgery may be an option in cases that
develop early signs of hydrops.

■ Cesarean section is usually indicated for large SCTs
due to risk of rupture and exsanguination.

■ SCTs are usually benign but can have immature
elements or rests of malignant yolk sac tumor.

■ Close serial follow-up for at least 3 months for
tumor recurrence is indicated with serial
α-fetoprotein levels, physical exam, and imaging
studies.
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CONDITION

Sacrococcygeal teratoma (SCT) is defined as aneoplasmcom-
posed of tissues from either all three germ layers or multiple
foreign tissues lackinganorgan specificity arising in the sacro-
coccygeal region (Gross et al., 1951; Mahour et al., 1975).
Because of the multiple cell lineages that characterize these
tumors, it was previously suggested that SCTwas of germ cell
origin or a form of fetus in fetu (Theiss et al., 1960; Linder
et al., 1975). Early theories suggested a “twinning accident”
with incomplete separation during embryogenesis and ab-
normal development of one fetus (Waldhausen et al., 1963;
Ashley, 1973; Cousins et al., 1980). In support of this theory,
several authors have noted a family history of twinning in
many SCT patients (Hickey and Layton, 1954; Grosfeld et al.,
1976; Gross et al., 1987). However, more recently, SCT has
been thought to arise from a totipotent somatic cell originat-
ing inHensen’s node (Gross et al., 1987). This node is a caudal
cell mass in the embryo that appears to escape normal induc-
tive influences (Bale, 1984). Others hypothesize that SCT is
derived from totipotent cells in reproductive gland anlage
(Abbott et al., 1966).

SCT has been classified by the relative amounts of
presacral and external tumor present [American Academy
of Pediatrics Surgery Section (AAPSS) Classification (Table
115-1 and Figure 115-1)] (Altman et al., 1974). The utility
of this classification scheme lies in the relationship between
stage and timing of diagnosis, ease of resection, and malig-
nant potential. Type I SCT is evident at birth, is usually easily
resected, and has a low malignant potential. Similarly, types
II and III SCT are recognized at birth, but resection may
be difficult, requiring both an anterior and a posterior ap-
proach. In type IV SCT, the diagnosis may be delayed until
it becomes symptomatic at a later age. Malignant transfor-
mation has frequently occurred by the time a type IV SCT is
diagnosed.

Table 115-1

AAPSS Staging Classification of
Sacrococcygeal Teratomas

Type Description

I Completely external; no presacral component
II External component and internal pelvic

component
III External component and internal component

extending into abdomen
IV Completely internal and no external component

Adapted from Altman RP, Randolph JG, Lilly JR. Sacrococcygeal teratoma:
American Academy of Pediatrics Surgical Section Survey 1993. J Pediatr
Surg. 1974;9:389-398.

Type I Type II

Type IVType III

Figure 115-1 AAPSS classification of the different types of
sacrococcygeal teratoma, based on the location of the tumor.
(Reprinted, with permission, from Holzgreve W, Flake AW, Langer JC.
The fetus with sacrococcygeal teratoma. In: Harrison MR, Golbus
MS, Filly RA, eds. The Unborn Patient. Philadelphia: WB Saunders;
1991:461).

INCIDENCE

SCT is one of the most common tumors in newborns; how-
ever, it is still rare, occurring in 1 in 23,000 to 1 in 40,000
livebirths (Schiffer and Greenberg, 1956; Altman et al., 1974;
Tapper and Lack, 1983; Forrester and Merz, 2006). Females
are four times more likely to be affected as males, how-
ever, malignant change is more frequently observed in males
(Abbott et al., 1966; Conklin and Abell, 1967; Carney et al.,
1972; Fraumeni et al., 1973; Altman et al., 1974).

SONOGRAPHIC FINDINGS

Retrospective prenatal diagnosis of SCT was first made in the
mid-1970s, and the first prospective prenatal diagnosis was
reported by Horger and McCarter in 1979. They described a
13-cm complexmass at the caudal end of the fetus, with solid
and cystic areas and bizarre internal echoes associated with
polyhydramnios. This typical prenatal sonographic appear-
ance has been confirmed by other authors (Figure 115-2) and
approximately60casesofprenatallydiagnosedSCThavebeen
reported (Seeds et al., 1982; Grisoni et al., 1988; Bond et al.,
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Figure 115-2 Prenatal sonographic image demonstrating large
type II sacrococcygeal tumor in a 23-week-old fetus. In this view,
the intrapelvic extent of the tumor cannot be seen.

1990). The most common clinical presentation is uterine
size greater than dates, initiating an ultrasound examination
(Seeds et al., 1982). To date, the earliest diagnosis of SCT that
has been made is 12 3/7 weeks of gestation (Roman et al.,
2004).

SCTs can grow at an unpredictable rate to tremendous
dimensions. Several case reports note fetal tumors as large
as 25 by 20 cm (Heys et al., 1967; Weiss et al., 1976). These
tumors are generally exophytic (AAPSS type I), but may ex-
tend retroperitoneally displacing pelvic (type II) or abdomi-
nal structures (type III) (Litwiller, 1969).

Most SCTs are solid or mixed solid and cystic, con-
sisting of randomly arranged irregularly shaped cysts (Seeds
et al., 1982; Chervenak et al., 1985). Purely cystic SCThas also
been described prenatally (Seeds et al., 1982; Hogge et al.,
1987). Calcifications can be seen microscopically, although
the majority are not visible on prenatal ultrasound exami-
nation. Most prenatally diagnosed SCTs are extremely vascu-
lar, which is easily demonstrated with the use of color flow
Doppler studies (Figure 115-3). Three-dimensional power
Doppler has been suggested to demonstrate the large vascular
volume in SCT (Sciaky-Tamir et al., 2006). Polyhydramnios
has been noted in most cases of prenatally diagnosed SCT,
and—although themechanisms for this are not known—it is
likely secondary to renal hyperfiltration occurring as a result
of high-output state (Chervenak et al., 1985).

Hepatomegaly, placentomegaly, and nonimmune hy-
drops have also been seen in association with SCT and ap-
pear to be secondary to high-output cardiac failure (Heys
et al., 1967; Cousins et al., 1980; Gergely et al., 1980; Kapoor
and Saha, 1989; Bond et al., 1990; Flake, 1993; Hedrick
et al., 2004).High-output failuremaybedue to tumorhemor-
rhage or arteriovenous shunting within the tumor (Cousins
et al., 1980; Flake et al., 1986; Alter et al., 1988; Schmidt et al.,
1989; Bond et al., 1990). Some authors have attributed heart
failure with subsequent hydrops to severe fetal anemia sec-

Figure 115-3 Color flow Doppler study of the same fetus shown
in Figure 115-1 demonstrating the vascularity of the tumor.

ondary to tumor hemorrhage (Alter et al., 1988). However,
normal fetal hematocrits have also been reported, suggesting
that congestive heart failure is more often due to high-output
cardiac failure fromarteriovenous shuntingwithin the tumor
(Schmidt et al., 1989). The demonstration of heart failure or
hydrops on ultrasound examination is usually a preterminal
event (Flake et al., 1986; Kuhlmann et al., 1987; Bond et al.,
1990).

Controversy exists regarding the presence of associated
anomalies and the need for chromosome analysis. The in-
cidence of coexisting anomalies is 11% to 38%, primarily
involving the nervous, cardiac, gastrointestinal, genitouri-
nary, andmusculoskeletal systems (Hickey and Layton, 1954;
Schiffer and Greenberg, 1956; Carney et al., 1972; Fraumeni
et al., 1973; Altman et al., 1974; Izant and Filston, 1975;
Gonzalez-Crussi et al., 1978; Ein et al., 1980; Holzgreve et al.,
1985; Kuhlmann et al., 1987; Werb et al., 1992). Several au-
thorspostulate that at least someof theseanomalies are related
to tumor development. Others have reported an increased in-
cidence of spinal deformities (Ewing, 1940; Gruenwald, 1941;
Alexander and Stevenson, 1946; Bentley and Smith, 1960;
Wilson et al., 1963; Carney et al., 1972). Most authors agree
with Berry et al.’s (1970) observation that local abnormalities
such as rectovaginal fistula and imperforate anus are thought
to be directly related to tumor growth during fetal develop-
ment. Aneuploidy has not been reported with SCT andwe do
not recommend amniocentesis for karyotype analysis unless
there are multiple anomalies, advanced maternal age, or fetal
surgery is contemplated.

FetalMRIhasemergedasanadjunctive imagingmodal-
ity that can provide important anatomical detail in cases of
SCT (Avni et al., 2002; Hedrick et al., 2004; Nassenstein et al.,
2006). MRI may be particularly useful in defining the pelvic
component of SCT and impact on other pelvic structures
(Garel et al., 2005). In cases in which fetal surgery is being
considered, fetal MRI provides a broader field of view than
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ultrasound andmay be helpful in operative planning. In cases
inwhich SCThas a pelvic component or there is polyhydram-
nios, oligohydramnios, hydronephrosis or hydrocolpos, fetal
MRI may provide additional information on the anatomical
relationshipsnot apparent onultrasoundalone (Danzer et al.,
2006). Fetal MRI in cases of cystic SCT may be particularly
helpful in excluding myelomeningocele from the differential
diagnosis (Yoon and Park, 2005; Danzer et al., 2006).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of SCT includes lumbosacral
myelomeningocele, which invariably demonstrates a spinal
defect. Myelomeningoceles have a cystic or semicystic rather
than a solid appearance and do not contain calcifications. Ex-
amination of the fetal brain is helpful in establishing the di-
agnosis, as most fetuses with lumbosacral myelomeningocele
will have associated cranial findings. Rarer entities thatmimic
SCT include neuroblastoma, glioma, hemangioma, neurofi-
broma, cordoma, leiomyoma, lipoma, melanoma, and any of
50 tumors or malformations reported in the sacrococcygeal
region (Table 115-2) (Lemire and Beckwith, 1982; Sebire
et al., 2004; Tanaka et al., 2005).

Biochemical markers such as α-fetoprotein (AFP) and
acetylcholinesterase are not reliable in distinguishing SCTs
from other abnormalities (Holzgreve et al., 1987). It has been
suggested, however, that AFP can be used to differentiate be-
nign from malignant tumors, as marked elevations of AFP
may reflect the presence of a malignant endodermal sinus
component to the tumor (Tsuchilda et al., 1975; Grosfeld
et al., 1976; Gonzalez-Crussi et al., 1978; Gonzalez-Crussi,
1982). AFP levels can be extremely high in normal newborns,
limiting the utility of this marker to distinguish benign from
malignant lesions (Ohama et al., 1997).

ANTENATAL NATURAL HISTORY

Theantenatal natural historyofprenatallydetectedSCT isnot
as favorable as that of SCT presenting at birth. Well-defined
prognostic factors for SCT diagnosed postnatally, as outlined
in the AAPSS classification system, do not necessarily apply
to fetal cases (Altman et al., 1974; Bond et al., 1990) (see
Table 115-1). While the mortality rate for SCT diagnosed in
the newborn is at most 5%, the mortality rate for fetal SCT
approaches 50% (Flake et al., 1986; Bond et al., 1990; Flake,
1993; Hedrick et al., 2004).

Most SCTs are histologically benign. The incidence of
malignant elements present in fetal SCT has ranged from
7% to 30% (Hedrick et al., 2004; Heerema-McKenny et al.,
2005). Malignancy appears to be more common in males,
especially with solid versus complex or cystic tumors (Schey
et al., 1977). The presence of histologically immature tissue
does not necessarily signify malignancy (Carney et al., 1972;
Gonzalez-Crussi, 1982). Calcifications occur more often in

Table 115-2

Tumors and Malformations of the
Sacrococcygeal Region∗

Subcutaneous lipoma
Teratoma
Endodermal sinus tumor
Neuroblastoma
Ganglioneuroma
Myxopapillary ependymoma
Fibromatosis
Neurofibroma
Ependymoma
Giant cell tumor of sacrum
Leiomyoma
Lymphoma
Rhabdomyosarcoma
Mesenchymoma
Wilms’ tumor in teratoma
Paraganglioma
Glomus tumor
Lumbosacral lipoma
Tail appendage
Hamartoma
Hemangioma
Hemangioendothelioma
Teratoma in meningomyelocele
Myelocystocele
Meningocele

∗This table lists reported tumors and malformations of the sacrococcygeal
region in postnatal patients. Not all have been diagnosed prenatally.
Source: Lemire RJ, Beckwith JB. Pathogenesis of congenital tumors and
malformations in the sacrococcygeal region. Teratology 1982;25:201-213.

benign tumors butmay also be seen inmalignant tumors and
are unreliable indicators of malignant potential (Hickey and
Layton, 1954; Waldhausen et al., 1963; Grosfeld et al., 1976;
Schey et al., 1977; Horger and McCarter, 1979). Although
there is one reported caseofmalignant yolk sacdifferentiation
in a fetal SCT, there has not been a case ofmetastatic teratoma
in a neonate with a prenatally diagnosed SCT (Holzgreve
et al., 1985; Flake, 1993).

The prenatal history of SCT is quite different from the
postnatal natural history. Flake et al. (1986) reviewed 27 cases
of prenatally diagnosed SCT. Five cases were electively ter-
minated and 15 of the remaining 22 died, either in utero
or shortly after delivery. The majority of these patients pre-
sented between 22 and 34 weeks of gestation with a uterus
large for gestational age secondary to severe polyhydramnios.
The presence of hydrops and/or polyhydramnios was associ-
ated with intrauterine fetal death in seven of seven cases. The
International Fetal Medicine and Surgery Society reported a
mortality rate of 52% among cases of prenatally diagnosed



789

Chapter 115 Sacrococcygeal Teratoma

SCT (Bond et al., 1990). When SCT was seen in associ-
ation with placentomegaly or hydrops, all affected fetuses
died in utero. The indication for ultrasound examination
was also found to be a predictive factor. If SCT was an in-
cidental finding, the prognosis was favorable at any ges-
tational age. However, if the ultrasound examination was
performed for maternal indications, 22 of 32 fetuses died.
In addition, diagnosis prior to 30 weeks was associated with
a poor outcome.

Sheth et al. (1988) also reported significant perinatal
mortality associated with SCT, with only 6 survivors among
15 cases diagnosed prenatally. Three of four cases associated
withhydropswere rapidly fatal.Thesole survivorwas salvaged
by emergency cesarean section at 35 weeks. This series was
unusual because three cases had severe obstructive uropathy
and secondary renal dysplasia. Amore favorable outcomewas
reported by Gross et al. (1987) in which 8 of 10 fetuses with
prenatally diagnosed SCT survived. However, no fetus had
hydrops or placentomegaly, and the two nonsurvivors were
electively terminated.

Hydrops in SCT is usually, but not always, fatal.
Nakoyama et al. (1991) reported survival in two fetuses with
SCT presenting with hydrops at 27 and 30 weeks of gestation.
In addition, Robertson et al. (1995) were able to salvage a
hydropic fetus at 26 weeks of gestation by staged resection of
the SCT in the neonatal period (Figure 115-4). In this case,
acute rapid growth of the SCT led to polyhydramnios and

preterm delivery. After delivery, the newborn was noted to
be in a high-output state from shunting through the tumor.
In a staged resection, the tumor was initially devascularized
by ligation of both internal iliac arteries. Twenty-four hours
later, the external portion of themasswas resected. The infant
subsequently underwent resection of the intrapelvic portion
of the tumor at 3 months of age, and did well.

Hedrick et al. (2004) reviewed their experiences with
30 cases of prenatally diagnosed SCT and reported 4 termina-
tions, 5 fetal deaths, 7 neonatal deaths, and only 14 survivors
(47%). Among the 26 patients continuing the pregnancy,
81% experienced obstetric complications including polyhy-
dramnios (n = 7), oligohydramnios (n = 4), preterm labor
(n = 13), pre-eclampsia (n = 4), gestational diabetes (n = 1),
HELLP syndrome (n = 1), and hyperemesis (n = 1).

Sonographic features of SCT such as size, AAPSS clas-
sification, solid or cystic composition, or presence or absence
of calcifications have not been predictive of either fetal sur-
vival or futuremalignant potential (Altman et al., 1974; Flake,
1993).One exception to thismaybe theunilocular cystic form
of SCT, which has a relatively favorable prognosis because of
benign histology and limited vascular andmetabolic demand
(Horger andMcCarter, 1979; Mintz et al., 1983). The growth
of the SCT in relation to the size of the fetus is also unpre-
dictable and may increase, decrease, or stabilize as gestation
proceeds. However, a rapid phase of tumor growth usually
precedes the development of placentomegaly and hydrops.

A B

Figure 115-4 Postnatal photograph of a 26-week-gestation premature newborn with a large SCT. A. The SCT has
distorted the perineum so that the anus is in a plane anterior to the genitalia. The tip of the clamp is in the anal orifice.
B. The same tumor following devascularization.
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Highly vascular lesions are more likely to undergo rapid tu-
mor growth and to be associated with the development of
placentomegaly and hydrops. The prenatal mortality, unlike
postnatalmortality, is not due tomalignant degeneration, but
to complications of tumor mass or tumor physiology (Flake
et al., 1993). The tumor mass may result in malpresentation
or dystocia, which in turn may result in tumor rupture and
hemorrhage during delivery. Dystocia has been reported in
6% to 13% of cases in postnatal series (Giugiaro et al., 1977;
Musci et al., 1983; Gross et al., 1987). SCTs may also sponta-
neously rupture in utero leading to significant fetal anemia or
death (Sy et al., 2006). Themost important benefit of prenatal
diagnosis is prevention of dystocia by elective or emergency
cesarean section. Tumormass effectmay also result in uterine
instability and preterm delivery because of uterine distention
(Flake et al., 1986;Bondet al., 1990).Massivepolyhydramnios
is frequently seen in large fetal SCT, which also predisposes
to uterine irritability and preterm delivery.

SCT may occur in twins further complicating the pre-
natal management. In Hedrick et al.’s series, 10% of the cases
occurred in twin gestations (Hedrick et al., 2004). The pres-
ence of SCT in a twin gestation increases the risk of preterm
delivery. Because SCT is associated with an increased risk of
fetal death, intrauterinedemiseof amonochorionic twinwith
SCT places the surviving unaffected co-twin at risk of adverse
neurologic outcome (Ayzen et al., 2006).

The physiologic consequence of fetal SCT depends on
themetabolic demands of the tumor, bloodflow to the tumor,
and the presence and degree of anemia. The features of the
SCT—whether cystic or solid, size, and rate of growth—all
affect the metabolic demands of fetal SCT. While classically
thought to derive its blood supply from the middle sacral
artery (Smith et al., 1961), these large tumors often parasitize
blood supply from the internal and external iliac systems.
This may result in vascular “steal” from the umbilical artery
blood flow to the placenta. As an SCToutgrows its blood sup-
ply, tumor necrosis may occur leading to tumor rupture and
hemorrhage. The high-output cardiac failure in fetal SCT can
be diagnosed by fetal echocardiography and Doppler study
(Flake et al., 1986; Langer et al., 1989; Schmidt et al., 1989).
When hydrops develops in fetuses with SCT, all have dilated
ventricles and dilated inferior venae cavae due to increased
venous return from the lower body (Flake, 1993). Serial sono-
graphic examinations in fetal SCT often show progressive in-
creases in combinedventricular output anddescending aortic
flow velocity. In general, placental blood flow is decreased by
thevascular stealby theSCT(Schmidtet al., 1989;Flake, 1993)
and may lead to the finding of end-diastolic flow reversals in
the umbilical artery.

Benachi et al. (2006)have suggested aprenatal prognos-
tic classification systembased on tumor diameter, vascularity,
and rapidity of growth. In a group of 44 fetal SCTs divided
into group A (tumor <10 cm, absent or mild vascularity and
slow growth), group B (tumor ≥10 cm, pronounced vascu-
larity or high output cardiac failure and rapid growth), and
group C (tumor ≥10 cm, predominantly cystic lesion with
absent or mild vascularity and slow growth). Groups A and

C did well with gestational age at delivery of 38 and 37 weeks,
respectively while group B delivered prematurely at 31 weeks
of gestation. There was no mortality in either group A or C
but was 52% for group B. The newborns in group B also have
amuch longer length of stay postnatally (Benachi et al. 2006).
Postnatal measurements of umbilical arterial blood gases be-
fore and after removal of a large SCT demonstrate that the
tumor acts as a large arteriovenous shunt.

MANAGEMENT OF PREGNANCY

Although the primary cause of death in neonatal SCT is ma-
lignant invasion, in prenatal SCT the complications of pre-
maturity or exsanguinating tumor hemorrhage at delivery
predominate (Flake et al., 1986; Bond et al., 1990; Adzick and
Harrison,1994).Weekly sonographicexaminations shouldbe
performed during pregnancy to assess amniotic fluid index,
tumor growth, fetal well-being, and early evidence of hydrops
(Chervenak et al., 1985; Langer et al., 1989). Serial Doppler
echocardiographic evaluations shouldbeperformed in all pa-
tients to detect early signs of high-output state, as evaluated
by an increased diameter of the inferior vena cava (should
be >1 cm), increased descending aortic flow velocity (>120
cm/s) (Alter et al., 1988; Flake, 1993; Bahlmann et al., 2001),
or increased combined ventricular output (>500mL/kg/min
for CVO) (Bahlmann et al., 2001). Evidence of the earliest
signs of heart failure, placentomegaly, and/or hydrops should
be sought, as these may progress rapidly and are harbingers
of preterminal events (Langer et al., 1989). Bond et al. (1990)
reported a uniformly fatal outcomewhen SCTwas associated
with placentomegaly and/or hydrops. Flake et al. (1986) re-
ported seven of seven fetal deaths in pregnancies complicated
by placentomegaly and hydrops.

Weekly amniocenteses to determine pulmonary matu-
rity are recommended by some physicians after 36 weeks of
gestation, with delivery once fetal lungmaturity is established
(Adzick andHarrison, 1994).Many pregnancies complicated
by SCT do not reach this gestational age however. Warning
signs and symptoms of preterm labor should be stressed at
prenatal visits, and limitation of activity, treatment, and cer-
vical checks may be indicated (Garmel et al., 1994).

The recommended mode of delivery is determined by
the size of the tumor. Vaginal delivery may be possible with
some small tumors (Grisoni et al., 1988; Flake, 1993). Com-
plications of vaginal delivery, however, have included fetal
deathafter rupture, avulsion,orasphyxia (Schiffer andGreen-
berg, 1956; Heys et al., 1967; Grosfeld et al., 1976; Giugiaro
et al., 1977; Chervenak et al., 1985; Holzgreve et al., 1987;
Werb et al., 1992).Cesareandelivery is recommended to avoid
trauma-induced hemorrhage or dystocia, especially in large
(>5–10cm) tumors (Chervenaket al., 1985;Gross et al., 1987;
Hogge et al., 1987; El-Qarmalaui et al., 1990; Flake, 1993).The
size of the tumor may also influence the type of uterine inci-
sion. A large tumor may warrant a classical uterine incision,
especially in a preterm infant (Chervenak et al., 1985).



791

Chapter 115 Sacrococcygeal Teratoma

Dystocia has been reported when the diagnosis of SCT
wasunsuspected inasmanyas6%to13%of cases (Hickeyand
Layton, 1954; Schiffer and Greenberg, 1956; Seidenberg and
Hurwitt, 1958; Lowenstein et al., 1963; Hickey and Martin,
1964; Abbott et al., 1966; Lu and Lee, 1966; Heys et al., 1967;
Desai, 1968; Kowalski and Sokolowska-Pituchowa, 1968;
Werner andSwiecicka, 1968; Litwiller, 1969;Weiss et al., 1976;
Seeds et al., 1982; Tanaree, 1982; Edwards, 1983; Mintz et al.,
1983; Musci et al., 1983; Varga et al., 1987; El-Shafie et al.,
1988; Johnson et al., 1988). Transabdominal and transvaginal
aspirations of large cysts have been attempted with variable
results to facilitate delivery in the face of significant dysto-
cia (Abbott et al., 1966; Desai, 1968; Litwiller, 1969; Weiss
et al., 1976; Tanaree, 1982; Edwards, 1983; Mintz et al., 1983;
Musci et al., 1983; El-Shafie et al., 1988; Johnson et al., 1988).
Cyst decompression has also been used to treat maternal dis-
comfort, and in one case cyst amniotic shunting was used to
treat bladder outlet obstruction due to tumor compression
(Garcia et al., 1998; Kay et al., 1999; Jouannic et al., 2001).
It is hoped that prenatal detection of SCT will prevent such
unforeseen emergencies (Musci et al., 1983).

Fetal SCT is sometimes associated with maternal com-
plications. The mother should be observed for signs and
symptoms of pre-eclampsia, such as the “mirror syndrome”
described by Nicolay et al. in association with SCT and hy-
drops (Nicolay and Gainey, 1964; Cousins et al., 1980; Flake
et al., 1986; Coleman et al., 1987; Langer et al., 1989; Bond
et al., 1990). Delivery should be performed in a tertiary care
center, with neonatologists and pediatric surgeons available.

FETAL INTERVENTION

The uniformly dismal outcome in fetuses with SCT compli-
cated by placentomegaly and hydrops has been the impetus
for resection of this tumor in utero. Harrison was the first to
attempt antenatal resection of an SCT (Langer et al., 1989). In
this first case, a fetus was noted to bemarkedly hydropic with
a significantly elevated combined ventricular output (972mL
per kilogram of body weight perminute) at 24 weeks (Langer
et al., 1989; Flake, 1993). In addition, the mother had mild
hypertension, edema, and proteinuria. Preterm labor devel-
oped that was controlled with tocolytic agents. At surgery,
the exophytic portion of the tumor was dissected free of the
anus and rectum and amputated at its base with a stapling
device. Despite the resection, the fetus remained hydropic,
with an elevated combined ventricular output of 869 mL per
kilogram of body weight per minute. Percutaneous umbilical
cord blood sampling showed the fetal hematocrit to be only
16%. This was increased to 27% by blood transfusion. The
fetus subsequently improved significantly, with sonographic
resolution of hydrops, and a decrease in descending aortic
flow to 524 mL/kg of body weight per minute. However, the
maternal mirror syndrome progressed to pulmonary edema
and on postoperative day 12 a 26-week-gestation fetus was
delivered by cesarean section and died of pulmonary imma-

turity at 6 hours of age. The mother’s illness resolved within
2 days. Autopsy showed no evidence of hydrops and no resid-
ual tumor.

A second case was attempted at 26 weeks of gestation,
when dramatic enlargement of the tumor resulted in early
hydrops, elevated combined ventricular output, and severe
polyhydramnios (Flake, 1993). The surgery went unevent-
fully, and the base of the tumor was stapled to excise the exo-
phytic portion and reverse the hyperdynamic state. The fetus
did well until postoperative day 8, when irreversible preterm
labor developed and the fetus was delivered by emergency ce-
sarean section. Because the histology of the resected specimen
was interpreted as an immature teratoma grade III/III, with
predominanceofneuroepithelial elements and foci of yolk sac
differentiation, resection of residual tumor was attempted on
the 13th day of postnatal life. During dissection of the pre-
sacral space the baby experienced complete cardiovascular
collapse due to a paradoxical air embolism. The histology of
the tumor revealed grade III/III immature teratoma, but the
residual tumor was more mature than the previous tumor
specimen and contained no foci of yolk sac differentiation.

The first successful resection of fetal SCT with long-
term survival was reported by Adzick et al. (1997). At
25 weeks of gestation a type II SCT had rapid enlargement
and development of polyhydramnios and placentomegaly,
withassociatedmaternal tachycardiaandproteinuria suggest-
ing impendingmaternal mirror syndrome (Figure 115-5). At
surgery, the exophytic portion of the tumor was dissected
free of the anus and rectum and the base of the tumor excised
with a thick tissue stapling device (Figure 115-6). Themother
and fetus did well postoperatively, with resolution of hydrops
and placentomegaly within 10 days. Pathology of the tumor
showed grade III/III immature teratoma without evidence of
yolk sac differentiation. At 29 weeks of gestation preterm la-
bor prompted cesareandelivery. Postnatally, the female infant
underwent resection of the coccyx and surrounding tissue at
2 months of age, but no residual tumor was found. She did
well until 1 year of age when AFP levels became elevated to
22,000 ng/mL and she presented with pleural effusions, lung
nodules, and a recurrent buttockmass from ametastatic yolk
sac tumor. She has had an excellent response to chemother-
apy. Hedrick et al. subsequently reported their experience
with four open fetal surgeries for SCT with all four surviv-
ing the procedure to delivery at an average gestational age of
29 weeks (range 27.6–31.7 weeks). There was one neona-
tal death due to premature closure of the ductus arterio-
sus thought to be secondary to indomethacin exposure as
a tocolytic following fetal surgery. Other complications ex-
perienced in these fetal surgery patients included embolism
resulting in renal infarction and multiple jejunal atresias
(n = 1), chronic lung disease (n = 1), and development of
metastatic endodermal yolk sac tumor (n =1) (Hedrick et al.,
2004).

While clinical experience remains limited, there have
been other cases of SCT successfully resected in utero at
the University of California, San Francisco and at Cincinnati
Children’s Hospital. For the fetus with a large SCT associated
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Figure 115-5 Fetal magnetic resonance
imaging scan demonstrating in coronal (left)
and sagittal (right) sections a fetus at 25
weeks of gestation with type II SCT. The
large intrapelvic portion of tumor has com-
pletely blocked the bladder outlet, caus-
ing megacystis. The fetal urine is detectable
by the presence of contrast dye. (Reprinted,
with permission, from Quinn TM, Hubbard
AM, Adzick NS. Prenatal magnetic resonance
imaging enhances fetal diagnosis. J Pediatr
Surg. 1998;33:553-558.)

with early signs of hydrops or placentomegaly, resection in
utero remains a viable option. Primary resection of the ex-
ternal portion of the tumor was performed with interval re-
section of the pelvic extension of SCT. This approach may be
useful in managing the common association of prematurity,

large tumor, and hyperdynamic state. Because the primary
cause of fetalmortality andmorbidity is the vascular shunting
through the tumor, there have been attempts to embolize or
devascularize the tumor using radiofrequency ablation (Paek
et al., 2001; Lam et al., 2002). In a report of four patients

A B

Figure 115-6 Intraoperative view of a 25-week-gestation fetus undergoing resection in utero. A. The ruptured tumor
and lower extremities of the fetus are delivered from the wound. B. The fetal buttock wound is closed immediately fol-
lowing resection. (Reprinted, with permission, from Adzick NS, Crombleholme TM, Morgan MA, Quinn TM. A rapidly growing
fetal teratoma. Lancet. 1997;349:538.)
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treated with radiofrequency ablation, two fetuses died sec-
ondary to hemorrhage after a significant portionof the tumor
mass was ablated. The remaining two fetuses delivered at 28
and 31 weeks gestation with evidence of extensive necrosis
of pelvic and perineal structures, necessitating extensive re-
constructive surgery (Ibrahim et al., 2003). The uncontrolled
nature of the energy delivered by the radiofrequency ablation
device prevents its safe application in SCT, and this treatment
modality has been abandoned.

TREATMENT OF THE NEWBORN

A neonatologist should attend the delivery and be prepared
to provide respiratory support. Careful handling of the infant
is important to prevent exsanguinating hemorrhage into the
tumor. Excellent venous access is paramount should hemor-
rhage in the tumor occur, and umbilical artery and umbili-
cal venous catheters should be placed. The infant should be
started on pressor agents such as dopamine or dobutamine to
support the heart in its hyperdynamic state. Transfusionmay
be necessary immediately postnatally because hemorrhage
into the tumor may have occurred during the delivery.

Severely premature infants should be intubated and
treated for respiratory distress with surfactant-replacement
therapy. Echocardiography should be obtained to assess the
cardiac status of the newborn. Abdominal ultrasound ex-
amination can be performed at the bedside to assess the in-
trapelvic extent of tumor. If there is no high-output state then
there is no urgency to resect the tumor, and attention should
focus on the treatment of respiratory distress and correction
of anemia. If a hyperdynamic state exists with an elevated car-
diac output, attention should focus on supporting the new-
born heart with inotropic agents and urgent resection of the
SCT.

SURGICAL TREATMENT

The goal of this resection is reversal of the high-output state,
and this can usually be accomplished by resection of the
exophytic portion of the tumor. Aortic occlusion by vessel
loop to minimize hemorrhage when resecting an SCT in a
severely premature infant has been effective in this setting
(Robertson et al., 1995). Preoperative angiography and em-
bolization and radiofrequency ablation have been used suc-
cessfully as adjuncts to surgical resection of large vascular
SCTs (Cowles et al., 2006). As with fetal resection of SCT,
SCT resection in a premature infant should focus on elim-
inating the cause of the high-output state, not necessarily
complete tumor resection. This can be accomplished by uti-
lization of a thick tissue stapling device at the base of the SCT.
If residual pelvic tumor remains, the urgency of resection can
be guided by the pathology. The presence of yolk sac differen-
tiation would necessitate earlier resection. In the absence of
yolk sac differentiation, however, several months of growth
of the infant can facilitate subsequent resection of the coccyx

and the intrapelvic portion of the tumor. An abdominoperi-
toneal approach may be required for resection of the pelvic
tumor. The operating table should be kept in a slight reverse
Trendelenburg position to prevent air embolism (Seeds et al.,
1982).

Staged resectionmay also be considered. In one report,
a fetus in a high-output state due to an SCT 1.5 times its
size underwent initial devascularization via ligation of the
middle sacral and internal iliac arteries that eliminated the
hyperdynamic high-output state and returned cardiac output
to normal (Robertson et al., 1995). Thirty-six hours later,
primary resection of the residual tumor was performed. The
infant subsequently underwent resection of the intrapelvic
portion of the tumor at 2 months of age, and is now 4 years
of age and free of disease.

Massive hemorrhage is an important cause of neonatal
death in large vascular SCTs undergoing resection. Coagulap-
athy resulting frommassivehemorrhagemaybe an important
contributing factor. Recombinant factor VIIa has been used
successfully in this setting (Girisch et al., 2004).

LONG-TERM OUTCOME

The long-term outcome in newborns with SCT is generally
excellent. The most important prognostic factor for SCT ap-
pears to be the age at diagnosis (Conklin and Abell, 1967).
When the diagnosis is made prior to 2 months of postnatal
age, or excision is performed prior to 4 months of age, the
malignant potential is only 5% to 10% (Gross et al., 1951;
Hickey and Layton, 1954; Waldhausen et al., 1963; Donnel-
lan and Swenson, 1988). This increases to 50% to 90% if the
diagnosis is delayed until after 2 to 4 months of age (Hickey
and Layton, 1954; Altman et al., 1974).

The mortality in a newborn with SCT is, however, not
primarily due to malignant potential, but rather from dif-
ficulty in resection, and possibility of tumor hemorrhage
(Altman et al., 1974; Schey et al., 1977; Alter et al., 1988;
Grisoni et al., 1988). Gestational age at diagnosis may also af-
fect prognosis, as fetuses diagnosed with SCT after 30 weeks
of gestation tend to fare better than those diagnosed earlier
(Schey et al., 1977; Flake et al., 1986; Kuhlmann et al., 1987).
Cystic tumors may carry a better prognosis, most likely be-
cause of the lower incidence of tumor hemorrhage or vas-
cular steal (Hogge et al., 1987). Prompt excision of both the
tumor and the coccyx is thought to be essential to prevent
recurrence (Gross et al., 1987). Delay may result in infection,
hemorrhage, pressure necrosis, and malignant degeneration
(Holzgreve et al., 1985).

Although SCTs are usually benign, they are prone to
recurrence and havemalignant potential. Surveillance for tu-
mor recurrence is essential postoperatively. In SCTs, AFP lev-
els are a useful marker for possible recurrence; a consistent
downward trend in values should be observed until normal
levels are reached by 1 year of age. We currently recommend
that all newborns with SCT have serum AFP levels mea-
sured andphysical examinations performed, includingdigital
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rectal examinations every 3 months. Such surveillance is rec-
ommended for at least 3 years (Barreto et al., 2006). If the
SCT was nonfunctional, postnatal pelvic sonographic exam-
inations should be obtained at similar intervals. Once the
serum AFP level normalizes, usually by 1 year of age, then
MRI should be obtained on at least a yearly basis. Any in-
crease over previous AFP values should prompt investigation
for possible recurrence.

Factors that were thought to increase risk of recurrence
of SCT or malignant yolk sac tumor were immature and ma-
lignant histology or incomplete resection. The chances of this
recurrence was estimated at 11% by Derikx et al. (2006). Re-
currenceof the tumordoesnotnecessarily indicate recurrence
of malignancy. It should be treated as a premalignant lesion
and excised. Even with malignant transformation of SCT, re-
sults with current chemotherapeutic regimens have achieved
excellent survival rates. Misra et al. (1997) reported survival
rates of 88% with local disease and 75% even in the face of
distant metastases.

If the pathologic examination of the SCT reveals mi-
croscopic rests of endodermal sinus tumor it remains contro-
versial as to whether chemotherapy is indicated (Heerema-
McKenney et al., 2005). Older studies suggested any amount
of yolk sac tumor presaged a poor prognosis and aggressive
treatment was indicated (Valdiserri and Yunis, 1981; Rescorla
et al., 1998). More recent studies suggest the presence of
yolk sac tumor, foci of fetal lines, and immature endoder-
mal glands in the SCT are associated with an increased risk of
recurrent yolk sac tumor (Hawkins et al., 1993; Heifetz et al.,
1998). Those recurrences however are amenable to modern
combination chemotherapy with excellent survival (Rescorla
et al., 1998;Marina et al., 1999;Huddart et al., 2003;Heerema-
McKenney et al., 2005; De Backer et al., 2006). As there is no
consensus on this issue, the decision to treatmicroscopic rests
of yolk sac tumor with combination chemotherapy will vary
from institution to institution.

There is limited long-term outcome data in SCT pa-
tients. Fortunately, with benign SCT, there is usually no
serious bowel or bladder dysfunction after surgery and
most neonates do well following resection (Litwiller, 1969;
Tapper and Lack, 1983; Gross et al., 1987). Neurogenic blad-
der, however, is not an uncommon sequela in SCTs with a
large pelvic component. Ozkan et al. reported a series of
14 cases of neurogenic bladder with high grade reflux with
abnormal bladder and urethral function following resection
of SCTs (Ozkan et al., 2006). Similarly postoperative urologic
sequelae in SCT have been ranged from 20% to 30% (Kirk
and Lister, 1976; Lahdenne et al., 1992; Carr et al., 1997).
Urologic functional recovery has been documented with in-
creasing age (Engelskirchen et al., 1987; Carr et al., 1997).
Bittmann and Bittman found 33% had impaired bowel and
bladder function. The frequency of anorectal dysfunction has
ranged up to 40% (Engelskirchen et al., 1987; Malone et al.,
1990; Wooley, 1993; Boemers et al., 1994). The most com-
mon long-term complication after SCT resection was cos-
metic dissatisfaction with operative closure (Bittmann and
Bittmann, 2006). Some children may experience subtle gait

abnormalities as a result of SCT and its resection (Zaccara
et al., 2004).

GENETICS AND RECURRENCE RISK

Some cases of SCT appear to be familial, with a suggestion
of an autosomal dominant inheritance (Hunt et al., 1977;
Gonzalez-Crussi, 1982). Familial SCTs are more often type
IV SCTs and can be easily missed (Gopal et al., 2007). While
only 10% of nonfamilial SCTs are presacral, 100% of fa-
milial SCTs are presacral. Familial cases have a male to fe-
male rate of 1:1 compared to 1:3 ratio in nonfamilial cases.
Familial cases can be associated with anorectal malforma-
tions, most commonly anal stenosis, and can present as part
of Currarino’s triad (presacral tumor, anorectal malforma-
tion, and sacral anomaly) (Currarino et al., 1981). The fa-
milial cases are more likely to be associated with a “scimitar
sacrum” and are usually benign (Gopal et al., 2007).

There have been rare cases of chromosomal abnormal-
ities reported in patients with SCT including distal 10q tri-
somy syndrome (Batukan et al., 2007), mosaic trisomy of the
long arm of chromosome 1 (Wax et al., 2000), and de novo
translocation between chromosome 2 and 7 (Le Caignec et
al., 2003).
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CHAPTER

Wilms’ Tumor

Key Points

■ Wilms’ tumor is a common cause of renal
neoplasms in children but is rarely diagnosed in
utero.

■ The main differential diagnosis in Wilms’ tumor is
mesoblastic nephrosis.

■ Wilms’ tumor may present in utero as part of
Perlman syndrome (ascites, polyhydramnios,
hepatomegaly, macrosomia, and Wilms’ tumor).

■ Wilms’ tumor may present as part of recognized
genetic conditions including
Beckwith–Wiedemann syndrome, Denys–Drash
syndrome, WAGR syndrome, Fanconi anemia, and
Simpson–Golabi–Behmel syndrome.

■ Excellent survival is achieved with current
therapies including surgery, chemotherapy, and in
some cases radiation therapy.

CONDITION

Renal neoplasms account for approximately 10% of all ma-
lignant tumors in children (Breslow and Beckwith, 1982).
Nephroblastoma (Wilms’ tumor) accounts for 80% of re-
nal neoplasms in children, while other tumor types, such as
anaplastic sarcoma, clear cell sarcoma, rhabdoid tumor, and
renal cell carcinoma account for the rest. Wilms’ tumor has
a peak incidence at 2 to 3 years of age, but it can present
from fetal life to adulthood (Breslow et al., 1988a,b). How-

ever, neonatal Wilms’ tumor is unusual, with only 5 cases
reported to the National Wilms’ Tumor Study among 3340
reported between 1969 and 1984 (Hrabovsky et al., 1986;
Ritchey et al., 1995). Several cases now have been diagnosed
in utero (Giulian, 1984; Ritchey et al., 1995; Applegate et al.,
1999; Vadeyar et al., 2000; Cavicchioni et al., 2005).

Nephroblastoma is a tumor that arises within the kid-
ney and consists of a variety of embryonic tissues such as
glomeruli and tubules, spindle cells, smoothandskeletalmus-
cle fibers, cartilage, andbone.Wilms’ tumor is associatedwith
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many genetic conditions, including Beckwith–Wiedemann,
Denys–Drash, Klippel–Trenaunay syndromes and neurofi-
bromatosis and theWAGR complex (Wilms’ tumor, aniridia,
genitourinarymalformations, andmental retardation) (King,
1993), suggesting a genetic predisposition to Wilms’ tumor
(Jadresic et al., 1990). However, the most common presenta-
tion of Wilms’ tumor is an asymptomatic abdominal mass.
Abdominal pain, hematuria or malaise, weakness, anorexia,
and weight loss may also be presenting symptoms.

FetalWilms’ tumormaypresent as part of Perlman syn-
drome, which is characterized by familial nephroblastomato-
sis, fetal ascites, polyhydramnios, hepatomegaly, macroso-
mia, and Wilms’ tumor (Greenberg et al., 1986; Perlman,
1986). Wilms’ tumor in Perlman syndrome occurs in the
absence of chromosomal abnormalities, enzymatic defects,
or somatic conditions known to be associated with Wilms’
tumor. Nephroblastomatosis may present as either diffuse
or discrete rests of abnormally persistent embryonic renal
blastema. In some instances, this condition is believed to
be a premalignant precursor of Wilms’ tumor (Kulkarni
et al., 1980; Stone et al., 1990). Nephroblastomatosis has
been defined by Ambrosino et al. (1990) as either persistent
metanephric blastema in infants over 36 weeks of gestation
or the presence of persistent metanephric blastema in an ab-
normal location and/or quantity in younger fetuses. Nephro-
genic rests occur as two main types, perilobar and intralobar
(Beckwith et al., 1990). Nephroblastomatosis occurs in four
patterns: perilobar only, intralobar only, combined, and uni-
versal or panlobular (Beckwith et al., 1990). The diffuse, pan-
lobar type is characterized by diffuse superficial blastemal tis-
sue that surrounds and compresses the normal parenchyma.
In contrast, in the multifocal, perilobar, or intralobar types,
nodular renal blastoma is found in the subcapsular cortex and
in the deep cortex above the columns of Bertin. In autopsy
series of infants younger than 3 months of age, perilobular
nephrogenic rests were observed in 0.87% and intralobular
in 0.1% (Beckwith et al., 1990). In contrast, 41% of unilateral
Wilms’ tumors are associatedwithnephrogenic rests and99%
of synchronous bilateral Wilms’ tumors were associated with
nephrogenic rests (Beckwith et al., 1990). Nephroblastom-
atosis is considered a precursor of Wilms’ tumor, especially
when it is of the multifocal type (Kulkarni et al., 1980; Am-
brosino et al., 1990, Stone et al., 1990). Diffuse hyperplastic
perilobar nephroblastomatosis is a distinct entity presenting
as massively enlarged kidneys or kidneys that maintain their
normal architecture and lack necrosis (Shamberger, 2005). A
third of these will go on to develop Wilms’ tumor (Barbosa
et al., 1998).

INCIDENCE

Relatively few cases of Wilms’ tumor have been diagnosed
prenatally.However, our current understandingof the disease
suggests that at least the predisposition to developingWilms’
tumor is present before birth. The incidence ofWilms’ tumor

is thought to be 1 in 8000 to 10,000 livebirths, with an esti-
mated 8 cases in 1 million children younger than the age of
15 years (Kramer, 1985; Breslow et al., 1993; Miller et al.,
1995). The fetal and neonatal incidence of the disease is un-
known. In 50% of cases the left kidney is affected, in 45% of
the cases the right is affected, and in 5% the tumor is bilateral.
The tumor can be seen in association with specific anoma-
lies, including aniridia (8.5 in 1000 cases), hemihypertrophy
(25 in 1000 cases), cryptorchidism (28 in 1000 cases), and
hypospadias (18 in 1000) (Breslow et al., 1988a,b).

SONOGRAPHIC FINDINGS

The sonographic features of Wilms’ tumor may be indistin-
guishable from those of mesoblastic nephroma. Both present
as complex masses that arise from or may completely replace
the normal kidney. These tumors are predominantly solid,
but cystic areas also can be seen. There may be a well-defined
pseudocapsule in Wilms’ tumor as opposed to mesoblas-
tic nephromas (Figure 116-1A) (Giulian, 1984; Walter and
McGahan, 1985). Inmesoblastic nephroma, polyhydramnios
is a feature of most cases that have been reported (Yambao
et al., 1986). Few antenatally detected cases of Wilms’ tumor
have been described thus far, so it is uncertain if polyhy-
dramnios may also occur in association with Wilms’ tumor.
Magnetic resonance imaging (MRI) may be used to enhance
anatomic delineation of a renal mass (Figure 116-1B) (Tomá
et al., 1990). Fetal MRI provides a larger field of view with
better appreciation of the impact of a large Wilms’ tumor on
adjacent structures (Figure 116-1A and 116-1B). Three cases
of prenatally diagnosed nephroblastomatosis have been re-
ported (Ambrosino et al., 1990; Gaulier et al., 1993). One was
the stillborn product of a 28-week gestation complicated by
polyhydramnios, ascites, pleural effusion, nephromegaly, and
calcific foci in one kidney. The second case similarly showed
polyhydramnios, homogeneous nephromegaly, and calcific
foci within the kidney. The lungs of both fetuses were hy-
poplastic. The kidneys at autopsy showed diffuse nephroblas-
tomastosis andwere thought to represent Perlman syndrome.
The thirdcaseoccurredwithinamulticysticdysplastic kidney.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a fetal renal mass includes hy-
dronephrosis (see Chapters 80–83) and multicystic dysplas-
tic kidney (see Chapter 78). While far more common, the
typical cystic appearance of hydronephrosis and multicys-
tic dysplastic kidney easily distinguishes them from Wilms’
tumor. However, mesoblastic nephroma (see Chapter 113)
may be indistinguishable fromWilms’ tumor (Giulian, 1984;
Walter and McGahan, 1985; Garmel et al., 1994). Focal renal
dysplasia should also be considered in the differential diagno-
sis (Gordillo et al., 1987; Sanders et al., 1988) as well asmasses
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A B

Figure 116-1 A. Fetal saggital sonographic image at 33 weeks of gestation demonstrating a large complex echogenic
mass with well-defined borders arising from the right renal fossa displacing the bladder and extending across the
midline with large cystic components. B. Coronal T1-weighted MRI image of the same fetus, showing the mass to
be hypointense relative to the liver, displacing the liver superiorly and the bladder to the left. The contrast in signal
intensity in solid and cystic components is apparent.

extending from adjacent organs such as the adrenal gland or
liver. In addition, nephroblastomatosis occurring in multi-
cystic dysplastic kidney was detected by prenatal ultrasound
examination as a renal mass may be difficult to distinguish
from a Wilms’ tumor (Gaulier et al., 1993). Nephroblasto-
matosis tends to maintain more normal renal architecture,
and there are no cases of necrosis or cystic degeneration
(Barbosa et al., 1998).

ANTENATAL NATURAL HISTORY

The antenatal natural history of Wilms’ tumor remains un-
defined because of the infrequent prenatal ascertainment of
these tumors.

MANAGEMENT OF PREGNANCY

The fetus with a suspected renal tumor should undergo a de-
tailed sonographic evaluation to detect associated anomalies
and clues to the cause of the mass. The features of Perlman
syndrome, including fetal ascites, hepatomegaly, macroso-
mia, and polyhydramnios should be sought. A family history
of Wilms’ tumor should also be excluded. The contralateral
kidney should be closely examined for anomalies or masses.

Because of the possibility of polyhydramnios in
mesoblastic nephroma (the main consideration in the dif-
ferential diagnosis) as well as in Perlman syndrome, these
pregnancies should be followed closely, as polyhydramnios
may precipitate preterm labor and premature birth. These
tumors seldom achieve a size that might preclude vaginal de-
livery; however, an ultrasound examination should be done
close to term to assess this possibility. FetalMRImay be help-
ful in defining the anatomy and potentially in assisting in the
differential diagnosis (Figure 116-1B).

FETAL INTERVENTION

No fetal intervention is necessary in Wilms’ tumors.

TREATMENT OF THE NEWBORN

Physical examination of the newborn should confirm the
presence of an abdominal mass. The affected newborn’s
blood pressure should be monitored, as 50% of Wilms’ tu-
mors may have associated hypertension. Associated anoma-
lies (aniridia, cryptorchidism, and hypospadias) or physical
signs of Beckwith–Wiedemann syndrome (macrosomia and
macroglossia) should be excluded. A diagnostic work-up for
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the presence of metastases should include chest radiogra-
phy and abdominal computed tomographic (CT) scanning.
Abdominal ultrasound should be obtained to evaluate tumor
thrombus within the renal vein and the inferior vena cava.

A newborn with suspected Wilms’ tumor should un-
dergo an exploratory laparotomy for radical nephroureterec-
tomy and exploration of the contralateral kidney to ex-
clude synchronous bilateral lesions. If a complete resection
is achieved and the histology reveals mesoblastic nephroma,
no further treatment is indicated. In the National Wilms’
Tumor Study-5 protocol, in cases of stage I Wilms’ tumors
that weigh less than 550 g in a patient younger than 2 years
of age, a complete surgical resection is all that is necessary
(Larsen et al., 1990; Green et al., 1994; Ritchey, 1998). In
other tumors, adjuvant treatment with chemotherapy and
radiation therapy is planned according to stage of disease and
histology as defined by the National Wilms’ Tumor Study.
Expected long-term survival rates of >90% for localized
cancers and approximately 70% for metastatic disease are
achieved with current treatment regimens (Pritchard-Jones,
2002).

LONG-TERM OUTCOME

The long-term outcome for infants with Wilms’ tumor de-
pends on histology and stage of the tumor. In general, the
4-year survival of all patients with favorable histology ap-
proaches 90% (Haase and Ritchey, 1997; Pritchard-Jones,
2002). Unfavorable histology includes Wilms’ tumors with
anaplasia, and two other distinct renal tumors—clear cell
sarcoma of the kidney and malignant rhabdoid tumor of the
kidney. Anaplasia is present in approximately 4.5%of tumors
and ismore common in older children, with a peak incidence
of 5 years. Stage I anaplastic tumors have a biologic behavior
similar to stage I patients with a favorable histology with sim-
ilar survival and relapse rates (Shochat, 1997). The survival
rate in patients with focal anaplasia, stages II to IV, was 100%.
However, this is a small percentage of patients with anaplasia.
The 4-year survival of patientswith diffuse anaplasiawas only
52% (Shochat, 1997). The 4-year survival is 75% for patients
with clear cell sarcoma of the kidney, and 25% for malignant
rhabdoid tumors (D’Angio et al., 1989).

One concern for patients undergoing treatment for
Wilms’ tumor is the potential for the development of sec-
ondmalignant neoplasms. Li et al. (1983) reported that in 11
(2%) of 487 children treated at the Dana–Farber Cancer In-
stitute second primary malignancies developed 7 to 34 years
after treatment. The National Wilms’ Tumor Study has re-
ported similar findings, with 1% of survivors having a sec-
ond malignancy at 10 years (Breslow et al., 1988b). These
malignancies ranged from leukemia or lymphoma to hepa-
tocellular carcinoma and soft tissue sarcomas. Children with
Wilms’ tumor who are long-term survivors require ongoing
surveillance for the development of a second malignant neo-
plasm during their adult life.

Other late effects in Wilms’ tumor survivors are prob-
lemswithhypertension, fertility andpregnancy, and lowbirth
weight infants.Haddy et al. (2007) found that asmany as 70%
of Wilms’ tumor patients develop hypertension or prehyper-
tension. Green et al. (1982) reviewed the reproductive his-
tories of 36 Wilms’ tumor survivors and found a significant
increase (6.7%) in the perinatal mortality of their offspring.
This was thought to be primarily the result of prematurity
and the low birth weight of infants born to mothers who had
previously undergone abdominal radiation. The risk of low
birth weight infants in this group of patients was 30%. Li
et al. (1987) observed similar problems in 34 of 114 preg-
nancies in female Wilms’ tumor survivors who underwent
radiation. Because of the increased risk in mothers who are
Wilms’ tumor survivors, prenatal counseling and referral to a
maternal and fetal medicine specialist is recommended when
pregnancy is contemplated (Byrne et al., 1988).

GENETICS AND RECURRENCE RISK

Recent advances suggest that there are hereditary and non-
hereditary forms ofWilms’ tumor, depending onwhether the
initial mutational event occurred in a germ cell or a somatic
cell (Knudson and Strong, 1978) (Table 116-1). Younger
patients; those with aniridia, genitourinary anomalies, and
bilateral disease; and familial cases have been considered to
be in the hereditary group. It has been estimated that this
group accounts for 20%of cases ofWilms’ tumors. Of the pa-
tients registered with the National Wilms’ Tumor Study, 1%
of the cases have at least one familymember similarly affected
(Breslow and Beckwith, 1982).

Patients with Wilms’ tumor and aniridia, genitouri-
nary anomalies, and mental retardation (WAGR) syndrome
frequently demonstrate a deletion of band 11p13 (Francke
et al., 1979; Kofous et al., 1984). The loss of function of a
recessive tumor suppressor gene located in the 11p13 region
may be responsible for the development of Wilms’ tumor.
Call et al. (1990) have identified a WT1 (Wilms’ tumor) gene
from the 11p13 region. WT1 invades a zinc finger transcrip-
tion factor then acts by binding to other DNA sequences that
control the expression of renal genes. WT1 acts as a classic tu-
mor suppressor gene and the XXXX type allele is somatically
inactivated in tumors occurring in individuals with constitu-
tional WT1 mutations or deletions (Haber et al., 1991). WT1
appears to be essential for normal development of the kidney
and genitourinary tract. However, WT1 mutations occur in
fewer than 10% of cases. A second gene, WT2, has been iden-
tified at the end of chromosome 11p in association with the
Beckwith–Wiedemann syndrome locus. In addition, a third
Wilms’ tumor locus has been suggested by lack of linkage to
either WT1 or WT2 in the rare families affected with Wilms’
tumor (Grundy et al., 1988; Strong et al., 1988). Other genes
and chromosomal abnormalities have been identified at the
11p15 locus and on chromosome 16q (Waley et al., 1990;
Maw et al., 1992). The sporadic form of Wilms’ tumor is not
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Table 116-1

Conditions with an Increased Risk of
Wilms’ Tumor

High Risk (>20%)
WT1 deletions (including WAGR syndrome)
Truncating and pathogenic missense WT1 mutations

(including Denys–Drash syndrome)
Familial Wilms’ tumor
Perlman syndrome
Mosaic variegated aneuploidy
Fanconi anemia D1/biallelic BRCA2 mutations

Moderate Risk (5–20%)
WT1 intron 9 splice mutations (Frasier syndrome)
Beckwith–Wiedemann syndrome caused by 11p15

Uniparental disomy, isolated H19
hypermethylation, or of unknown cause

Simpson–Golabi–Behmel syndrome caused by GPC3
mutations/deletions

Low Risk (<5%)
Isolated hemihypertrophy
Bloom syndrome
Li–Fraumeni syndrome/Li–Fraumeni-like syndrome
Hereditary hyperparathyroidism-jaw tumor syndrome
Mulibrey nanism
Trisomy 18
Trisomy 13
2q37 deletions

Adapted from Scott H, Stiller CA, Walker L, et al. Syndromes and
constitutional chromosomal abnormalities associated with Wilms’ tumour.
J Med Genet. 2006;43:705-715.

associated with recurrence in subsequent pregnancies. How-
ever, approximately 20% of patients with Wilms’ tumor are
at risk for recurrence in a sibling. These pregnancies should
be closely observed by ultrasound examination and amnio-
centesis should be considered for genetic testing.

Familial cases ofWilms’ tumor account for 1% to 2%of
cases. Putative tumor genes have been identified in some of
these cases as FWT1 with a link to chromosome 17q12-21
(Rahman et al., 1996) and FWT2 linked to chromosome
19q13.3-q13.4 (McDonald et al., 1998). Grundy et al. (1994)
have found that loss of heterozygosity on chromosome 16q
in Wilms’ tumor, which occurs in 15% to 20% of cases, is
associated with 3.3-fold greater rate of relapse and 12-fold
greater incidence of mortality compared to cases without
these changes.

Most Wilms’ tumors diagnosed in the newborn or in-
fant are stage I or II and the long-term prognosis appears
to be excellent, with a survival rate of 95% (Ritchey et al.,
1995). Not only is survival influenced by the early stage of
neonatalWilms’ tumor, but also unfavorable histology is rare

in patients younger than 2 years of age (Isaacs, 1997). It is
important to emphasize, however, that the rarity of neona-
tal Wilms’ tumor precludes definitive statements regarding
survival.
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Key Points

■ Congenital malformations occur more commonly
in twins as compared with singleton gestations
and are an important contributor to the increased
perinatal mortality associated with multiple
gestations.

■ The incidence of congenital anomalies is thought
to be more common in monozygotic compared
with dizygotic twin pregnancies.

■ Antenatal ultrasound examination is used to
detect malformations in twin pregnancies.

■ The antenatal natural history will depend on the
malformation diagnosed, whether or not it is
discordant, and the chorionicity of the pregnancy.

■ The management will be influenced by the type
of abnormality, whether or not it is concordant,
the gestational age when diagnosed, and
chorionicity.

■ Counseling of parents depends on the type of
abnormality and the prognosis for the anomalous

twin as well as on the likely outcome for the
normal co-twin.

■ Three management options are available in this
situation: expectant management, selective
termination of the anomalous fetus, and
termination of the entire pregnancy.

■ Expectant management of a twin pregnancy
discordant for an abnormality is associated with an
increased risk for preterm delivery.

■ The method chosen for selective termination will
depend on chorionicity. Intracardiac injection of
potassium chloride is safe in dichorionic twins,
while cord occlusive techniques are necessary for
monochorionic pregnancies.

■ Treatment of neonatal twins with malformations
will depend on the particular malformation.

■ The recurrence risk for malformations seen in twin
pregnancies will depend on the specific
abnormality.

CONDITION

When congenital malformations occur in a multiple gesta-
tion, management decisions can be difficult for both par-
ents and physicians because the fates of such sibling fetuses
are necessarily linked. Given that the incidence of multiple
gestations is increasing in industrialized countries, primarily
because of assisted reproductive technologies (Jewell and Yip,

1995), the management dilemma for twins with malforma-
tions will also inevitably increase. Congenital malformations
occur more commonly in twins as compared with single-
ton gestations and are an important contributor to the in-
creased perinatal mortality associated with twin gestation.
Some malformations in twins are inherent to the monozy-
gotic twinning process, such as acardiac twinning, con-
joined twins, and twin-to-twin transfusion syndrome. These
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malformations are discussed separately (see Chapters 119–
121). Other malformations in twins are deformation abnor-
malities, such as clubfoot, which result from the crowding of
the intrauterine environment.

INCIDENCE

Using data from the British Columbia Health Surveillance
Registry, the incidence of congenital malformations in twin
pairs was estimated at 6% (Schinzel et al., 1979). In this se-
ries, the incidence of congenital anomalieswas 2.5 timesmore
common in monozygotic twins than in dizygotic twins or
singletons. The incidence of chromosomal abnormalities is
increased twofold in dizygotic twins as compared with age-
matchedsingletonpregnancies,but the incidenceofnonchro-
mosomal abnormalities is not increased (Drugan et al., 1996).

In one series of 1424 twinpairs, 445pairsweremonozy-
gotic, 26 of which (6%) had congenital malformations
(Cameron et al., 1983). Even among monozygotic twin pairs
with malformations, however, the majority of fetuses will be
discordant for the abnormality, with only 6 of the 26 twin
pairs (23%) concordant (Cameron et al., 1983). In another
registry of 4490 twins, there was a 50% increase in incidence
of congenital malformations among twins as compared with
singletons, 4.9% versus 3.3%, respectively, with this increase
almost entirely limited to same sex—and therefore presum-
ably monozygotic—twin pairs (Layde et al., 1980).

The incidence of open neural tube defects in twins
is controversial. In one study from California and Norway,
anencephaly and encephalocele, but not meningomyelocele,
were found more commonly in twins as compared with sin-
gletons (Windham et al., 1982). In a national survey from
England and Wales, there was a threefold increased inci-
dence of anencephaly in twins as compared with singletons,
while the incidences of encephalocele and meningomyelo-
cele were similar in twins and singletons (Doyle et al., 1991).
In a further study from Spain, the incidence of anencephaly
was 0.1% for twins as compared with 0.03% for singletons,
and this increase was almost entirely in same-sex twin pairs
(Ramos-Arroyo, 1991). However, in a study from Northern
Ireland, the incidence of anencephaly was decreased in twins,
while the incidence of meningomyelocele was similar to that
of singletons (Little andNevin, 1989a). The incidence of con-
genital cardiovascular malformations was also found to be
modestly increased in twins as compared with singletons,
0.9% versus 0.7%, with the increase again being confined to
same-sex twin pairs (Little and Nevin, 1989b).

SONOGRAPHIC FINDINGS

The ability of sonographic examination to detect congenital
malformations in twin pregnancies has not been adequately
evaluated, with no large patient series available for review. In
one series of 33 fetuses fromtwinpregnancieswith anomalies,
none of the 8 cardiac anomalies were diagnosed prenatally,

while 11 of 20 (55%) other major anomalies and none of the
12 minor anomalies were diagnosed prenatally (Allen et al.,
1991). In another series of 24 fetuses with anomalies, it was
concluded that by using serial ultrasonography in a tertiary
care center itmaybepossible to achieve an88%detection rate,
with 100% specificity, in the prenatal diagnosis of anomalies
in twin pregnancies (Edwards et al., 1995). However, almost
40% of fetuses with anomalies in this series were not diag-
nosed until 24 weeks of gestation or later, when options for
management aremore limited. It has also been suggested that
up to 88% of cases of Down syndrome in twin pregnancies
could be detected by combining risks derived from maternal
age and sonographic nuchal translucency thicknessmeasure-
ment at 10 to 14 weeks of gestation (Sebire et al., 1996).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis following the prenatal diagnosis
of a congenital malformation in a twin pregnancy is exten-
sive and is dependent on the particular abnormality that is
suspected. For differential diagnoses for individual malfor-
mations, the corresponding chapters in this textbook should
be consulted. Judging from the few published series of sono-
graphic diagnosis of congenitalmalformations in twins, there
is a high degree of specificity involved in the correct prenatal
identification of anomalies (Allen et al., 1991; Edwards et al.,
1995).

ANTENATAL NATURAL HISTORY

Specific information on the antenatal natural history of indi-
vidual malformations is available in the corresponding chap-
ters in this textbook.Thehistory of suchpregnancies becomes
evenmore complicatedwhen, as in themajority of cases, there
is discordance for the malformation in question. In a series
of 14 expectantly managed twin gestations in which only one
fetus had a congenital malformation, Malone et al. (1996)
found a significantly increased (20%) risk of preterm deliv-
ery in such pregnancies, in addition to the baseline risk of
prematurity already seen with normal twin gestations. This
was attributable to the presence of a fetus with an anomaly.
Birth weight was significantly lower, and both cesarean deliv-
ery rate andperinatalmortality ratewere increased in anoma-
lous twin pregnancies as compared with control twins. These
data were subsequently confirmed by Alexander et al. (1997)
and Gul et al. (2005), both of whom found both lower ges-
tational age at delivery and lower birth weight in their small
series of expectantly managed anomalous twin pregnancies
as compared with control twins.

MANAGEMENT OF PREGNANCY

When both fetuses in a twin pregnancy are concordant for
malformations, subsequent management of that pregnancy



805

Chapter 117 Malformations in Twins

is straightforward and should involve both the usual obstetric
management of twin gestations and any required interven-
tions for the particular malformation. However, pregnancy
management becomes considerably more complex when one
twin has a congenital malformation but the co-twin is nor-
mal. Counseling of parents depends on the type of abnor-
mality and the prognosis for the twin with the anomaly as
well as on the likely outcome for the normal co-twin. Three
management options are available in this situation: expec-
tant management, selective termination of the anomalous
fetus, and termination of the entire pregnancy (Malone and
D’Alton, 1997; Rustico et al., 2005). Selective termination
of an anomalous twin is described in detail under “Fetal
Intervention.”

For pregnancymanagement,we recommendkaryotyp-
ing for twins with malformations. As already described, par-
ents should be counseled that expectant management of an
anomalous twin pregnancy is associated with an increased
risk of pretermdelivery. In addition to the risk of prematurity,
expectant management can also be complicated by intrauter-
ine death of the anomalous fetus, which can have profound
implications for the well-being of the normal co-twin, espe-
cially in a monochorionic twin gestation. If one fetus in a
monochorionic twin pair dies, there may be a greater than
20% risk to the remaining co-twin of developing multicystic
encephalomalacia, leading to profound neurologic handicap
(Pharoah and Cooke, 1997; Pharoah and Adi, 2000). This
risk is present from themoment of the death of the first twin,
and may not be predictable, even by intensive surveillance
with sonographic examination or fetal heart rate monitor-
ing. Therefore, serious consideration should be given to de-
livering the twins if an anomalous fetus in a monochorionic
gestation appears to be in a premorbid condition. This deci-
sion will depend on the gestational age, so that the risks of
neurologicmorbidity associatedwith expectantmanagement
are balanced against the iatrogenic risk of prematurity associ-
ated with delivery. If an anomalous twin in a monochorionic
twin pair has already died in utero, close fetal surveillance
for the surviving co-twin is recommended, although it must
be realized that this may not prevent neurologic morbidity,
which may already have occurred. Similarly, delivery imme-
diately after diagnosis of the intrauterine death of one twin
maynotprotect against neurologicmorbidity in the surviving
co-twin.Delivery at 37weeks, or aftermeasuring lung indexes
consistent with maturity, is reasonable in such situations.

Antenatal surveillance of twin gestations complicated
by congenital malformations should follow the usual recom-
mended fetal surveillance practices for normal twin preg-
nancies. This includes serial sonographic examinations every
3 to 4 weeks, from approximately 18 weeks for fetal growth,
or every 2 weeks if growth restriction or growth discordance
greater than 20% is present. More intensive fetal surveil-
lance with nonstress tests and Doppler velocimetry is recom-
mended for cases of growth restriction or significant growth
discordance.Additional fetal testingmay also be indicatedde-
pending on the particular type of congenital malformation
present.

The decision on location of delivery will depend en-
tirely on the nature of the congenital malformation, presence
of associated anomalies, and availability of postnatal thera-
pies. With regard to mode of delivery, the choice between
vaginal and cesarean delivery will also be dictated by the in-
dividual malformation and fetal prognosis. This is described
in detail in the appropriate section in the chapters describing
each abnormality. In addition, the usual obstetric indications
for determining mode of delivery of normal twin gestations
may also apply. Typically, all vertex/vertex twins are candi-
dates for vaginal delivery, while most obstetricians perform
a cesarean delivery if the presenting twin is nonvertex. When
the presenting twin is vertex and the second twin is non-
vertex, a vaginal breech delivery of the second twin is gen-
erally acceptable if the estimated fetal weight is greater than
1500 g. There are insufficient data to confirm the optimal
mode of delivery when a nonvertex second twin weighs less
than 1500 g.

FETAL INTERVENTION

The main fetal intervention available for twin gestations in
which one fetus has a congenital malformation is selective
termination. Whether selective termination is considered a
reasonable optionwill depend on the severity of the anomaly,
the chorionicityof thegestation, and themoral andethical be-
liefs of the parents (Table 117-1). Selective termination may
appear unreasonable in the case of minor congenital mal-
formations. It has also been argued that selective termination
should not be performed in cases of lethal anomalies, because
it is difficult to justify the additional risk to the normal fetus of
an invasive procedure designed to terminate a co-twin that is
already nonviable (Stone and Berkowitz, 1995). An exception
may be the presence of polyhydramnios in a twin gestation
discordant for anencephaly because such pregnancies are at
much higher risk of preterm delivery than are normal twin
pregnancies (Sebire et al., 1997). Another option in the case
of twins discordant for anencephaly is to perform serial am-
nioreduction if polyhydramnios develops, with the goal of
reducing the risk of preterm delivery (Sebire et al., 1997).

Table 117-1

Common Indications for Selective Fetal
Reduction in Monochorionic, Diamniotic
Twin Gestations

1 TRAP sequence
2 Severe fetal malformations in one twin
3 Early severe intrauterine fetal growth restriction in

one twin
4 Early severe TTTS when laser therapy not an option
5 Chromosomal abnormality in heterokaryotypic twins
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Determining chorionicity is vital prior to considering
selective termination of an anomalous fetus in a twin preg-
nancy. This can be determined sonographically by identifying
fetal gender, observing the thickness of the dividing mem-
branes, or observing separate placentae. Alternatively, at the
time karyotyping is performed, the amniocyte culture can
also be used as a source of fetal DNA for zygosity testing
(Norton et al., 1997). Monozygous twins will have identical
DNA polymorphisms at all loci analyzed, whereas dizygous
twins will differ.

Before performing the termination procedure, it is es-
sential to confirm that the targeted fetus has the abnor-
mality in question. This identification is fairly straightfor-
ward if a structural abnormality is present. However, in cases
of chromosomal abnormality without obvious structural
malformation, there may be some doubt about correct iden-
tification of the anomalous fetus, especially if some time has
passed since karyotyping or if careful intrauterine mapping
was not performed initially. In cases in which there is some
doubt regarding fetal identification, it is recommended to
perform repeat chromosomal analysis using rapid techniques
(such as fluorescence in situ hybridization or fetal blood sam-
pling) immediately before selective termination.

Several techniques have been successfully used to per-
form selective termination in the second trimester. These
include cardiac puncture, removal of the anomalous twin
at hysterotomy, cardiac puncture with intracardiac injection
of calcium gluconate, air embolization through the umbil-
ical vessels with fetoscopic guidance, and intracardiac in-
jection with potassium chloride (Aberg et al., 1978; Beck
et al., 1981; Kerenyi and Chitkara, 1981; Rodeck et al., 1982;
Antsaklis et al., 1984; Chitkara et al., 1989). The latter has
gained widespread acceptance for both selective termination
and multifetal pregnancy reduction procedures in dichori-
onic twins due to its proven safety and efficacy (Evans et al.,
1999).

Evans et al. reported the outcome of 402 selective ter-
mination procedures from four countries and eight centers
using ultrasound-guided intracardiac injection of potassium
chloride (Evans et al., 1999). The overall results were excel-
lent, with delivery of one or more viable infants in more
than 90% of cases. Similarly, Eddelman and colleagues re-
ported favorable outcomes in 200 selective termination cases
performed in one institution (Eddelman et al., 2002). This
study included 164 twins, 32 triplets, and 4 quadruplets.
The average gestational age at the time of the procedure was
19 2/7 weeks, with a range of 12 to 23 6/7 weeks. The indica-
tions for selective termination included chromosomal abnor-
malities, structural anomalies,Mendeliandisorders, placental
insufficiency, and cervical incompetence. The overall unin-
tended pregnancy loss rate was 4%, with losses being fivefold
higher in triplets than in twins. The average gestational age at
delivery was 36 1/7 weeks and 84% delivered after 32 weeks
of gestation.

Selective termination by potassium chloride injection
is contraindicated with monochorionic gestations because
death of the unaffected twin occurs in 80% to 100% of cases

Figure 117-1 Diagram of fetoscopic cord ligation technique
used in the selective termination of a twin fetus with a malfor-
mation.

within several days of termination of the anomalous fetus
(Golbus et al., 1988; Evans et al., 1994; Challis et al., 1999).
Other methods of performing selective termination of an
anomalous fetus in a monochorionic twin pair have been
described, but all are considered experimental at this time.
Each of these experimental techniques must ensure rapid oc-
clusion of the umbilical vessels of the anomalous fetus to
prevent acute hypotension and subsequent mortality or neu-
rologic morbidity in the normal fetus (Malone and D’Alton,
1997). Successful techniques that have been described to date
include hysterotomy (Robie et al., 1989), fetoscopic cord lig-
ation (Figure 117-1) (Crombleholme et al., 1996; Quintero
et al., 1996), fetoscopic laser ablation of umbilical vessels
(Hecher et al., 1996), and percutaneous injection of abso-
lute alcohol (Denbow et al., 1997) into the intra-abdominal
umbilical vessels (Tables 117-2 and 117-3; Figures 117-1 to
117-4).

TREATMENT OF THE NEWBORN

The treatment of neonatal twins with malformations is en-
tirely dependent on the type of abnormality and is described
for each abnormality under the appropriate “Treatment of
the Newborn” section in this textbook.

SURGICAL TREATMENT

As with treatment of the newborn, neonatal surgery is also
entirely dependent on the type of abnormality and is de-
scribed for that abnormality under the appropriate “Surgical
Treatment” section in this textbook.
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Table 117-2

Published Cases of Mechanical Cord Ligation in Monochorionic Pregnancies

Procedure wk/ Number of Technical PPROM Neonatal Clinical
Author Indication Delivery wk Ports/Size Success <32 wk Survival Success∗ Comments

Young, 2001 Mono-mono
HLHS

19/19 Fetoscopic
ligation

No — No No Incorrect cord ligated

Gallot, 2003 TTTS 27.5/29 USG-guided
ligation

Yes No Yes No

TTTS 24/35.5 Yes No Yes Yes
TTTS 27/30 Yes Yes No No NND with ascites
TTTS 23.5/23.5 Yes — No No

Galinkin, 2000 Acardiac twin 24/38 Hysterotomy Partial No Yes Yes Unsuccessful fetoscopy, performed
“mini-hysterotomy”

Quintero, 1996 TTTS 23/26 1/12 g Yes No Yes No PTD
TTTS 23/25 2/10 g, 12 g Yes Yes Yes No Subchorionic hematoma
Acardiac twin 23/23 1/12 g No Yes No No IUFD after alcohol injection
Acardiac twin 19/36 2/12 g Yes Yes Yes Yes Re-seal of PPROM
Acardiac twin 23/30 1/10 g Yes Yes Yes No PPROM with PTL/PTD
Acardiac twin 18.5/37 2/12 g, 10 g Yes No Yes Yes
Acrania 16.5/33 2/12 g, 10 g Yes No Yes Yes PPROM with PTL/PTD
Acardiac twin 25/25 2/5 mm Yes Yes No No NND DOL 27 secondary to cystic fibrosis
Acardiac twin 20/32 3/5 mm, 10 g Yes No Yes × 2 Yes Quadruplets, induction for

oligohydramnios
Acardiac twin 25/30 1/10 g Yes No Yes No PTL/PTD
Acardiac twin 23/26 1/10 g No — No No Intraoperative bleeding and delayed IUFD
Acardiac twin 20/24 2/12 g Yes — No No Intraoperative bleeding and delayed IUFD
Acardiac twin 20/26 2/10 g Yes — No No Delayed IUFD with possible cord accident

Willcourt, 1995 Acardiac twin 24/29 2/10 mm Yes No Yes No PTL/PTD

Lemery, 1994 Acardiac twin 23/36 1/5 mm Yes No Yes Yes

Lemery, 1995 Acardiac twin 24.5/30 1/5 mm Yes Yes Yes No PTL/PTD; developmental delay

Summary 22 cases Median interval to
delivery—5 wk

Technical success
18/22 (82%)

PPROM <32
7/16 (44%)

Neonatal survival
14/22 (64%)

Clinical success
7/22 (32%)

∗Clinical success defined as delivery of liveborn infant following 32 weeks.
Mono-mono, monoamnionic/monochorionic; HLHS, hypoplastic left heart syndrome; TTTS, twin-to-twin transfusion syndrome; PPROM, preterm premature rupture of membranes; NND, neonatal demise;
PTL, preterm labor; PTD, preterm delivery; DOL, day of life; IUFD, intrauterine fetal demise.
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Table 117-3

Published Cases of Thermocoagulation Techniques for Cord Occlusion

Number of Technical PTL or PPROM Neonatal Clinical
Author Indication Cases Method Success <32 wk Survival Success∗ Comments

Ville, 1994 Acardiac twin 4 Laser 2/4 2/4 4/4 2/4 Failed laser × 2, IUT × 1

Hecher, 1997 Acardiac twin 1 Laser 1/1 0/1 1/1 1/1

Arias, 1998 Acardiac twin 1 Laser 1/1 0/1 1/1 1/1

Rodeck, 1998 Acardiac twin 4 Monopolar 4/4 0/4 4/4 4/4 32 wk PTD with
developmental delay

Deprest, 2000 Acardiac twin
TTTS

5
5

Bipolar 10/10 3/10 8/10 7/10 PPROM at 19 wk had VTOP,
IUFD following PPROM × 1

Nicolini, 2001 TTTS
Dis anomalies
Acardiac twin

9
6
2

Bipolar 17/17 3/17 13/17 11/17 IUFD <24 h with
intraoperative bleeding
NND at 1 mo with ICH

Quintero, 2002 Acardiac twin 1 Laser 1/1 0/1 1/1 1/1

Tsao, 2002 Acardiac twin 13 RFA 13/13 1/13 12/13 11/13 NND delivered at 24 wk

Sydorak, 2002 Dis anomalies 6 Harm. scalpel ×
4 (laser × 3)

5/6 1/6 5/6 4/6 IUFD after persistent flow
noted following RFA

RFA × 2

Taylor, 2002 TTTS 15 Bipolar 14/15 3/15 13/15 9/15 Delivery for abruption with
NND DOL 7

Sepulveda, 2003 Acardiac twin 2 Monopolar 2/2 1/2 1/2 0/2 IUFD with cord entanglement

Summary Total cases
74

Technical
success
70/74 (95%)

PTL or PPROM
<32 wk
14/74 (19%)

Neonatal
survival
63/74 (85%)

Clinical success
51/74 (69%)

∗Clinical success defined as delivery of liveborn infant following 32 weeks.
TTTS, twin-to-twin transfusion syndrome; Dis, discordant; IUT, intrauterine transfusion; ICH, intracranial hemorrhage; RFA, radiofrequency ablation; NND, neonatal demise; Harm, harmonic; DOL, day of life;
IUFD, intrauterine fetal demise.
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Figure 117-2 Bipolar forceps (2–3 mm) with laparoscopic sheath
(Karl Storz, Tuttlingen, Germany) utilized for cord cauterization in
selective termination in monochorionic twins.

LONG-TERM OUTCOME

Nodata are available on the long-termoutcomeof normal co-
twins following selective termination of an anomalous twin.
The long-term outcome of anomalous fetuses that are man-
aged expectantly is also entirely dependent on the type of
abnormality and is described for each abnormality under the
appropriate “Long-Term Outcome” section in this textbook.

GENETICS AND RECURRENCE RISK

The recurrence risk for malformations seen in twin pregnan-
cies varies greatly depending on the particular abnormality.
For deformations such as clubfoot that probably occur as a
result of crowding of the intrauterine environment, the risk
of recurrence is relatively small. For malformations such as
acardiac twinning and twin-to-twin transfusion syndrome,
which occur secondary to vascular communications across a
monochorionic placenta, the recurrence risk is also relatively
small. Recurrence risks for other abnormalities are described
under the “Genetics and Recurrence Risk” sections in the
relevant chapters in this textbook.

Figure 117-3 Radiofrequency device (RadioTherapeutics,
Sunnyvale, CA) in sheath (left) and deployed (right) for cord
coagulation in selective termination in monochorionic twins.

Figure 117-4 Fetus papyraceus and monochorionic twin pla-
centa of pregnancy delivered at term following radiofrequency
cord ablation procedure at 17 weeks for discordant abnormal-
ity in one twin. (Reprinted with permission from Shevell et al. Ra-
diofrequency ablation in a monochorionic twin discordant for fetal
anomalies. Am J Obstet Gynecol. 2004;190:575-576)
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118
CHAPTER

Intrauterine Death in
One Twin

Key Points

■ Intrauterine fetal death (IUFD) of one twin in the
first trimester is common and is known as a
“vanishing twin.”

■ Although a “vanishing twin” may be associated
with vaginal spotting, it is not associated with
adverse perinatal outcomes for the surviving twin.

■ Single IUFD in the second and third trimester is less
common and is more likely to be associated with
complications for the surviving co-twin.

■ When single IUFD occurs in a monochorionic
pregnancy, it is associated with a worse prognosis,
including up to 20% incidence of significant
neurologic morbidity for the surviving co-twin,
such as multicystic encephalomalacia.

■ Sonographic assessment of a single IUFD in a twin
pregnancy should include determination of
chorionicity, the accuracy of which may be limited
in the second and third trimesters.
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Key Points (cont.)

■ If a certain diagnosis of chorionicity is needed for
pregnancy management, DNA studies on
amniocytes may be needed.

■ Management of a case of single IUFD depends on
gestational age and chorionicity.

■ Preterm labor and delivery is often associated with
single IUFD. Otherwise, expectant management is

suggested if the gestational age is less than or
equal to 37 completed weeks and there are no
indications for delivery.

■ Surviving co-twins in a monochorionic pregnancy
should be evaluated postnatally for neurologic
sequelae.

CONDITION

The intrauterine fetal death (IUFD) of one twin occurs most
commonly during the first trimester. This phenomenon is
known as a “vanishing twin” (Landy and Weingold, 1989).
Although this may be associated with vaginal spotting, the
loss of one conceptus is often not clinically recognized, and
the prognosis for the surviving twin is excellent (Landy et al.,
1986; Samuels, 1988; Prompeler et al., 1994).

Single IUFD in the second or third trimesters is much
less common. Single IUFD is observedmore often in associa-
tionwithmonochorionic thanwithdichorionic placentation.
When it occurs in a monochorionic gestation it may be asso-
ciated with a worse outcome for the surviving co-twin.

The etiology of IUFD in a multiple pregnancy may
be similar to singletons or unique to the twinning process.
IUFD may be caused by genetic or anatomical anomalies,
abruption, placental insufficiency, cord abnormalities such
as a velamentous cord insertion, infection, and maternal dis-
ease including diabetes and hypertension (Ogunyemi et al.,
1998; Collins, 2002; Craven andWard, 2002; Simpson, 2002).
In monochorionic pregnancies, IUFD may result from com-
plications of the twin-to-twin transfusion syndrome (TTTS).
Most often, the smaller, donor twin dies, but IUFD can occur
in the larger recipient twin (D’Alton and Simpson, 1995). In
addition, monoamniotic twins are at increased risk of cord
entanglement and subsequent IUFD (Colburn and Pasquale,
1982). Similar to singletons, the etiology of IUFD often re-
mains elusive (Santema et al., 1995).

Single IUFD in amultiple gestation can adversely affect
the surviving fetus or fetuses in two ways: (1) risk for mul-
ticystic encephalomalacia and multiorgan damage in mono-
chorionic pregnancies and (2) preterm labor and delivery in
both dichorionic and monochorionic twins resulting in pre-
maturity.

Multicystic encephalomalacia (cystic lesions in thecere-
bral white matter distributed in areas supplied by the ante-
rior andmiddle cerebral arteries) is associated with profound
neurologic handicap. The risk of multicystic encephaloma-
lacia following single IUFD in a monochorionic pregnancy
may be as high as 20% for the surviving co-twin (Melnick,
1977; Wessel and Schmidt-Gollwitzer, 1988; Yoshida and
Matayoshi, 1990; Dudley and D’Alton, 1986; Eglowstein and

D’Alton, 1993; D’Alton and Simpson, 1995; Pharoah and
Cooke, 1997; Pharoah and Adi, 2000).

Two theories have been suggested to explain the patho-
physiology of multiorgan damage in surviving monochori-
onic twins. One theory is based on the premise that the re-
tained demised fetus produces thromboplastic materials that
traverse the anastomoses between the placentas resulting in
disseminated intravascular coagulation. This would lead to
infarction and cystic change in numerous organ systems in-
cluding the kidneys, lungs, spleen, liver, and brain (Bulla
et al., 1987). Although several autopsy reports have supported
this hypothesis (Moore et al., 1969; Yoshioka et al., 1979;
Szymonowicz et al., 1986), this mechanism of injury is no
longer thought to be plausible.

The current widely accepted theory suggests that blood
from the surviving twin may rapidly “back-bleed” into the
demised twin through placental anastomoses, a form of acute
fetofetal transfusion (Fusi et al., 1991). The demised twin
may become congested while the surviving twinmay become
anemic. If the hypotension is significant, the surviving twin
is at risk for ischemic damage to vital organs (D’Alton et al.,
1984; Fusi et al., 1991; Okamura et al., 1994).

In 1991, Fusi et al. reported a case where cerebral and
renal lesions were pathologically confirmed in a deceased
neonate who had experienced IUFD of a co-twin. Autopsy
demonstrated acute blood transfusion from the surviving
twin to the IUFD. Hematocrit at delivery was consistent with
anemia (Fusi et al., 1991). Fusi’s case suggests the need for in-
terventionbefore IUFD inmonochorionic twins to avoidper-
manentmultiorgan damage. Nicolini et al. further supported
this concept when they described eight monochorionic preg-
nancies complicated by a single IUFD (Nicolini et al., 1998).
Five of the eight pregnancies underwent blood samplingprior
to IUFD. Four of these five who had died were not anemic
prior to death and neither were their co-twins. All survivors
sampled within 24 hours following the death of their co-twin
were anemic.

Since the injury seems to occur at the time of IUFD,
immediate delivery of the co-twin following single IUFD in
a monochorionic pregnancy does not seem to improve out-
comes but rather adds to the risk of prematurity. Perfectly
timed intravascular transfusionof bloodor fluid immediately
prior to the death of the moribund twin has been suggested
as a therapeutic intervention to improve outcomes (Fusi
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Figure 118-1 Sonographic image of mono-
chorionic twins showing absence of ‘‘twin peak”
and thin dividing membrane.

et al., 1991; Nicolini et al., 1998; Nicolini and Poblete, 1999).
In our opinion, this is unproven and very unlikely to have any
significant clinical role.

It is unclear at which gestational age IUFD in a mono-
chorionic pregnancy may result in adverse sequelae for the
surviving co-twin. It is often taught that the risk for multi-
cystic encephalomalacia begins in the late second and third
trimesters (D’AltonandSimpson, 1995).Neuropathologyhas
not been able to pinpoint the exact timing of insult (D’Alton
and Dudley, 1989). According to Pharoah et al., it is possi-
ble that early demise (“vanishing twin”) in a monochorionic
pregnancy secondary to acute and early TTTS could be an
explanation for a portion of cases of unexplained cerebral

palsy (Pharoah and Cooke, 1997; Pharoah and Adi, 2000).
Until further research is completed, this theory can neither
be supported nor refuted (Blickstein, 1998).

Of note, we recently reported a case of an IUFD of one
twin at approximately 13 weeks in a monochorionic gesta-
tion that resulted in multicystic encephalomalacia in the sur-
viving twin. Ultrasound and Magnetic Resonance Imaging
(MRI) were performed at approximately 21 weeks demon-
strating the neuroradiological pathology (Figures 118-1 and
118-2).Thepatientwascounseledregarding thepoorprogno-
sis and opted for termination. The multicystic encephaloma-
lacia was confirmed by pathology, although the exact timing
of the injury could not be determined (Weiss et al., 2004).

A B

Figure 118-2 A case of monochorionic diamniotic twins, in which co-twin demise occurred at 13 weeks; follow-up ul-
trasound at 21 weeks demonstrating mild ventriculomegaly. (With permission Weiss, et al. Multicystic encephalomalacia
after first trimester intrauterine fetal demise in monochorionic twins. Am J Obstet Gynecol. 2004;190:563-565.)
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In addition, studies have demonstrated that IUFD of
one twin can result in preterm delivery in both monochori-
onic and dichorionic pregnancies (Carlson andTowers, 1989;
Peterson and Nyholm, 1999). In a study by Carlson and
Towers of 17 twin pregnancies complicated by IUFD, 76%
of these pregnancies were delivered before 37 weeks. Eighty-
six percent of the patients delivering prematurely presented in
active labor (Carlson and Towers, 1989). This is almost dou-
ble the background incidence of reported preterm delivery in
twins.

Besides fetal risks, there is a theoretical possibility
for maternal consumptive coagulopathy in twin pregnan-
cies complicated by single IUFD (Anderson et al., 1990). It
has been established that retention of a dead fetus for 4 to
5weeks in a singletonpregnancy results in an increased risk of
maternal consumptive coagulopathy (Pritchard and Ratnoff,
1955;D’AltonandSimpson, 1995). Itwasoriginally estimated
that there was a 25% incidence of maternal disseminated in-
travascular coagulationwhen fetal death occurred inmultiple
gestations (Landy and Weingold, 1989). However, only a few
cases of laboratory evidence rather than clinical evidence of
coagulopathy have been reported under these circumstances,
and the 25% incidence is likely an overestimation (Anderson
et al., 1990; Carlson and Towers, 1989; D’Alton and Simpson,
1995). In one series of 16 pregnancies complicated by IUFD
of one twin, no cases of maternal disseminated intravascular
coagulation were found (Fusi and Gordon, 1990). In another
series, transient fibrin-split products and hypofibrinogene-
mia were found in 2 of 20 cases of single IUFD in twins,
neither of which was clinically apparent or required medical
therapy (Eglowstein and D’Alton, 1993). It is also reassuring
to note that no cases of clinically significant coagulopathy
have been reported in the extensive literature on selective ter-
mination and multifetal pregnancy reduction.

INCIDENCE

Ultrasound during the first trimester has demonstrated
that the incidence of twins is greater than previously pre-
sumed (Landy and Weingold, 1989). Single IUFD in the first
trimestermay occur in up to 50%of cases of twin pregnancies
(Varma, 1979).

Single IUFD of one fetus in a multiple gestation in the
secondor third trimesters ismuch less common complicating
approximately 0.5% to6.8%of twinpregnancies (Benirschke,
1961; Litschgi and Stucki, 1980; D’Alton et al., 1984; Hanna
andHill, 1984; Enbom, 1985; Carlson and Towers, 1989; Fusi
and Gordon, 1990; Kilby et al., 1994; Johnson and Zhang,
2002). Monochorionic twins are at increased risk for single
IUFDcompared todichorionic twins. It is estimated that there
is a threefold to fourfold increase in intrauterine death with
monochorionic twins as compared with dichorionic twins
(Burke, 1990; Kilby et al., 1994). It is interesting to note that
because of increasing use and success of assisted reproduc-
tive technologies, the incidence of monochorionic twins is

increasing andmay be greater than 10 times the spontaneous
rate (Blickstein, 2005).

In addition, a single fetal death is also more com-
mon among twins with a structural abnormality (Kilby et al.,
1994).Demiseof both fetuses in a twinpregnancyhasbeen re-
ported infrequently (Rydhstroem, 1996). In high-order mul-
tiples,however,demiseofa single fetusmaybemorecommon.
Studies have indicated single IUFD rates ranging from 4.3%
to 17% in triplet pregnancies (Gonen et al., 1990; Borlum,
1991; Johnson and Zhang, 2002).

SONOGRAPHIC FINDINGS

The sonographic findings in single IUFD in twin pregnancy
vary, depending on whether there is an identifiable cause for
the death and on the interval between the death and per-
formance of the ultrasound examination. Sonographic as-
sessment should include complete biometric and anatomic
assessments of the dead and surviving twins, an assessment of
amniotic fluid volume, evaluation of the cord insertion sites,
and determination of chorionicity. If the fetal death is due to
placental insufficiency associated with maternal medical dis-
ease, theremaybe evidenceof intrauterine growth restriction.
Sonographic examination may reveal a fetal abnormality or
a placental abruption as a causative factor. Sonographic fea-
tures of TTTS should also be searched for, as described in
Chapter 119.

The determination of chorionicity is important for the
counseling and treatment of patients with single IUFD. It is
optimal if chorionicity was established early in pregnancy. If
chorionicity has not been documented previous to the IUFD,
an attempt at determining chorionicity by ultrasound is nec-
essary. If two separate placentas are visualized or the fetuses
are of unlike gender, the pregnancy is dichorionic. If only
one placenta is identified and the fetuses are of the same sex,
the separating membrane should then be examined. If two
layers are present the placentation is monochorionic. If three
or four layers are visualized, the placentation is dichorionic
(D’Alton and Dudley, 1989). Membrane thickness has been
used to assess chorionicity, with a thin membrane indicating
monochorionicity and a thickmembrane indicating dichori-
onicity (Barss et al., 1985). However, there is some concern
that a membrane may appear both thin and thick at different
times during the same ultrasound examination and at differ-
ent gestational ages (Hertzberg et al., 1987; Samuels, 1988;
D’Alton and Dudley, 1989). The “twin peak” sign, identified
on ultrasound examination by the presence of a triangular
projection of placental tissue between the layers of the sep-
arating membrane, has been suggested to provide reliable
evidence of dichorionicity (Figure 118-3). The absence of the
twin peak sign does not help to determine chorionicity, which
limits its usefulness as a clinical marker.

Sonographic examination may not establish the diag-
nosis of chorionicity with absolute certainty in a portion of
cases. If an accurate diagnosis of chorionicity is needed, in
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Figure 118-3 Sonographic image of dichorionic twins demon-
strating ‘‘twin peak” sign.

the presence of a single placenta and same-sex fetuses, DNA
studies on amniocytes may be considered (Norton et al.,
1997).

DIFFERENTIAL DIAGNOSIS

There is no differential diagnosis for this condition.

ANTENATAL NATURAL HISTORY

An accurate assessment of the antenatal natural history of
multiple pregnancies complicated by single IUFD is ham-
pered by the lack of a large prospective study (Landy and
Weingold, 1989). Most of the available data are biased by ei-
ther case reports or small retrospective series dealing with
unfavorable outcomes (Enbom, 1985). Many cases will not
pose a management problem because labor will already have
begun by the time the diagnosis is made. However, some
patients will remain pregnant with one or more surviving
fetuses, which may create a management dilemma. Elective
delivery is not recommended before 37 weeks of gestation for
the surviving co-twin of a stillbirth in utero unless antena-
tal surveillance is suggestive of fetal compromise. Similarly,
close fetal surveillance after the diagnosis of single IUFD in
monochorionic twins cannot guarantee a good outcome for
the surviving fetus.

In 14 cases in Landy and Weingold’s (1989) series, ex-
pectant management was instituted in an attempt to delay
delivery in order to benefit the surviving co-twin. The inter-
val between diagnosis of fetal death and delivery ranged from
2 to 12 weeks. One of the survivors had neurologic deficits,
and 11 of the 14 pregnancies were delivered before 37 weeks
of gestation. In addition to the 14 cases identified by Landy,
Santema et al. identified from 8 reports 123 cases that were

managed expectantly (Santema et al., 1995). The overall in-
cidence of neurologic morbidity was 12%, and the mortality
rate for the surviving twin was 4.3%.

MANAGEMENT OF PREGNANCY

Referral to a tertiary care perinatal unit is advised when sin-
gle IUFD in a multiple gestation is diagnosed. In many cases,
labor will already have started, and in others coexisting ma-
ternal illness or placental abruptionmaymake it necessary to
deliver the surviving fetus or fetuses (D’Alton et al., 1984).
Clinical management depends on gestational age, fetal lung
maturity, and detection of in utero compromise of the surviv-
ing twin. The goal is to optimize outcome for the surviving
twin while avoiding prematurity and its potential adverse se-
quelae. The optimal treatment for IUFD in multiples is not
well established due to the paucity of cases. Recommenda-
tions are based on case reports, case series, and expert opin-
ion (Enbom, 1985; Landy and Weingold, 1989; Eglowstein
and D’Alton, 1993; Johnson and Zhang, 2002). Management
protocols can be divided into (1) pregnancies complicated by
IUFD prior to viability and (2) pregnancies complicated by
IUFD once viability has been achieved.

If IUFD occurs in a viable pregnancy, management is
similar forbothdichorionic andmonochorionicpregnancies.
Patients with monochorionic pregnancies should be coun-
seled about the risk for multicystic encephalomalacia, but no
interventions are available to impact on this risk.

It is difficult to predict in uterowhich cases of surviving
monochorionic twin will have cerebral injury. The nonstress
test and the biophysical profile give insight into the physiolog-
ical status of the fetus as reflected in the autonomic nervous
system.Althoughultrasoundmaybe suggestive ofmulticystic
encephalomalacia, ultrasound of the fetal brain cannot make
the definitive diagnosis (D’Alton and Simpson, 1995). MRI,
however, may have a role in detecting multicystic encephalo-
malacia antenatally (D’Alton and Dudley, 1989; Weiss et al.,
2004). We recommend that an MRI is scheduled approxi-
mately 2 to 3 weeks after the diagnosis of IUFD in a mono-
chorionicpregnancy.Patients in the late second trimesterwho
may be considering pregnancy termination may request an
MRI earlier than the usual 2- to 3-week interval to allow for
radiological changes to become evident. While it is uncertain
if a normal MRI soon after diagnosis of IUFD definitively
rules out brain pathology, it provides some reassurance, in
our opinion.

We suggest that IUFD in monochorionic and dichori-
onic twin pregnancies is managed utilizing a straightfor-
ward protocol. A single course of antenatal corticosteroids
is administered if delivery is anticipated within 7 days and
the gestational age is between 24 and 34 completed weeks
(Hashimoto et al., 2002). In monochorionic pregnancies,
surviving fetuses are monitored with weekly biophysical pro-
files and nonstress tests (D’Alton and Simpson, 1995).
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Antenatal surveillance for dichorionic pregnancies
complicatedby IUFDis controversial.Wemonitor thesepreg-
nancies weekly with nonstress tests and biophysical profiles
since they have a history of unexplained stillbirth. If other ab-
normalities such as intrauterine growth restriction or oligo-
hydramnios are concomitant, fetal testing is intensified.

In most cases, elective delivery is scheduled at approxi-
mately 37weeks of gestation. If lungmaturity is documented,
delivery may be scheduled earlier. Nonreassuring fetal status
results in immediate delivery. Vaginal delivery is not con-
traindicated, and cesarean delivery is reserved for routine
obstetric indications (Fusi and Gordon, 1990). At delivery,
umbilical cord blood gas and hematocrit measurements are
performed. Autopsy is offered for the stillborn fetus. The pla-
centa is sent for pathological examination. In addition, the
pregnancy history is communicated to pediatric colleagues.
Careful pediatric follow-up is suggested for the offspring of
monochorionic pregnancies complicated by IUFD. It is rec-
ommended that these neonates be followed for any signs or
symptoms of cerebral impairment and for any indications
of other vital organ damage (Rydhstroem and Ingemarsson,
1993).

If IUFD occurs in a previable dichorionic pregnancy,
thepatient ismanagedexpectantlyuntil 37weeksof gestation.
Fetal surveillance and a single course of antenatal steroids are
considered once viability is achieved.

Monochorionic pregnancies complicated by IUFD be-
fore viability are challenging. It is recommended that patients
be counseled regarding the risk of multiorgan injury includ-
ing multicystic encephalomalacia. Ultrasound imaging and
fetal MRI may be helpful. Some patients may opt to termi-
nate the entire pregnancy, while others may desire expectant
management. Once the surviving co-twin reaches viability,
these patients should be managed according to the recom-
mendations described above.

In addition to fetal risks, IUFD in a multiple ges-
tation may lead to maternal complications. When IUFD
occurs in a multiple pregnancy, baseline maternal hema-
tological laboratory results are obtained including a pro-
thrombin time (PT), partial thromboplastin time (PTT), fib-
rinogen level, and platelet count. If these values are within
normal limits, further laboratory surveillance is not per-
formed. Of note, mothers with IUFD in one twin do not
appear to be at increased risk of infection due to a retained
twin (Carlson and Towers, 1989). Dystocia secondary to the
demised fetus has been reported infrequently. Cesarean de-
livery rates seem to be increased in patients with single IUFD
because of nonreassuring fetal status (Carlson and Towers,
1989).

It is well known that IUFD in singleton pregnancies
may cause feelings of loss, sadness, anxiety, and guilt (Hughes
et al., 2002). The psychological impact of fetal loss inmultiple
pregnancies has not been well studied (Bryan, 2003). In fact,
bereavement may be underestimated because there is a shift
in focus to the living offspring (Bryan, 1995, Bryan, 2002).
As a result, we suggest that patients with a multiple preg-

nancy complicated by IUFD are offered psychological and/or
bereavement counseling.

FETAL INTERVENTION

No fetal intervention is recommended in cases diagnosed be-
fore 37weeks in cases inwhich a single IUFDhas already been
documented.

In knownmonochorionic pregnancieswith impending
death of one twin, preterm deliverymay be indicated in order
to prevent neurologic injury to the survivor or potentially to
salvageboth twins. Inamonochorionic twinpregnancywitha
gestational age of greater than 28weeks, the risk of neurologic
handicap to the surviving twin in the case of death of the
co-twin may be higher than the risk of prematurity. Delivery
should be considered if it appears likely that one fetus is about
to die in utero. If chorionicity is unclear and the death of one
twin seems imminent, it is necessary to weigh the risks and
benefits to each twin of expectant management versus early
delivery. If dichorionicity can be clearly demonstrated, there
is no benefit to the healthy, appropriately grown co-twin of
elective preterm delivery in cases in which the smaller twin is
likely to die.

In addition, selective termination of a fetus that has
a significantly increased risk of demise in a monochori-
onic gestation may be considered, in an effort to protect
the healthy co-fetus or fetuses (Crombleholme et al., 1996).
The usualmethod of intracardiac KCl injection is contraindi-
cated in monochorionic pregnancies. Alternative cord occlu-
sive methods should be considered, such as fetoscopic cord
ligation or fetoscopic ablation of communicating placental
vessels. We have reported a case of radiofrequency cord ab-
lation in one member of a monochorionic twin pregnancy
discordant for a cystic hygroma, hydrops, and Turner’s syn-
drome, which was thought to be at significant risk of IUFD.
The normal co-twin was delivered at term and had a normal
neonatal course (Shevell et al., 2004). At 2-year follow-up, the
surviving co-twin was neurologically intact.

Indications for considering a fetoscopic cord ligation
procedure to prevent neurologic handicap in twins include
anomalies incompatiblewith life inmonochorionic pregnan-
cies at a previable gestational age or significant growth discor-
dance in monochorionic gestations at a previable gestational
age. Fetoscopic cord occlusive techniques in monochorionic
pregnancies are further explored in Chapter 117.

The optimal gestational age at which to deliver uncom-
plicated monochorionic twin pregnancies to prevent single
IUFD is an unanswered question, which remains an area of
controversy. Barigye et al. recently reported the prospective
risk of fetal death in uncomplicated monochorionic diamni-
otic twinpregnanciesmanaged at a single tertiary care referral
center (Barigye et al., 2005). Patients were excluded from the
study if the pregnancy was complicated by TTTS, monoam-
nionicity, IUGR, growth discordance, structural anomalies,
and TRAP. Conjoined twins and high-order multiples were
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also excluded. The prospective risk of fetal death was cal-
culated by determining the number of IUFDs that occurred
within a 2-week block divided by the number of continuing
uncomplicatedmonochorionic twin pregnancies during that
same timeperiod. Therewere 10unexpecteddeaths (3 double
IUFDs and 4 single IUFDs) for a total of 7 (4.6%) of the 151
seemingly uncomplicated monochorionic diamniotic preg-
nancies.These IUFDsoccurredpredominantlyduring the late
pretermgestation, at amedian gestational age of 34weeks and
1day. Therewere no significant differences between the IUFD
affected pregnancies and the unaffected pregnancies with re-
gard to antenatal indicators of IUGR and TTTS. The authors
concluded that despite intensive fetal surveillance, uncom-
plicated monochorionic diamniotic twin pregnancies are at
risk for unexpected intrauterinedeath.As a result, the authors
suggested that after 32weeks of gestation, the prospective risk
for fetal death in these pregnancies might be eliminated by
elective preterm delivery. Nonetheless, the risks of prematu-
rity are not negligible at 32 weeks of gestation. Balancing the
risk of iatrogenic preterm birth in an apparently uncompli-
cated monochorionic twin pregnancy with the risk of double
IUFD or single IUFD with the concomitant risk of multicys-
tic encephalomalacia for the surviving co-twin is challenging
(Cleary-Goldman and D’Alton, 2005). One optionmay be to
offer delivery of these apparently uncomplicatedmonochori-
onic twins at approximately 34 to 35 weeks of gestation fol-
lowing antenatal corticosteroid administration and thorough
counseling regarding the risks of expectant management ver-
sus elective preterm delivery. This may be a reasonable ap-
proach to this dilemmauntil larger, prospective observational
studies have been conducted to better elucidate the natural
history of these high-risk pregnancies.

TREATMENT OF THE NEWBORN

All surviving infantsof amonochorionicpregnancy following
single IUFD should be evaluated postnatally for neurologic
injury, and a thorough neurological assessment should be
performed. Pediatric follow-up to assess growth and devel-
opment is advisable.Otherwise, no additional special precau-
tions or investigations are required.

SURGICAL TREATMENT

There is no requirement for neonatal surgical evaluation
for surviving infants of multiple gestations following single
IUFD, unless additional anomalies are present in the sur-
vivors.

LONG-TERM OUTCOME

The literature regarding the clinical significance of single
IUFD in twins spans more than 40 years and includes more
than 500 cases, most of which do not address long-term out-

come for the survivor. Inone seriesof 188confirmedmonozy-
gous twin pairs, there were 7 in utero deaths (Melnick, 1977).
Five of the seven co-twin survivors had normal head circum-
ference andpsychomotor development.Head circumferences
ranged between the 35th and 97th percentiles, and the IQs
were all within 1 SD of the mean for sex, race, and zygos-
ity. One co-twin died at 2 months, and postmortem studies
revealed necrosis of the white matter of the cerebellum. A
different co-twin had a head circumference at the third per-
centile from1 to7 years of age, but psychomotordevelopment
at 1, 4, and 7 years was normal (Melnick, 1977).

In another series of 206 pregnancies with death of at
least one twin before delivery, follow-up for 8 years or more
after birth revealed that three twins (5%)had cerebral palsy or
mental retardation (Rydhstroemand Ingemarsson, 1993). All
three were second twins and of the same sex as their co-twins.

In a more recent study reviewing birth certificate data
from United Kingdom, 434 gender-concordant twin preg-
nancies were found in which intrauterine demise of one fetus
had occurred (Pharoah and Adi, 2000). The prevalence of
cerebral palsy among surviving fetuses was 10.6% and the
prevalence of other neurologic injury was 11.4%. The main
limitation, however, of such birth certificate data is the inabil-
ity to be sure of the prevalence of monochorionicity among
the gender-concordant pairs. In a literature review of 119
monochorionic twin pregnancies complicated by a single in-
trauterine fetal demise, 9% of surviving fetuses subsequently
died in utero, a further 10% subsequently died in the neona-
tal period, and 24% had serious neonatal morbidity, includ-
ing porencephaly, multicystic encephalomalacia, renal corti-
cal necrosis, and small bowel atresia (Nicolini and Poblete,
1999).

GENETICS AND RECURRENCE RISK

There is unlikely to be an increased risk above the baseline
risk of single IUFD if future pregnancies involve multiple
gestations.
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119
CHAPTER

Twin-to-Twin Transfusion
Syndrome

Key Points

■ The twin-to-twin transfusion syndrome (TTTS) is a
complication of monochorionic multiple
gestations resulting from vascular communications
in the placenta (chorangiopagus), such that one
twin is compromised and the other is favored.

■ The prognosis is poor, with a perinatal mortality
rate ranging from 60% to 100% for both twins.

■ TTTS is almost exclusively found in monochorionic
twins and is estimated to occur in 5% to 15% of
monochorionic twin pregnancies.

■ Sonographic criteria for the diagnosis of TTTS
include: (1) like sex, (2) monochorionic twins, (3)
polyhydramnios in one sac, oligohydramnios in
the other sac with or without characteristic
Doppler or echocardiographic changes.

■ Expectant management is not recommended due
to poor perinatal outcomes associated with the
disorder.

■ Treatment depends on the gestational age and
severity at diagnosis.

■ Current treatment options for severe TTTS include:
(1) serial reduction amniocentesis, (2) amniotic
septostomy, (3) laser ablation of the anastomoses,
and (4) intrafetal radiofrequency ablation.

■ Laser ablation appears to be a promising
treatment for severe TTTS diagnosed in the
midtrimester. Nonetheless, further studies are still
needed to assess long-term pediatric outcome.

CONDITION

The twin-to-twin transfusion syndrome (TTTS) is a com-
plication of multiple gestation resulting from imbalanced
blood flow through vascular communications in the placenta
(chorangiopagus), such that one twin is compromised and
the other is favored. The prognosis is poor, with a perina-
tal mortality rate ranging from 60% to 100% for both twins
(Rausen et al., 1965; Cheschier and Seeds, 1988; Gonsoulin
et al., 1990).

The earliest description of TTTS may have been in the
bookofGenesis. At thebirthofEsau and Jacob itwas recorded
that “the first one came out red,” possibly describing the birth
of a polycythemic twin. In 1752,William Smellie reported the
injection of the umbilical artery of one twinwith the injection
material flowing out of the vessel of the co-twin.

Research in the area of vascular anastomoses in twin
placenta in the late 1800s was dominated by the German
obstetrician Friedreich Schatz, who described four types of
vascular connections within monochorionic placentas:

1. Superficial connections between capillaries.
2. Superficial arterial connections between large vessels.

3. Superficial venous connections between large vessels.
4. Vascular communications between capillaries in the villi.

He described three circulatory systems in monochori-
onic twins. The first two were the circulations in either twin.
The third circulation consisted of the arteriovenous commu-
nications bridging the two fetal circulations below the pla-
cental surface (Schatz, 1882).

Schatz proposed that when superficial artery-to-artery
and vein-to-vein anastomoses are absent or insufficient, im-
balances may occur in the common circulation of the twins.
Such imbalances favor the transfer of blood from one twin
to the other and result in TTTS. A study demonstrating
fewer anastomoses from placentas complicated by TTTS
(Bajoria et al., 1995) confirms Schatz’s observations from
the late 1800s. Ten placentas from pregnancies with evidence
of midtrimester TTTS diagnosed using ultrasound criteria
were compared with 10 placentas from pregnancies without
TTTS. Placentas from pregnancies with TTTS had signifi-
cantly fewer anastomoses than did those without TTTS, both
overall and for each of the different types (arterioarterial,
venovenous, and arteriovenous). Whereas multiple anasto-
moses were present in all controls, only one TTTS placenta
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had more than a single communication. Anastomoses in the
TTTS group were more likely to be of the deep than the su-
perficial type.

Because of the putative major role of intertwin anas-
tomoses, most investigations of TTTS have been directed
toward study of the monochorionic diamniotic placental
vasculature. Studies generally have identified a paucity of
anastomoses as a prominent risk factor in the development
of TTTS. Paucity, especially of deep anastomoses, leads to
fewer chances for volumetric balance in cross-circulation
between the twins. Larger numbers of superficial chori-
onic anastomoses, particularly arterioarterial (A-A) con-
nections, appear to confer relative protection against the
development, early onset, or severity of TTTS (De Lia et al.,
2000; Umur et al., 2002a; De Paepe et al., 2005; Harkness
and Crombleholme, 2005; Lewi et al., 2007). However, the
“protective effect” of these A-A anastomoses remains some-
what controversial. Venovenous (V-V) connections comprise
a lowerpercentageof anastomotic types found inmonochori-
onic diamniotic gestations and have been associated with
poorer perinatal outcome. V-V anastomoses are seen in 20%
of monochorionic diamniotic placentas, A-A in 75%, and
A-V in 70% by clinical and pathologic studies, but fetoscopic
studies have shown that 95% of anastomoses are A-V (De Lia
et al., 2000; Crombleholme et al., 2007). However, some in-
vestigators have proposed that V-V anastomoses may pro-
vide compensatory reversal of blood flow in some situations
(De Lia, 2000). Presumably, as the recipient’s central venous
pressure rises with hypervolemia and ensuing congestive fail-
ure, the V-V anastomoses may be “protective” to both twins
by helping to alleviate right ventricular failure in the recipient
and theoretically shunting blood back to the venous systemof
the donor. The relatively fewer numbers of V-V connections,
in addition to their anatomy and lower pressure differential,
may be determinants of how effectively they contribute to
balancing intertwin blood flow.

Some researchers’ observations that the average num-
bers of superficial vascular connections are not significantly
different between gestations involving severe TTTS and those
that do not (Bermudez et al., 2002) and the fact that 80%
to 90% of monochorionic diamniotic twins do not develop
TTTS has led other investigators to propose that more than
quantitative differences in the number of anastomoses is in-
volved in the pathogenesis TTTS. Recent evidence suggests
that vascular diameter and resistance and thepatternof chori-
onic plate vascular branching are important factors. Umur
et al. (2002a,b) using a complex mathematical computer
model, determined that, for a given radius, anA-A anastomo-
sis has lower resistance than the equally sized afferent artery
of an A-V anastomosis, which might explain the apparent
protective effect of A-A anastomoses noted in most studies
of TTTS. By their calculations, blood flow could be balanced
more efficaciously through anA-A anastomosis than through
oppositely directed A-V anastomoses, even though the pres-
sure gradient in the A-V anastomoses was greater.

De Paepe et al. (2005) studied the chorionic plate
branching pattern in monochorionic diamniotic placen-
tas from gestations without TTTS and those affected by

severe TTTS. They found that gestations involving se-
vere TTTS were more likely to exhibit magistral pattern
(a chorionic vascular pattern composed of relatively large cal-
iber, sparsely branching vessels that extended from the cord
insertion site to the placental periphery without significant
diminution in diameter), or a mixed magistral and diffuse
pattern than unaffected gestations (60% vs. 44%). The pres-
ence of a magistral pattern, even when mixed with the more
favorable disperse pattern, was also associated with higher
incidences of other placental anatomic features implicated in
thedevelopmentofTTTS, suchasunequaldistributionofvas-
cular territory and marginal or velamentous cord insertions.
In addition, donor twins were more than twice as likely to
have the magistral or mixed pattern as recipients, and when
one or both twins had the magistral or mixed pattern, the
average number of intertwin anastomoses was fewer. These
investigators suggested that the predominance of magistral
and mixed patterns in the donor twins’ placentas may be re-
lated to the observations that magistral patterns in singleton
placentas are associated with absent end-diastolic blood flow
(AEDF) in the umbilical arteries (UAs). AEDF has been at-
tributed to the effects of a smaller peripheral vascular tree
that results in increased vascular resistance to forward flow
from the UAs. The low end-diastolic flow in the donor’s UAs
combined with the magistral/mixed pattern might result in
preferential routing of blood flow through anastomoses to
the recipient twin. Thus, evidence supplied by the various
placental structural studies of TTTS indicates vascular resis-
tance, cross-sectional area, and other hemodynamic factors
are contributing elements in the development, timing of clin-
ical onset, and severity of TTTS (Luks et al., 2005).

Unequal sharing of the placental disc is an additional
risk factor for the development of TTTS (Benirschke et al.,
2006; Lewi et al., 2007). However, when and how disk in-
equality develops is unclear. The early developing chorionic
villous tree may connect preferentially to the vasculature of
the umbilical cord of one twin over that of the other. With
unequal division of the inner cell mass, one embryo may de-
velop a larger heart and, thereby, greater stroke volume and
cardiac output such that its perfusion of the developing vil-
lous tree is initially more robust (Benirschke et al., 2006).
However, others have proposed that unequal sharing may re-
flect abnormalities of placentation. Not all twin pairs that
have TTTS exhibit significant growth discordance, and there
is evidence that abnormalities of placentation may be rela-
tively more responsible for the growth discordance in TTTS
than imbalances in intertwin transfusion (Wee et al., 2006).
Approximately 20% of cases of TTTS have concomitant
evidence of placental insufficiency that usually, but not al-
ways, affects the donor twin (Habli et al., 2008). The com-
bination of placentation anomalies, flow inequalities, and
fetal response may determine whether the donor’s placen-
tal territory appears grossly pale and bulky [with edematous
large villi containing increased Hofbauer (chorionic villous
macrophage) cells and nucleated fetal erythrocytes charac-
teristic of fetal anemia] or whether it is pale and atrophic-
appearing with small villi (Kraus et al., 2005; Faye-Petersen
et al., 2006; Kaplan, 2007). Conversely, the recipient’s
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parenchymal territory usually is deep red-brown and firm
due to villous congestion, but it also may show microscopic
villous edema if the fetus is in congestive failure.

Marginal and velamentous cord insertions and single
UA are associated with increased risks of the development
and severity of TTTS (Fries et al., 1993; De Paepe et al., 2005;
Benirschke et al., 2006; Kaplan, 2007). Of note, although di-
amniotic monochorionic twins comprise 20% of twin gesta-
tions, theyhave significantly increased rates of cord anomalies
over diamniotic dichorionic twins, with more than 50% of
marginal cord insertions,more than40%ofvelamentouscord
insertions, and nearly 50% of all single UA cases occurring
in monochorionic diamniotic twins (Redline et al., 2001).
Diamniotic monochorionic twins, therefore, are at constitu-
tively increased risks for the underlying morbidity and mor-
tality associated with cord compression, cord accident with
thrombosis, and vessel rupture. Such cord events could com-
pound any underlying risks of chorangiopagus, especially for
the donor twin.Donor twins aremore likely to have velamen-
tous cord insertion than are recipients (Mari et al., 2000).

The asymmetric, bidirectional intertwin exchange of
blood and its biochemical components results in hemo-
dynamic, osmotic, and physiologic changes in the fetuses
(Jain and Fisk, 2004; Harkness and Crombleholme, 2005;
Luks et al., 2005; Benirschke et al., 2006). Hypovolemia and
decreased renal blood flow in the donor may cause a number
of renal structural and functional aberrations, especially in se-
vere TTTS, including renal tubular degeneration and cellular
apoptosis, loss of glomeruli or reduction in tubular number,
andmaldevelopmental progression to renal dysgenesis (Kilby
et al., 2001; De Paepe et al., 2003). Renal hypoperfusion also
has been linked to activation of the renin-angiotensin system
(RAS)(Mahieu-Caputoetal., 2000;Kilbyetal., 2001;Mahieu-
Caputo et al., 2001) and elevated antidiuretic hormone con-
centrations (Bajoria et al., 2004) in the donor. Donors have
hyperplasia of juxtaglomerular apparatuses, with increased
numbers of renin-secreting cells (Kilby et al., 2001) and up-
regulation of renin synthesis (Mahieu-Caputo et al., 2000),
which are presumed to represent adaptive responses to re-
store euvolemia. However, in severe TTTS, activation of the
RAS and associated elevations in angiotensin II (AT II) likely
result in AT II-mediated fetal vasoconstriction that further
compromises renal blood flow, leading to worsening oliguria
and oligohydramnios. Increased fetal adrenal production of
aldosterone may play a contributing role (Mahieu-Caputo
et al., 2000; Kilby et al., 2001; Mahieu-Caputo et al., 2001;
Bajoria et al., 2004). Bajoria et al. (2004) recently found that
donors’ plasma and amniotic fluid concentrations of vaso-
pressin were threefold higher than those of their co-twin re-
cipients (monochorionic diamniotic twins that did not have
TTTS had higher concentrations than the recipients in TTTS,
but they were not discrepant or as elevated as the donors
in TTTS). Thus, good evidence suggests that the oligohy-
dramnios of the donor twin is a consequence of poor renal
perfusion due to net hypovolemia, but it is exacerbated by
vasoconstriction, mediated by AT II/vasopressin. Fetal vaso-
constriction also may reduce placental blood flow to the vil-

lous tree, which may contribute to growth restriction in the
donor (Mahieu-Caputo et al., 2000, 2001; Kilby et al., 2001).

In severe cases of TTTS, hypervolemic recipients have
renomegaly and glomerulomegaly consistent with increased
renal blood flow, and immunohistochemical studies have re-
vealed they have downregulation of the RAS, with markedly
reduced numbers of renin-secreting cells and renin synthesis
(Mahieu-Caputo et al., 2000, 2001; Kilby et al., 2001). How-
ever, theyhaveparadoxically high concentrationsof renin and
aldosterone, and the cardiomegaly, cardiomyopathy, hyper-
tension, and nephrosclerosis seen in recipients in TTTS are
insufficiently explained by hypervolemia alone. Such obser-
vations are supportive evidence for transfer of these and pos-
sibly other vasoactive effectors from thedonor to the recipient
across placental anastomoses. The hemorrhagic necrosis and
microangiopathic lesions seen in kidneys from recipients in
severe TTTS also may be related to transanastomotic passage
of hormones from the donor (Mahieu-Caputo et al., 2001,
2005). Low concentrations of antidiuretic hormone in the re-
cipient, together with elevated renin concentrations secreted
by the donor, are likely responsible for worsening hyperv-
olemia and polyuria/polyhydramnios in recipients. Mater-
nal sequelae of fetal elevations in vasoactive substances have
been appreciated recently. Elevated fetal renin-AT II values
have been associated with maternal pseudoprimary hyperal-
dosteronism (Gussi et al., 2007), and it is possible that these
contribute to changes in maternal perfusion of the placental
bed.

In addition to anastomotic transfer of vasoactivemedi-
ators, increased cardiac synthesis and secretion of natriuretic
peptides (NPs) have been linked to the progression of TTTS.
NPsare a familyofbiochemicalmediators thatnormally regu-
late blood pressure and body fluid homeostasis through their
diuretic, natriuretic, and vasodilatory effects as well exert-
ing antiproliferative effects on cardiovascular/mesenchymal
tissue. Exploration of their role in the pathogenesis of adult
cardiac hypertrophy and cardiomyopathy has led to greater
appreciation of their importance in normal embryofetal de-
velopment and their role in cardiomyopathy in the recipi-
ent twin in TTTS. In the fetus, in contrast to the adult, both
atrial natriuretic peptide (ANP) andbrain natriuretic peptide
(BNP) hormones are normally at high circulating concentra-
tionsandareexpressedathighconcentrations in theventricles
(in the normal adult, they are expressed at low concentrations
in cardiac atria and ventricles, respectively). Their release is
stimulated primarily by increasedmyocardial stretch and vol-
ume overload, hyperosmolality, and hypoxia, and vasocon-
strictors, such as AT II, vasopressin, and endothelin-1 (ET-1),
have been shown to result in their increased expression and
secretion. ANPs and BNPs appear to be integral to embry-
onic fetal salt and water and blood pressure regulation, and
the peptide system is likely functional by midgestation. ANP
and BNP also appear to be important mediators of cardio-
genesis because of their inhibitory effects on myocardial and
fibroblast cell proliferation. Their effects on fetal aldosterone
concentrations are unknown, but they suppress aldosterone
synthesis in the adult. A third NP, c-type natriuretic peptide
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(CNP), which is found in adult genitourinary, pituitary, and
brain tissues, is not produced in any significant quantity in
the fetal or adult heart, although it is secreted by the placenta.
Placental production of NPs (ANP, BNP, CNP) affects va-
sorelaxation in the fetoplacental vasculature and likely helps
regulate blood supply to and within the fetus.

Bajoria et al. (2002, 2003) demonstrated that recipient
twins in TTTS have higher concentrations of ANP, BNP, and
ET-1 than their co-twin donors or monochorionic diamni-
otic twinswithoutTTTSand that high concentrations ofBNP
and ET-1 are particularly correlated with cardiac dysfunction
in the recipient. They suggested that these compounds might
be used as early markers of cardiac compromise. It is plau-
sible that the immaturity of the fetal kidney and its inability
to concentrate urine may be exacerbated by the vasodilatory
and diuretic effects of BNP and ANP released due to hyper-
volemia and contribute to polyuria/polyhydramnios or be
compounded by BNP stimulation due to AT II transferred
from the donor. Increased ANP concentrations in blood and
amniotic fluid have been detected in recipients in TTTS,
greater thandonor twin’s anduncomplicatedmonochorionic
diamniotic twinpair’s values. Increases inANPalsoare related
directly to increases in amniotic fluid volumes, andmarkedly
increased immunostaining for ANP localizes predominantly
to the heart and cytoplasm of the distal convoluted tubules
of the kidneys of recipients when compared with measure-
ments for donor twins. These data are supportive evidence
that polyhydramnios in the recipient twin occurs as a conse-
quence of ANP-mediated increases in fetal urine output due
to ANP expression in both cardiac and renal tissues (Bajoria
et al., 2001).

Cardiac hypertrophy with cardiac dilatation is seen in
recipients in TTTS and likely is due to the increased cardiac
preload and increased afterload pressures due to hyperten-
sion (Mahieu-Caputo et al., 2001, 2003). Of note, ventric-
ular hypertrophy predominates and dilatation is compara-
tively “mild,” with right ventricular compromise preceding
and generally exceeding that of the left ventricle (Harkness
and Crombleholme, 2005). Although the right ventricle is
the primary “workhorse” of the fetal heart, and fetal my-
ocardium can proliferate, other developmental factors likely
contribute to the myocardial mural thickening detected by
ultrasonography. Fetal myocardium is “stiffer” than the adult
heart. The fetal myocardium has a greater percentage of non-
contractile elements (60% vs. 30% in the mature heart) and
relatively delayed removal of calcium from troponin C, and
the ventricles have a shorter phase of early passive diastolic
filling and a greater reliance on atrial contraction. Fetal lamb
studies have shown that after 4 to 5 mm Hg, further atrial
preload does not result in increased stoke volume. Thus, the
fetal heart is inherently and mechanically less efficient, is less
able to increase stroke volume, and displays impaired relax-
ation (Szwast and Rychik, 2005). These effects may repre-
sent, in part, disruption of the NP system, which has been
shown to be NP receptor-dependent in murine models. NP
receptor-deficient, Npr1−/− knockout mice develop hyper-
tension, cardiac hypertrophy, and fibrosis. The absence of the

receptor effectively inhibits vasorelaxation despite elevated
concentrations of BNP and ANP. Moreover, cardiac hyper-
trophy can result independently of the presence of hyperten-
sion because the lack of receptor does not permit inhibition
of myocardial proliferation/enlargement and fibroplasia.

Recipient twins are at increased risk for right ventricu-
lar outflow tract obstruction and pulmonary valvar steno-
sis/atresia with intact ventricular septum (Harkness and
Crombleholme, 2005). The progressive hypertrophy, reduced
systolic function, and tricuspid valvar insufficiency lead to
progressive decline in flow across the pulmonary valve. In
a case in which the infant underwent surgical repair, the
trileaflet semilunar valvar anatomy was identified as normal
except for adhesions of the coapted leaflets. Thus, the pul-
monaryvalvar stenosis/atresia in recipient twins seems to rep-
resent a unique form of “acquired congenital heart disease”
and not a primary malformation (Harkness and Cromble-
holme, 2005). ANP/BNP signaling interruption may play a
significant role in the generation of cardiac hypertrophy and
dysfunction (Cameron and Ellmers, 2003). The right and left
ventricular myocardium have embryologic differences, and
the number of NP receptors in the right ventricle may be in-
herently lower; once proliferation andhypertrophy ensue, the
right ventricle may become progressively more vulnerable to
the effects of preload, afterload, and pressors.

Although cardiac dysfunction is more common and
more dramatic in recipients, decreased cardiac performance
and injury alsomay occur in donor twins in TTTS (Harkness
and Crombleholme, 2005; Luks et al., 2005). Protracted in-
crease in cardiac demands and energy expenditure, due to
continued transfusion of the co-twin, and hypoxemia and
acidemia,due to theanemiaandprobable shrinkingefficiency
of placental function, contribute to reduced cardiac func-
tion and growth restriction in the donor (Luks et al., 2005).
Umbilical arterial end-diastolic forward (AEDF) blood flow
diminishes to become absent (Mahieu-Caputo et al., 2003;
Umur et al., 2003; Jain and Fisk, 2004; Luks et al., 2005; Wee
etal., 2006).Hydrops fromhigh-outputcardiac failurecanen-
sue in the donor due to loss of oncotic pressure from chronic
transfusion (Luks et al., 2005) and hypoproteinemia due to
passive hepatic congestion and reduced hepatic synthesis that
reflects reduced blood delivery to the liver (due to splanchnic
vasoconstriction and relative preservation of blood shunting
through the ductus venosus with effective bypass of the liver)
and placental insufficiency with reduced nutritional supply.

INCIDENCE

Vascular communications occur in all monochorionic but
rarely in dichorionic placentas. TTTS is therefore almost
exclusively found inmonochorionic twins. TTTS is estimated
to occur in 5% to 15% of monochorionic twin pregnancies
(Rausen et al., 1965; Benirschke and Kim, 1973). Lage et al.
(1989) described a case of TTTS resulting fromvascular anas-
tomoses within a fused dichorionic twin placenta. Robertson
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and Neer (1983) reported two cases of TTTS in dichorionic
pregnancies.

The true incidence of TTTS is difficult to ascertain.
TTTSmay occur very early during the second trimester, with
loss of both fetuses; in midgestation or at term. It is of most
concern to the perinatologist when it occurs in midsecond
trimester, when the syndrome results in polyhydramnios,
often with spontaneous rupture of membranes, or in sponta-
neous labor that leads to premature delivery. Because TTTS
can have such a wide spectrum of clinical presentation, in
many cases the diagnosis may go unrecognized.

SONOGRAPHIC FINDINGS

Wittmann et al. (1981) and Brennan et al. (1982) have sug-
gested the sonographic criteria for the diagnosis of TTTS,
including: (1) significant size disparity in fetuses of the same
sex, (2)disparity in sizebetween twoamniotic sacs, (3)dispar-
ity in size of the umbilical cords, (4) single placenta, and (5)
evidence of hydrops in either fetus or findings of congestive
cardiac failure in the recipient. However, discordant growth
is a common complication of twin pregnancies, and causes
other than TTTS exist for discordant amniotic fluid volumes.
The criterion of a birth weight difference of greater than 20%
for the diagnosis of TTTS is based on the belief that the donor
twin becomes growth restricted as a result of anemia and hy-
poalbuminemia.However, Sherer et al. (1994) reported a case
of acute intrapartum TTTS so severe as to cause the death of
both twins. In this report, the birth weights of the infants
differed by only 2%.

In some cases, the discordance in amniotic fluid vol-
ume is so great that the amnion adheres to the smaller baby,

so that it appears “stuck” to the wall of the uterus (Figure
119-1). In this situation it may be extremely difficult to visu-
alize the dividing membrane between the twins. The “stuck
twin” phenomenon is not pathognomonic for TTTS; it may
also result from structural fetal anomalies, congenital infec-
tion, chromosomal abnormalities, or ruptured membranes
(Patten et al., 1989). In contrast, the co-twinmoves freely in a
normalor increasedamnioticfluidvolume(seeFigure119-1).
On ultrasound examination, signs of hydrops fetalis are oc-
casionally found in the recipient (Brennan et al., 1982), rarely
in the donor (Rausen et al., 1965), and exceptionally in both
(McCafee et al., 1970).

In addition to measuring biometry and amniotic fluid
volume, Doppler velocimetry can be used to confirm the di-
agnosis of TTTS. Nonetheless, studies have provided con-
flicting results. Farmakides et al. (1985) reported two cases
in which UA waveforms of the twins were discordant and
concluded that simultaneous observation of high- and low-
resistance UA systolic/diastolic (S/D) ratios was suggestive
of TTTS. Meanwhile, Giles et al. (1985) found no difference
in interpair S/D ratios in eight cases where the diagnosis was
documentedor strongly suspected. Pretorius et al. (1988) also
reported eight cases of TTTS and found no consistent pattern
in Doppler studies. Five of the eight pregnancies resulted in
fetal or neonatal death of both twins. In these cases of perina-
tal loss, one or both of the twins had either absent or reversed
diastolic flow. The authors concluded that, while abnormal
Doppler studies are not helpful in identifying the donor from
the recipient twin, it invariably predicts a poor outcome.Data
from the Australian andNewZealand TTTSRegistry support
these observations (Dickinson and Evans, 2000). Ishimatsu
et al. (1992) were also unable to identify any distinctive find-
ings in theUA blood flow velocity waveforms in patients with
TTTS.However, thepresenceof cardiomegaly infive recipient

Figure 119-1 Prenatal sonographic image
demonstrating a ‘‘stuck” twin in the upper left
section of the image and the co-twin in a sac
with polyhydramnios.
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twins, with tricuspid regurgitation and a biphasic umbilical
vein waveform in three others, led these authors to suggest
that these findings may be more diagnostic than UADoppler
velocimetry and representative of the hemodynamic changes
that occurring in TTTS. It is interesting to note that AA anas-
tomoses can be identified using Doppler ultrasound as early
as the first trimester, and absence of these anastomoses has
been found to be associated with an increased risk for TTTS
(Jain and Fisk, 2004).

A staging system for TTTS has been developed by
Quintero et al. (1999) for the purpose of categorizing disease
severity and standardizing comparison of different treatment
results. In Stage I there is oligohydramnios, but the donor
twin bladder is visible; in Stage II the bladder of the donor
twin is no longer visible; in Stage III abnormal Doppler stud-
ies are evident (i.e., absent/reversed end-diastolic velocity in
the UA, reversed flow in the ductus venosus, or pulsatile flow
in the umbilical vein); Stage IV is complicated by hydrops;
and in Stage V one or both fetuses have died.

Taylor et al. (2000) applied the Quintero staging sys-
tem to a population treatedwith serial amnioreduction (AR),
septostomy, and selective reduction alone or in combination
and found no significant influence of staging at presentation
on survival in their conservatively treated group. Survival
was significantly poorer when stage increased rather than de-
creased. These authors concluded that the Quintero staging
system should be used cautiously for determining progno-
sis at the time of diagnosis, suggesting that it may be bet-
ter suited for monitoring disease progression. A subsequent
larger study from the same institution, however, showed that
Quintero stage at presentation, at first treatment, and atworst
stage did, in fact, predict both perinatal (overall number of
fetuses surviving of the total number of fetuses treated) and
double survival (number of pregnancies with two survivors),
but not survival of any twin (number of pregnancies with
survival of one or both twins) (Taylor et al., 2002).
Duncombe et al. (2003) also showeda correlationofQuintero
stage at initial presentation and perinatal survival.

The Quintero staging system, although useful in de-
scribing the progression of TTTS along the clinical spectrum
of severity, has potential limitations in guiding therapy. For
patients who present at Stage I with only amniotic fluid dis-
cordance, it may be difficult to know with certainty if they
actually have TTTS. Patients who have Stage II presentation
usually are believed to be in the early stages of the disease.
The use of echocardiography to identify findings of recipient
TTTS cardiomyopathy can confirm the diagnosis in Stage I
caseswhen itmaybe indoubt. In addition, echocardiographic
findings can alert the clinician tomore advanced disease than
the Quintero Stage suggests. The largest group of patients
tends to fall into Stage III, but this stage comprises a very
broad spectrum of severity. At one end are patients whose
only hemodynamic derangement is abnormal UA Doppler
velocimetry, and at the other end of the spectrum are patients
in whom the recipient twin has severe, end-stage, twin–twin
cardiomyopathy. These latter patients may be premorbid but

without the development of hydrops (Stage IV disease). The
Quintero staging system is heavily weighted toward findings
in the donor twin. The absence of a visible bladder in the
donor upstages the case to Stage II. The critical Doppler ab-
normalities that are required for Stage III almost always are
observed in the donor twin. Critical Doppler waveform ab-
normalities in the recipient twinare rareuntil end-stageTTTS
has been reached. In addition, there is no assessment of the
TTTScardiomyopathy,whichonlyoccurs in the recipient and
has a profound impact on survival of the recipient (Harkness
and Crombleholme, 2005; Michelfelder et al., 2007; Habli
et al., 2008).

The Fetal Care Center of Cincinnati has used fetal
echocardiographic assessment of the recipient twin to stage
patients (Table 119-1). This is in keeping with the view that
TTTS is a fundamentally hemodynamic derangement. Fetal
echocardiography can distinguish degrees of severity among
the broad spectrum of severity in Stage III TTTS and identify
sicker patients in Stages I and II. Echocardiographic features
include the presence and severity of atrioventricular valvar
incompetence, ventricular wall thickening, and ventricular
function, as assessedby theTeiMyocardial performance index
(Barrea et al., 2005; Ichizuka et al., 2005). In recent reviews of
experiencewith theCincinnati staging system, 20% to 55%of
Quintero Stage I and II patientswere upstaged to Stage III dis-
ease based on echocardiographic findings (Michelfelder et al.,
2007; Habli et al., 2008). The impact of TTTS cardiomyopa-
thyon recipient twin survival hadbeendemonstratedby Shah
et al. (2008) in patients treated by fetoscopic laser who were
stratified by cardiovascular profile score and in the National
Institutes of Health TTTS trial in which echocardiographic
findings of TTTSwere the singlemost important predictor of
adverse recipient survival (Crombleholme et al., 2007; Shah
et al., 2008). The upstaging of patients from Stage II to Stage
III may influence counseling about treatment options. These
echocardiographic features also are used to assess response
to therapy. If a patient is treated initially with AR or mi-
croseptostomy, fetal echocardiography can be used to assess
progression of TTTS despite therapy and as an indication for
selective fetoscopic laser photocoagulation (Crombleholme
et al., 2006, 2007; Habli et al., 2008).

Intrauterine cardiac dysfunction and hemodynamic
derangements lead to ischemic brain lesions, including white
matter infarction and leukoencephalopathy, intraventricular
hemorrhage, hydranencephaly, and porencephaly, which can
bedetectedbyprenatal ultrasonography (Denbowet al., 1998;
De Lia et al., 2000; Mari et al., 2000; Taylor et al., 2000;
Kline-Fath et al., 2007). Up to 8% of TTTS cases have ev-
idence of CNS injury on fetal magnetic resonance imaging
(MRI) at the time of presentation prior to treatment. Such
CNS findings range from ischemic or hemorrhagic changes
in the brain to marked dilation of the cerebral venous si-
nuses due to central venous hypertension. The latter has
been shown to correlate with worse survival when detected in
TTTS (Kline-Fath et al., 2007).When these lesions are seen in
surviving twins of instances of co-twin death [66% of cases
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Table 119-1

Cincinnati Modification of the Quintero Staging System and the Sequence of Progressive Events
in Untreated TTTS

Stage Donor Recipient Recipient Cardiomyopathy

I Oligohydramnios (DVP
<2 cm)

Polyhydramnios (DVP
>8 cm)

No

II Absent bladder Bladder seen No
III Abnormal Doppler

finding
Abnormal Doppler

finding
None

IIIa Mild∗

IIIb Moderate∗

IIIc Severe∗

IV Hydrops Hydrops
V Death Death

Variables/cardiomyopathy Mild Moderate Severe
AV regurgitation Mild Moderate Severe
RV/LV thickness >+2 Z-score >+3 Z-score >+4 Z-score
MPI >+2 Z-score >+3 Z-score Severe biventricular dysfunction

∗Definition of recipient cardiomyopathy in the Cincinnati TTTS staging system. AV = atrioventricular; DVP = deepest vertical pocket; LV = left ventricle;
MPI = myocardial performance index; RV = right ventricle.

with intrauterine death involve demise of the donor twin
(Weisz et al., 2004)], they have been attributed to sudden
acute TTTS (De Lia et al., 2000; Kraus et al., 2005) through
arterioarterial (A-A) anastomoses (De Lia et al., 2000). Due
to the shared placental circulation, if one co-twin dies, there
is an acute fall in blood pressure that causes placental re-
sistance to decrease. This decrease in resistance across the
placental vascular connections can result in reduced cere-
bral perfusion pressure and ischemic injury in the brain of
the surviving twin. Quintero et al. (2002) reported endo-
scopic evidence of fetofetal hemorrhage from a recipient to
donor twin within 3 hours of the spontaneous demise of the
donor, noting endoscopic andmiddle cerebral arteryDoppler
evidence of paradoxic anemia in the recipient and erythro-
cythemia in the donor. TTTS can result in significant neu-
rologic damage, with 5% to 27% of surviving twins having
evidence of CNS sequelae on postnatal MRI or ultrasonog-
raphy (De Lia et al., 1995; Ville et al., 1995; Hecher et al.,
1999; Senat et al., 2004; Kraus et al., 2005). Brain injury,
however, can occur in TTTS even when both twins survive.
When both twins survive, neurologic damage in the recipient
may be related to secondary polycythemia and venous stasis.
In the donor, neurologic injury may be due to anemia and
hypotension.

Multiorgan ischemic sequelae also are seen. Renal fail-
ure occurs in 48% of survivors compared with 14% of aged-
matched controls (Jain and Fisk, 2004). Renal cortical necro-
sis, intestinal atresia, and cutis aplasia may be seen in one
or both twins (Denbow et al., 1998; Luks et al., 2001; Carr
et al., 2004). Limb necrosis and other ischemic lesions and

hemolytic jaundice in the surviving recipient twinmay be re-
lated to hyperviscosity (erythrocythemia) (Carr et al., 2004)
or thromboembolic phenomena due to placental choran-
giopagus vessels (Margono et al., 1992).

Diamniotic monochorionic twins are at increased risk
for structural cardiac anomalies in at least one twin; 7% of
monochorionic diamniotic twins have congenital heart de-
fects (CHD) (Manning and Archer, 2006) compared with the
overall prevalence of 0.5% seen in neonates (Bahtiyar et al.,
2007). Bahtiyar et al. (2007), in their multistudy review of
the prevalence of CHD in monochorionic diamniotic twins,
found an overall ninefold increased risk for CHD over sin-
gletons, a 15- to 23-fold higher risk of CHD with TTTS over
that of singletons, and a 2.78 timesmore frequent occurrence
of CHD in the setting of TTTS compared with no TTTS.
These overall and relatively increased risks are probably re-
lated to the greater frequency of abnormalities of placentation
and the umbilical cord in monochorionic diamniotic gesta-
tions and their relative predominance in TTTS, respectively.
However, the etiopathogenesis of cardiovascular malforma-
tions is poorly understood, even in singletons. Thus, the in-
creased prevalence of cardiac malformations in monochori-
onic diamniotic twins, and especially in those pairs affected
by TTTS, probably represents a complex interaction among
many variables such as fetal blood flow fluctuations, vascular
endothelial growth factors (VEGFs) and othermediators, the
process of twinning itself, unequal sharing of the placenta,
and inherent genetic factors.

The most common defects in monochorionic diamni-
otic twins are ventricular septal defect (VSD), pulmonary
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stenosis, and atrial septal defect. The prevalence of VSDs
in TTTS, although higher, is not remarkably different from
that in uncomplicated monochorionic diamniotic gestations
(0.024 and 0.019, respectively). The detection of VSDs may
represent sites of ischemic necrosis or excessive natriuretic
proteins during early embryonic life. However, the mem-
branous septum is a complex structure that has numerous
embryologic components effecting its closure and VSDs, to-
gether with patent ductus arteriosus, are the most common
cardiac defects in infancy. The pathogenesis of VSD is un-
clear, but its mildly increased incidence in TTTS infants may
be related to a combination of factors, including its relatively
greater general frequency and the increased riskof ischemia in
TTTS due to abnormal placentation or ischemia due to hypo-
volemia. Bahtiyar et al. (2007) postulated that because recent
studies indicate that thecauseofCHDispartlydue toaberrant
angiogenic factors such as VEGF, the increased prevalence of
CHD in TTTS may represent the deleterious effects of an-
giogenic factors. VEGF is upregulated in ischemia, and Dor
et al. (2001) found that VEGF is specifically upregulated dur-
ing normal heart development in the atrioventricular field of
the heart, soon after the onset of endocardial cushion for-
mation. Premature induction of myocardial VEGF prevents
formation of endocardial cushions in animal models.

The prevalence of pulmonary stenosis is fourfold
greater in gestations involving TTTS compared with those
not involving TTTS (0.028 vs. 0.007), and atrial septal de-
fects (0.024) are seen only in twins who have experienced
TTTS (Bahtiyar et al., 2007). However, these summations do
not specify co-twin status (donor or recipient), although pul-
monary stenosis presumably represents the recipient popu-
lation. The original studies also do not separate donor or
recipient twin status, so it is difficult to assess the poten-
tial relationship of atrial septal defects to fetal volume status
or circulating mediators and angiogenic factors. Presumably,
high-output failure in the donor twin or right ventricular
outflow tract obstruction in the recipient both could result in
increased shunting through the foramen ovale and acquired
incompetence of the interatrial septum (passive enlargement
such that the septum primum does not adequately cover the
foramen ovale). It is unclear whether the clinically diagnosed
“atrial septal defects” represent a true primary deficiency of
tissue (due to ischemic necrosis, increased apoptosis, mes-
enchymal failure) or excessive secondary dilatation of the
foramen due to shunt overload as the right ventricle fails.
Recently, transposition of the great arteries has been iden-
tified in a recipient twin, but the donor additionally had
a vein of Galen malformation. Although the coexistence of
the lesions might reflect a common causal mechanism, their
etiopathogenesis(es) is unclear (Steggerda et al., 2006).

CHD in donor twins appears to be very rare, but left-
sided obstructive lesions might be expected due to compli-
cations of hypovolemia. However, of the 830 monochorionic
diamniotic gestations reviewed by Bahtiyar et al. (2007), the
only instances of coarctation of the aorta or hypoplastic left
ventricle (left-sided obstructive lesions) were isolated to two
cases that did not have TTTS. Thus, although the prevalence

theoretically would be expected to be higher in donor twins
in TTTS and small twin size correlates with the presence of
structural defects inmonochorionic diamniotic twins (Bahti-
yar et al., 2007), the pathogenesis of these rarely encountered
lesions appears to represent more than unusual sequelae of
diminished blood flow.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for TTTS includes discordant se-
vere IUGR, discordant structural fetal anomalies, congenital
infection, chromosomal abnormalities, and ruptured mem-
branes. The antenatal diagnosis is based on ultrasound find-
ings. Nevertheless, there have been attempts to devise more
definitive diagnostic techniques. Fisk et al. (1990) described
fetal blood sampling in six cases compromised by TTTS.
Difference in hemoglobin concentration of 5 g per deciliter
was found in only one pregnancy. Confirmation of a shared
circulation was achieved in two pregnancies by transfusing
adult Rh-negative red cells into the smaller fetus and then
detecting them by Kleihauer–Betke testing in blood aspirated
from the larger fetus. Bruner and Rosemond (1993) further
reported successful fetal blood sampling in six of nine cases
with the ultrasonographic diagnosis of TTTS. Hemoglobin
difference was present in only one case. Shared circulation
was demonstrated and confirmed in four (44%) of those
initially identified by ultrasonographic criteria through the
transfusion of O-negative red cells into the small twin and
the performance of Kleihauer–Betke analysis on blood ob-
tained from the larger twin. The author concluded that the
currently accepted prenatal criteria are insufficient for the di-
agnosis of TTTS and suggested that the sonographic findings
of marked growth discordance with oligohydramnios, poly-
hydramnios,monochorionicplacenta, and likegender should
more accurately be described as the twin oligohydramnios/
polyhydramnios sequence.

The injection of intravascular pancuronium bromide
has been suggested as an alternative to the injection of adult
red cells to confirm TTTS (Tanaka et al., 1992). Paralysis of
both fetuses can be detected through the examination of fetal
heart rate tracings. There is an absence of accelerations noted
with a reduction in fetal heart rate variability and a persistent
tachycardia seen following pancuronium injection.

TTTS is generally diagnosed during the neonatal pe-
riod by demonstration of a hemoglobin difference of greater
than 5 g per deciliter (Rausen et al., 1965; Tan et al., 1979)
and a difference in birth weight between twins of greater than
20% (Tan et al., 1979). Untimely umbilical cord clamping
of either donor or recipient, erythropoietic changes, and re-
versed intrapartum shunting may result in false-positive and
false-negative diagnosis when the determination is based on
hemoglobindisparity alone.The cutoff valuebetweennormal
and abnormal intertwin birthweight differences also remains
controversial (Blickstein, 1990). In fact, all the classically ac-
cepted neonatal criteria of discordant hemoglobin, hemat-
ocrit, and weight have been challenged.



826

Part II Management of Fetal Conditions Diagnosed by Sonography

Danskin and Neilson (1989) found that hemoglobin
differences of greater than 5 g per deciliter occur at similar
rates in twins with dichorionic and monochorionic placen-
tation. They reported birth weight differences greater than
20% equally inmonochorionic and dichorionic pregnancies.
Wenstrom et al. (1992) reviewed 97 cases of pathologically
proven monochorionic twin pregnancies and observed all
combinations of weight and hemoglobin/hematocrit discor-
dance. Of 97 twin pairs, 34 were discordant for weight, and in
halfof these thehemoglobinandhematocritwereconcordant.
In 18% of cases the smaller twin had the higher hematocrit,
and in 32% the smaller twin had the lower hematocrit. The
authors concluded that weight and hemoglobin/hematocrit
discordance is common inmonochorionic twins and in itself
is not sufficient for a diagnosis of TTTS. Conflicting infor-
mation regarding both the fetal and neonatal hematologic
criteria for the diagnosis of TTTS, together with the poten-
tial risk inherent in fetal blood sampling, has led us to avoid
this procedure at our institution for the definitive diagnosis
of TTTS.

ANTENATAL NATURAL HISTORY

TTTS occurs in acute and chronic forms. In early pregnancy
an acute transfusionmay result in an early fetal death, result-
ing in the so-called vanishing twin syndrome. Later in preg-
nancy, TTTS may cause death of one or both twins (Figure
119-2). Sometimes, a rapid transfer of blood from one twin
to the other occurs during delivery. In such cases the twins
are similar in weight and length, but one is polycythemic and
hypervolemic and the other is anemic and hypovolemic.

In the chronic form of TTTS, the transfusion of blood
from one twin to the other occurs over an extended period
during the pregnancy. In chronic TTTS, the donor twin is
generally hypovolemic and shows varying degrees of growth
restriction. TTTS and placental insufficiency occur together
in up to 20% of cases. In severe cases, the donor may die in
utero and present at delivery as a fetus papyraceous. The re-
cipient twin is hypervolemic, often larger than the donor, and
maydevelopcardiachypertrophyandcongestiveheart failure.
Because of increased urine output, severe polyhydramnios
frequently develops in the recipient twin that may predispose
to premature delivery. Oligohydramnios is generally associ-
ated with the donor twin. The organ changes seen in donor
twins in chronic TTTS resemble abnormalities observed in
malnourished singletons. Weights of the heart, liver, spleen,
thymus, and fetal adrenal cortex are proportionately smaller
in the donor than in the recipient twin and suggest antenatal
malnutrition (Naeye, 1965) (Figure 119-3). A much higher
concentration of atriopeptin (atrionatriuretic peptide) has
been reported in the serum from the recipient twin as com-
pared with the donor twin in two cases of severe transfusion
syndrome. More recently, Habli et al. have found that brain
atrial natriuretic peptide (BNP) is significantly elevated in
130 cases of TTTS (Habli and Crombleholme, 2009). The

Figure 119-2 Death of both twins in midgestation as a re-
sult of twin-to-twin transfusion syndrome. The smaller, growth-
restricted donor twin is on the left and the larger recipient twin
on the right. (Courtesy of Dr. Joseph Semple.)

elevated BNP levels were found to correlate with Cincinnati
stage of TTTS cardiomyopathy (Habli and Crombleholme,
2009). Onemay infer from this that atriopeptin plays a role in
the pathophysiology of the syndrome (Nageotte et al., 1989).
Atriopeptin, produced by mammalian atria and BNP pro-
duced by the ventricles, are peptides that promote diuresis
and vascular changes. In TTTS, atriopeptin andBPN released
from the heart of the recipient may lead to increased urine
output that results in polyhydramnios and vascular changes
that in turn lead to hydrops (Nageotte et al., 1989, Habli
and Crombleholme, 2009). Untreated, the natural history of
TTTS is associated with a 60% to 100% mortality rate for
both twins in severe or chronic cases (Benirschke and Kim,
1973; Cheschier and Seeds, 1988).

MANAGEMENT OF PREGNANCY

In the assessment of discordant growth in twins in utero it is
important to differentiate TTTS from isolated growth failure
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Figure 119-3 At the right is the paler, smaller heart of the donor
fetus. At the left is the plethoric, larger heart of the recipient fetus.

of one twin. The cause of stuck twin syndrome includes twin-
to-twin transfusion, fetal anomalies, placental insufficiency,
and possibly abnormal cord insertion. A detailed anatomic
survey is recommended to rule out any associated congenital
abnormalities. Such a survey may be difficult if the fetus is
stuck because of substantial oligohydramnios, which impairs
ultrasonic visualization. Color Doppler studies are useful to
visualize where the cord inserts into the placenta. In cases
of TTTS, echocardiographic assessment of both donor and
recipient twins is recommended and the Cincinnati staging
systemcanbeused to stratifyTTTScardiomyopathy intomild
moderate and severe. In addition,we routinely performultra-
fast fetalMRI to evaluate the fetal brains for signs of ischemia,
hemorrhage or dilated venous sinuses that may be present in
up to 8% of cases of TTTS at presentation (Kline-Fath et al.,
2007). It is our practice to perform amniocentesis to exclude
a chromosomal abnormality. Amniotic fluid is also sent for
cytomegalovirus culture because of the reported association
of stuck twin syndrome with viral infections. The definitive
antenatal diagnosis is one of exclusion, and therapy is usu-
ally based on a presumptive diagnosis. It is our practice to
inform patients of the various available treatment options,
summarized in Table 119-2.

Delivery should be performed at a tertiary care cen-
ter because most cases deliver less than 32 weeks’ gestation.
Vaginal deliverymay be attempted in cases inwhichTTTShas
been diagnosed. It is critical tomonitor the heart rates of both
fetuses.A sinusoidalpatternon the fetal heart rate tracingmay
be a sign of fetal anemia. Of eight cases of TTTS monitored
through laborbyGoldberg et al. (1986), twopairs experienced
severe fetal distress requiring emergency cesarean section. In

Table 119-2

Options Available for the Treatment of
TTTS

Observation only

Medical therapy
Indomethacin
Digoxin
Nifedipine

Serial amniocentesis with echocardiographic surveillance

Amniotic septostomy

Selective reduction by radiofrequency ablation or cord
coagulation

Fetoscopic laser treatment
Selective fetoscopic laser photocoagulation
Nonselective fetoscopic laser photocoagulation

another case, the recipient died of presumed intrapartum
TTTS (Goldberg et al., 1986). The incidence of cesarean de-
livery in TTTS was reported to be 44% in Reisner et al.’s
series (1993), but this has not been reported in other recent
series.

Cord hematocrits should be measured at the time
of delivery. Initial examination of the placenta should be
performed by the obstetrician after delivery. Classically,
the placenta of the donor twin looks pale and atrophied in
comparison to that of the recipient twin that is red and hy-
pertrophied. Because postnatal demonstration of transpla-
cental vascular connections is an important criterion for the
definitive diagnosis of TTTS, the placenta should be sent to
the pathology department for further studies. Because many
cases involve deep vascular shunts rather than superficial con-
nections, vascular injection is necessary to exclude such con-
nections (Blickstein, 1990).

FETAL INTERVENTION

Due to the poor perinatal outcomes associated with the dis-
order, expectant management of TTTS is not recommended
except in incipient cases that do not meet criteria for TTTS
(Fox et al., 2005). Treatment depends on the gestational age at
diagnosis.PatientswithearlyonsetTTTSmayopt for selective
termination of one twin (usually the donor) or termination
of the entire pregnancy. If TTTS develops later in pregnancy,
treatment may be less aggressive depending on the disease
severity and gestational age.

In the midtrimester, aggressive management is rec-
ommended. Medical management with digoxin has been
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attempted but has not shown to be effective (De Lia et al.,
1985). Indomethacin is contraindicated due to reports of
fetal demise (Jones et al., 1993). Current treatment options
for severe TTTS include: (1) serial reduction amniocentesis,
(2) amniotic septostomy, and (3) laser ablation of the anas-
tomoses.

In serial reduction amniocentesis, an 18-gauge spinal
needle is placed into the polyhydramniotic sac under ultra-
sound guidance (Malone and D’Alton, 2000; Johnsen, 2004).
Provided the patient can tolerate the procedure, amniotic
fluid iswithdrawnuntil thefluid level returns tonormal (DVP
<5 cm). Amnioreduction is repeated as often as necessary to
maintain a near normal amniotic fluid volume. The mech-
anism by which this procedure restores the amniotic fluid
balance has not been elucidated. Removing excess fluid from
the sac with polyhydramnios may result in decreased pres-
sure on the other sac or the placenta. This, in turn, may result
in increased placental perfusion to the stuck twin with sec-
ondary improvement in its amniotic fluid. Studies have cited
perinatal survival rates of 37% to 83% following this proce-
dure (Malone and D’Alton 2000). The wide range in perina-
tal survival may be due to reporting bias, small sample sizes,
and variation in the timing and amount of fluid removed.
Large registries of TTTS pregnancies however, have reported
survivals of 60% to 65% (Dickenson and Evans, 2000; Mari
et al., 2001).

Amniotic septostomy is another option (Malone and
D’Alton, 2000; Johnson et al., 2001). In this procedure, a 20-
gauge spinal needle is inserted through the dividing mem-
brane under ultrasound guidance. The amniotic fluid, then,
sometimes equilibrates across the disruptedmembrane. Sim-
ilar to serial AR, the mechanism of action of this technique
is unknown. It is possible that the defect in the membranes
allows the donor to swallow a sufficient volume of fluid to
augment its circulating blood volume, secondarily increasing
its urine output. Studies regarding the effectiveness of this
treatmentmodality have been conflicting. In one report of 12
cases, pregnancy was prolonged by 8 weeks with an 83% sur-
vival rate (Saade et al., 1998). In another report of 14 patients
(7 managed by serial AR and 7 with amniotic septostomy)
no differences in overall survival were noted. The septostomy
patients, however, delivered significantly later. In another re-
port, all three of the treated pregnancies were lost within 5
days secondary to preterm premature rupture of membranes
(Pistorius and Howarth, 1999). In a more recent study by
Saade et al., 32 patients were randomized to septostomy and
31 to AR. Similar outcomes were noted between the groups.
Both groups had 65% survival (Saade et al., 2002). Because
septostomy can result in an iatrogenic monoamniotic preg-
nancy that has its own inherent complications and risks, the
procedurehasbeencriticized.Likewise, comparingARto sep-
tostomy is challenging because both procedures utilize AR,
and, serial AR can be complicated by inadvertent septostomy.

Laser ablation of placental anastomoses is another in-
vasive treatment option that has been utilized to correct
the underlying pathophysiology of TTTS. Reported perina-

tal survival rates have ranged from 53% to 69% (Malone
and D’Alton, 2000). De Lia et al. (1990) developed the tech-
nique for intrauterine ablation of vascular communications
in the placenta with a fetoscopically directed neodymium-
YAG laser. Three women who were carrying twins and who
were at risk of pregnancy loss from acute hydramnios under-
went theprocedure at 18, 22, and22.5weeksof gestation. Four
of the six infants survived. De Lia et al. subsequently reported
26 patients with a mean gestational age of 20.8 weeks at the
time of treatment. One patient has surviving triplets, eight
have surviving twins, nine have a single survivor (two neona-
tal and seven fetal deaths occurred in this group and eight
have no survivors). The cases with survivors were delivered
for obstetric indications at a mean of 32.2 weeks. Fifty-three
percent of the fetuses survived with 96% (27 of 28) develop-
ing “normally” at a mean age of 35.8 months. An identical
survival rate of 53%was reported in a second series involving
45 cases of TTTS (Ville et al., 1995). The median interval be-
tween the endoscopic laser procedure and the delivery was 14
weeks. De Lia et al.’s surgical technique consisted of laparo-
tomy (7- to 10-cm skin incision) under general anesthesia
and insertion of a 3.85 × 2.9-mm fetoscope sleeve into the
uterus. The technique has not gained widespread acceptance
because of its invasive nature. Ville et al. (1995) described the
percutaneous insertion of a 2-mm fetoscope into the amni-
otic cavity using continuous ultrasound visualization under
local anesthesia.

The goal of coagulation of all superficial placental ves-
sels is to interrupt the vascular communication between the
circulationof the two fetuses (Figure 119-4). This direct treat-
ment of the underlying pathophysiology of TTTS has been
cited as a major advantage over other techniques (De Lia
et al., 1995; Ville et al., 1995).

In a series of 132 pregnancies with TTTS managed by
fetoscopic laser ablation of placental vessels, 55% of infants
survived, and there was at least one survivor in 73% of the
cases (Ville et al., 1998). The rate of neurologic handicap
after 12 months of follow-up was 4%, which was lower than
the authors’ previous experience with serial reduction am-
niocentesis. The authors concluded that serial reduction am-
niocentesis appears to provide similar overall survival results,
but there was less neurologic morbidity in the laser group.

In a study of TTTS from Germany, 73 patients at a
single center were prospectively treated with fetoscopic laser
ablation, while 43 patients at a separate center were prospec-
tively treated with serial reduction amniocentesis (Hecher
et al., 1999). Patients in the fetoscopic laser grouphad ahigher
proportion of pregnancies with at least one survivor, fewer
fetal deaths, higher gestational age at delivery, and fewer cases
of abnormal sonographic findings in the brain of survivors.
It was therefore concluded that fetoscopic laser ablation is
a more effective treatment for TTTS than serial reduction
amniocentesis.

Senat et al. (2004) recently published the results of
theEuropeanprospectivemulticenter randomized controlled
study of endoscopic laser (semiselective technique) versus
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Figure 119-4 Vascular anastomoses in
monochorionic twins. (Courtesy of Dr. Joseph
Semple.)

serial AR for the treatment of severe TTTS. All patients were
between 15 and 26 weeks’ gestation. Interim analysis demon-
strated a significant benefit to the laser group. As result, the
study was stopped after 142 patients had been randomized.
Compared to the AR group, the laser group had a higher
likelihood of survival of at least one twin to 28 days of life
(76% vs. 56%) and 6 months of age (76% vs. 51%). The
median gestational age at delivery was significantly greater
in the laser group than in the AR group (33.3 weeks vs. 29.0
weeks). Thirty patients in the laser group (42%) and 48 in the
AR group (69%) delivered before 32 weeks. Neonates from
the laser group also had a lower incidence of periventricular
leukomalacia and were more likely to be free of neurologic
imaging abnormalities at 6 months of age (52% vs. 31%).

The overall survival in the laser arm was 57%,
which was consistent with survival rates in previous reports
of nonselective fetoscopic laser treatment (53%) (De Lia
et al., 1995; Ville et al., 1995). This rate is significantly lower,
however, than the survival reported with selective fetoscopic
laserphotocoagulation (SFLP) (64–68%) (Hecher et al., 1999;
Dickinson andEvans, 2000).Ofparticular concern is thepoor
survival observed in theAR armof 39%,which is significantly
lower than previously reported (60–65%) (Elliott et al., 1991;
Pinette et al., 1993; Dickinson and Evans, 2000; Mari et al.,
2001). Antenatal, peripartum, and neonatal care was pro-
vided by the referring hospital, and lack of standardization
may explain some of these differences (Fisk andGalea, 2004).
The decreased survival in the AR groupmay reflect the higher
pregnancy termination rate in the AR group (16 vs. 0 in the
laser group). The terminations were requested after the diag-
nosis of severe fetal complications. It would be instructive to
know whether these women were offered cord coagulation as
a means of rescuing one baby (Dickinson and Evans, 2000).
Reliable assessment of neurologic outcome is critical when
assessing efficacy of treatment for TTTS. Although the rate
of abnormality on neurologic imaging was lower in the laser

group (7% vs. 17%), long-term neurodevelopmental assess-
menthas revealednodifference inoutcomebetweensurvivors
treated by fetoscopic laser and those treated by AR (Ortqvist
et al., 2006).

The National Institutes of Health (NIH)-sponsored
TTTS trial is the only other prospective randomized trial
comparing survival among those receiving AR versus SFLP
(Crombleholme et al., 2007). This trial differed from the
Eurofoetus trial in several important aspects. First, to qualify
for the NIH Trial, the TTTS had to fail to respond to a qual-
ifying amniocentesis. The rationale for this requirement was
to eliminate those who were more likely to respond to AR,
the so-called “single amnio paradox.” Second, patients were
candidates only if theTTTSpresented earlier than 22weeks of
gestation, andno Stage I patientswere candidates for the trial.
These two requirements were substantially different from the
Eurofoetus trial in which women were randomized into the
trial up to 26 weeks of gestation, and 52% of those entered
were Stage I (Senat et al., 2004).

The NIH study was stopped early, after 42 women were
randomized, when the Trial Oversight Committee detected a
trend in adverse outcome affecting the recipient twin in one
treatment arm and recommended to the Data Safety Moni-
toring Board that the trial be stopped to allow biostatistical
analysis of the adverse trend. Results of the NIH TTTS trial
showedno statistically significant difference in overall neona-
tal survival to 30 postnatal days (60% vs. 43% p = NS) or
neonatal survival of one or both twins in the same pregnancy
(75% vs. 65%, p = NS) in cases of severe TTTS treated by
either AR or SFLP. Despite these overall results, a statistically
significant worse fetal survival was observed among recipient
twins in pregnancies treated by SFLP compared with those
treated by AR. This apparent conundrum can be accounted
for by recipient fetal losses in the SFLP arm being balanced by
increased treatment failures among recipients in the AR arm.
These results suggest that, in these highly selected cases of
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severe TTTS, neither treatment is superior to the other. Once
TTTS reaches this degree of severity, the mortality among re-
cipients is considerable, but the losses may occur at different
times, depending on treatment. The impact of TTTS sever-
ity on fetal survival is supported further by the significantly
worse fetal survival among recipient twins in Stages III and
IV compared with those in Stage II. One of the strongest pre-
dictors of recipient demise is echocardiographic evidence of
TTTS cardiomyopathy. The losses of fetal recipients treated
by SFLP usually occur within 24 hours of the procedure. In
contrast, the recipients treated by AR are not lost following
theprocedure, but there is progressiveTTTScardiomyopathy,
as reflected bymore recipients in the AR armmeeting criteria
to be declared treatment failures. Taken together, these data
suggest a disproportionate impact of TTTS cardiomyopathy
on recipient survival in advanced stages of TTTS no matter
what treatment they receive.

Recently, Rossi and D’Addario (2008) reported a
Cochrane review of TTTS with a meta-analysis that included
data fromboth theEurofoetus andNIH trials. The conclusion
drawn from this analysis was that SFLP of TTTS is preferred
over AR when it is available and AR is preferred when SFLP
is not available. The results of this analysis likely are skewed
toward fetoscopic laser based on the small numbers of indi-
viduals included from the NIH trial (n = 42) compared with
the number included from the Eurofoetus trial (n = 142).

AR is readily available, less costly, and less invasive; laser
therapy is only available at select institutions and requires
specialized training. Although itmakes sense to use ARwhere
treatment options give similar results, it would be prudent to
move promptly to laser therapy if rigorous studies can prove
that this therapy has better short- and long-term outcomes
in the setting of advanced disease.

ForpatientswhorespondtoAR, theoverall survival rate
has been 88% (Crombleholme et al., 2006). In those cases in
which echocardiographic progression is detected despite AR,
the overall survival rate when SFLP is performed is 80%. The
difference in survival between responders to AR and those
whoprogress to SFLP isnot statistically significantlydifferent,
suggesting that survival was not compromised by an initial
trial of AR before progressing to SFLP.

TREATMENT OF THE NEWBORN

Both acute and chronic cases of TTTS must be managed ex-
peditiously by trained neonatologists. Because the incidence
of prematurity is so high,many complications of prematurity
are present, including the need for respiratory support, trans-
fusion, and supplemental glucose. Specific problems unique
to newborn cases of TTTS include severe anemia in the donor
and severe polycythemia and hypervolemia in the recipient
newborn. Either one or both twins may have hydrops. Ex-
change transfusions may be necessary to correct the ane-
mia and polycythemia. If TTTS cardiomyopathy is present,
ionotrophic support may be indicated for the recipient twin.

Echocardiographic assessment should be performed in any
recipient with TTTS cardiomyopathy.

SURGICAL TREATMENT

No surgical treatment has been described for newborns with
TTTS.

LONG-TERM OUTCOME

One of the concerns associated with in utero treatment
for TTTS is that prolongation of pregnancy might produce
survivors with excessive neonatal or infant complications
(Mahony et al., 1990). If one fetus dies in utero, the sur-
viving twin is at risk for multiorgan damage including se-
vere neurologic compromise. Even if both twins survive, the
pathophysiology of TTTS can result in adverse neurological
sequelae to one or both (Cincotta et al., 2000; Dickinson and
Evans, 2000; Mari et al., 2001; Sutcliffe et al., 2001; Banek
et al., 2003; Lopriore et al., 2003; Dickinson et al., 2005).

In older literature, thrombocytopenia has been sug-
gested as a cause of cataracts, impaired hearing, and growth
restriction of the donor twin (Corney and Aherne, 1965).
Intrauterine growth deficiency of the brain (Naeye, 1963)
and profound neonatal hypoglycemia (Reisner et al., 1965)
have been implicated as a cause for cerebral impairment of
the donor, resulting in subsequent lower intelligence as com-
pared with the recipient twin. Cardiomyopathy and associ-
ated cardiac dysfunction has been reported (Mahony et al.,
1990; Elliott, 1992). In one study, five of five recipient twins
were found to have cardiomegaly and tricuspid regurgitation
prenatally; four had cardiac dysfunction after birth (Zosmer
et al., 1994). In Elliott’s (1992) experience there were two car-
diac abnormalities in 12 fetuses (one critical aortic stenosis,
one cardiopathy). Renal cortical necrosis (Dimmick et al.,
1971; Feingold et al., 1986) and brain infarction have been
reported in the donor twin (Mahony et al., 1990). These com-
plications have also been described in the surviving co-twin
of intrauterine fetal death in utero. The mechanism may be
hypovolemia and ischemic injury in the smaller donor twin
(Elliott, 1992).

Although much attention has focused on the effect of
treatment on survival in TTTS, the neurologic morbidity
among survivors frequently is underappreciated. The Inter-
national Amnioreduction Registry tracked 223 women who
had TTTS diagnosed before 28 weeks’ gestation and were
treated with serial aggressive AR (Mari et al., 2001). Of those
infants who survived to 4 weeks of age and underwent clin-
ically indicated cranial ultrasonography, 24% of recipient
(26/109 scanned) and 25% of donor twins (22/88 scanned)
had abnormal findings. Findings included severe intraven-
tricular hemorrhage, ventricular dilation, cerebral echogenic
foci, cerebral cysts, and periventricular leukomalacia among
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other less common lesions. Eighty infants died before reach-
ing 4 weeks of age, and how many of these would have had
abnormal imaging if cranial ultrasonography had been per-
formed is unknown. Among patients in the TTTS Registry
from Australia and New Zealand, most of whom had been
treated with AR, the rate of abnormal cranial ultrasonog-
raphy findings was similar at 27.3% (Dickinson and Evans,
2000). The rate of periventricular leukomalacia in this group
was 10.8%, which is particularly important due to the asso-
ciation of this lesion with cerebral palsy. In another small
series of patients treated with AR, the rate of abnormal
neonatal cranial ultrasonography findingswas as high as 58%
(Denbow et al., 1998). It is important to recognize, however,
that neuroimaging does not always correlate with neurode-
velopmental outcome. An infant who has normal findings
on head ultrasonography and MRI can be neurodevelop-
mentally devastated, and an infant who has evidence of
leukoencephalomalacia on imaging studies can be neurode-
velopmentally intact.

Only a few studies have reported longer-term neurode-
velopmental outcome. When interpreting these studies, it is
important to appreciate the neurodevelopmental outcome in
monochorionic twins who do not have TTTS. The incidence
of severe neurodevelopmental abnormalities in monochori-
onic twins without TTTS is 6% (Lopriore et al., 2003). TTTS
survivors who develop neurologic handicap and mental re-
tardation do not always have abnormal neonatal ultrasonog-
raphy results. Similarly, not all children who have abnormal
ultrasonography findings have clinically significant neurode-
velopmental deficits. In one small study that followed TTTS
survivors for a mean of 6.2 years (range, 4–11 years), the in-
cidence of cerebral palsy was 26% (5/19 infants) in the group
treated by serial AR. All of these children had abnormalmen-
tal development in addition to motor deficits. Of note, three
of the five children had normal findings on neonatal head
ultrasonography. In the combined cohort of children whose
mothers had been treated with AR or conservative treatment,
22%(5/23)whodidnothave cerebral palsyor abnormalmen-
tal development had mild speech delay and required special
education. One limitation to this and other studies is the lack
of a comparable conservatively treated cohort group. Given
the improved survival of TTTS babies who receive AR and
other treatment modalities, however, it is unlikely that such
a cohort ever will be available for comparison.

Studying infants from pregnancies complicated by
TTTS and treated with AR, Mari et al. (2001) detected a rate
of cerebral palsy of 4.7% (2 of 42 infants) in those children
who survived to more than 24 months of age. One reason
for the lower incidence of cerebral palsy than in the study by
Lopriore et al. (2003) may be related to the latter study group
having more severe disease, with all the patients diagnosed
before 28 weeks’ gestation versus up to 33 weeks’ gestation
in the study by Mari et al. Of note, in the Mari study, nine
survivors had mild speech or motor delay.

Wee et al. (2005) studied the long-termneurologic out-
come of 52 children from 31 TTTS pregnancies who survived
to more than 18 months, most of whose mothers had been

treated with AR. The comparison was a regional cohort of
term and preterm infants, with most born very preterm. In
addition, the TTTS babies were compared with matched sin-
gleton and twin control groups. The mean intelligence quo-
tient (IQ) of TTTS survivors was significantly lower than the
comparison cohort, due primarily to a 13-point IQ reduction
in those children born before 33 weeks’ gestation. There was
no difference in the rate of cerebral palsy (5.8% for TTTS
vs. 4.9% for very preterm twins vs. 3.3% for very preterm
singletons) or behavioral test results in the TTTS survivors.
This was a small study, however, and not sufficiently powered
to demonstrate differences in cerebral palsy. Still, these re-
searchers appropriately raise the issue that studies evaluating
long-termneurologic outcome in TTTS need to consider that
most TTTS pregnancies are delivered very preterm as well as
the fact that twins generally are more likely to experience
neurologic compromise.

Even fewer studies have examined the long-term out-
come of survivors of TTTS treated with intrauterine laser
photocoagulation therapy. Banek et al. (2003) reported that
in 89 such children, 78% showed normal development at a
median age of 22 months. Eleven percent had minor neu-
rologic abnormalities, including strabismus, mildly delayed
motor development, ormildly abnormal speech.The remain-
ing 11% suffered significant neurologic deficiencies, includ-
ing cerebral palsy, hemiparesis, and spastic quadriplegia. Of
note, significantly more children in the neurologically im-
paired groups were born very preterm. Also of importance,
two infants from themost severely affected group had abnor-
mal brain scan results before laser treatment. The findings of
this study are consistent with those of Sutcliffe et al. (2001)
who reported a cerebral palsy rate of 9% in children after
in utero treatment with laser therapy for TTTS. Graef et al.,
(2006) ina reportof 167TTTSsurvivorswhohadbeen treated
by fetoscopic laser, foundnormalneurodevelopmental testing
results in 86.8% of cases, with 7.2% of infants having minor
neurologic deficiencies and 6%havingmajor neurologic defi-
ciencies such as cerebral palsy, hemiparesis, and quadriplegia.
These findings were not unlike those in follow-up of mono-
chorionic twins without TTTS (Adegbite et al., 2004), and
the most severely affected children were delivered prior to
28 weeks’ gestation, suggesting an important influence of
gestational age on neurodevelopmental outcome. Similarly,
Ortqvist et al. (2006) reported the neurodevelopmental out-
come of 114 survivors treated in the Eurofoetus trial in which
13.2% had evidence of a major neurodevelopmental abnor-
mality. However, there was no difference between those who
had been treated by laser and those treated by AR. Perinatal
factors, including gestational age at delivery and Apgar score,
correlated with adverse outcome.

Of note, earlier and more sensitive antenatal detec-
tion of central nervous system injury (Crombleholme, 2003;
Quarello et al., 2007) has been reported recently with the ad-
junctuseofMRI techniques.MRIhas enabled thedetectionof
cerebral venous sinus dilatation and more clearly delineated
central nervous system lesions. The improvements in antena-
tal detection may result in further improvements in clinical
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management (Crombleholme, 2003) and reduced morbidity
and its severity in survivors.

GENETICS AND RECURRENCE RISK

There are no reports of recurrence of TTTS in the literature.
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Twin Reversed Arterial
Perfusion Sequence

Key Points

■ Twin reversed arterial perfusion (TRAP) sequence,
also known as acardia, is a rare anomaly unique to
multiple gestation in which one twin has an
absent, rudimentary, or nonfunctioning heart
(acardiac twin) and the other twin is normal (pump
twin). TRAP sequence has been associated with
adverse perinatal outcomes.

■ The placentation in the majority of acradic twins is
monochorionic diamniotic.

■ The fundamental requirement for the TRAP
sequence is the development of arterial-to-arterial
vascular anastomoses between the umbilical
arteries of twins early in embryogenesis.

■ The diagnosis is made with ultrasound. The
features useful in the diagnosis of acardia include
absence of normal cardiac structure and cardiac
movement and variable structural abnormalities.

■ The malformations found in cases of acardia
include growth abnormalities, partial or complete
absence of the cranial vault, anencephaly,
holoprosencephaly, absent or rudimentary facial

features, absent or rudimentary upper and/or
lower limbs, absent lungs and heart,
gastrointestinal atresia, omphalocele,
gastroschisis, and absent liver, pancreas, spleen,
and kidneys.

■ The pump twin is usually morphologically normal,
and the risk of aneuploidy is 9%.

■ The goal of antepartum management of a
pregnancy complicated by the TRAP sequence is
to maximize outcome for the structurally normal
pump twin.

■ In the absence of poor prognostic features (twin
weight ratio >0.70, elevated combined ventricular
output, elevated cardiothoracic ratio, congestive
cardiac failure, polyhydramnios), expectant
management with serial sonographic evaluation is
reasonable.

■ Intrafetal radiofrequency ablation of the cord of
the acardius when indicated by above criteria is
associated with 95% pump twin survival.

CONDITION

Twin reversed arterial perfusion (TRAP) sequence, also
known as acardia, is a rare anomaly unique tomultiple gesta-
tion in which one twin has an absent, rudimentary, or non-
functioning heart. Schatz (1898) classified acardia into two
main groups: hemiacardius (imperfectly formed heart) and
holoacardius (absence of heart). Das (1902) subdivided acar-
dia into four groups: acardius acephalus, acardius amorphus
or anideus, acardius acormus, and acardius anceps or para-
cephalus (Table 120-1). Simonds and Gowen (1925) added a
further subgroup: acardius myelacephalus.

Contemporary authors have considered these classi-
fications meaningless because the pathogenesis is probably
similar for all cases (Benirschke and Kim, 1973; Van Allen

et al., 1983). Van Allen et al. recommended twin reversed ar-
terial perfusion sequence to describe all acardiac fetuses. The
TRAP sequence denotes a common pathophysiology for all
forms and leads to an explanation of how a gradation of ab-
normalities canbe produced (VanAllen et al., 1983). The fun-
damental requirement for the TRAP sequence is the develop-
ment of arterial-to-arterial vascular anastomoses between the
umbilical arteriesof twins early inembryogenesis.The impor-
tance of vascular arterial anastomosis as the pathophysiology
for acardia was first elucidated in 1879 by Ahlfeld. The em-
bryo with the hemodynamic advantage becomes the pump
twin. The pump twin retrogradely perfuses the other twin
with deoxygenated blood along the umbilical artery/arteries
to the iliac artery/arteries to the abdominal aorta. The lower
limbs and abdominal organs supplied by the iliac arteries and
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Table 120-1

Classification of the Conditions of Acardia

Acardius acephalus: This is the most frequent variety,
responsible for 60% to 75% of cases (Lachman et al.
1980). The head is absent but the trunk and limbs are
more or less well developed (Das 1902; Robie et al.
1989; Simonds and Gowen 1925).

Acardius acormus: This is a very rare type of acardia in
which there is development of the fetal head only
(Robie et al. 1989). The head is usually directly
attached to the placenta via a cord arising in the
cervical region (Das 1902; Kappelman 1944; Simonds
and Gowen 1925).

Acardius amorphus or anideus: This type of acardia
occurs in about 20% of cases (Lachman et al. 1980).
The defect consists of an irregular, skin-covered mass
of bone, muscle, fat, and connective tissue without the
external form of a fetus (Das 1902; Kappelman 1944).
The umbilical cord is inserted anywhere on the surface.

Acardius anceps or paracephalus: The head is poorly
formed, but trunk and limbs are fairly well developed
(Das 1902; Simonds and Gowen 1925). This form is
sometimes included with the acephalus group.

Acardius myelacephalus: This form consists of an
amorphous mass, with some development of one or
more limbs (Kappelman 1944; Simonds and Gowen
1925).

abdominal aorta preferentially receive a better blood supply
and usually develop better than the upper part of the body
(VanAllen et al., 1983). TRAPoccurs inmonochorionic preg-
nancies, and previous theories of polar body fertilization to
explain acardius in sex discordant twins have beendiscounted
(Bieber et al., 1981; Fisk et al., 1996). In addition, the TRAP
sequence is more common in monozygotic triplets than in
monozygotic twins (James, 1977; Healey, 1994). Some au-
thors have suggested a slight female preponderance in acar-
diac twins while other studies have not supported this idea
(James, 1977; Healey, 1994).

The members of a TRAP sequence are known as the
perfused twin and the pump twin. The perfused twin in a
TRAP sequence is an example of the impact of vascular dis-
ruption on morphogenesis. Multisystem malformations, as
well as unusual body form, are found in the perfused twin.
Figure 120-1 illustrates the gradation of loss of normal body
form ranging from an amorphous appearance to an individ-
ual withmore severe abnormalities found in the upper part of
thebody.Themalformations found incasesof acardia include
growth abnormalities, partial or complete absence of the

cranial vault, anencephaly, holoprosencephaly, absent or ru-
dimentary facial features, absent or rudimentary upper and/
or lower limbs, absent lungs and heart, gastrointestinal atre-
sia, omphalocele, gastroschisis, and absent liver, pancreas,
spleen, and kidneys (Van Allen et al., 1983). Of 33 acar-
diac fetuses with a known karyotype, 11 (33%) were abnor-
mal (Healey, 1994). The karyotypic abnormalities included
monosomy, trisomy, deletions, mosaicism, and polyploidy.
The pattern of structural abnormalities found in the perfused
twins with abnormal karyotypes is not appreciably different
from those with normal karyotypes (Van Allen et al., 1983).
Van Allen et al. suggested that the abnormal karyotype is not
responsible for the malformation complex, but rather that
it contributes to the discordant development between twins,
increasing the likelihood of reversal of arterial blood flow if
an anastomosis occurs.

The presence of an acardiac twin requires a “pump”
twin to provide circulation for itself as well as its acardiac
co-twin. In many cases the acardiac twin is almost equal
in size to the normal twin (Figure 120-2). The pump twin
is usually morphologically and genetically normal. In a re-
view of 34 pump fetuses with a known karyotype, 3 (8.8%)
were abnormal as a result of trisomy (Healey, 1994). The
pump twin may show evidence of the physiologic conse-
quence of fetal cardiac overload and congestive heart failure
with hepatosplenomegaly. The principal perinatal problems
associated with acardiac twinning are pump twin congestive
heart failure, polyhydramnios, and preterm delivery (Moore
et al., 1990).

The reported fetal/neonatal mortality in the pump
twin is substantial ranging from 50% to 75% (Gillim and
Hendricks, 1953; Napolitani and Schreiber, 1960; Van Allen
et al., 1983; Moore et al., 1990; Sogaard et al., 1999). One fac-
tor thought to be contributing to the high perinatal mortality
rate is the increased cardiac demands placed on the pump
twin to perfuse the acardiac twin (Sullivan et al., 2003).

Premature delivery is another important factor deter-
mining the prognosis for the pump twin (Figure 120-2) (Van
Allen et al., 1983; Moore et al., 1990; Healey, 1994). In one
study where approximately 55% of acardiac pregnancies re-
sulted in fetal or neonatal death, approximately one quarter
of the pregnancies delivered after 36 weeks. Preterm deliv-
ery and the attendant long-termmorbidities complicated the
remaining quarter (Moore et al., 1990).

INCIDENCE

The incidence of the TRAP sequence is estimated as 1%
of monozygotic twins, with birth estimates ranging from
1/35,000 to 1/50,000 births (Gillim and Hendricks, 1953;
Napolitani and Schreiber, 1960;D’Alton and Simpson, 1995).
Acardia was observed in 1 of 606 twin pregnancies, and the
rate of twins was calculated at 1 in 86.5 births in the United
States (Gillim and Hendricks, 1953). Van Allen et al. (1983)
have suggested these figures to be a gross underestimate of
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Figure 120-1 Gradation of loss of normal body form in acardia.

Figure 120-2 An acardiac fetus and its
pump twin delivered at 26 weeks of ges-
tation following spontaneous premature la-
bor.
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the true frequency of the TRAP sequence because most cases
go unrecognized due to early pregnancy loss. In contrast, an
analysis of data from the Eurocat Network (European Regis-
trationofCongenitalAnomalies andTwins) gave aprevalence
of acardia of 0.064 in 10,000 births, which ismuch lower than
were previous estimates in the literature (Haring et al., 1993).

SONOGRAPHIC FINDINGS

Antenatal diagnoses of the TRAP sequence have been re-
ported in the literature since 1980. Ultrasonographic features
useful in the diagnosis of acardia include absence of normal
cardiac structure and cardiac movement and variable struc-
tural abnormalities. Common structural abnormalities iden-
tified in the acardiac fetus include anencephaly, omphalo-
cele, and absence of upper limbs. Most cases have edematous
soft tissue, and large cystic hygromalike spaces are commonly
identified in the skin (Mack et al., 1982).

The placentation is most commonly monochorionic
diamniotic (74%), in which a thin membrane will be seen
dividing the sac of the acardiac fetus from the pump fetus
(Healey, 1994).Monoamnionicity is present in approximately
24% of cases (Healey, 1994). In exceptional cases, dichorion-
icity may be diagnosed (Healey, 1994). Polyhydramnios is
common as are abnormalities in the umbilical cord or in its
insertion (Dashe et al., 2001). Theumbilical cordwill demon-
strate a single umbilical artery in approximately two thirds of
cases, and in one-third the number of cord vessels will be
normal (Healey, 1994). A velamentous insertion of the cord
or a conjoined cord insertion may be present (Dashe et al.,
2001).

Measurement of the acardiac twin should be per-
formed, because the ratio of the weight of the acardiac twin
to that of the pump twin is useful to predict pregnancy out-
come. Because of the structural abnormalities, the biometric
parameters of biparietal diameter, abdominal circumference,
and femur length may not be available or reliable in an ac-
ardiac fetus. This problem of the antenatal determination
of the acardiac twin’s weight has been addressed by Moore
et al. (1990). The dimensions and weights of 23 acardiac
twins were used for the analysis. A second-order regression
equation (weight [g] = –1.66 × length + 1.21 × length2)
was computed and was predictive of acardiac weight with the
use of its longest linear measurement (r = 0.79; P < 0.001;
SEE = 326 g). When the actual and equation-predicted
weights were compared, the mean error (±SE) in prediction
was 240± 156 g.CarefulDoppler examinationof the acardiac
fetus may also demonstrate reversal of flow in the umbilical
artery of the acardiac fetus, with flow going from the placenta
toward the acardiac fetus (Figure 120-3) (Benson et al., 1989;
Malone and D’Alton, 2000).

The pump twin should have a detailed structural sur-
vey performed because trisomy has been reported in up to
9% of cases (Healey, 1994) and sonographic features typical

Figure 120-3 Prenatal ultrasound image of TRAP pregnancy at
22 weeks with amorphous mass (arrow) connected through pla-
cental surface vessel from umbilical cord of pump fetus.

of a trisomic fetus may be identified. Fetal echocardiography
is helpful in detecting early signs of in utero congestive heart
failure in the pump twin. Atrial and ventricular enlargement
can be an initial feature of impending cardiac decompen-
sation and can be measured using M-mode by obtaining a
transverse view through the cardiac chambers (Allan, 1986;
DeVore, 1987). The ventricular fractional shortening capac-
ity can also be calculated using M-mode with the formula
(D − S)D × 100, where D is the diastolic and S is the systolic
ventricular size. A low value is indicative of poor cardiac con-
tractility. A pericardial effusion may be present and is a sign
of congestive heart failure. Tricuspid regurgitation, demon-
strated by Doppler studies of the tricuspid valve, is also a sign
of congestive heart failure (Silverman et al., 1985; Shenker
et al., 1988). Combined ventricular output (CVO) can be
measured to determine if the pump twin is in a high output
state. In TRAP sequence at a gestational age too early to de-
termine CVO, Kinsel-Ziter et al. have demonstrated a good
correlation of increased CVO with increased cardiothoracic
ratio (Kinsel-Ziter et al., 2009).

Doppler studies should be performed in both the ac-
ardiac and pump twins. Verification of circulatory reversal
by pulsed Doppler sonography of the acardiac twin can be
documented with reversed direction of flow in the umbili-
cal artery and vein (Pretorius et al., 1988; Sherer et al., 1989;
Benson et al., 1989; Donnenfeld et al., 1991; Langlotz et al.,
1991; Dashe et al., 2001). In one recent study by Dashe
et al., between, 1990 and 1997, Doppler studies were per-
formed in 6 monochorionic pregnancies complicated by the
TRAPsequence. Pulsatile vessels in theumbilical vessels of the
acardiac andpump twinswere insonated.Reversal of flowwas
demonstrated in all cases. Resistive index values were calcu-
lated, and the difference in resistive index between the pump
and acardiac twin was evaluated. In the acardiac twins, no
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ratioof systolic todiastolic velocityor resistive indexvaluewas
associated with a good or with a poor prognosis for the pump
twin. In the pump twins, resistive index differences>0.20 be-
tween the pump and the acardiac twins were associated with
good outcomes, while resistive index differences <0.05 were
associated with poor outcomes (Dashe et al., 2001).

DIFFERENTIAL DIAGNOSIS

The acardiac fetusmay bemistaken for an anencephalic fetus.
The sonographic features of absent trunk region in addition
to increased soft tissue in the body aid in the correct diagnosis
(Billah et al., 1984).

The TRAP sequence has been mistaken for intrauter-
ine fetal death (IUFD) of one twin in a multiple gestation
(Malone and D’Alton, 2000). Evidence of growth in the
“dead” fetus and a “twitching” noted on repeat ultrasound
examination has allowed the diagnosis of an acardiac twin to
be made (Cardwell, 1988). In a severely macerated fetus, the
skeletal and visceral forms are more differentiated, and the
soft-tissue edema is less advanced than in a case of acardia
(Mack et al., 1982). The use of color flow Doppler can assist
in differentiating between single IUFD in a co-twin and the
TRAP sequence (Malone andD’Alton, 2000). PulsedDoppler
examination has been used to demonstrate reversed flow
through the umbilical artery of the acardiac twin (Pretorius
et al., 1988).

ANTENATAL NATURAL HISTORY

The principal perinatal problems associated with acardiac
twinning are pump twin congestive heart failure, maternal
polyhydramnios, and preterm delivery. The antenatal diag-
nosis of TRAP can be made only through sonographic ex-
amination and has been reported in the literature only since
1980. Large series of acardiac twins have attempted to identify
factors prognostic of favorable outcome for the pump twin
(Moore et al., 1990; Healey, 1994).

In the series of 49 cases reported byMoore et al. (1990),
one third of fetuses were delivered before they were viable.
In this study, viability was defined as delivery at or beyond
25 weeks of gestation. Of the potentially viable 33 cases,
4 (12%) ended in death of the pump twin in utero. The over-
all perinatal mortality was 55% and was primarily associated
with prematurity (Table 120-2).

Polyydramnioswas amajormaternal complication, oc-
curring in 46%of all acardiac pregnancies, and it was strongly
associated with preterm labor and congestive heart failure in
the pump twin. Eighty-two percent of patients with polyhy-
dramnios experienced preterm labor requiring hospital ad-
mission and treatment, as comparedwith 22%of pregnancies
with normal amniotic fluid (P < 0.01). Polyhydramnios was

Table 120-2

Perinatal Complications of 49 Pregnancies
with Acardiac Twinning

Delivery mode
Spontaneous abortion 18%
Elective 14%
Cesarean section, all cases 38%
Cesarean section, potentially viable 58%

cases

Pump twin
Male/female 57%/43%
Malpresentation 29%
Major structural anomaly 9%
Hydramnios 46%
Congestive heart failure 53%
Previable 32%
Liveborn 59%
Premature (<37 wk) 35%
Gestational age at delivery (wk) 29 ± 7

Birth weight (g)∗

Acardiac 651 ± 571
Pump twin 1378 ± 1047

∗Mean ± SD.
Source: Moore TR, Gale S, Benirschke K. Perinatal outcome of 49
pregnancies complicated by acardiac twinning. Am J Obstet Gynecol.
1990;163:907-912.

observed in 78% of pump twins with congestive heart failure
as compared with 13% of those in whom congestive heart
failure was not confirmed (P < 0.001). The perinatal out-
come was strongly related to the ratio of the weight of the
acardiac twin to that of the pump twin. The mean overall
ratio of the twin weights was 52 ± 42%. The twin weight
ratio was more than 70% in 25% of cases. When this char-
acteristic was present, the incidence of preterm delivery was
90%, polyhydramnios 40%, and congestive cardiac failure in
the pump twin 30%, as compared with 75%, 30%, and 10%,
respectively, when the ratio was less than 70% (Moore et al.,
1990).

In the series by Healey (1994), of 5 cases at Monash
Medical Centre and a review of 184 case reports in the litera-
ture from 1960 to 1991, the overall perinatal mortality for the
pump fetus was 35% in twins and 45% in triplets. Factors as-
sociated with a significant increase in perinatal mortality for
thepump fetus includeddelivery before 32weeks of gestation,
the acardius anceps formof acardia, and the presence of arms,
ears, larynx, trachea, pancreas, kidney, or small intestine in
the acardiac fetus.

Nonetheless, a more recent study questioned the poor
prognosis associated with pregnancies complicated by TRAP
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and explored the role of expectant management (Sullivan
et al., 2003). Ten cases of antenatally diagnosed acardiac twins
delivered between 1994 and 2001 in one community were
evaluated. All cases were managed expectantly. Nine women
delivered a healthy pump twins. There was one neonatal
death. The mean gestational age at delivery was 34.2 weeks
and the mean weights of the pump and acardiac twins were
2279 g and 1372 g, respectively. The authors concluded that
neonatal mortality of pump twins in antenatally diagnosed
acardiac twin pregnancies may be considerably less than re-
ported, and expectant management with close antepartum
surveillance may be an option.

MANAGEMENT OF PREGNANCY

The goal of antepartum management of a pregnancy com-
plicated by the TRAP sequence is to maximize outcome for
the structurally normal pump twin. Management of acardiac
twin gestations is controversial. When the diagnosis is made,
the gestational age shouldbedocumentedbymaternal history
and standardbiometricmeasurementsof thepump fetus.The
high and low risk factors for perinatal mortality in the pump
fetus must be evaluated through sonographic examination.
In the absence of poor prognostic features (twin weight ratio
>0.70, elevatedCVO, increasedC:T ration, congestive cardiac
failure, polyhydramnios), expectant management with serial
sonographic evaluation is reasonable (Malone and D’Alton,
2000). Additional factors that place the pregnancy at high
risk for perinatal mortality include features of acardius an-
ceps demonstrating the presence of arms, ears, larynx, tra-
chea, pancreas, renal tissue, and small intestine. Rapid growth
of the acardiac twin may also be a sign of poor outcome
(Brassard et al., 1999).

Features that indicate a lower risk include features of
acardius amorphouswith absence of arms, legs, brain, esoph-
agus, trachea, and omphalocele (Healey, 1994). Karyotyp-
ing of the pump twin should be offered because as many
as 9% of pump twins have an abnormal karyotype (Healey,
1994).

Various techniques have been used to interrupt the vas-
cular communication between the twins in an effort to im-
prove outcome of the normal pump twin. These methods
have included hysterotomy with physical removal of the ac-
ardiac twin, ultrasound guided injection of thrombogenic
materials into the umbilical circulation of the acardiac twin,
ligation of the umbilical cord of the acardiac twin under feto-
scopic guidance, and intrafetal radiofrequency cord ablation
(Simpson et al., 1983; Van Allen et al., 1983; Robie et al.,
1989; Ash et al., 1990; Porreco et al., 1991; Holzgreve et al.,
1994; Quintero et al., 1994; Challis et al., 1999; Tsao, 2002;
Livingston et al., 2007). Steroids should be given if delivery
is expected between 24 and 34 weeks of gestation (NIH Con-
sensus Development Panel, 1995). Preterm labor should be
suppressed with tocolytic agents.

Delivery at a tertiary care hospital is recommended be-
cause of the risk of preterm delivery and congestive cardiac
failure in the pump twin. The vaginal route is the preferred
mode of delivery. The indications for cesarean include the
standard obstetric reasons. In Moore et al.’s series, abnormal
presentation and fetal distress necessitated cesarean delivery
in more than half of the potentially viable pregnancies.

Medical management with maternal administration
of digoxin or indomethacin has been reported, but there
are no significant case series on these management strate-
gies. The use of maternal digitalization to treat cardiac fail-
ure in the pump twin was reported by Simpson et al. in
1983. Marked edema of the trunk in the normal twin was
present. Fetal ascites, pleural effusion, or cardiomegaly was
not demonstrated. Serial ultrasound examinations demon-
strated resolutionof the edemaandcontinuednormal growth
of the viable fetus. Delivered at 34 weeks, the normal twin
weighed 1860 g. The acardiac twin weighed 1810 g. No sub-
sequent reports of this digoxin therapy for acardia have been
reported.

Ash et al. (1990) reported the use of indomethacin in
an acardiac pregnancy complicated by polyhydramnios at
21 weeks. No evidence of cardiac failure was visualized in the
pump twin. Indomethacin, 50mg daily, was given to treat the
symptomatic polyhydramnios because of the high risk of pre-
mature labor. The indomethacinwas continued for 8.5weeks.
Oligohydramnios at 34 weeks prompted induction of labor,
and spontaneous vaginal delivery occurred. The normal twin
weighed 1865 g at birth, and the acardiac twin weighed 785 g
(Ash et al., 1990).

FETAL INTERVENTION

Many invasive procedures have been described with the goal
of interrupting the umbilical circulation of the acardiac twin.
There is a greatdeal of controversy in the literature concerning
which cases are candidates for such procedures. It has been
recommended that invasive procedures be performed only
after heart failure has developed (Platt et al., 1983). Some
have recommended surgical intervention only after medical
therapy has failed (Ash et al., 1990). Others have suggested
intervening before heart failure is present in the pump twin
(Platt et al., 1983). Others consider the diagnosis of TRAP the
indication for fetal intervention (Tsao et al., 2002).

Various percutaneous procedures have been described
to interrupt the umbilical circulation in acardiac twins, in-
cluding (1) insertion of a thrombogenic coil into the recipient
twin’s umbilical cord, (2) injection of silk soaked in alcohol
into the cord, (3) injection of absolute alcohol into the cord,
(4) fetoscopic ligation of the acardiac fetus’s cord, (6) bipolar
forceps cautery of the acardiac fetus’s cord, (7) thermocoagu-
lation of the aorta of the acradiac fetus, and (8) intrafetal ra-
diofrequency thermablation (Porreco et al., 1991; Holzgreve
et al., 1994; Quintero et al., 1994; Sepulveda et al., 1995;
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Arias et al., 1998; Rodeck et al., 1998; Challis et al., 1999;
Tsao et al., 2002; Livingston et al., 2007).

Injection of coils or slerosants is generally no longer
performedbecauseof theunreliability in achieveing complete
occlusion. Fetoscopic cord ligation may be associated with
a failure rate of 10% together with a 30% risk of preterm
rupture ofmembranes (Challis et al., 1999). Laser and cautery
options have the advantage of generally requiring one ccess
port in the uterus and therefore may be associated with less
morbidity. No comparative studies are available, however, to
suggest one optimal method of selective termination in this
setting.

Robieet al. (1989) reportedacaseof selectivedeliveryby
hysterotomy of an acardiac acephalic twin fetus at 22.5 weeks
of gestationwith the subsequentdeliveryof thenormal twinat
33weeksofgestation.Fries et al. (1992) subsequently reported
5 cases of selective delivery in 1992. In one case, placental
abruption occurred shortly after the procedure, leading to
fetal death. Two cases delivered at 35 weeks of gestation, and
the remaining 2 delivered at 27 and 28 weeks.

Porreco et al. (1991) described the insertion of a helical
metal coil under sonographic guidance to induce thrombosis
in the umbilical artery of the acardiac twin at 24 weeks. The
co-twin delivered at 39 weeks and had a normal course.

Quintero et al. (1994) described a percutaneous feto-
scopic procedure that treated this condition at 19 weeks of
gestation and was followed by the birth of a normal twin
at 36 weeks of gestation. A further case was reported by
McCurdy et al. (1993). A trial of maternal digoxin admin-
istration failed and was followed by a fetoscopic ligation of
the acardiac twin’s cord at 19 weeks. Ultrasound examination
on the first postoperative day indicated death of the pump
twin.

Holzgreve et al. (1994) injected multiple pieces of silk
suture soaked in 96% alcohol into the umbilical cord of an
acardiac twin at 21 weeks of gestation. This resulted in imme-
diate interruptionofflow in the cord and theultimatedelivery
at term of a 2780-g healthy newborn. The advantage of this
approach in comparison to umbilical cord ligation is the use
of a much thinner needle. Less operative time is required,
and there is no need for general anesthesia (Holzgreve et al.,
1994).

Othermethodsof interrupting the circulation in the ac-
ardiac twin involve direct coagulation of the umbilical vessels
or the aorta, using either laser photocoagulationor diathermy
themocoaglulation. Laser photocoagulation of umbilical ves-
sels using a neodymium yttrium aluminum garnet laser has
been successfully reported, although this approach appears
less likely to be successful when performed after 24 weeks’
gestation (Arias et al., 1998). This may be because umbili-
cal vessels are too large to adequately photocoagulate when
the gestational age is greater than 24 weeks. Thermocoag-
ulation of the aorta of the acardiac fetus using diathermy
via a wire passed through an 18-gauge needle has been suc-
cessfully reported in four cases at 24 weeks’ gestation or less
(Rodeck et al., 1998). The advantages of this latter approach

include avoiding the need for microendoscopic instruments
or skills, and avoiding the difficulties in identifying the target
umbilical cord. Intrafetal radiofrequency ablation (RFA) has
also been utilized in cases of TRAP. RFA causes thermal in-
jury with high frequency radiowaves that denature proteins
and initiate cell death through coagulative necrosis. In a se-
ries of 23 pregnancies complicated by TRAP and managed
with RFA, there was a 91% survival rate with a mean gesta-
tional age of 35 weeks at delivery (Lee et al., 2004). Livingston
et al. reported a 95% survival rate with an ultrasound-guided
technique using a 17-gauge radiofrequency DePrest needle
(Boston Scientific) with a mean gestational age at deliv-
ery of 36 weeks in a series of 26 patients. Survival rates of
85% have been reported with fetoscopic cord coagulation
likely as a consequence of two ports being required (Lewi
et al., 2006).

It has been suggested that successful interruption of
the acardiac circulation after 24 weeks gestation may require
a more invasive approach, such as fetoscopic ligation of the
umbilical cord (McCurdy et al., 1993; Quintero et al., 1994;
Arias et al., 1998). However, the series reported both by Tsao
and Livingston included patients successfully treated after
24 weeks’ gestation.

TREATMENT OF THE NEWBORN

A neonatologist should attend the delivery. In Moore et al.’s
(1990) series, admission to a newborn intensive care unit was
required in 41%of the pregnancies and 59%of those reaching
viability. Five of 29 liveborn pump twins died during the
newborn period. There is little information in the literature
on the neonatal course of the pump twin. Themain problems
for the pump twin include complications of prematurity and
congestive heart failure (Van Allen et al., 1983; Moore et al.,
1990).

Other frequent neonatal findings include massive hep-
atosplenomegaly, ascites with hypoplasia of abdominal mus-
culature, edema, and hypoalbuminemia due to inadequate
liver synthesis of albumin (Van Allen et al., 1983).

Respiratory assistance as well as support of myocardial
function with inotropic medication may be required. Early
administration of surfactant therapy is indicated when pre-
mature delivery at less than 30 weeks of gestation is antic-
ipated. Postnatal consultation with a pediatric cardiologist
and echocardiography are recommended.

LONG-TERM OUTCOME

There is no information in the literature concerning long-
term outcome for the pump twin. Considerations for the
long-term prognosis must include the degree of prematurity,
the severity of the neonatal course, and the degree of conges-
tive heart failure.
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GENETICS AND RECURRENCE RISK

Estimates of the recurrence risk of acardiac twin pregnancy
are on the order of 1 in 10,000 (Van Allen et al., 1983).
This recurrence risk is calculated from the recurrence risk
formonoamniotic twinning, which is 1% (Myrianthopoulos,
1970), multiplied by the frequency of the occurrence of the
TRAP sequence, which is approximately 1% of all monozy-
gous twins (Gillim and Hendricks, 1953; Napolitani and
Schreiber, 1960).
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CHAPTER

Conjoined Twins

Key Points

■ Conjoined twins are rare, and they may be joined
at a variety of sites. The nomenclature in use to
describe conjoined twins is derived from the most
prominent site of conjunction.

■ The most common type of conjoined twins include
thoracopagus, xiphagus or omphalopagus,
pygopagus, ischiopagus, and craniopagus.

■ Conjoined twins can be diagnosed with ultrasound
examination, and suspicion should arise when a
dividing membrane cannot be visualized.

■ Congenital anomalies are common even in organs
that are not shared.

■ The antenatal natural history of conjoined twins is
not well known due to the fact that cases are rare
and many patients elect termination.

■ Successful surgical separation is possible, and the
prognosis for the surgery depends on the type of
conjunction.

CONDITION

Although a rare event, the birth of conjoined twins has al-
ways fascinated both the physician and the layperson. The
first well-documented case was reported in a.d. 1100 and de-
scribed the Biddendenmaids whowere joined at the hips and
shoulders. In 1134, when the maids had lived together for
34 years, Mary was suddenly taken ill and died. Eliza, her sis-
ter, died six hours later (Bondeson, 1992). The most famous
conjoined twins were Eng and Chang Bunker, born in Siam
in 1811. The inappropriate term “Siamese twins” was coined
by P.T. Barnum, who promoted the exhibition of Chang
and Eng Bunker. An early medical description of these most

famous conjoined twins, who lived unseparated until they
died at age 63, can be found in the works of Warren (1829).
Many conjoined twins are stillborn. In one series 40%of con-
joined twins were stillborn and an additional 35% survived
only 1 day (Edmonds and Layde, 1982). Konig recorded the
first successful separation of conjoined twins in 1689. These
twins were joined at the umbilicus, and the division was ac-
complished by necrosing the band of tissue between the two
children with a constricting ligature. Kiesewetter (1966) re-
viewed 24 surgical attempts at separation that appeared in the
literature from 1689 to 1962. There are now over 100 reports
of successful separations in themedical literature or lay press.
Conjoined twins may be joined at a variety of anatomic sites,
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andclassificationshavebeendeveloped todescribeall thepos-
sibilities (Guttmacher andNichols, 1967). The nomenclature
in use clinically is derived from the most prominent site of
conjunction. The common twin types include thoracopagus,
xiphopagus or omphalopagus, pygopagus, ischiopagus, and
craniopagus.

Thoracopagus is the most common type of conjoined
twin and with omphalopagus (or xiphopagus) represents
about 75% of cases reported (Malone and D’Alton, 2000).
The two individuals lie face to face and share a common ster-
num, diaphragm, and upper abdominal wall from xiphoid to
umbilicus. An extensive review of the anatomy of thoracopa-
gus twins has been published by Nichols et al. (1967). In data
from 32 cases, 75% have conjoined hearts. Because of the ab-
normal ventricular arrangements and associated anomalies
of the great arteries and veins, successful surgical division is
usually not possible. In about half of these cases, the intesti-
nal tracts are also joined. Occasionally, the esophagus and
stomach are single, but usually the union starts in the dis-
tal duodenum and ends in a pouch at the site of a Meckel
diverticulum. The biliary tree is joined in 25% of cases.

Xiphopagusoromphalopagus twinsusually considered
a subgroupof thoracopagus, also faceone another andusually
have the least complicated union of all conjoined twins. They
are joined at the anterior abdominal wall from xiphoid to
umbilicus. The peritoneal cavity of one communicates with
that of the other, but the upper intestinal tracts are usually
separate. A bridge of liver connects the infants in themajority
of cases.Evaluationof the singleumbilical cord in twins joined
at the umbilicus has revealed the presence of two to sevenum-
bilical vessels.Anomphalocele isoftenpresentat theumbilical
cord insertion.

Pygopagus twins represent about 20% of cases. They
are joined at the buttocks and perineum, and face away from
eachother.A significant lengthof sacrummaybe fused, andas
a result, the twins often share the sacral spinal canal. A single
lower rectumandanus is common, andoften the lowergenital
tract and external genitalia are fused.

Ischiopagus accounts for 5% of cases. These twins are
united at a single bony pelvis. Four normal lower extremi-
ties (ischiopagus tetrapus) may be attached to the pelvis, but
often twoof the four lower extremities are fused into onemal-
formed limb(ischiopagus tripus).The intestinal tractsusually
join at the terminal ileum, which empties into a single colon.

Craniopagus is the least common type of conjoined
twins and accounts for 2% of cases. There is always fusion
of the skull, and often the twins share large dural sinuses
and vascular structures. A classification into partial or total
forms, having a junction at brow, vertex, or parietal bone,
has been devised by O’Connell (1976). In the partial forms,
the brains are separated by bone or dura and each brain has
separate leptomeninges. In the total form, the brains of each
twin are connected, or they are separated only by arachnoid.
Separation of the total type is extremely difficult, and feasi-
bility is often determined by the presence of a superior sagit-
tal sinus for each brain that will provide adequate venous
drainage.

INCIDENCE

The exact incidence of conjoined twins is not known, but esti-
mateshavevaried from1in25,000 to1 in80,000births (Siegel,
1950; Freedman et al., 1962). Other reports on the frequency
of conjoined twinning show the incidence to be from 1 in
2,800 to 1 in 200,000 (Hanson, 1975). Three conjoined twins
over a 10-month period among residents of South Glamor-
gan with approximately 5400 deliveries a year is the highest
reported incidence of conjoined twinning so far described
(Rees et al., 1993). In Rudolph et al.’s (1967) review, about
70% of conjoined twins were female. Maternal age and parity
do not appear to be factors that influence the occurrence of
this type of twinning. However, use of assisted reproductive
techniquesmay result in an increased risk for conjoined twins
(Goldberg et al., 2000).

SONOGRAPHIC FINDINGS

The first report of conjoined twins diagnosed ultrasono-
graphically was in 1977 (Fagan, 1977). Since then prenatal di-
agnosis has been reportedmany times and can bemade in the
first trimester (Figure 121-1) (Hill, 1997; Hubinot et al, 1997;
Lam et al, 1998; Maymon et al, 1998). Three-dimensional
ultrasound examination may be a valuable adjunct to two-
dimensional ultrasound examination when diagnosing con-
joined twins (Figure 121-2) (Johnson et al., 1997; Bega et al.,
2000;MacKenzie et al., 2004). A suspicion of conjoined twins
should arisewhen a dividingmembrane cannot be visualized.
van den Brand et al., (1994) have suggested nine sonographic

Figure 121-1 First trimester ultrasound demonstrating bifid ap-
pearance of the fetal pole consistent with a diagnosis of con-
joined twins.
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Figure 121-2 Sagittal image of cephalothoracopagus
twins demonstrating duplication of the vertebral col-
umn A. Axial image of cephalothoracopagus twins
demonstrating fusion of the head B. 3D image of
cephalothoracopagus twins demonstrating fusion at
the head C. 3D image of cephalothoracopagus twins
demonstrating fusion at the head and chest D.

findings to diagnose conjoined twins (Table 121-1). Polyhy-
dramnios is present in 75% of thoracopagus twins (Harper
et al., 1980). Congenital anomalies are common in conjoined
twins, even in the unshared organs. Congenital heart disease,
renal andgenitourinary abnormalities, intestinal duplication,
and omphalocele have all been reported.

Ultrasound examination has been found useful in de-
scribing the extent of joining of the cardiovascular system in
thoracoabdominally joined twins. Sanders et al. (1985) have
reviewed their experience in fourpairsof thoracoabdominally
joined twins and demonstrated that prenatal echocardiogra-
phy correctly diagnosed major cardiac anomalies, although
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Table 121-1

Sonographic Findings used to Diagnose
Conjoined Twins

Bifid appearance of the first trimester fetal pole

Lack of a separating membrane between the twins

Inability to separate the fetal bodies

Detection of fetal anomalies

More than three vessels in the umbilical cord

Heads at same level and body plane

Spines unusually extended

Extremities in unusual proximity

Fetuses do not change position relative to one another
after movement or manipulation, or with passage of
time

Source: van den Brand SFJJ, Nijhuis JG, van Dongen PWJ. Prenatal
ultrasound diagnosis of conjoined twins. Obstet Gynecol Surv. 1994;49:
656-662.

they missed certain important features because of their in-
ability to detect abnormal pulmonary venous connections.
In addition, the investigators concluded that conjoined twins
were more easily and thoroughly examined in utero because
more views could be obtained as comparedwith the postnatal
examination, which is hampered by the conjunction and the
associated omphalocele. With the use of ultrasound equip-
ment it is always possible to detect whether bone tissue is
interposed between the two brains. However, it is impossible
to detect if the two cerebral hemispheres are joined or sep-
arated by either the dura or pia mater. Color flow mapping
may be useful in craniopagus twins to determine vascular
connections (Loverro et al., 1991).

DIFFERENTIAL DIAGNOSIS

There are several pitfalls for the sonographic diagnosis of con-
joined twins.Caution shouldbe exercised inmaking adefinite
diagnosis of conjoined twins at less than 10 weeks of gesta-
tion because false-positive diagnoses have been documented
(Usta and Awwaad, 2000; Weiss and Devine, 2002) Three-
dimensional ultrasonography may help with the diagnosis
(Babinski et al., 1999).Later ingestation, inseparable fetal skin
contours must be a persistent finding at the same anatomic
level to avoid the false-positive diagnosis of conjoined twins
(Barth et al., 1990). Even discordant presentation does not

exclude the diagnosis, particularly in omphalopagus twins.
The joining bridgemay be sufficiently small to allow for rota-
tion of the twins. Finally, with severe conjoining, twins may
be melded into a conglomerative tissue mimicking a single
pregnancy (Weingast et al., 1984). The diagnosis of conjoined
twins does not exclude the presence of other problems unique
to twinning. For example, many cases have been reported of
conjoined twins coexisting in triplet pregnancies (Sanjaghsaz
et al., 1998; Sepulveda et al., 2003).

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history of con-
joined twins. Polyhydramnios has been reported in 75% of
thoracopagus twins (Harper et al., 1980). In the older obstet-
ric literature on the subject, stillbirth occurred in approxi-
mately 20% to 40% of cases (Harper et al., 1980). In one re-
cent series of 14 sets of prenatally diagnosed conjoined twin
pregnancies from a single center, the combination of prenatal
ultrasonography, echocardiography, andmagnetic resonance
imaging accurately defined the anatomy in all cases. In this
series, 3 pregnancies were terminated, 1 resulted in intrauter-
ine demise, and of the remaining 10 pregnancies delivered
after viability, 5 individual fetuses survived (Mackenzie et al.,
2002). Most of the contemporary literature has concentrated
on the subject of surgical separation.

MANAGEMENT OF PREGNANCY

When the diagnosis of conjoined twins is made before viabil-
ity, the option of pregnancy termination should be discussed
with the parents. Since mortality and the ability to separate
thoracopagus twins is directly related to the union of two
hearts and associated cardiac abnormalities, echocardiogra-
phy is recommended in all cases and may be of significant
value to parents faced with the decision of whether to ter-
minate the pregnancy. Although sonography is a standard
technique for evaluation of fetal anatomy, its ability to char-
acterize certain tissues is limited.

Threedimensional ultrasoundandmagnetic resonance
imaging (MRI) improves soft-tissue definition and has been
reported to be of additional use in the antenatal evaluation
of conjoined twins (Figure 121-3). Zoppini et al. (1993) used
MRI following fetal paralysis with pancuronium and iden-
tified bowel-to-bowel anastomosis. Prior to the MRI, a so-
lution of gadolinium DTPA was also injected into the stom-
ach of one twin to aid in the diagnosis of bowel-to-bowel
anastomosis. Early prenatal diagnosis and precise character
relation of conjoined twins are essential for optimal obstetric
and postnatal management. Vaginal delivery may be possible
for preterm conjoined twins for which postnatal survival is
unlikely. Near term cesarean delivery is the delivery method
of choice for conjoined twins to maximize survival and pre-
vent birth trauma. Dystocia occurs frequently (Nichols et al.,
1967), and in omphalopagus twins it has been reported in
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Figure 121-3 Prenatal MRI of thoracopagus twins joined at the
chest and abdomen. Note the presence of a single heart, liver, and
bladder.

36% of cases (Harper et al., 1980). Delivery at a tertiary care
center is recommended for optimal neonatal intensive care
and pediatric surgical support.

FETAL INTERVENTION

There are no fetal interventions for conjoined twins.

TREATMENT OF NEWBORN

Except for life threatening emergencies that must be treated
by immediate separation of the twins, surgery should be de-
layeduntil anaccurate assessmentof shared structures is com-
pleted(Filler, 1986).Table121-2 lists the importantdiagnostic
studies, the structures that each study will best evaluate, and
the type of twin that requires such a study. Comprehensive
evaluation of the cardiovascular system is necessary in all
thoracopagus twins (Figure 121-4). These studies should be
obtained immediately after birth because of the high likeli-
hood of an abnormality in one or both twins. One of themost
important factors in prognosis is the degree of separation of
the two hearts. Of the conjoined twins who are born alive, the

Table 121-2

Most Useful Diagnostic Studies for Evaluating Different Types of Twins

Test Evaluation of Type of Union in Twin

MRI Nervous system Cranial and thoracoabdominal

CT scan Bony unions, kidneys, urinary tract, central
nervous system

All types

Ultrasound Liver, biliary system, pancreas Thoracoabdominal

Plain films Extremities Ischiopagus

Radionuclide scans Liver, spleen, biliary tract Thoracoabdominal

Cystography, urethrography Bladder, urethra Abdominal and pelvic

Barium studies of gastrointestinal tract Small bowel, colon Abdominal and pelvic

Angiography Heart and major blood vessels Thoracoabdominal and cranial

Echocardiography∗ Heart and great vessels Thoracoabdominal

Electrocardiography

Cardiac catheterization

∗Prenatal test appears to be especially useful.
Source: Filler RM. Conjoined twins and their separation. Semin Perinatol. 1986;10(1):82-91.
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Figure 121-4 Postnatal appearance of thoracopa-
gus twins.

potential long-term survivors fall into two groups. The first
group involves children who thrive despite being joined. Py-
gopagus, ischiopagus, and xiphopagus twins usually fall into
this category. In this group there is sufficient time to evaluate
organ sharing and to plan operative separation. Separation
in these children should probably be delayed several months.
The advantages of waiting are that the infants will be larger,
important congenital anomalies not obvious at birthwill have
become apparent, and the risks of surgery and anesthesia
should be less. In Filler’s (1986) experience with four separa-
tions, delay was clearly beneficial. The second group involves
twinswhose lives are threatenedbecauseof the conjunctionor
coexistent congenital abnormalities. Emergency surgery with
or without separationmay be required before appropriate di-
agnostic studies canbe completed.Urgent surgery is indicated
in three clinical situations: (1) when the existence of one twin
threatens the life of the other (Graivier and Jacoby, 1980);
(2) when a potentially correctable life-threatening anomaly
is present (e.g., severe congenital heart disease or intestinal
obstruction); and (3) when surgical intervention is necessary
for a traumatic injury to the bridge of tissue and underlying
viscera joining the twins.

SURGICAL TREATMENT

Manydescriptions of surgical procedures to separate different
types of conjoined twins appear in the literature (Koop, 1961;
Kiesewetter, 1966; DeVries, 1967; Gans et al., 1968; Kling
et al., 1975; James et al., 1985; Kotrikova, 2004). It is beyond
the scope of this review to describe the individual operations
in detail. However, the surgeon is faced with two general con-
siderations. First, the surgical team must try to separate the

shared structures, leaving each child with functional resid-
ual organs and limbs whenever possible. Second, the skin,
muscle, and bony defect at the site of conjunction must be
closed after separation is completed. Closure of defects can
be relatively simple when the defect is small, as in the case of
omphalopagus twins. When the defect is large, closure can
be extremely difficult. In cases of large defects, a flap of skin
and muscle may be available for coverage. Silastic tissue ex-
panders have beenused to provide additional skin andmuscle
to aid closure in several cases (Filler, 1986). Teflon mesh and
acrylic prostheses have also been described (Wilson, 1957;
DeVries, 1967). It is essential to have a coordinated approach
of the operating team, consisting of duplicate anesthesiolo-
gists, surgeons, and nursing personnel. The anesthesia team
should be responsible for setting up methods of physiologic
monitoring (Simpson et al., 1967; James et al., 1985). Existing
operating tables may need to be modified as the standard ta-
bles are not properly designed for the separation of conjoined
twins. The modifications required will depend on the type of
separation (Savickis, 1984).

Significant ethical considerations arise in cases inwhich
it is not possible to achieve separation without sacrificing the
life or the quality of the life of one of the two twins (Pepper,
1967; Raffensperger, 1997; Annas, 2001).

LONG-TERM OUTCOME

The prognosis for surgery depends on the type of conjunc-
tion. The results for omphalopagus and xiphopagus twins
are particularly good. Even over 30 years ago, in a review of
11 sets of omphalopagus twins, 19 of the 22 children sur-
vived (Nichols et al., 1967). When omphalocele is present in
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this type of twinning, the prognosis appears to be somewhat
worse. Votteler (1986) reviewed the results of separation in
seven sets of omphalopagus twins with an associated om-
phalocele treated between 1963 and 1981. The omphalocele
had ruptured in four sets. One twin in three of the four sets
died, and one twin from two of the three sets with an intact
omphalocele also died.

With the exception of a single case of a successful sepa-
ration of a set of twins who shared a right atrium (Synhorst et
al., 1979), thoracopagus twins sharing hearts have not sur-
vived. Survival is more frequent in those sharing a single
pericardium (Edmonds and Layde, 1982). The most com-
mon causes of death in thoracopagus twins include cardiac
abnormalities, infections, and respiratory failure. In many
failures, closure of the chest wall has contributed to the poor
outcome, either because of tight closure that restricts chest
motion or a defect in the sternum that allows paradoxical res-
piratory motion (Filler, 1986). The outcome for craniopagus
twins relates to whether the union is total or partial (Votteler,
1986; Bucholz et al., 1987). In a review of 21 cases of cran-
iopagus, temporoparietal and occipital junctions had a worse
outcome than frontal and parietal junctions (Bucholz et al.,
1987). In the Votteler series, 50% had residual neurologic ab-
normalities, whereas in the Bucholz series only one of nine
had severe neurologic deficit. The prognosis appears better
when surgery is performed during the neonatal period and
when craniopagus twins are separated in stages rather than
in one procedure (Bucholz et al., 1987).

Successful separationsofpygopagus twinshavebeen re-
ported by Koop (1961), Votteler (1982), Cloutier et al. (1979)
and Fowler et al. (1999). The prognosis is usually good for
pygopagus twinsmainly because the joined structures are not
essential for life. In most reported cases, both twins have sur-
vived (Filler, 1986).

The separation of ischiopagus twins is usually diffi-
cult because most of the abdominal viscera are joined. There
is only one pelvis and often only three lower extremities.
Votteler compiled a list of 12 ischiopagus separations from
1955 to 1981 in which one or both ischiopagus twins sur-
vived. Filler (1986), Ross et al. (1985), and Grantzow et al.
(1985) have successfully separated four other sets. Albert
et al. (1992) further reported on the orthopedicmanagement
of four cases treated at Children’s Hospital in Philadelphia.
Six of the eight infants survived. Significant postseparation
orthopedic problems persisted in all of the successful sepa-
rations. These included but were not limited to hip flexures,
clubfoot, recurrent dislocated hip, one functional deformed
foot, and quadriceps contractures. In addition to orthopedic
problems, successfully separated ischiopagus twins require
long-term rehabilitation because of gynecologic, urologic,
and intestinal disabilities. In Filler’s (1986) series of three
cases of ischiopagus twins, one set at age 17 used a prosthesis
for an absent lower extremity, and each had a colostomy. In
a second set, at age 4 each child had a colostomy and an arti-
ficial limb. Because they shared a single set of male genitalia,
one child is being raised as a boy and the other as a girl. In
a further set reported at age 1.5 years, each had a colostomy,

a suprapubic bladder catheter, and normal lower extremities
(Filler, 1986).

It is interesting to note that while pregnancy is not rec-
ommended, it can occur in female survivors following suc-
cessful separation. There are two case reports of separated
conjoined twins having successful pregnancies themselves
(Shan and Chazotte, 1994; Rosemeier et al., 2004). In one
recent report, a 23-year-old primigravid woman who was
a separated ischiopagus tetrapus twin delivered at 35 weeks
of gestation by cesarean. The twins had been separated at
15months of age but the co-twin died secondary to recurrent
pneumonia (Rosemeier et al., 2004).

GENETICS AND RECURRENCE RISK

To our knowledge, the recurrence risk is not increased above
background for conjoined twins.
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CHAPTER

Monoamniotic Twins

Key Points

■ Monoamniotic twinning is a rare form of twinning
where both twins occupy a single amniotic sac.

■ This form of twinning occurs when a single embryo
splits during postovulation days 8 to 10.

■ The most common way to diagnose
monoamniotic twins antenatally is failure to
visualize a dividing membrane in the presence of a
single placental mass and like-gender twins.
During the first trimester, the presence of two
embryos in a single sac, but with only one yolk sac,
is highly suggestive of monoamnionicity.

■ These pregnancies are at risk for significant
perinatal morbidity and mortality. This has been
attributed to preterm delivery, intrauterine growth

restriction, congenital anomalies, vascular
anastomoses between twins, and umbilical cord
entanglement or cord accidents.

■ Intense antenatal surveillance and timed delivery
has been shown to improve outcomes. This
typically takes the form of elective hospitalization
with daily nonstress testing at 24 to 26 weeks’
gestation, and increased frequency of testing if
variable decelerations are noted.

■ Elective delivery at 32 to 34 weeks’ gestation is
recommended if fetal testing remains reassuring
and cesarean delivery is most commonly
recommended.

CONDITION

Monoamniotic twinning is an unusual form of twinning in
which both twins occupy a single amniotic sac. Monoamni-
otic twins account for 1% of all monozygotic twin pregnan-
cies (Benirschke and Kim, 1973). This form of monozygotic
twinning typicallyoccurswhenasingle embryosplitsbetween
the ninth and twelfth day after fertilization. Splitting before
this time gives rise to either dichorionic diamniotic twins
(split between the first and third day after fertilization) or to
monochorionic diamniotic twins (split between the third and
eighth day after fertilization). Splitting later in embryogenesis
(after the twelfth day postfertilization) gives rise to conjoined
twins (Benirschke, 1998).

Although a rare event, monoamniotic twinning is im-
portant becauseof thehighperinatalmortality rate associated
with these pregnancies. The first comprehensive review of the
world literaturewasperformed in1935byQuigley,whofound
an overall mortality rate of 68% in 94 pregnancies. His opin-
ion was that the poor prognosis was due mainly to twisting
and knotting of the umbilical cords with subsequent occlu-
sion of the blood supply to one or both twins. A subsequent

review in 1959 added 35 new cases to the world literature and
reported a high fetal mortality rate of 30% (Salerno, 1959).
More recent series and reviews of prenatally diagnosed cases
suggestmortality rates ranging from10%to32%(Rodis et al.,
1997;Allenet al., 2001;Roqueet al., 2003;Demariaet al., 2004;
Heyborne et al., 2005). This decrease in perinatal mortality is
likely secondary to increased rates of prenatal diagnosis, an-
tenatal steroids, intense fetal surveillance, and timed delivery.

INCIDENCE

It is difficult to ascertain the exact incidence ofmonoamniotic
twins. The incidence has ranged in various studies from 1 in
1650 to 1 in 93,734 livebirths (Simonsen, 1966; Colburn and
Pasquale, 1982). Monoamniotic triplets are even more rare
(Giannopoulos et al., 2001). Use of in vitro fertilization and
embryo transfer may increase the risk for both monochori-
onic diamniotic twins and for monoamniotic twins (Alikani
et al., 2003).

There may be a preponderance of female twins among
monoamniotic twin pairs (Derom and Vlietinck, 1988). In
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a study of 26 sets of monoamniotic twins, 20 (77%) were
female pairs. However, this difference has not been as evident
in more recent studies (Carr et al., 1990; Allen et al., 2001).
Carr et al.’s (1990) series of 24 sets included 11 (46%) sets of
females and 13 (54%) sets of males. Allen et al.’s (2001) series
of 25 sets included 12 (48%) sets of females and 13 (52%) sets
of males.

SONOGRAPHIC FINDINGS

Prenatal diagnosis is established when a dividing membrane
cannot be identified by an experienced sonographer in a twin
gestation with a single placental mass and like-gender twins.
Thediagnosis is confirmedafter sonographic identificationof
entangled umbilical cords using Color flow Doppler (Belfort
et al., 1993;Aisenbrey et al., 1995) (Figure 122-1). This feature
has been reported in 70% to 100% of cases (Lee, 1992; Rodis
et al., 1997). Cord entanglement has been diagnosed using
ColorDopplerultrasonographyas early as 10weeks’ gestation
(Arabin et al., 1999; Sebire et al., 2000; Sherer et al., 2002).

Monoamnionicity may be suspected early in the first
trimester. Between the sixth and tenth week, counting the
numberof gestational sacs is anaccuratemethodofdetermin-
ing chorionicity. Amnionicity can be determined by count-
ing the number of embryonic heartbeats in each gestational
sac. A single gestational sac with two embryonic heartbeats
can be either monochorionic diamniotic or monochorionic
monoamniotic. Two yolk sacs indicate that the pregnancy is
diamniotic.Onegestational sacwithone yolk sac and twoem-
bryonic heartbeats suggests monoamnionicity. If monoam-
nionicity is suspected in the first trimester, a follow-up ultra-
sound is suggested in the second trimester to reconfirm the
diagnosis (Bromly andBenacerraf, 1995).Three-dimensional
ultrasound has also been used to visualize monoamniotic fe-
tuses lying in a single amniotic cavity (Su, 2002).

Figure 122-1 Power Doppler imaging of entangled umbilical
cords in a case of monoamniotic twins.

It is important to remember that failure to visualize a
dividing membrane does not ensure that the pregnancy is
monoamniotic (Malone and D’Alton, 2000). Such a mem-
brane may be missed even with well-performed sonogra-
phy (Blane et al., 1987). As a result, other techniques have
been utilized to confirm the diagnosis of monoamnionicity.
Ultrasound-guided injection of indigo carmine dye mixed
with air into the amniotic sac during genetic amniocentesis
hasbeensaid toenhance thediagnosisofmonoamniotic twins
(Tabsh, 1990). If microbubbles are seen around both fetuses,
the diagnosis of monoamniotic twinning is made with accu-
racy. Amniography is another technique, whichmay increase
the accuracy of diagnosis (Lavery and Gadwood, 1990). In
this report, 30mL of 61% iopamidol (Isovue-M 300, Squibb)
was injected into the amniotic fluid. Maternal abdominal
x-ray films taken 24 hours after the injection revealed that
both fetuses had swallowed contrast medium injected into a
shared single amniotic sac. Computed tomography following
intraamniotic injection ofRenografinhas also been suggested
to confirm the diagnosis of monoamniotic twinning (Carlan
et al., 1990; Perkins and Terry, 1992). Such invasive radiolog-
ical procedures are now mostly of academic interest, and are
rarely if ever performed in contemporary clinical practice.

DIFFERENTIAL DIAGNOSIS

A major consideration in differential diagnosis of monoam-
nionicity is the intrauterine rupture of a diamniotic twin
membrane, which can mimic the sonographic appearance of
true monoamniotic twins. Actual differential diagnosis be-
tween these two conditions is probably not necessary, as in-
trauterine membrane rupture has a perinatal mortality rate
consistentwith that of truemonoamniotic gestations (Gilbert
et al., 1991). This clinical scenario should be suspected when
there is failure to visualize a dividing membrane following
previous sonographic confirmation of a membrane. Possi-
ble causes for intrauterine rupture include trauma during
amniocentesis, infection, and developmental disturbances of
the membranes (Gilbert et al., 1991).

ANTENATAL NATURAL HISTORY

High intrauterinemorbidity andmortality rates havebeenas-
sociated with monoamniotic twins (Quigley, 1935; Salerno,
1959; Raphael, 1961; Simonsen, 1966; Carr et al., 1990;
D’Alton and Simpson, 1995). These high rates have been
attributed to premature delivery, growth restriction, con-
genital anomalies, vascular anastomoses between twins, and
umbilical cord entanglement and cord accidents. Discordant
anatomical abnormalities are common. In a recent series of
25 monoamniotic twin pairs by Allen et al., 28% of the preg-
nancies had been complicated by fetal structural anatomical
abnormalities including twocases of acardiac twinning (Allen
at al., 2001). The twin–twin transfusion syndrome (TTTS) is
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thought to be rare in monoamniotic twins as the placentas
ofmonoamniotic twins have significantly greater numbers of
both superficial and deep anastomoses than uncomplicated
monochorionic twins which may be protective against TTTS
(Bajoria, 1998; Umur et al., 2003). Cord accidents seem to be
the greatest contributor to these high intrauterine mortality
rates. In one of the earliest series of monoamniotic twins it
was stated that double survival of such twins is a rare event
(Quigley, 1935). However, more recent series and reviews of
prenatally diagnosed cases suggestmortality rates range from
10% to 32% (Rodis et al., 1997; Allen et al., 2001; Demaria
et al., 2004).

Because umbilical cord accidents seem to be the pri-
mary cause of fetal death, most management protocols em-
phasize intense fetal surveillance. Such fetal surveillance
should occur from the time of fetal viability because in-
trauterine fetal demise has been documented in monoam-
niotic twins throughout gestation (Rodis et al., 1997; Arabin
et al., 1999; Beasley et al., 1999). Additionally, surveillance
must be repeated frequently because fetal compromise and
deathhavebeendocumenteddespite frequent testing (Beasley
et al., 1999; Rodis et al., 1997).

Many of the older reports on monoamniotic twins are
not optimal for guiding contemporary practice because of the
fact that in almost all cases the diagnosis of monoamnionic-
ity was only made postnatally. Nonetheless, there have been
several recent series of prenatally diagnosed monoamniotic
twins, which are helpful for contemporary patient counsel-
ing. Rodis et al. (1997) reviewed13 cases ofmonoamnionicity
at one tertiary care center over a ten-year period. All patients
underwent serial ultrasounds and antenatal fetal surveillance
2 to 7 times per week starting at 24 to 26weeks’ gestation. The
average gestational age at diagnosis was 16.3 weeks’ gestation.
All patients received antenatal steroids for fetal lungmaturity.
The mean gestational age at delivery was 32.9 weeks’ gesta-
tion with a mean birth weight of 1,669 grams. One hundred
percent of the pregnancies exhibited cord entanglement at
the time of delivery, with 62% having knotted cords. Sixty-
two percent of the pregnancies were delivered for abnormal
fetal testing. All sets were delivered by cesarean section by
35 weeks’ gestation. There were no fetal deaths. Two neonates
died during the perinatal period: one due to a congenital
heart defect and the other due to asphyxia and sepsis. The
one case of demise secondary to asphyxia received antenatal
testing less than two times per week. Perinatal survival was
92% in this series. These 13 cases were compared to 77 sets
from the literature that had not been diagnosed prenatally. A
71% reduction in the relative risk of perinatal mortality was
observed following prenatal diagnosis and fetal surveillance.
Rodis et al., concluded that accurateprenatal diagnosis, inten-
sive surveillance, and appropriately timeddelivery all result in
improved perinatal survival for monoamniotic twins (Rodis
et al., 1997).

In a study by House et al., 22 patients with prenatally
diagnosed monoamnionic twins were managed at one ter-
tiary care center over a ten-year period (House et al., 2001).
Management included close fetal surveillance with daily

nonstress tests commencing at 24 to 26 weeks’ gestation.
Patients underwent prolonged monitoring if the daily non-
stress test demonstrated variable decelerations or any other
signs of potential fetal compromise. Frequent growth scans
were performed. Management also included steroid admin-
istration and elective delivery at 34 to 35 weeks’ gestation,
provided that the testing was reassuring. Decision to deliver
a patient prior to 34 to 35 weeks’ gestation took into con-
sideration the patient’s gestational age and the frequency and
severity of variable decelerations. Nonreassuring fetal status
always resulted in emergent delivery. Therewere no fetalmor-
talities in this group of patients.While overall outcomes were
favorable, monoamniotic twins were more likely to deliver
prematurely andhadmore respiratory problems compared to
monochorionic diamniotic anddichorionic diamniotic preg-
nancies (House et al., 2001).

MANAGEMENT OF PREGNANCY

The optimal management of monoamniontic twins with re-
gards to frequencyof fetal surveillance and theoptimal timing
of delivery is controversial because of the paucity of prospec-
tive data. As a result, recommendations are based on case re-
ports, case series, and expert opinion. We acknowledge that
the excellent outcomes described in the studies byRodis et al.,
andHouse et al., could be optimistic. Cord accidents may oc-
curwithoutwarning, and these studies couldhavebeenbiased
secondary to small patient numbers. Despite these limita-
tions, we recommend that monoamniotic twins be managed
with intensive fetal surveillance similar to the above studies.
The objective of antenatal testing is to determine the presence
and frequency of variable decelerations, as these changesmay
precede intrauterine fetal death. Further management takes
into consideration gestational age, whether or not the patient
received antenatal steroids, and overall fetal status.

Daily antenatal testing in the form of the nonstress test
is recommended starting between 24 and 26weeks’ gestation.
The decision as towhether or not to hospitalize the patient for
this daily testing is individualized to the patient. Hospital ad-
mission and continuous fetal heart rate monitoring of both
twins is recommended if variable decelerations increase in
frequency or severity. Delivery may become necessary if fetal
heart rate testing becomes nonreassuring. Because biophysi-
cal profile testing cannot predict variable decelerations, it is
reserved for the evaluation of nonreactive nonstress tests and
abnormal fetal growth. Doppler studies of umbilical artery
waveforms may be useful in the management of monoam-
niotic twin pregnancies (Abuhamad et al., 1995). Narrowing
of the umbilical vesels secondary to cord entanglement may
result in hemodynamic alterations in the fetoplacental circu-
lationandmaybemanifestedas anotch in theumbilical artery
waveform(Figure 122-2). Serial ultrasound examinations ap-
proximately every 2 to 3weeks are performed to evaluate fetal
growth and to assess amniotic fluid volume.

Antenatal corticosteroid therapy is used to enhance
fetal pulmonary maturity because of the high incidence of
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Figure 122-2 Doppler studies in monoamniotic twins. (Courtesy
of Alfred Abuhamad.)

premature delivery in monoamniotic twins and also because
of the significant risk for urgent delivery, secondary to vari-
able decelerations. In general, the delivery of monoamniotic
twins requires a tertiary care center setting. However, after
32 weeks of gestation, delivery may be accomplished in a
community hospital with appropriate nursery capabilities.

In the absence of nonreassuring fetal testing, the timing
of delivery is notwell established as theoptimal time todeliver
monoamniotic twins is unknown (Su, 2002). Some authors
have advocated delivery of all monoamniotic twin pregnan-
cies immediately once fetal lung maturity has been demon-
strated (Kassam and Tompkins, 1980). Others have recom-
mended elective delivery at 32 weeks of gestation because of
a presumed increased risk of cord accidents as the pregnancy
progresses (Beasley et al., 1999).Other studies suggest it is un-
necessary to deliver monoamniotic twins prematurely. One
study byCarr et al., was a retrospective evaluation of 24 sets of
mostly postnatally confirmed monoamniotic twin pregnan-
cies (Carr et al., 1990). There were no perinatal deaths after
30 weeks of gestation. As a result, the authors saw no advan-
tage in elective premature delivery. In their series, however,
the diagnosis of monoamniotic twins was made prenatally in
only 21% of cases, and the diagnosis of twins was known pre-
natally in only 29% of cases. In a second study by Tessen
and Zlatnick, 20 monoamniotic twin pregnancies at the
University of Iowa from 1961 to 1989 were reviewed (Tessen
and Zlatnik, 1991). In this retrospective series no perinatal
death occurred after 32 weeks of gestation. These authors
suggested that prophylactic premature delivery might not be
indicated.However, in an addendum to the original paper the

authors report a double fetal death of 35-weekmonoamniotic
twins just after completion of their study, again demonstrat-
ing that the safety of expectant management of monoamni-
otic twinpregnancies is unprovenbeyond34weeks’ gestation.

Provided that the fetal status is reassuring, it is our
practice to perform elective delivery following antenatal cor-
ticosteroid therapy at 34 weeks’ gestation. Delivery at this
time carries with it a low risk of neonatal morbidity when
weighed against the uncertain risk of continuing the preg-
nancy. Although some series have questioned the need for
early delivery, the double death referred to in the addendum
to Tessen’s report is particularly troubling (Carr et al., 1990;
Tessen and Zlatnik, 1991). In addition, at present we do not
have the technology to continuously trace both fetal hearts for
a prolonged time. Consequently, it is our preference to per-
form elective delivery at 34 weeks of gestation. However, it is
not unreasonable to manage selected cases of monoamniotic
twins expectantly beyond 34 weeks of gestation, with care-
ful fetal surveillance, and to decide on the timing of delivery
based on fetal lung maturity.

The optimal mode of delivery of monoamniotic twins
also remains uncertain. Cesarean delivery has been recom-
mended by some authors to eliminate the risk of intrapartum
cord accidents (Rodis et al., 1987). However, vaginal delivery
of monoamniotic twins is not contraindicated. In one se-
ries, no fetal deaths and only one case of nonreassuring fetal
testing requiring emergency cesarean delivery occurred dur-
ing labor in 15 monoamniotic twin pregnancies delivered
vaginally (Tessen and Zlatnik, 1991). In another series of 24
cases, vaginal delivery was accomplished in 75% of individ-
ual neonates and in 48% of liveborn infants, although the
antenatal diagnosis of monoamniotic twins was unknown in
most cases and could not have influencedmanagement (Carr
et al., 1990). Nonetheless, there are data suggesting poten-
tial difficulties with vaginal delivery of monoamniotic twins.
In one case, a nuchal cord affecting the first twin was cut to
facilitate delivery, and on delivery of this twin’s body it was
noted that the cut cord was actually that of the second twin
(McLeod and McCoy, 1981; Kantanka and Buchman, 2001).
Given these issues and the high incidence of nonreassuring fe-
tal testing, all monoamniotic twin pregnancies have generally
been delivered by elective cesarean delivery.

FETAL INTERVENTION

The only intervention described to reduce the incidence of
cord accidents in monoamniotic twins is medical amniore-
duction. Inone small series, theprostaglandin inhibitor sulin-
dac, 200 mg orally twice daily, was administered to three pa-
tients diagnosed with monoamniotic twins, beginning at 24
to 29 weeks of gestation (Peek et al., 1997). In two of the
three cases, dose-related reduction in amniotic fluid volume
was noted, and in all three cases fetal lie was stabilized. All
fetal heart rate tracings remained normal, and all six infants
survived. Although this was a very limited study, the authors
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pointed out the difficulty of performing a randomized con-
trolled trial given the rarity of the condition. Administration
of a medication to deliberately reduce amniotic fluid volume
in such pregnancies should therefore be considered experi-
mental and generally not performed.

TREATMENT OF THE NEWBORN

Prematurity is the most important concern, together with
growth restriction. Following delivery, a detailed examina-
tion should be performed because of the higher incidence of
congenital anomalies in monoamniotic twins. No other spe-
cific neonatal intervention is required. Placental pathologic
tests should be performed in all cases to confirm the prenatal
diagnosis.

SURGICAL TREATMENT

No surgical treatments have been described.

LONG-TERM OUTCOME

There are no data available for long-term outcome.

GENETICS AND RECURRENCE RISK

There are no genetics and recurrence risks described in the
literature.
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Intrauterine Growth
Restriction

Key Points

■ Intrauterine growth restriction (IUGR) is commonly
defined as a birth weight less than the 10th
percentile at a given gestational age. It has also
been defined as a fetus that has not reached its
growth potential at a given gestational age.

■ Small for gestational age (SGA) describes a
population of fetuses with a weight below the 10th
percentile without reference to the cause.

■ Prenatal ultrasonography is the imaging method
of choice for diagnosing and evaluating possible
cases of IUGR. The typical finding is a significant
discrepancy in some or all of the fetal biometric
parameters as compared with measurements
expected based on gestational age alone.

■ Because sonographic prediction of fetal weight
may vary by up to 20% from actual fetal weight,
diagnosis and management of IUGR is generally
guided by serial sonographic assessments of the
fetus.

■ Pregnancy management depends on the
gestational age, the etiology of the IUGR, and the
results of fetal surveillance. Fetal testing including
Doppler studies and serial growth scans are

important for determining whether a pregnancy
can be continued expectantly.

■ Detailed Doppler assessment including umbilical
arterial, middle cerebral arterial, ductus venosus,
and umbilical venous assessments are used to
evaluate fetal status, and may be used to optimize
timing of delivery.

■ Gestational age at delivery is a strong predictor of
neonatal outcome in IUGR cases.

■ Elective delivery is recommended for all cases of
IUGR reaching 37 weeks of gestation, while
expectant management with close fetal
surveillance is recommended for cases less than
34 weeks of gestation. For cases between 34 and
37 weeks of gestation, management is
individualized depending on overall fetal status.

■ A previous pregnancy complicated by IUGR is
considered a risk factor for developing IUGR in a
subsequent pregnancy. Such cases of recurrent
IUGR usually reflect an underlying maternal
medical problem, such as chronic hypertension or
antiphospholipid antibody syndrome.

CONDITION

Intrauterine growth restriction (IUGR) is commonly defined
as a birth weight less than the 10th percentile at a given ges-
tational age (Table 123-1). It has also been defined as a fetus

that has not reached its growth potential at a given gesta-
tional age, because of one or more causative factors (Lin
and Santolaya-Forgas, 1998). The population fromwhich ex-
pected fetal growth standards are derived to define the 10th
percentile is ofmajor importance. A reviewof all publications
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Table 123-1

Tenth Percentile Birth Weight Cutoffs, in
Grams, by Gestational Age and Fetal
Gender, from 1991 National United States
Population Data

Gestational Age (weeks) Male Female

20 270 256
21 328 310
22 388 368
23 446 426
24 504 480
25 570 535
26 644 592
27 728 662
28 828 760
29 956 889
30 1117 1047
31 1308 1234
32 1521 1447
33 1751 1675
34 1985 1901
35 2205 2109
36 2407 2300
37 2596 2484
38 2769 2657
39 2908 2796
40 2986 2872
41 3007 2891
42 2998 2884
43 2977 2868
44 2963 2853

Reproduced from Alexander GR, Himes JH, Kaufman RB, Mor J, Kogan
M: A United States national reference for fetal growth. Obstet Gynecol.
87:163-8 1996. Reprinted, with permission, from the American College of
Obstetricians and Gynecologists.

in the English language literature since 1963 that presented
values for the 10th percentile of birth weight for gestational
age has beenpublished (Goldenberg et al., 1989). Itwas found
that studies differed in how gestational age was determined,
types of infants excluded, populations studied, and whether
theywere controlled for the sex of the infant as well as the race
and parity of themother. The 10th percentile birth weights at
each gestational age from these various published standards
differed substantially.

Different standards for fetal growth throughout gesta-
tionhavebeen reported.These standards set thenormal range
of fetal growth as being between 2 SD of the mean (2.5th to
97.5thpercentile)orbetween the10thand90thpercentiles for
gestational age. Fetal growth curves plotting fetal biometric
values against gestational agehavebeenpublished fromavari-

ety of populations.Oneof the earliest set of growth curveswas
derived from a population in Denver, Colorado (Lubchenco
et al., 1966). These Denver curves soon became the standard
fetal growth curves used throughout North America. How-
ever, these curves underestimate the incidence of small for
gestational age (SGA) infants at sea level, especially during the
third trimester, and also do not take into account the increase
inbirthweightnotedduring thepast 30 years.Althoughmany
centers report the continued use of the Denver curves, more
contemporary standards are available. These include growth
standards from the state of California, based on data from
more than 2million singleton births occurring between 1970
and 1976, and also growth standards from Canada, based on
data frommore than 1million singletonbirths andmore than
10,000 twin births occurring between 1986 and 1988, as well
as fromnational US standards, based on data frommore than
3million births in 1991 (Williams et al., 1982; Arbuckle et al.,
1993; Alexander et al., 1996). Commonly used cutoffs for
defining IUGR in male and female fetuses at various gesta-
tional ages are shown in Table 123-1. A further problem with
the use of such cutoff values for diagnosing IUGR is that they
cannot identify a fetus that has failed to reach its own growth
potential, but whose weight is not yet below the usual cutoff
value, such as the 10th percentile. Such a fetus may be iden-
tified through serial sonography, in which sequential weight
estimates are associated with decreasing percentile values for
gestational age.

The term intrauterine growth restriction is frequently
and erroneously used as a substitute for the original term
small for gestational age. SGA describes a population of fe-
tuses with a weight below the 10th percentile without refer-
ence to the cause. Most SGA fetuses are normal except the
small fetuses that simply reflect the normal weight distri-
bution within a population. The use of a particular cutoff
value such as the 10th percentile is clearly arbitrary, and will
inevitably include a large number of fetuses that are con-
stitutionally small, without any evidence of pathology. Up
to 70% of SGA infants are small because of such constitu-
tional reasons as maternal ethnicity, parity, or body mass
index (Lin and Santolaya-Forgas, 1998). IUGR describes a
subset of these SGA fetuses whose weight is below the 10th
percentile as a result of a pathologic process that is due to a
diverse group of disorders. The term intrauterine growth re-
striction ispreferred to intrauterine growth retardation, as the
word retardation has a tremendously negative influence on
patients.

IUGRhas classically been subdivided into twopatterns:
asymmetric and symmetric IUGR. This provides further in-
formation on fetal body size and length, rather than a simple
relianceon fetalweight.With symmetric IUGR,both thehead
and abdomen are decreased proportionately, while asym-
metric IUGR refers to a greater decrease in abdominal size,
which is also referred to as the head-sparing effect (Lin and
Santolaya-Forgas, 1998). Approximately 70% to 80% of cases
of IUGR are asymmetric, with the remaining 20% to 30%
being symmetric. It was commonly believed that asymmetric
IUGR represented placental insufficiency, while symmetric
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Table 123-2

Risk Factors for Intrauterine Growth Restriction

Fetal Factors Placental Factors Maternal Factors

Chromosomal abnormalities: Abnormal trophoblast invasion Constitutional factors:
Trisomies 21, 18, 13 Placental infarction Race
Turner syndrome Abruption Height/weight
Chromosomal deletions Vascular malformations Nutritional factors:
Uniparental disomy Velamentous cord insertion Poor pregnancy weight gain
Confined placental mosaicism Placenta previa Low prepregnancy weight

Structural malformations: Circumvallate placenta Inflammatory bowel disease
Anencephaly Chorioangioma Chronic pancreatitis
Omphalocele/gastroschisis Gastrointestinal surgeries
Diaphragmatic hernia Hypoxic conditions:
Renal agenesis/dysplasia Severe lung disease
Cardiac malformations Cyanotic heart disease
Multiple malformations Sickle cell anemia

Multiple pregnancies: Vascular problems:
Monochorionic gestation Chronic hypertension
Single anomalous fetus Preeclampsia
Twin-to-twin transfusion Collagen vascular disease

Fetal infections: Insulin-dependent diabetes
Rubella Antiphospholipid antibodies
Cytomegalovirus Renal disease:
Varicella-zoster Glomerulonephritis

Renal transplantation
Chronic renal failure

Environmental factors:
High altitude
Cigarette smoking
Substance abuse
Medications

Past obstetric history:
Previous stillbirth
Previous IUGR
Previous preterm birth

Adapted from Lin CC, Santolaya-Forgas J: Current concepts of fetal growth restriction: part I. Causes, classification, and pathophysiology. Obstet Gynecol.
92:1044-55 1998. Reprinted, with permission, from the American College of Obstetricians and Gynecologists.

IUGR was more likely to be associated with constitutional
problems, such as aneuploidy. However, it is now recognized
that the timing of the pathologic insult is ofmore importance
than the actual nature of the underlying pathology in deter-
mining the pattern of IUGR, thereby calling into question the
clinical utility of subdividing IUGR into such patterns (Lin
and Santolaya-Forgas, 1998). Symmetric IUGR can be caused
by placental insufficiency occurring early in gestation, so that
by the time the fetus is examined it has evolved from an initial
asymmetric pattern to a pattern of symmetric IUGR. Overall
infant body proportions can be described also by using the
ponderal index, which is the birth weight in grams divided
by the crown-to-heel length in cubic centimeters.

The list of possible causes of IUGR is extensive and
is summarized in Table 123-2. These causes can be conve-
niently divided into fetal, placental, andmaternal factors (Lin
and Santolaya-Forgas, 1998). The most common fetal fac-
tors associated with IUGR include fetal chromosomal abnor-
malities, structural fetal malformations, fetal infections, and
complications related to multiple gestations (Figure 123-1).
Chromosomal abnormalities are a major cause of IUGR
(ACOG, 2000). Confined placental mosaicism is three times
more common in placentas of IUGR fetuses compared with
those from appropriately grown fetuses (Wilkins-Haug et al.,
1995). Up to one-fourth of all infants with congenital struc-
tural malformations will have IUGR, and the incidence of
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Figure 123-1 Monozygotic twins in which the twin on the right
is severely growth restricted compared to its co-twin.

growth restriction increases significantly as the number of
different malformations per infant increases (Khoury et al.,
1988). Thenumberof infectious agents proven to cause IUGR
is limited; they include rubella andcytomegalovirus, although
no known bacterial infections have been linked to IUGR. The
importance of defining a subpopulation of fetuses with IUGR
lies in its association with adverse pregnancy outcome. The
likelihood of perinatal morbidity and perinatal mortality in-
creases significantly as the birth weight percentile decreases,
so that once below the third to fifth percentiles, the chances of
fetal death increase by as much as 20-fold (Scott and Usher,
1966). For infants weighing less than 1500 grams at term,
the perinatal mortality rate is increased at least 70-fold as
compared with appropriately grown term infants (Williams
et al., 1982). Much of the increased perinatal morbidity and
mortality in IUGR fetuses is due to the strong association
between aneuploidy and structural fetal malformations with
IUGR (Scott and Usher, 1966).

INCIDENCE

The incidence of IUGR varies depending on the population
examined and the standard growth curves used to make the
diagnosis (Goldenberg et al., 1989). Using the commonly
quoted cutoff of the 10th percentile for defining pregnancies
at risk for IUGR implies that at least 10% of the entire obstet-
ric population will be labeled as being IUGR. In Europe, the
commonly used cutoff for defining IUGR of 2 SD below the
mean will include 5% of the total population. Approximately
one third of all infants weighing less than 2500 grams at birth
are not just small for gestational age, but have sustained IUGR
(Lin and Santolaya-Forgas, 1998). Approximately 4% to 7%

of all infants born in developed countries and 6% to 30% in
developing countries are classified as growth-restricted (Scott
and Usher, 1966; Lugo and Cassady, 1971; Galbraith et al.,
1979).

SONOGRAPHIC FINDINGS

Prenatal ultrasonography is the imagingmethod of choice for
diagnosing and evaluating possible cases of IUGR. The typ-
ical finding is a significant discrepancy in some or all of the
fetal biometric parameters as compared with measurements
expected based on gestational age alone. The most common
biometric parameters evaluated are the biparietal diameter,
head circumference, abdominal circumference, and femur
length. These measurements can then be used in a variety
of formulas to provide an estimate of fetal weight (Hadlock
et al., 1984; Shepard et al., 1982). However, it should be noted
that sonographic prediction of fetal weight using such formu-
las may vary by up to 20% from actual fetal weight, thereby
calling into question the accuracy of prenatal sonographic di-
agnosis of IUGR. For this reason, diagnosis andmanagement
of IUGR is generally guidedby serial sonographic assessments
of the fetus.

In cases of symmetric IUGR,measurements of the fetal
head, abdomen, and femur should all be below the expected
values for a given gestational age. By contrast, with asymmet-
ric IUGR, measurements of the fetal abdomen will be less
than expected, while fetal head and femurmeasurements will
be appropriate for gestational age. While it is generally con-
sidered that symmetric IUGR represents an intrinsic insult
to the fetus (chromosomal abnormality, fetal infection) and
asymmetric IUGR represents an extrinsic insult (placental
insufficiency), sonographic differentiation of these patterns
may not be clinically relevant. Mixed patterns of fetal growth
restriction are also possible, which further limits the clinical
utility of subdividing IUGR into symmetric and asymmetric
types.

Following the diagnosis of IUGR, a careful sonographic
survey should be performed to search for some of the possible
causes listed inTable 123-2. In cases of severe IUGRassociated
with placental problems, oligohydramnios is a frequent find-
ing. In cases of severe IUGRbut normal or increased amniotic
fluid volume, fetal aneuploidy or structural malformation is
likely.

Pulsed Doppler sonographic assessment of the umbili-
cal artery may reveal abnormalities of flow in true cases of
IUGR. As placental resistance increases, umbilical arterial
flow toward the placenta during diastole will decrease, lead-
ing to an increase in the ratio of systolic to diastolic flow (SD
ratio). The end-diastolic velocity decreases when approxi-
matelyone-thirdof the fetal villousvessels arepoorlyperfused
(Vergani et al., 2005). Eventually, umbilical arterial diastolic
flow disappears and may even reverse direction toward the
fetus, (absent end-diastolic flow and reversed end-diastolic
flow). Absent end-diastolic flow is thought to occur when
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60% to 70% of the villous vascular tree is damaged (Vergani
et al., 2005). (Figures 123-1A to 123-1D)When these changes
occur, the frequency ofmonitoring and the timing of delivery
become importantmanagement issues. The risks andbenefits
of delivery versus expectant management must be balanced.

Doppler velocimetry has beenused to detect signs of fe-
tal compromise beforemore traditional tests such as the non-
stress test and biophysical profile deteriorate. Doppler studies
are thought to change in a consistent and temporal pattern;
absent end-diastolic flow in the umbilical artery is present
before changes in the fetal heart rate tracing. Compensatory
increase in cerebral flow also occurs, which is seen as an in-
crease in end-diastolic flow in the middle cerebral arteries.
Changes in venous circulation usually occur just prior to de-
velopment of an abnormal fetal heart rate tracing, although
the reliability of this temporal sequence is still unclear. Such
venous changes may be demonstrated by absent or reversed
flow during the “a” wave in the ductus venosus (Figures 123-
2A to 123-2C) or pulsatile umbilical venous flow.

DIFFERENTIAL DIAGNOSIS

The singlemost likely alternative cause of apparent IUGR fol-
lowing a single prenatal ultrasound examination is incorrect
pregnancy dating. Also, because of the inherent inaccuracy of
all formsof prenatal estimationof fetalweight, the differential
diagnosis of IUGR should always include a normally grown
fetus, which is just physiologically small. In addition, at least
70%of all cases of SGA infants are constitutionally small, and
do not reflect a pathologic impairment of fetal growth (Lin
and Santolaya-Forgas, 1998). Once a diagnosis of pathologic
IUGR is considered likely, the differential diagnosis for the
underlying cause is extensive and is listed in Table 123-2.

ANTENATAL NATURAL HISTORY

The antenatal natural history of IUGR is difficult to predict in
individual cases. The antenatal natural history of fetuses with
IUGR secondary to aneuploidy, structural malformation, or
infection will be dictated to a large extent by the nature of the
particular abnormality.

In cases of IUGR secondary to placental insufficiency,
the typical in utero progression involves redistribution of fe-
tal blood flow away from noncritical organs andmaintaining
cerebralbloodflow(Baschat, 2004).This leads toreduced fetal
renal bloodflow,which oftenmanifests asworsening oligohy-
dramnios. In addition, further growth of the fetal abdominal
dimensions is decreased and subcutaneous fat is no longer
deposited. Doppler studies demonstrate decreased umbilical
arterial diastolic flow, which may become absent or reversed
as the IUGRworsens. In contrast, cerebral end-diastolicblood
flow increases and, as the condition worsens, central cerebral
vasodilation is lost (Arias, 1994).

Because of this apparent sequence in fetal deteriora-
tion with IUGR, many investigators have used intensive fetal
surveillance in an effort to predict when a fetus with IUGR is
sufficiently compromised that in utero death is likely. Unfor-
tunately, the predictive value of such antenatal surveillance is
imperfect. It has been suggested that, in fetuses with IUGR,
the development of absent or reversed end-diastolic umbili-
cal arterial flow heralds imminent fetal death, and therefore
maywarrant elective delivery (Reed et al., 1987).However, the
time interval between development of such Doppler abnor-
malities and fetal heart rate tracing abnormalities and fetal
death may be days or even weeks, and therefore abnormal
Doppler findings alone cannot be relied on to dictate elective
premature delivery of a fetus with IUGR (Lin and Santolaya-
Forgas, 1999; Cosmi et al., 2005; Vergani et al., 2005).

The Growth Restriction Intervention Trial (GRIT) was
carried out to compare immediate delivery of IUGR fetuses
versus expectant management to decrease complications of
prematurity (The GRIT Study Group, 2003). Patients (547
mothers and 587 babies) were included if IUGR was diag-
nosed between 24 and 36weeks’ gestation and the responsible
physician was uncertain whether or not to deliver the preg-
nancy. Umbilical artery Doppler studies were recorded for all
patients. Patients were randomized to “immediate delivery”
after administration of antenatal steroids or “delay until the
physician was no longer uncertain”. The median time to de-
livery for the immediate delivery group was 0.9 days and was
4.9 days for the delayed delivery group. Total perinatal death
ratewas10%in the immediatedeliverygroupversus9%in the
delayed delivery group. Thus, there was no difference in the
overallmortality rates between the two groups indicating that
therewas little evidence for choosing immediate delivery over
delayed delivery and vice versa. There were however signifi-
cantlymore stillbirths in the delayed delivery group, although
this was balanced by a similar increase in neonatal deaths in
the immediate delivery group. This study suggests that ob-
stetricians are currently delivering IUGR pregnancies at the
correct time tominimize perinatalmortality. At two-year fol-
lowup, however, the GRIT study group found an increased
trend towards disability in the immediate delivery group but
no overall difference in the Griffiths developmental quotient
(GRIT, 2004). Most of the observed differences were in ba-
bies younger than 31 weeks’ gestation at randomization. This
study emphasizes the important contribution of gestational
age at delivery for patients with IUGR.

MANAGEMENT OF PREGNANCY

When the prenatal diagnosis of IUGR is suspected, the pa-
tient should be referred to a maternal–fetal medicine physi-
cian for targeted ultrasound examination and counseling
regarding further pregnancy management. The ultrasound
examination should be repeated, with particular attention
paid to all biometric parameters, amnioticfluid status, umbil-
ical artery Doppler indices, and the presence of any structural
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Figure 123-1A Umbilical artery Doppler studies
demonstrating a normal SD ratio in a fetus at 28
weeks.

Figure 123-1B Umbilical artery Doppler studies
demonstrating decreased diastolic blood flow and
an increased SD ratio in a fetus at 28 weeks.

Figure 123-1C Umbilical artery Doppler study
demonstrating absent end-diastolic flow.

Figure 123-1D Umbilical artery Doppler study
demonstrating reversed end-diastolic flow.

Figure 123-2A Ductus venosus Doppler demon-
strating a normal waveform.

Figure 123-2B Ductus venosus waveform demon-
strating decreased A-wave.

Figure 123-2C Ductus venosus waveform demon-
strating reversal of the A-wave.
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fetal malformations or stigmata of aneuploidy. Invasive test-
ing for fetal karyotype should be considered (ACOG, 2000).
Maternal evaluation should include careful obstetric, medi-
cal, family, andgenetic histories to evaluate forpossible causes
of IUGR, as listed in Table 123-2. Maternal serum should be
sent for rubella titers, and maternal urine should be evalu-
ated with cytomegalovirus culture. Antiphospholipid anti-
body testing should be considered in a patient with a history
suspicious for this syndrome (ACOG, 2000).

Further pregnancy management will depend on the
gestational age and on the presence of additional malforma-
tions. If the pregnancy has already reached 37 weeks of gesta-
tion, delivery should be considered because of the extremely
low risk of pulmonary immaturity. If the pregnancy is at less
than 34 weeks of gestation and fetal testing is reassuring, ex-
pectant management is generally favored. The frequency of
antenatal testingdependson thedegreeof IUGR, theamniotic
fluid status, and umbilical artery Doppler indices (Harman
and Baschat, 2003). Periodic fetal assessment using Doppler
velocimetry, the fetal nonstress test, and the biophysical pro-
file (traditional or modified) are all considered reasonable
monitoring techniques (ACOG, 2000). Expectant manage-
ment can continue as long as these tests remain reassuring.
These tests should be supplemented by daily counting of fetal
movements by the mother.

If umbilical artery Doppler indices are abnormal, espe-
cially in the presence of absent or reversed end-diastolic flow,
more intense surveillance is suggested (Harman and Baschat,
2003). Venous Doppler studies are an independent predictor
of adverse perinatal outcomes and should be added if the um-
bilical artery end-diastolic velocity is absent (Baschat, 2005).
The addition of middle cerebral artery Doppler velocimetry
also may be a useful predictor for fetuses at risk for neonatal
mortality and morbidity (Vergani et al., 2005). Nonetheless,
pregnancies may continue for days or weeks with reassuring
fetal testing despite the presence of absent or reversed end-
diastolic umbilical arterial flow (Lin and Santolaya-Forgas,
1999). Likewise, it is uncertain if delivery because of an abnor-
mal venous Doppler improves outcomes (Hofstaetter et al.,
2002; Bilardo et al., 2004). It is important to note that even
in cases of IUGR neonatal outcomes are predominantly de-
termined by gestational age at delivery (Cosmi et al., 2005).
Thus, managing IUGR in a preterm infant can be a state of
clinical equipoise requiring a delicate balance between con-
tinuing thepregnancy in apotentially hostile uterine environ-
ment versus delivering a neonate whowill be confrontedwith
the challenges of prematurity. Both expectant management
and pretermdelivery have the potential for long-term adverse
consequences. Further studies are needed to determine the
optimal management protocols for pregnancies complicated
by IUGR.

For pregnancies between 34 and 37 weeks of gestation,
further pregnancymanagement should be individualized and
may be guided by fetal lung maturity indices. It is not unrea-
sonable to manage all pregnancies with IUGR and reassuring
fetal testing expectantly until 37 weeks of gestation, at which
time elective delivery is arranged (Craigo et al., 1996). Using

this management scheme, delivery before 37 weeks occurs
only with nonreassuring fetal testing. If amniocentesis has
documented fetal lung maturity during this 34- to 37-week
gestational age range, delivery should be arranged promptly.

The mode of delivery for fetuses with IUGR should be
based entirely on standard obstetric practices. There is no
evidence to support a policy of routine cesarean delivery for
all fetuses with IUGR (ACOG, 2000). That being said, it is
quite common for IUGR pregnancies to demonstrate signif-
icant fetal heart rate changes during labor, most likely due
to either oligohydramnios or diminished placental reserve.
For this reason, decision on mode of delivery should be indi-
vidualized depending on obstetric factors such as parity and
cervical favorability. If an induction of labor is pursued for an
individual fetus with IUGR, continuous electronic monitor-
ing of the fetal heart rate should be conducted. The hospital
location of delivery will depend on the gestational age and
the presence of additional fetal abnormalities. In general, the
optimal site for delivery of a fetus with severe IUGR will be
a tertiary care facility with the immediate availability of a
perinatologist and neonatologist to guide management.

FETAL INTERVENTION

Many fetal interventionshavebeenevaluated in casesof IUGR
to maximize neonatal outcome. These include treating any
underlying problems, such as maternal hypertension. Behav-
ior modification for the mother may include smoking cessa-
tion andmodified bed rest (Lin and Santolaya-Forgas, 1999).
More specific therapies for the fetus have included mater-
nal low-dose aspirin therapy. In initial studies, there was a
suggestion of increased fetal and placental weight associated
with aspirin use (Trudinger et al., 1988).However, this poten-
tial benefit was subsequently refuted in a large randomized
trial in which the administration of low-dose aspirin to the
mother was shown to have no effect on the rate of IUGR or
any other perinatal outcome measure (Caritis et al., 1998).
Another possible fetal intervention is the antenatal admin-
istration to the mother of high-dose oxygen therapy, which
in small studies has been shown to, at least transiently, im-
prove umbilical arterial pH and oxygen content (Nicolaides
et al., 1987). However, before this intervention can be recom-
mended, larger, well-designed studies need to be completed.

TREATMENT OF THE NEWBORN

Because of their lack of placental reserve, infants with IUGR
are more likely to require immediate resuscitation in the
delivery room than appropriately grown infants. Problems
that may be encountered include neonatal asphyxia, meco-
nium aspiration, hypothermia, polycythemia, hypoglycemia,
and other metabolic abnormalities. The infant should be ex-
amined carefully for any signs of structural malformation
that may have been missed with prenatal ultrasonography,
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for dysmorphic features suggestive of chromosomal abnor-
mality, and for signs of perinatal infection with rubella, cy-
tomegalovirus, varicella, syphilis, and toxoplasmosis (Alkalay
et al., 1998). If any stigmata of perinatal infection or aneu-
ploidy are present, appropriate serologic titers or karyotype
should be obtained. A consultation with a clinical geneticist
should also be obtained, if dysmorphic features are noted on
examination.

SURGICAL TREATMENT

No surgical treatments have been described.

LONG-TERM OUTCOME

The long-term outcome of infants with IUGRwill depend on
the underlying cause and on the presence of additional mal-
formations.Considerable data have nowaccumulated linking
IUGR with poor cognitive function and adverse neurologic
outcome in later childhood. In one study of 171 childrenwith
spastic cerebral palsy, it was found that up to 22% of cases
could be attributed to IUGR, although a causal relationship
could not be established (Blair and Stanley, 1990). In another
study of 218 newborns at high risk, including 77 with IUGR,
evaluation of cognitive skills at ages 9 to 11 revealed a sig-
nificant learning deficit for infants with IUGR (Low et al.,
1992). Data also suggest that IUGR infants can be expected
to have higher rates of impaired gross motor development,
lower intelligence quotient, and speech or reading disabilities
(Gembruch and Gortner, 1998).

In a review of the many studies of long-term outcome
of infants with IUGR, however, it was shown that after cor-
recting for the effects of prematurity, most of the adverse
cognitive outcomes could be diluted by socioenvironmental
conditions (Hack, 1998). Therefore, it was suggested that fetal
IUGRper semay not have a significant impact on final cogni-
tive outcome in adulthood. Nonetheless, long-term followup
has suggested that a history of IUGR may place these pa-
tients at risk for adult-onset hypertension and cardiovascular
complications (Barker et al., 1989).

GENETICS AND RECURRENCE RISK

Asdescribed inTable 123-2, there aremany genetic influences
that can be associated with IUGR, ranging from genetic ab-
normalities such as aneuploidy to constitutional factors such
as maternal height and weight. A previous pregnancy com-
plicated by IUGR is considered a risk factor for developing
IUGR in a subsequent pregnancy. Such cases of recurrent
IUGR usually reflect an underlying maternal medical prob-
lem, such as chronic hypertension or antiphospholipid an-
tibody syndrome. In the future, routine assessment of first

trimester uterine artery Doppler studies might be useful to
predict pregnancies at risk for IUGR and perhaps to modify
pregnancy management (Dugoff et al., 2005).
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124
CHAPTER

Overgrowth Syndromes

Key Points

■ Group of conditions characterized by generalized
excessive growth for gestational age.

■ Incidence between 1 in 10,000 and 1 in 15,000.

■ Sonographic findings include overgrowth,
polyhydramnios, placentomegaly, and
macroglossia.

■ Differential diagnosis includes incorrect
gestational dating, maternal gestational diabetes,
Sotos syndrome, Weaver syndrome,
Beckwith–Wiedemann syndrome, and
Simpson–Golabi–Behmel syndrome, as well as
chromosome abnormalities.

■ Management of pregnancy should include level II
sonographic examination, high-resolution
karyotype, and molecular testing for NSD1 and
GPC3 mutations. If these tests are negative,
imprinting disorders of 11p15.5 should be tested.

■ Newborn treatment should include medical
genetics consultation, cardiac evaluation, and
monitoring for hypoglycemia.

■ Some of the overgrowth conditions are associated
with a predisposition to childhood cancer.

■ Several of the overgrowth conditions have
Mendelian patterns of inheritance.

CONDITION

The overgrowth syndromes refer to a heterogeneous group
of conditions characterized by generalized excessive growth
for gestational age. Many overgrowth syndromes are associ-

ated with anomalies, developmental delay, and a propensity
for tumordevelopment.Diagnostic characterizationhasbeen
difficult because of the overlapping clinical features in many
of these syndromes (Cytrynbaum et al., 2005). Recent stud-
ies using high-resolution cytogenetic techniques, as well as
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molecular analysis of several genes, have illustrated the fact
that there is substantial clinical as well as molecular overlap
amongst the overgrowth disorders (Baujat et al., 2005).

INCIDENCE

The overall incidence of fetal overgrowth is unknown but
it is not rare. The incidence of Beckwith–Wiedemann syn-
drome is about 1 in 13,700 livebirths (Cytrynbaum et al.,
2005).Beckwith–Wiedemann syndrome is more common in
women who have undergone in vitro fertilization to con-
ceive. It is estimated that Beckwith–Wiedemann syndrome
occurs in 1 in 4000 deliveries to women who have used as-
sisted reproductive technology. Another common condition
associated with fetal overgrowth is Sotos syndrome, which
has an incidence of 1 of 15,000 livebirths (Tatton-Brown and
Rahman, 2007). The incidence of some of the other rare ge-
netic conditions, such as Simpson–Golabi–Behmel syndrome
(SGBS), is unknown.

SONOGRAPHIC FINDINGS

In the obstetric literature, there has been no prospective
study performed to ascertain the outcome of fetuses docu-
mented to have overgrowth. There have, however, been re-
ports of prenatal ultrasound findings in fetuses that were
postnatally diagnosed as having a specific syndrome. For ex-
ample, Reish et al. (2002) described three unrelated cases
of Beckwith–Wiedemann syndrome and tabulated anoma-
lies that were detected prenatally. The anomalies common
to all of the fetuses included overgrowth, polyhydramnios,
placentomegaly, macroglossia, and a distended abdomen.
In addition, Le Caignec et al., (2004) described a case of
Beckwith–Wiedemann syndrome in a 28-year-old G3P1-
pregnant woman who underwent sonography at 28 weeks of
gestation. The fetus was macrosomic, but also had bilateral
enlarged echogenic kidneys with a loss of corticomedullary
differentiation.

An increasingly appreciated cause of fetal overgrowth
is Sotos syndrome. There has been one prenatal description
of the findings of Sotos syndrome (Chen et al., 2002). This
group described fetal findings at 31 weeks of gestation, which
included macrocephaly, an abnormally shaped skull, poly-
hydramnios, and right hydronephrosis. A subsequent scan
at 33 weeks demonstrated the presence of fetal overgrowth.
Postnatally, this fetusunderwentmagnetic resonance imaging
(MRI), which showed enlargement of the lateral ventricles,
hypoplasia of the corpus callosum, a mega cisterna magna,
and a persistent cavum septum pellucidum.

The prenatal sonographic findings in pregnancies af-
fected with SGBS were summarized in Hughes-Benzie et al.
(1994). These authors described a case of SGBS in which
sonography was performed for an increased maternal serum

alpha-fetoprotein measurement. The fetal findings included
macrosomia, polyhydramnios, omphalocele, and enlarged or
cystic kidneys. Cardiac anomalies are also common in SGBS
(Lin et al., 1999), but there have been no prenatal reports of
their detection in this condition.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for fetal overgrowth is shown in
Table 124-1. The differential diagnosis is complicated by the
fact that many of these conditions have substantial clinical
overlap. The most common reason for fetal “overgrowth” is
incorrect gestational dating. Once this has been ruled out,
the second most common cause is hyperinsulinism due to
maternal diabetes. Sustained maternal hyperglycemia results
in beta cell hyperplasia and fetal hyperinsulinism, which in
turn induces fetal macrosomia with a weight that is greater
than length.

There are multiple syndromic causes of fetal over-
growth. Sotos syndrome, also known as cerebral gigantism,
consists of macrosomia, macrocephaly, a typical postnatal
facial appearance, mild developmental delay, and advanced
dentalmaturation.Weaver syndrome is now considered to be
allelic with Sotos syndrome. Patients with Weaver syndrome
have prenatal overgrowth, advanced skeletal maturation, ad-
vancedbone age, a distinctive postnatal facial appearance that
consists of micrognathia with a deep horizontal chin crease,
deep set nails. Approximately 80% of patients with Weaver
syndrome have developmental delay.

Beckwith–Weidemann syndrome is in the differential
diagnosis for fetal overgrowth. Affected fetuses have macro-
somia, macroglossia (Figures 124-1 and 124-2) (see Chapter
27), and sometimes, an abdominal wall defect. Patients who
have Beckwith–Wiedemann syndrome have visceromegaly
and ear anomalies (Figure 124-3) that are only detectable
postnatally.

Simpson–Golabi–Behmel syndrome (SGBS) overlaps
significantly with Beckwith–Wiedemann syndrome. Affected
individuals have macroglossia, macrosomia (a characteristic
facial appearance that resembles a bulldog), renal and car-
diac malformations. Compared with the other overgrowth
syndromes, patients with SGBS are more likely to have skele-
tal abnormalities that include brachydactyly, camptodactyly,
clinodactyly, polydactyly, syndactyly, clubfeet, scoliosis and
vertebral anomalies (DeBaun et al., 2001). As many as 50%
of SGBS patients have cardiac anomalies, which typically in-
clude patent ductus arteriosus, atrial septal defect, and ven-
triculoseptal defect. The distinctive coarse facial features and
the presence of cardiac anomalies (Lin et al., 1999) make this
condition distinct from Beckwith–Wiedemann syndrome.

Although chromosome abnormalities are typically as-
sociated with intrauterine growth restriction or postnatal
failure to thrive, increasingly it is being recognized that cer-
tain chromosome abnormalities are associated with over-
growth. Most notably, abnormalities of the short arm of
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Table 124-1

Differential Diagnosis of Fetal Overgrowth

Gene Involved Inheritance Pattern

Incorrect gestational dating N/A N/A

Maternal diabetes N/A N/A

Sotos syndrome NSD1 Sporadic/AD

Weaver syndrome NSD1 Sporadic/AD

Beckwith–Wiedemann syndrome Imprinted gene on 11p15 85% sporadic/15% AD

Simpson–Golabi–Behmel syndrome GPC3 X-linked

Bannayan–Riley–Ruvalcaba syndrome PTEN AD

Chromosome abnormalities N/A N/A

Trisomy 4p16.3 N/A N/A

Trisomy 5p N/A N/A

Trisomy 12p N/A N/A

Pallister–Killian syndrome (mosaic tetrasomy 12p) N/A N/A

Trisomy 15q25 N/A N/A

Deletion (monosomy) 22q13 N/A N/A

N/A, not applicable; AD, autosomal dominant.

Figure 124-1 Prenatal sonographic image showing mild
macroglossia in a fetus subsequently shown to have Beckwith–
Wiedemann syndrome. Image courtesy of Sabrina Craigo, MD.

chromosome 12, including trisomy 12p and Pallister–Killian
syndrome (mosaic tetrasomy 12p), are associated with fetal
overgrowth disorders (see Chapter 138). Other chromosome
abnormalities associated with overgrowth include trisomy
4p16.3, trisomy 5p, trisomy 11p15.5, and trisomy 15q25. It is
also recognized that deletion, ormonosomy, of 22q13 leads to
overgrowth. There are a number of other rare conditions that
are associated with fetal overgrowth, including syndromes
such as Perlman, Marshall–Smith, Elejalde, and Bannayan–
Riley–Ruvalcaba syndrome.There is no informationavailable
on the prenatal clinical manifestations of these conditions.

ANTENATAL NATURAL HISTORY

Little is known about the antenatal natural history of the
overgrowth syndromes. Of note, however, is that SGBS has
two clinical presentations. The more common presentation
is the milder form, which is discussed in the “Genetics and
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Figure 124-2 Postnatal image of the same infant as in Figure
124-1, showing mildly prominent tongue.

Figure 124-3 Postnatal image of the same infant with Beckwith–
Wiedemann syndrome, showing the mild ear anomalies that are
generally not observed by prenatal sonogram. These include a
prominent antihelix and vertical creases in the lobe.

Recurrence Risks” section below. It is now appreciated that
there is a more severe variant of this condition that is associ-
ated with severe neurologic impairment and neonatal death
due to pneumonia and sepsis (Terespolsky et al., 1995). This
more severe form could potentially be associated with ante-
natal demise.

MANAGEMENT OF PREGNANCY

When a fetus is demonstrated as being larger than expected
for gestational age, the first step is to confirm the gestational
dating. Subsequently, maternal diabetes should be ruled out.
Assuming the mother does not have diabetes and that the
pregnancy is dated correctly, the next step would be to per-
form a level II sonographic examination, specifically look-
ing for the presence of associated renal or cardiac malforma-
tions. For the fetal overgrowth syndromes, we recommend
obtaining a karyotype because of the increasingly recognized
number of chromosome abnormalities associated with this
finding (Faivre et al., 2004). There have been no prospec-
tive studies performed to assess the underlying etiology for
fetal overgrowth. Based on postnatal studies, such as Baujat
et al. (2005), we recommend the following molecular test-
ing. Since amniocentesis would be performed to obtain the
karyotype, cells should be grown for subsequent molecular
testing including NSD1 and GPC3 mutation analysis. NSD1
is the underlying gene that is responsible for the phenotype
of most cases of Sotos syndrome and about half of the cases
of Weaver syndrome. GPC3 (glypican-3) is the gene that is
the cause of SGBS. Molecular testing is commercially avail-
able for both NSD1 and GPC3 mutations. Detection of a
mutation in either NSD1 or GPC3 is diagnostic and allows
accurate genetic counseling regarding prognosis. Beckwith-
Wiedemann syndrome is a genetically complex disorder with
many underlying etiologies. Karyotype analysis should pay
careful attention to the region of 11p15, which is the area in-
volved in its pathogenesis. Beckwith–Wiedemann syndrome
is amultigenic disorder that is caused by dysregulation of im-
printed genes within the 11p15.5 region. Current molecular
testing consists of determining whether uniparental disomy
is present or whether there is abnormal methylation of the
genes, H19 or KVDMR1. In addition, mutation analysis can
be performed in P 57 or CDKN1C. Loss of function due to
mutations in these genes will result in Beckwith–Wiedemann
syndrome.

Using this strategy ofmolecular and cytogenetic testing
in a postnatal setting, over half of the patients with a clinically
diagnosed overgrowth syndrome were given a confirmatory
molecular diagnosis (Baujat et al., 2005).

TREATMENT OF THE NEWBORN

There are many similarities in the postnatal presentation of
newbornswith overgrowth.All newborns should be observed
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and tested for the presence of hypoglycemia. A postnatal car-
diac evaluation should be performed, including cardiac con-
sultation, echocardiogram, and electrocardiogram (Lin et al.,
1999). Although Beckwith–Wiedemann syndrome is rarely
associated with cardiac abnormalities, SGBS has a 50% in-
cidence of associated cardiovascular problems. Therefore, a
cardiac workup will help to distinguish between these two
conditions. In addition, an abdominal ultrasound examina-
tion shouldbeperformed to look for thepresence forunderly-
ing renal anomalies as well as vesicoureteric reflux. Amedical
genetics consultationmay be helpful given the differing facial
appearances in these overgrowth conditions.

SURGICAL TREATMENT

There isnospecific surgical treatment recommended forover-
growth.

LONG-TERM OUTCOME

In general, the overgrowth syndromes are associated with
normal intelligence, although in each of the conditions there
has been significant variability described. For example, in
Sotos syndrome there is a mild-to-moderate learning dis-
ability (Tatton-Brown and Rahman, 2007). In Sotos syn-
drome, interestingly, there is a genotype–phenotype corre-
lation. If a microdeletion is detected in chromosome 5q35,
there is a more severe learning disability and less pronounced
overgrowth (Tatton-Brown et al., 2005). Childhood follow-
up recommendations include screening for renal or cardiac
abnormalities, and to check the spine for development of
scoliosis.

For Beckwith–Wiedemann syndrome and SGBS, the
biggest long-term issue is the increased risk of childhood can-
cer. Both conditions are associated with an increased risk of
Wilms tumor and hepatoblastoma. The recommendations
forWilms tumor screening include ultrasound examinations
every four months until the age of 7 to 8, and considera-
tion of blood α-fetoprotein screening to look for hepatocel-
lular carcinoma every 6 to 12 weeks during the first three
years of life. SGBS has also been associated with neurob-
lastoma and testicular gonadoblastoma. Of all of the over-
growth conditions, Sotos syndrome is the least predisposed to
neoplasia.

GENETICS AND RECURRENCE RISK

Most individuals with Sotos syndrome are the result of de
novo mutations. Affected adults, however, have a 50% risk
of having affected offspring. In 2002, haploinsufficiency of
the gene NSD1 was identified as a cause of Sotos syndrome
(Kurotaki et al., 2002). Following this report, more than 100

distinct intragenic mutations have been identified (Tatton-
Brown et al., 2005). There is also an ethnic difference in the
type of mutation. For example, in the Japanese population,
microdeletions of 5q35 (a 2.2 megabase sequence) are the
most common cause of Sotos syndrome, observed in 50%
of patients (Visser and Matsumoto, 2003). In contract, the
Caucasian population has intragenic mutations. In both
groups the deletions are derived from the paternal copy of
chromosome 5 (Miyake et al., 2003). Overall, defects of the
NSD1 gene are present in 80% of individuals with Sotos
syndrome (Waggoner et al., 2005). Although NSD1 was orig-
inally associated with Sotos syndrome, subsequent studies
have identified that about half of the patients with Weaver
syndrome also have NSD1 mutations, and occasionally pa-
tients that were previously classified as having Beckwith–
Wiedemann syndrome also have NSD1 mutations (Rio et al.,
2003). NSD1 is thought to act as a factor that positively and
negatively influences transcription.

Simpson–Golabi–Behmel syndrome (SGBS) results
from a deletion or point mutation that causes a loss of func-
tion in the glypican-3 (GCP3) gene on chomosome Xq26
(Pilia et al., 1996). Glypicans modify cellular responses to
growth factors and morphogens. Glypican-3 interacts with
IGF2 and forms a complex thatmodulates IGF2 action. A de-
fect in GPC3 results in higher circulating levels of IGF2. The
condition is X-linked. Female carriers have a milder pheno-
type.

Of all of the overgrowth disorders, the underlying ge-
netics of Beckwith–Wiedemann syndrome are themost com-
plex.Most cases of Beckwith–Wiedemann syndrome are spo-
radic and are associatedwith a normal karyotype (Reish et al.,
2002). Twenty percent of cases have paternal uniparental di-
somy of 11p15. One to two percent of cases have a recog-
nized cytogenetic abnormality at 11p15. A few patients have
loss of function mutations in p57 or CDKN1C genes. There
have also been disorders of the maternal imprinting center
near the IGF2 gene associated with Beckwith–Wiedemann
syndrome. Also, abnormal methylation of H19 (Le Caignec
et al., 2004) or KVDMR1 has been proposed as a poten-
tial basis for Beckwith–Wiedemann syndrome. The inheri-
tance patterns of these overgrowth conditions are outlined in
Table 124-1. Recurrence risk will depend on the diagnosis of
the affected proband. Should a cytogenetic abnormality or a
molecular abnormality be documented in the affected fetus
or newborn, similar testing could be performed by CVS or
amniocentesis in a subsequent pregnancy.
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Disorders of Amniotic Fluid Volume
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CHAPTER

Oligohydramnios

Key Points

■ Oligohydramnios is a decrease in the volume of
amniotic fluid, with the diagnosis usually being
made using ultrasound.

■ Causes of oligohydramnios include ruptured
membranes, placental insufficiency, fetal
anomalies, maternal injestion of medications,
complications of a multiple gestation,
chromosomal abnormalities, and idiopathic.

■ Significant oligohydramnios occurring prior to
22 weeks of gestation is associated with a poor
prognosis because of a high likelihood of
pulmonary hypoplasia and associated
malformations.

■ Once oligohydramnios is diagnosed, a careful
maternal history should be obtained and a physical
examination should be performed to evaluate for
preterm premature rupture of membranes.

■ Whenever a diagnosis of oligohydramnios is made,
a careful sonographic anatomical survey should be
performed to evaluate for fetal anomalies such as
features of urinary tract obstruction or renal
malformation.

■ Amnioinfusion may assist sonographic
visualization of the fetus when severe
oligohydramnios is diagnosed in the midtrimester.

■ Management of oligohydramnios secondary to
preterm premature rupture of membranes
depends on the gestational age and on the fetal
and maternal status.

■ Long-term outcome will depend on gestational
age at diagnosis, etiology of the problem, and
gestational age at delivery.

CONDITION

Oligohydramnios is a decrease in the volume of amniotic
fluid. The diagnosis of oligohydramnios is most frequently
made by ultrasound examination. Oligohydramnios was ini-
tially defined as a subjective decrease in amniotic fluid vol-
ume resulting in fetal crowding as compared with normal
values (Crowley et al., 1984). Objective sonographic estima-
tion of amniotic fluid volume involves measuring different
dimensions of amniotic fluid pockets. Various definitions of
oligohydramnios exist. Oligohydramnios has been defined as

a maximal vertical pocket (MVP) of less than 1 cm, but has
also been defined as aMVP of less than 2 cm (Manning et al.,
1981; Chamberlain et al., 1984). A semiquantitative four-
quadrant technique, knownas the amniotic fluid index (AFI),
is alsowidely used.Oligohydramnios can be defined as anAFI
of less than 5 cm, but has also been defined as an AFI of less
than 8 cm (Phelan et al., 1987; Moore, 1993).

Amniotic fluid volume is the result of a balance be-
tween inflow and outflow to and from the amniotic cavity.
In the first half of pregnancy, the majority of amniotic fluid
is a result of active transport of sodium and chloride across
the amniotic membrane and fetal skin, with water moving

871
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passively in response (Brace and Resnik, 1999). In the sec-
ond half of pregnancy, the majority of amniotic fluid is a
result of fetal micturition (Underwood et al., 2005). Another
major source of amniotic fluid is secretion from the respi-
ratory tract. The average amniotic fluid volume is 30 mL at
10 weeks of gestation, rising to 780mL at 32 to 35 weeks, after
which time a natural decrease in volume occurs (Brace and
Resnik, 1999). The amniotic fluid volume is not stagnant, but
is completely turned over at least once daily. Fetal urine first
appears at 8 to 10 weeks of gestation and reaches a produc-
tion rate of 700 to 900 mL/d near term (Brace and Resnik,
1999).

Oligohydramnios can occur as a result of decreased uri-
nary production or excretion, or can be a result of fluid loss,
such as with premature rupture of membranes. Causes of
oligohydramnios include rupturedmembranes, placental in-
sufficiency, fetal anomalies, medication use by the mother,
abnormalities associated with multiple gestations, chromo-
somal abnormalities, and idiopathic (Garmel et al., 1997). In
the second trimester, premature rupture of membranes ac-
counts for 50% of all cases of oligohydramnios; fetal anoma-
lies, 15%; abruption, 7%; abnormalities associated withmul-
tiplegestations,5%; intrauterinegrowthrestriction,18%;and
idiopathic causes, 5% (Shenker et al., 1991). The presence of
oligohydramnios in a twin gestation may be due to twin-to-
twin transfusion syndrome, intrauterine growth restriction
of one twin, or intrauterine fetal death.

Premature rupture of membranes may be suggested
with the sonographic appearance of oligohydramnios and
an appropriately grown, structurally normal fetus. A sterile
speculumexamination demonstrating the absence of pooling
following a negative phenaphthazine (nitrazine) test will usu-
ally rule out rupture of membranes. Occult rupture of mem-
branes may occur, and amniocentesis with indigocarmine
dye infusion may be necessary in some cases to rule out
membrane rupture as a causative factor of oligohydramnios.
Significant oligohydramnios occurring prior to 22 weeks of
gestation is associated with a poor prognosis, most likely
becauseof ahigh likelihoodofpulmonaryhypoplasia andalso
because of a high incidence of associated congenital malfor-
mations.

Medication use by the mother, such as prostaglandin
synthetase inhibitors and angiotensin-converting enzyme in-
hibitors, has been reported to cause oligohydramnios. In-
domethacin is used to treat preterm labor and can result in
oligohydramnios, although this is usually reversible following
discontinuation of the drug (Kirshon et al., 1991). Oligohy-
dramnios,prolongedneonatal anuria, andossificationdefects
in the neonatal skull have been reported with in utero expo-
sure to angiotensin-converting enzyme inhibitors (Cunniff
et al., 1990; Barr and Cohen, 1991). The use of angiotensin-
converting enzyme inhibitors is absolutely contraindicated
during pregnancy. It is interesting to note that oligohydram-
nios is diagnosed more frequently in pregnancies delivered
in the summermonths suggesting that maternal dehydration
may contribute to this finding (Varner et al., 2005).

INCIDENCE

Because of differing definitions, the reported incidence of
oligohydramnios varies from 0.5% to 8% of all pregnancies
(McCurdy and Seeds, 1993; Phelan et al., 1987). When an
MVP of less than 2 cm is used as a cutoff, the incidence of
oligohydramnios is 3%of all pregnancies (Chamberlain et al.,
1984). When an AFI of less than 5 cm is used, the incidence
of oligohydramnios is 8% (Phelan et al., 1987). Norms for
amniotic fluid volume across gestation were established in
one report of sonographic amniotic fluid measurements in
791 patients (Moore andCayle, 1990). The 5th centile for AFI
at termwas approximately 7 cm. Interobserver variabilitymay
account for some of the variations in quoted incidences of
oligohydramnios; however, interobserver and intraobserver
variability have been reported as reliable and reproducible
(Halperin et al., 1985; Moore and Cayle, 1990).

SONOGRAPHIC FINDINGS

A diagnosis of oligohydramnios is almost always made on
the basis of sonographic findings. Several methods of sono-
graphic amniotic fluid assessment have been described. The
subjective assessment of amniotic fluid volume with ul-
trasound examination was the earliest technique described
(Crowley et al., 1984). This method involved the assessment
of the relative amount of amniotic fluid present by compar-
ing the amount of echo-free fluid areas in the uterus with the
space occupied by the fetus. Disadvantages of this method
include the requirement of a trained observer and the lack of
a numerical result that can be used to follow a trend in am-
niotic fluid volume. Studies of interobserver variability for
subjective sonographic assessment of amniotic fluid volume
found that among experienced observers subjective estimates
had good agreement rates and that this was not improved by
the use of an arbitrary amniotic fluid volume classification
such as vertical pocket depth (Halperin et al., 1985; Goldstein
and Filly, 1988).

However, most clinicians today use some form of ob-
jective semiquantitative estimate of amniotic fluid volume,
based on the MVP or the AFI. The MVP involves survey-
ing the entire uterus and measuring the depth of the deepest
pocket of amniotic fluid in centimeters. Only amniotic fluid
pockets free of fetal parts and umbilical cord are measured.
The criteria for defining oligohydramnios vary, with some
suggesting anMVP of less than 1 cm as an appropriate cutoff
for oligohydramnios, while others use a cutoff of less than
2 cm to diagnose oligohydramnios (Manning et al., 1981;
Chamberlain et al., 1984).

TheAFI involves summing themaximumverticalpock-
ets from each of the four quadrants of the uterus. In a report
of sonographic AFI measurements in 197 patients, the mean
AFI rose from 7 cm at 12 weeks of gestation to 20 cm at
26 weeks gestation, and then plateaued for the remainder of
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gestation at approximately 16 cm (Phelan et al., 1987). In a
cross-sectional study of 791 pregnancies with AFI measure-
ments, an AFI of 7 cmwas at the 5th centile at term, and only
1% of all pregnancies had an AFI of less than 5 cm at term
(Moore and Cayle, 1990).

It is important to measure the AFI with the patient
supine, to orient the transducer in thematernal sagittal plane,
tomeasure the sonographic planes perpendicular to the floor,
to measure fluid pockets free from umbilical cord or fetal ex-
tremities, and to use the umbilicus and linea nigra as land-
marks for dividing the uterus into four quadrants (Phelan et
al., 1987).

There is no agreement in the obstetric literature as to
whichmethodof sonographicmeasurementof amnioticfluid
volume is best. In one study comparing MVP with AFI, the
correlation coefficient was 0.51, and the MVP was associated
with a lower sensitivity (Moore, 1990). Others have found
good correlation between the MVP and AFI methods, with
the MVP being better (Magann et al., 1994). Both MVP and
AFI should therefore be considered reasonable methods for
quantifying the amniotic fluid volume.

Whenever a diagnosis of oligohydramnios is made,
a careful sonographic fetal anatomy survey should be per-
formed to evaluate for fetal abnormalities, such as features of
urinary tract obstruction or malformation. Absence of blad-
der filling following a 1-hour period of observation suggests
a urinary tract abnormality. Fetal renal anomalies includ-
ing renal agenesis (see Chapter 86), urethral obstruction (see
Chapter 82), and multicystic kidneys (see Chapter 78) ac-
count for 11%of cases of oligohydramnios discovered during
the second trimester (Shenker et al., 1991).

If severe oligohydramnios is present at less than
24 weeks of gestation, the possibility of pulmonary hypopla-
sia should be considered. Numerous sonographic criteria to
predict pulmonary hypoplasia have been described. Mea-
surements of chest circumference are highly predictive of
pulmonary hypoplasia in patients with either severe oligo-
hydramnios or prolonged premature rupture of membranes
(D’Alton et al., 1992). Normal values for fetal thoracic cir-
cumference and for the ratio of thoracic circumference to
abdominal circumference have been established, and this ra-
tio has been found to remain constant throughout pregnancy
(D’Alton et al., 1992). A thoracic to abdominal circumference
ratio of less than 0.80 in the setting of severe oligohydramnios
in the second trimester is suspicious for pulmonary hypopla-
sia. Fetal compression, including dolicocephaly and clubfeet,
may be apparent (Figure 125-1).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for oligohydramnios includes nor-
mal pregnancy during the late third trimester, postmaturity,
intrauterine growth restriction, premature rupture of mem-
branes, fetal death, fetal renal anomalies (bilateralmulticystic

Figure 125-1 Prenatal ultrasound image at 20 weeks from preg-
nancy with severe oligohydramnios demonstrating fetal dolic-
ocephaly. (Courtesy of Prenatal Diagnosis Center, Women and In-
fants’ Hospital.)

dysplastic kidneys, bilateral renal agenesis, bilateral ureteral
obstruction, posterior urethral valves, infantile polycystic
kidney disease), neural tube defect, chromosomal abnormal-
ity, stuck twin, and medication use (such as indomethacin)
by the mother.

ANTENATAL NATURAL HISTORY

The antenatal natural history of oligohydramnios depends on
the gestational age at diagnosis and the cause of the oligohy-
dramnios. Oligohydramnios accompanies a variety of seri-
ous fetal malformations, the most common being fetal renal
abnormalities, and the underlying anomaly will dictate the
natural history. Cardiac, skeletal, and neurologic malforma-
tions, in addition to aneuploidy and a variety of syndromic
abnormalities, often coexist with the primary renal abnor-
mality (McCurdy and Seeds, 1993). Bilateral renal agenesis
(Potter syndrome) is uniformly lethal because of associated
pulmonary hypoplasia and renal failure (Figure 125-2) (see
Chapter 86).

The finding of significant oligohydramnios in the sec-
ond trimester is associated with very high perinatal mortality
(Barss et al., 1984; Bhutani et al., 1986; D’Alton et al., 1992).
The combination of second trimester oligohydramnios and
elevated maternal serum α-fetoprotein (MSAFP) has an ex-
tremely poor prognosis. In one report of 21 patients with
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Figure 125-2 Severely constricted fetus with oligohydramnios
due to bladder agenesis and a single dysplastic kidney. (Courtesy
of Dr. Joseph Semple.)

midtrimesteroligohydramniosandelevatedMSAFP,onlyone
infant survived (Dyer et al., 1987). Causes of perinatal loss
in the setting of second trimester oligohydramnios include
lethal congenital abnormalities, pulmonary hypoplasia, se-
vere prematurity, and neonatal sepsis. Oligohydramnios in
cases of chronic abruption appears to be an end-stage mani-
festation of severe uteroplacental insufficiency and is associ-
atedwith a high incidence of intrauterine fetal death (Shenker
et al., 1991).

Second trimester oligohydramnios following preterm
premature rupture of membranes (PPROM) carries a poor
prognosis, with up to a 60% fetal loss rate, duemostly to pul-
monaryhypoplasia (Bhutani et al., 1986;D’Alton et al., 1992).
Sequelae of PPROM that contribute to the poor outcome in-
clude chorioamnionitis, amnion nodosum (Figure 125-3),
neonatal sepsis, neonatal pneumonia, placental abruption,
and cord prolapse (Gonen et al., 1989). Neonatal outcome
following PPROM can be improved by the routine admin-
istration of antibiotics, such as ampicillin and erythromycin
(Mercer et al., 1997).

The combination of oligohydramnios and fetal growth
restriction is associated with significantly increased perinatal
morbidity andmortality rates (Hill et al., 1983; Chamberlain
et al., 1984; Seeds, 1984). The perinatal mortality rate ranges
from 10% to 19% in these situations (Chamberlain et al.,
1984). Close fetal surveillance is indicated to avoid antenatal
deterioration of fetal status, and elective premature delivery
may be needed.

Postmature pregnancies have increased rates of perina-
talmorbidityandmortality (Beischeret al., 1969).Thefinding
of oligohydramnios in a pregnancy beyond 41 weeks of ges-
tation identifies a subset of patients who are at significantly
increased risk for adverse outcomes. There is a significantly

higher risk of abnormal fetal testing, presence of fetal heart
rate decelerations during labor, meconium staining, cesarean
delivery for nonreassuring fetal testing, and depressed 1- and
5-minute Apgar scores (Rutherford et al., 1987; Sarno et al.,
1990; Robson et al., 1992).

Little information exists on the antenatal natural his-
tory of oligohydramnios prior to 37 weeks of gestation in the
absence of intrauterine growth restriction, PPROM, or fetal
anomalies. In one case–control study of pregnancies with un-
explained oligohydramnios, there was a significantly higher
incidence of premature delivery but no difference in overall
neonatal outcomes (Garmel et al., 1997). Oligohydramnios
associated with maternal hypovolemia is associated with a
good perinatal outcome and is generally reversible with hy-
dration (Sherer et al., 1990).

MANAGEMENT OF PREGNANCY

Following a diagnosis of oligohydramnios, a careful maternal
history should be obtained to evaluate for illnesses such as
hypertension or chronic renal disease and to assess for use
of medications such as prostaglandin synthetase inhibitors.
Physical examination should include a sterile speculum ex-
amination to evaluate for pooling of amniotic fluid in the
vaginal vault, phenaphthazine (nitrazine) paper analysis, and
microscopic examination of a vaginal smear on a slide for the
presence of ferning. The presence of oligohydramnios should
prompt a thorough sonographic survey of the fetal anatomy.
Visualization of the fetal anatomy may be extremely diffi-
cult in cases of severe oligohydramnios. Administration of
furosemide to the mother has been advocated to improve de-
tection of bilateral renal agenesis (Kurjak et al., 1981). Other
authors have suggested that fetuses with severe growth re-
striction may not respond to furosemide administration sec-
ondary to decreased renal perfusion and decreased glomeru-
lar filtration rate, and therefore extreme caution should be
used with this approach (Goldenberg et al., 1984).

Amnioinfusionmay assist sonographic visualization of
the fetus in pregnancies complicated by severe oligohydram-
nios. In one report of 13 pregnancies complicated by severe
oligohydramnios, amnioinfusion of warmed normal saline
was successfully performed in all patients and fluid for kary-
otype analysis was successfully obtained in 8 patients (Quetel
et al., 1992). The use of amnioinfusion, together with in-
digocarmine dye instillation, allowed subsequent adequate
ultrasound examination in 12 of 13 patients, a correct diag-
nosis of ruptured membranes in 6 patients, and an antenatal
diagnosis of Meckel–Gruber syndrome in one case (Quetel
et al., 1992). If a structural fetal anomaly is identified, kary-
otyping shouldbeperformed. In cases of severe oligohydram-
nios prior to 24 weeks of gestation, termination of pregnancy
may be discussed with the patient.

The management of pregnancies with oligohydram-
nios secondary to PPROM depends on the gestational age
at presentation. Ruptured membranes beyond 34 weeks of
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A

B

Figure 125-3 Gross (panel A) and micro-
scopic (panel B) appearances of amnion
nodosum in a fetus with oligohydramnios.
(Courtesy of Dr. Joseph Semple.)

gestation should be managed by prompt induction of la-
bor to minimize infectious maternal and fetal morbidity. In
cases of PPROM at less than 34 weeks of gestation, expectant
management is reasonable, provided there is no evidence of
intrauterine infection, fetal compromise, or preterm labor.
Frequent assessment in the form of daily fetal heart rate
monitoring is recommended. Administration of betametha-
sone to the mother is advocated with PPROM prior to 32 to
34 weeks of gestation to reduce complications of prema-
turity. Although the evidence for improving neonatal out-
come is less clear than with the use of corticosteroids in pa-
tients with intact membranes, there is an additional benefit
in reduction of the incidence of intraventricular hemorrhage
(National Institutes of Health, 1995). In cases of PPROM
prior to 34 weeks of gestation, administration of antibi-
otics to themother, typically ampicillin and erythromycin for
7 days, has been shown to increase the latency period prior
to delivery and improves overall neonatal outcome (Mercer
et al., 1997). There is no conclusive evidence to support or

exclude a benefit from tocolysis in the setting of PPROM.
Expectant inpatient management of PPROM is recom-
mended from 24 to 32 weeks of gestation, provided there
is reassuring maternal and fetal testing on a daily basis. In
cases of PPROM from 32 to 34 weeks of gestation, evaluation
of fetal lung maturity may help decide between expectant
management and induction of labor.

In cases of fetal growth restriction with oligohydram-
nios at less than 36 to 37 weeks of gestation, careful fetal
assessment is suggested, consisting of nonstress and biophys-
ical testing at least twiceweekly. If there is absent end-diastolic
flow in the fetal umbilical artery, daily fetal testing is recom-
mended. Delivery is indicated once a gestational age of 36 to
37 weeks is reached or if fetal testing becomes nonreassuring.
In cases of oligohydramnios in the presence of an appro-
priately grown fetus, delivery should be considered once a
gestational age of 37 weeks is reached.

The location of delivery will depend on the cause of
the oligohydramnios and the gestational age at diagnosis. If a
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congenital abnormality is present, delivery at a tertiary care
center where appropriately trained personnel are available is
recommended. In patients with PPROM, delivery location
will depend on the gestational age. For patients at less than
32 weeks of gestation, delivery should occur in a tertiary care
center with a neonatal intensive care unit. The mode of de-
livery should be based on usual obstetric practices; there is
no indication to alter the mode of delivery based solely on
the presence of oligohydramnios or PPROM. However, there
is an increased incidence of cesarean delivery in pregnancies
complicated by oligohydramnios, regardless of cause. For this
reason, elective cesarean delivery may be reasonable in the
setting of significant oligohydramnios with an unfavorable
cervix. The significance of oligohydramnios as an isolated
finding in the management of labor is difficult to ascertain.
In one retrospective case–control study, the frequencyof non-
reassuring fetal testing,meconiumstaining, cesareandelivery,
and admission to the neonatal intensive care unit were not
significantly different when 65 women with oligohydram-
nios in the absence of IUGR, PPROM, or fetal anomalies
were compared with 122 controls matched by indication for
sonography (Garmel et al., 1997).

The management of pregnancy complicated by oligo-
hydramnios secondary to PPROM at previable gestational
ages (less than 24 weeks) should be individualized. The op-
tion of pregnancy termination should be discussed because
of the risks of maternal infectious morbidity and the high
likelihood of poor perinatal outcome. When expectant man-
agement is selected in such cases, inpatient hospitalization
is generally not recommended after the initial evaluation, as
active fetal intervention is not generally an option. Expectant
management should include bed rest at home, daily moni-
toring of maternal temperature, and observation for the de-
velopment of regular contractions. In 10% of such patients,
leakage of amniotic fluid stops because of membrane reseal-
ing, amniotic fluid reaccumulates, and perinatal outcome is
significantly improved (Johnson et al., 1990).

FETAL INTERVENTION

Amnioinfusion has been described to reduce the incidence
of pulmonary hypoplasia in patients with severe oligohy-
dramnios who are remote from term (Nakayama et al., 1983;
Hansmann et al., 1991). However, this treatment remains
experimental. The instillation of an isotonic antibiotic solu-
tion via the cervix has been used for treating patients with
PPROM, but should also be considered experimental (Ogita
et al., 1984). Amnioinfusion has also been described for pa-
tientswith PPROM(Garzetti et al., 1997; Locatelli et al., 2000,
Tranquilli et al., 2005). Because of the invasive nature of such
approaches and the possibility for adversematernal and peri-
natal outcomes, appropriately controlled clinical trials are
necessary before these techniques can be recommended.

Another potential intervention for midtrimester
PPROM is attempting to correct the defect. It is hoped that

this treatment can increase the latency time todelivery, restore
amniotic fluid volume to decrease the risk for lung hypoplasia
aswell as limbandmuscular contracturedefects, anddecrease
infectious morbidity.

Amniotic membrane patching has been suggested in
carefully selected patients without evidence of intramniotic
infection and confirmed PPROM. Transabdominal intra-
amniotic injection of platelets and cryoprecipitate has been
used as a therapy for midtrimester PPROM. In a prelimi-
nary study, Quintero et al. treated 7 patients with iatrogenic
PPROM (all cases of PPROM occurred following an inva-
sive procedure such as amniocentesis or fetoscopy) diagnosed
between 16 and 24 weeks of gestation with an amniopatch
(Quintero et al., 1999). For the amniopatch, an amniocente-
sis was performed with a 22-gauge needle and platelets were
administered followed by cryoprecipitate. Two mililiters of
indigo carmine was then instilled to aid in documentation
of amniotic fluid leakage. Intravenous antibiotics were then
given for one week. Three pregnancies progressed well. The
amniotic fluid re-accumulated and there was no further leak-
age. Two patients had unexplained intrauterine fetal demise
despite resealing. One patient resealed but continued to have
oligohydramnios secondary to fetal bladder outlet obstruc-
tion, and one patient had a miscarriage secondary to twin-
to-twin transfusion syndrome despite resealing. This study
demonstrates that, although experimental, an amniopatch
with platelets and cryoprecipitate might be a promising ther-
apy for iatrogenic cases of PPROM.

Administration of a cervical plug to retard the loss
of fluid from the amniotic cavity is another potential treat-
ment of midtrimester PPROM. In one study, 15 women with
PPROM (either iatrogenic or spontaneous) had a gelatin
sponge placed within the uterine cavity (O’Brien et al., 2002).
The research protocol included hospital admission, amnioin-
fusion, cerclageplacement, antibiotic administration, andpe-
rioperative tocolysis. Eight pregnancies (53%) delivered after
24 weeks of gestation, 6 of whom (30%) survived until hos-
pital discharge. There were two intrauterine fetal deaths. The
mean gestational age at delivery was 31.8 weeks (range 25–
36 weeks). No adverse sequelae were attributed to the gelatin
sponge. However, several anatomic abnormalities were diag-
nosed that were likely to be secondary to decreased amniotic
fluid volume.This aggressive interventional protocolmay im-
prove outcomes in patients with previable PPROMby reduc-
ing the incidence of lethal pulmonary hypoplasia. However,
further study is needed, before this approach could be con-
sidered mainstream. Several issues must be addressed such
as route of applications (transvaginal versus transcervical),
whether combinations of plugging agents are more effica-
cious, which fetuses are likely to benefit, and whether or not
maternal complications are associated with this intervention.

Prophylactic amnioinfusion during labor to correct ab-
normal fluid volumes has not been found to be beneficial
unless associated with recurrent variable decelerations.

Fetal intervention by means of vesicoamniotic shunt-
ing may be considered in selected fetuses with severe
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oligohydramnios secondary to bladder outlet obstruction.
Benefits of shunting may include a decreased incidence of
pulmonary hypoplasia. Prognosis in these cases is related to
the duration of exposure of the developing fetal lung to se-
vere oligohydramnios and to the severity of the underlying
renal condition. The option of vesicoamniotic shunting in
such cases is described in more detail in Chapter 82.

TREATMENT OF THE NEWBORN

The extent of newborn intervention in cases of oligohydram-
nios will depend on the gestational age at diagnosis, the ges-
tational age at delivery, and the cause of the oligohydramnios.
If a sonographic diagnosis of renal agenesis is certain, no re-
suscitation of the newborn is indicated. However, if doubt
exists about the diagnosis, a neonatologist should be present
at delivery to evaluate for features of Potter syndrome and
pulmonary hypoplasia. Intubation and mechanical ventila-
tion of the newborn may be considered appropriate until a
moredefinitivediagnosis for severeoligohydramnios ismade.
Pulmonary air leak may develop secondary to positive pres-
sureventilation in the settingofpulmonaryhypoplasia,which
may require the placement of chest tubes.

SURGICAL TREATMENT

No surgical treatments have been described.

LONG-TERM OUTCOME

The long-term outcome will depend on the gestational age
at diagnosis, the gestational age at delivery, and the under-
lying cause of the oligohydramnios. The longest duration of
survival reported with a diagnosis of bilateral renal agenesis
is 39 days. Severe oligohydramnios may result in the devel-
opment of arthrogryposis (see Chapter 101). Contractures
of previously normal joints may also occur in cases of se-
vere oligohydramnios of long duration. The feet are most
commonly involved, typically resulting in positional club-
foot. Compression of the fetus against the uterine wall in the
setting of severe oligohydramnios can produce a spectrum of
abnormalities. Potter syndrome is characterized by low-set
ears, hypertelorism, receding chin, flattened nose, wrinkled
skin, and joint contractures.

GENETICS AND RECURRENCE RISK

The recurrence risk of oligohydramnios will depend on the
underlying cause. The cause of bilateral renal agenesis is mul-
tifactorial. The recurrence risk following delivery of an infant

with bilateral renal agenesis and a negative family history
is approximately 3% to 4%. In a study of 41 index patients
with bilateral renal agenesis, bilateral severe renal dysgene-
sis, or agenesis of one kidney with dysgenesis of the other,
10 of 111 first-degree relatives were found to have clinically
unsuspected renal malformations (Roodhooft et al., 1984).
Parents of fetuses with oligohydramnios due to renal anoma-
lies should therefore be evaluated by ultrasound examination
for renal anomalies.

The recurrence risk for premature rupture of mem-
branes occurring in a future pregnancy is uncertain, but may
be as high as 32% (Asrat et al., 1991). Such patients should
therefore be considered at high risk for this complication in
all future pregnancies.
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126
CHAPTER

Polyhydramnios

Key Points

■ Polyhydramnios is an increase in the volume of
amniotic fluid, the diagnosis of which is usually
made using ultrasound.

■ Causes of polyhydramnios include fetal congenital
malformations, fetal neurological anomalies, fetal
genetic abnormalities, and maternal issues,
although the majority of cases are idiopathic.

■ Sonographic assessment of polyhydramnios
should include a careful survey of the fetal
anatomy to rule out the presence of structural
abnormalities or fetal growth restriction, and
karyotyping should be considered if these are
present.

■ Polyhydramnios has been associated with an
increased risk for preterm contractions and
preterm delivery, in which case-reduction
amniocentesis may be considered.

■ Delivery at 39 weeks may be reasonable to relieve
maternal symptoms as well as to reduce the risk of
cord prolapse, should spontaneous rupture of
membranes occur.

■ Pregnancies complicated by polyhydramnios have
a higher incidence of inefficient uterine activity
leading to prolonged labor, postpartum uterine
atony, and postpartum hemorrhage; cesarean
delivery should be reserved for standard obstetric
indications.

■ Neonates should be evaluated carefully to assess
for anatomical abnormalities that may have
caused polyhydramnios.

■ The long-term outcome for infants following a
prenatal diagnosis of polyhydramnios depends on
the gestational age at delivery and the presence of
associated structural malformations.

CONDITION

Polyhydramnios, also known simply as hydramnios, is an in-
crease in the volume of amniotic fluid. The diagnosis of poly-
hydramnios is most frequently made by ultrasound exami-
nation, but is often suspected by clinical examination reveal-
ing a fundal height greater than that expected for gestational
age. Before the advent of prenatal sonography, polyhydram-
nios was defined as an amniotic fluid volume of more than
2 L. Sonographic diagnosis of polyhydramnios relies on the
finding of a maximum vertical pocket of more than 8 cm
(Figure 126-1) (Chamberlain et al., 1984). However, due
to the asymmetric location of the fetus within the uterus,
the use of this maximum vertical pocket (MVP) tech-
nique may lead to an overestimation of the amniotic fluid
volume.

The amniotic fluid index (AFI) has been described as
a more reliable means of quantifying amniotic fluid volume
(Phelan et al., 1987). The AFI involves the summing of the

largest vertical pockets from each of the four quadrants of
the uterus. A normal amniotic fluid volume is defined as an
AFI of between 8 and 18 cm, while polyhydramnios is de-
fined as an AFI of greater than 24 cm. Normal values for
the AFI throughout gestation have been described based on
sonographic measurements of amniotic fluid volume in 791
uncomplicated pregnancies between 16 and 42 weeks of ges-
tation (Moore and Cayle, 1990). These values are listed in
Table 126-1. A reasonable working definition of polyhydram-
nios using current sonographic criteria is an AFI greater
than the 95th percentile for the corresponding gestational
age.

Amniotic fluid volume is the result of a balancebetween
flow into and out of the amniotic cavity. In the first half of
pregnancy, the majority of amniotic fluid is a result of active
transport of sodium and chloride across the amniotic mem-
brane and fetal skin, with water moving passively in response
(Brace and Resnik, 1999). In the second half of pregnancy,
the majority of amniotic fluid is a result of fetal micturition.
Another major source of amniotic fluid is secretion from the
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Figure 126-1 Prenatal sonographic image demonstrating a
maximal vertical pocket of 11.11 cm of amniotic fluid.

fetal respiratory tract. The average amniotic fluid volume is
30mL at 10 weeks, rising to 780mL at 32 to 35 weeks, follow-
ing which time a natural decrease in volume occurs (Brace
andResnik, 1999). The amniotic fluid volume is not stagnant,
but is completely turned over at least once daily. Fetal urine
first appears at 8 to 10 weeks of gestation, and reaches a pro-
duction rate of 700 to 900 mL per day near term (Brace and
Resnik, 1999).

Polyhydramnios can occur because of increased pro-
duction of fluid by the fetus, as in the case of hydrops, or
it can be due to an obstruction to fetal swallowing, as in
the case of congenital gastrointestinal obstruction. Polyhy-
dramnios is idiopathic in greater than 50% of cases (Mann
et al., 2006). Maternal diabetes mellitus accounts for 15% of
cases, fetal malformations for 13%, multiple gestations for
5%, and other causes for 1% (Hill and Breckle, 1987). How-
ever, the proportion of cases of polyhydramnios secondary
to fetal malformation increases significantly as the severity of
polyhydramnios increases. As the definition of polyhydram-
nios varies, so too does the reported incidence of associated
fetalmalformations. Two recent series have reported a 58% to
63% incidence of structural fetal malformations in pregnan-
cies complicated by polyhydramnios (Damato et al., 1993;
Many et al., 1996).

Fetal malformations associated with polyhydramnios
include neural tube defects (such as anencephaly, Chapter
7), holoprosencephaly (see Chapter 14), cardiac anomalies
(such as truncus arteriosus, Chapter 54), gastrointestinal
atresias or stenoses (see Chapters 71–73), chest or abdom-
inal masses such as cystic adenomatoid malformation (see
Chapter 35) or diaphragmatic hernia (see Chapter 37), skele-
tal dysplasias, neuromuscular disorders (such as myotonic
dystrophy), infections (such as parvovirus), metabolic disor-
ders (such as Gaucher disease), chromosomal abnormalities
(such as trisomy 18, Chapter 130), tumors (such as sacrococ-
cygeal teratoma, Chapter 115), and genetic syndromes (such
as Beckwith–Wiedemann syndrome).

Table 126-1

Amniotic Fluid Index Values in Normal
Pregnancy

Amniotic Fluid Index
Percentile Values

No. of
Week Patients 2.5th 5th 50th 95th 97.5th

16 32 73 79 121 185 201
17 26 77 83 127 194 211
18 17 80 87 133 202 220
19 14 83 90 137 207 225
20 25 86 93 141 212 230
21 14 88 95 143 214 233
22 14 89 97 145 216 235
23 14 90 98 146 218 237
24 23 90 98 147 219 238
25 12 89 97 147 221 240
26 11 89 97 147 223 242
27 17 85 95 146 226 245
28 25 86 94 146 228 249
29 12 84 92 145 231 254
30 17 82 90 145 234 258
31 26 79 88 144 238 263
32 25 77 86 144 242 269
33 30 74 83 143 245 274
34 31 72 81 142 248 278
35 27 70 79 140 249 279
36 39 68 77 138 249 279
37 36 66 75 135 244 275
38 27 65 73 132 239 269
39 12 64 72 127 226 255
40 64 63 71 123 214 240
41 162 63 70 116 194 216
42 30 63 69 110 175 192

Reproduced, with permission, from Moore TR, Cayle JE. The amniotic
fluid index in normal human pregnancy. Am J Obstet Gynecol
1990;162:1168-1173.

INCIDENCE

The reported incidence of polyhydramnios varies, reflecting
differences in definition. Polyhydramnios is reported in 0.1%
to 3%of pregnancies when clinical methods are used tomake
the diagnosis (Kramer, 1966). In one series of 9,189 patients
who had sonographic assessment of amniotic fluid volume
bymeasuring theMVP, the overall incidence of polyhydram-
nios was 0.9% (Hill and Breckle, 1987). In this study, mild
polyhydramnios was diagnosed when the MVP measured
between 8 cm and 11 cm, moderate polyhydramnios was de-
fined as an MVP of 12 cm to 15 cm, and severe polyhydram-
nios was diagnosed when the MVP exceeded 16 cm. Mild
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polyhydramnios accounted for 79% of cases, moderate poly-
hydramnios 16%, and severe polyhydramnios accounted for
5% (Hill and Breckle, 1987). In another series, using an AFI
cutoff of greater than 24 cm, mild polyhydramnios was diag-
nosed in 8% of patients (Smith et al., 1992).

SONOGRAPHIC FINDINGS

Most diagnoses of polyhydramnios are now based on sono-
graphic findings. The two most common methods of objec-
tivelymeasuring the amniotic fluid volume are themaximum
vertical pocket (MVP) and the amniotic fluid index (AFI).
TheMVP involves surveying the entire uterus andmeasuring
the depth of the deepest pocket of amniotic fluid in cen-
timeters. Only amniotic fluid pockets free of fetal parts and
umbilical cord are measured. The most commonly used cut-
off for polyhydramnios using the MVP technique is a depth
greater than 8 cm. The AFI involves summing theMVPs from
each of the four quadrants of the uterus. In a report of sono-
graphic AFI measurements in 197 patients, the mean AFI
rose from 7 cm at 12 weeks’ gestation to 20 cm at 26 weeks’
gestation, and then plateaued for the remainder of gestation
at approximately 16 cm (Phelan et al., 1987). The 95th per-
centile value for AFI at 37 weeks is 24 cm, but decreases to
19 cm at 41 weeks, reflecting the normal decrease in amniotic
fluid production at term (Moore and Cayle, 1990). It is im-
portant to measure the AFI with the patient supine, to orient
the transducer in the maternal sagittal plane, to measure the
sonographic planes perpendicular to the floor, to measure
fluid pockets free from umbilical cord or fetal extremity, and
to use the umbilicus and linea nigra as landmarks for dividing
the uterus into four quadrants (Phelan et al., 1987).

There is no agreement in the obstetric literature as to
whichmethodof sonographicmeasurementof amnioticfluid
volume is best. In one study comparing MVP with AFI, the
correlation coefficient was 0.51, and the MVP was associated
with a lower sensitivity (Moore, 1990). Others have found
good correlation between the MVP and AFI methods, with
theMVP being better (Magann et al., 1994). In another study
comparing 13 different sonographic methods of amniotic
fluid volume assessment with a dye dilution technique, the
AFI underestimated the actual amniotic fluid volume by as
much as 52% in cases of polyhydramnios (Dildy et al., 1992).
Whencomparedwith theAFI, several of theother 12methods
of ultrasound prediction of amniotic fluid volume produced
lower mean errors as compared with true amniotic fluid vol-
ume. However, the investigators concluded that the minimal
improvement in accuracy offered by other ultrasound mea-
surements was not sufficient to warrant replacement of the
AFI (Dildy et al., 1992).

Sonographic assessment of polyhydramnios should in-
clude a careful survey of the fetal anatomy to rule out the pres-
ence of structural malformations. Because of the possibility
of underlying fetal neuromuscular disorders, fetal swallow-
ing, muscle tone, and fetal movement should be observed. In

a study of 41 fetuses with a diagnosis of idiopathic polyhy-
dramnioswhowere tested for the presence of amyotonic dys-
trophy mutation, 4 (9.7%) were shown to be affected. Three
of the four fetuses had a positive family history of myotonic
dystrophy (Esplin et al., 1998).

DIFFERENTIAL DIAGNOSIS

The causes of polyhydramnios are diverse, involving many
maternal and fetal conditions, including those associated
with immune and nonimmune hydrops fetalis (see Chap-
ters 127 and 128). Maternal abnormalities should be consid-
ered, such as diabetes mellitus, rhesus isoimmunization, and
preeclampsia resulting in the “mirror syndrome” (Ballantyne
syndrome). If a multiple gestation is present, the possibil-
ity of twin–twin transfusion syndrome should be considered
(see Chapter 119), especially if one fetus has severe oligohy-
dramnios (stuck twin). Fetal infections associated with poly-
hydramnios include parvovirus, cytomegalovirus, toxoplas-
mosis, and syphilis. Polyhydramnios can also be seen with
inborn errors of metabolism such as Gaucher disease, gan-
gliosidoses, and mucopolysaccharidoses. Chromosomal ab-
normalities should also be considered, such as trisomy 18 (see
Chapter 130), trisomy21 (seeChapter 131),Turner syndrome
(see Chapter 134), and 4p– (Wolf–Hirschhorn) syndrome.

Fetal neurologic malformations associated with poly-
hydramnios include anencephaly, encephalocele, meningo-
myelocele, holoprosencephaly, Dandy–Walker malforma-
tion, lissencephaly, and agenesis of the corpus callosum.
Fetal cardiac abnormalities associated with polyhydramnios
include cardiac arrhythmias, truncus arteriosus, aortic coarc-
tation, andaortic arch interruption.Fetal thoracic abnormali-
ties associatedwith polyhydramnios include congenital cystic
adenomatoid malformation (CCAM), bronchopulmonary
sequestration (BPS), diaphragmatic hernia, chylothorax, and
tracheal atresia. Fetal gastrointestinal malformations associ-
ated with polyhydramnios include cleft lip and palate, tra-
cheoesophageal fistula, esophageal or intestinal atresia, om-
phalocele, gastroschisis, and annular pancreas. Fetal skele-
tal abnormalities associated with polyhydramnios include
achondroplasia, osteogenesis imperfecta, hypophosphatasia,
campomelic dysplasia, and thanatophoric dysplasia. Fetal
neuromuscular abnormalities associated with polyhydram-
nios include myotonic dystrophy and arthrogryposis multi-
plex congenita (Bianchi and Van Marter, 1994; Esplin et al.,
1998).Other fetal abnormalities associatedwithpolyhydram-
nios include cystic hygroma, neckmasses such as cervical ter-
atoma or goiter, sacrococcygeal teratoma, or lethal multiple
pterygium syndrome.

ANTENATAL NATURAL HISTORY

The antenatal natural history of pregnancies complicated
by polyhydramnios is largely determined by the underlying
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cause of the polyhydramnios. In addition, different clinical
forms of polyhydramnios are described. Polyhydramnios is
described as being acute when there is a rapid accumulation
of excessive amniotic fluid within 1 week associated with se-
vere abdominal pain and respiratory distress, subacute when
it develops over a period of 2 weeks with less severe symp-
toms, and chronic when there is gradual accumulation of
amniotic fluid with less maternal discomfort (Desmedt et al.,
1990). Themost common form of polyhydramnios is a grad-
ual progression with minimal maternal symptoms, and the
vastmajority of pregnancies complicated by polyhydramnios
are diagnosed during the third trimester.

Adverse maternal and perinatal outcomes have been
associated with polyhydramnios (Desmedt et al., 1990). The
overall perinatal mortality in one series of 243 patients with
polyhydramnios was 33 per 1000 births (Chamberlain et al.,
1984). One of the eight perinatal deaths occurred in a struc-
turally normal fetus, while the remaining seven perinatal
deaths were related to major fetal malformations. The cor-
rected perinatal mortality rate for normal fetuses with poly-
hydramnios was 4 per 1000 births. Both the overall and the
corrected perinatal mortality rates in this series were signif-
icantly greater than that observed in patients with normal
amniotic fluid volume (Chamberlain et al., 1984).

Polyhydramnios has been associated with a higher fre-
quency of prematurity. The presence of an overdistended
uterus appears to be significantly associated with preterm
contractions and premature delivery (Queenan and Gadow,
1970).The frequencyof pretermdelivery inpregnancies com-
plicated by polyhydramnios ranges from11% to 29% (Phelan
et al., 1990). The incidence of preterm delivery appears to be
significantly greater for subgroups with insulin-dependent
diabetes mellitus and structural fetal malformations as com-
paredwithpatientswith idiopathic polyhydramnios (Many et
al., 1996). The incidence of preterm delivery in patients with
gestational diabetes was no greater than in the general pop-
ulation. The higher incidence of preterm delivery in insulin-
dependent diabetes is becauseof thehigher rate of pregnancy-
induced hypertension, nonreassuring fetal testing, and elec-
tive delivery (Greene et al., 1989). It would therefore appear
that the underlying cause of polyhydramnios is themajor de-
termining factor in predicting the risk of preterm delivery.
In patients with polyhydramnios of undetermined cause, the
frequency of preterm delivery appears to be no different than
in the general population (Hill and Breckle, 1987).

The clinical implications of polyhydramnios that re-
solve spontaneously prior to delivery are uncertain. In one
series of 41 cases of resolving polyhydramnios in nondia-
betic patients, there was no increase in the rate of congeni-
tal anomalies but there was significantly higher mean birth
weight and glucose intolerance as compared with controls
with normal amniotic fluid volume (Hill et al., 1995).

MANAGEMENT OF PREGNANCY

Following the diagnosis of polyhydramnios, a careful ma-
ternal history should be performed to evaluate for possible

underlying causes, such as diabetesmellitus. If a screening test
formaternal diabetes has not yet been performed, one should
be performed as soon as possible. A careful sonographic sur-
vey of fetal anatomy should be performed to exclude the pres-
ence of associated structural fetalmalformations. Serial sono-
graphic examinations are recommended to follow the degree
of polyhydramnios.

The need for karyotyping in a fetus with polyhydram-
nios and no identifiable structural abnormalities is contro-
versial. In one series of idiopathic polyhydramnios, the inci-
dence of aneuploidy was 3.2%, which included two cases of
trisomy 21 and one case of trisomy 18 (Brady et al., 1992).
In another series of 59 cases of polyhydramnios, there was
one case (1.7%) of aneuploidy (Landy et al., 1987). In a series
of 49 patients with an AFI of 24 cm or greater, 27 patients
had unexplained polyhydramnios, and there were no chro-
mosomal abnormalities (Carlson et al., 1990). In a further se-
ries of 131 pregnancies complicated by polyhydramnios prior
to 26 weeks’ gestation, all 7 cases of chromosomal abnor-
malities were associated with abnormal sonographic findings
(Hendricks et al., 1991). Our policy is to offer amniocentesis
when there are associated sonographic abnormalities, when
there is intrauterine growth restriction, or when there is im-
perfect sonographic visualization of fetal anatomy. Although
general visualization of fetal anatomy is enhancedwhen there
is amild increase in amniotic fluid volume, theremay be great
difficulty in imaging due to fetal depth in cases of extreme
polyhydramnios.

If fetal sonographic imaging demonstrates the presence
of polyhydramnios and abnormal posturing of the extremi-
ties, consideration should be given to prenatal DNA testing
for the myotonic dystrophy mutation (Esplin et al., 1998).

Treatment of polyhydramnios should focus on the un-
derlying cause. Intervention to reduce the amount of amni-
otic fluid with the goal of decreasing contractions and avoid-
ing preterm delivery has been advocated. Such temporizing
measures include the administration of indomethacin and
serial reduction amniocentesis. Most of the experience with
the use of serial reduction amniocentesis has been associated
with treatment of the twin–twin transfusion syndrome (see
Chapter 119).

Delivery shouldoccurat a tertiary care center if thereare
associated structural malformations, twin–twin transfusion
syndrome, or hydrops fetalis, or if a congenital neuromuscu-
lar disorder is suspected. While elective preterm delivery is
not indicated in cases of severe polyhydramnios, considera-
tion should be given to delivery at 39weeks’ gestation because
of maternal discomfort and also because of the risk of um-
bilical cord prolapse, should rupture of membranes occur. If
artificial rupture of membranes is carried out, the procedure
should be performed in or near a delivery room, with the
capability of performing a cesarean delivery if there is a cord
prolapse or placental abruption. Amniotic fluid should be al-
lowed to drain slowly through aneedle puncture. Pregnancies
complicated by polyhydramnios have a higher incidence of
inefficient uterine action, prolonged labor, postpartum uter-
ine atony, and postpartum hemorrhage. Cesarean delivery is
reserved for usual obstetric indications.
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FETAL INTERVENTION

Fetal therapy is possible for some causes of polyhydramnios.
In cases of polyhydramnios associated with hydrops fetalis,
the possibility of direct fetal intravascular transfusion may
exist (see Chapter 127). Polyhydramnios and hydrops fe-
talis secondary to supraventricular tachyarrhythmia may be
amenable to digoxin therapy (Simpson and Marx, 1994). As
discussed in Chapetr 119, polyhydramnios in the setting of
severe twin–twin transfusion syndrome has been successfully
treated with serial reduction amniocentesis and with laser
ablation of placental surface anastomotic vessels.

Several investigators have reported the successful use
of indomethacin therapy for idiopathic polyhydramnios
(Cabrol et al., 1987; Lange et al., 1989;Ashet al., 1990;Kirshon
et al., 1990b; Mamopoulos et al., 1990; Rosen et al., 1990;
Gerson et al., 1991; Malas and Hamlett, 1991). Mechanisms
proposed for the therapeutic effect of indomethacin in cases
of polyhydramnios include decreased fetal urine production
and enhanced fluid absorption in the lungs, secondary to in-
creased fetal breathing.Reports involving a total of 44patients
have described use of indomethacin varying from an upper
dose of 2 to 3 mg per kilogram of body weight per day in the
form of oral tablets or rectal suppositories, to a lower dose
of 25 mg orally every 6 hours. Maternal complications of
indomethacin therapy include gastrointestinal disturbance,
transient cholestatic jaundice, transient renal insufficiency,
and pulmonary edema (Moise, 1993b). Fetal complications
include oligohydramnios and ductal constriction (Kirshon
et al., 1990a; Mamopoulos et al., 1990). Neonatal complica-
tions include renal insufficiency, persistent fetal circulation,
ileal perforation, and necrotizing enterocolitis (Csaba et al.,
1978; Cantor et al., 1980; Mogilner et al., 1982; Vanhaese-
brouck et al., 1988; Gerson et al., 1991). If indomethacin is
to be used for the treatment of polyhydramnios, weekly as-
sessment of amniotic fluid volume should be performed and
the medication should be discontinued when the amniotic
fluid volume reduction exceeds two-thirds of the initial vol-
ume. Fetal echocardiography should be performed within
the first 24 hours after the initiation of indomethacin to
evaluate for ductal constriction and should then be repeated
weekly (Moise, 1993a). If mild ductal constriction is noted,
the indomethacin dose should be reduced, and if tricuspid re-
gurgitation is noted the medication should be discontinued
completely.

At our center, indomethacin has not been used for the
treatment of polyhydramnios because of the potential for sig-
nificant fetal complications.Although indomethacinhasbeen
shown to be effective as defined by normalization of amniotic
fluid volume, we have not found evidence that this resulted in
any change in overall perinatal outcome. Given the risks asso-
ciated with indomethacin, our approach has been to educate
patients about the signs and symptoms of premature labor
and to evaluate them if they are symptomatic. Amniocentesis
is reserved for cases of polyhydramnios associated with sig-
nificant maternal discomfort and likely impending preterm
labor.

TREATMENT OF THE NEWBORN

A detailed newborn physical examination is recommended
because a structural malformation may be present despite a
thorough prenatal ultrasound examination. In one series of
59casesofpolyhydramniosa false-negativeultrasoundsurvey
was reported in 8 cases (Hendricks et al., 1991). Particular at-
tention should be paid in the newborn nursery to the infant’s
suck-and-swallow coordination and to the passage of meco-
nium. If bilious vomiting or abdominal distention occurs,
a plain abdominal radiograph should be obtained immedi-
ately. In cases of polyhydramnios secondary to maternal dia-
betes, a delivery room neonatal glucose measurement should
be obtained because of the possibility of profound neonatal
hypoglycemia.

SURGICAL TREATMENT

No specific surgical treatment of the newborn is described
for idiopathic polyhydramnios. However, surgical treatment
may be necessary if associated structural malformations such
as tracheoesophageal fistula or intestinal atresias are present.

LONG-TERM OUTCOME

Long-termoutcome for infants following aprenatal diagnosis
of polyhydramnios depends on the gestational age at delivery
and on the presence of associated structural malformations.
In cases of additional malformations, the long-term outcome
will primarily be dictated by the nature of the abnormality
rather than by the existence of polyhydramnios.

GENETICS AND RECURRENCE RISK

Recurrence of idiopathic polyhydramnios is uncommon, al-
though case reports documenting such recurrences do ex-
ist (Sieck and Ohlsson, 1984; Weissman and Zimmer, 1987;
Shimizuet al., 1988). Inone seriesof 780casesofpolyhydram-
nios, there were 36 cases (4.6%) of recurrent polyhydramnios
(Beischer et al., 1993). The risks associated with recurrent
polyhydramnios include the risk of fetal malformation and
premature delivery (Beischer et al., 1993). Polyhydramnios
attributable to a specific genetic diagnosis may recur based
on the pattern of inheritance of the condition.
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CHAPTER

Immune Hydrops

Key Points

■ Immune hydrops is a serious condition in which
abnormal fluid collections accumulate in at least
two different fetal compartments, and in which
circulating antibodies against red cell antigens are
detected in the mother.

■ If a first-time mother is Rh negative and her fetus is
Rh positive, there is a 16% risk that the fetal Rh
antigen will stimulate the maternal immune
system to produce anti-D antibody.

■ Isoimmunization due to non-Rh(D) and non-ABO
incompatibility usually occurs as a result of blood
transfusions, and atypical antibodies develop in
approximately 1% to 2% of recipients.

■ Fetal anemia secondary to Kell isoimmunization
differs from that due to Rh(D) isoimmunization
because the mechanism for the anemia is most
likely erythroid suppression rather than hemolysis.

■ Immune and nonimmune hydrops can be
differentiated by maternal indirect Coombs test to
screen for antibodies associated with blood group
incompatibility.

■ Immune hydrops should be considered an
emergency, and arrangements should be made to
promptly perform percutaneous umbilical blood
sampling (PUBS) and possibly fetal blood

transfusion or immediate delivery depending on
gestational age.

■ Blood for PUBS should be group O red cells,
packed to a hematocrit of approximately 80%, less
than 4 days old, irradiated, anti-cytomegalovirus
negative, negative for the antigen to which the
mother is immunized, and Kell negative.

■ It is generally not a good idea to transfuse a
hydropic fetus to a final hematocrit that is
greater than 25% or greater than four times the
initial hematocrit, as this has been associated
with fluid overload and sudden intrauterine fetal
death.

■ The optimal mode of delivery for the hydropic
fetus is uncertain, although cesarean delivery is
usually considered safer to decrease the risk of
soft-tissue trauma.

■ Minimal data are available regarding the long-term
outcome of surviving fetuses that had immune
hydrops.

■ The recurrence risk for immune hydrops is
significant. In general, the more severe the
obstetric history of rh isoimmunization, the more
likely the recurrence risk for severe disease in the
future.
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CONDITION

Immune hydrops fetalis is a serious fetal condition in which
abnormal fluid collections accumulate in at least two dif-
ferent fetal compartments, and in which circulating anti-
bodies against red cell antigens are detected in the mother.
Hydrops fetalis is associated with a pathologic increase in in-
terstitial and total fetal body water, usually appearing in fetal
soft tissues and serous cavities. The cause may be either im-
munologic or nonimmunologic, depending on the presence
or absence of maternal antibodies against fetal red cell anti-
gens. While previously it was considered that the majority
of cases of hydrops fetalis were secondary to maternal–fetal
blood group incompatibilities, it is now estimated that the
causes are nonimmunologic in more than 90% of cases (see
Chapter 128) (Santolaya et al., 1992).

Immune hydrops is most likely a result of maternal–
fetal Rhesus (Rh) blood group incompatibility, in which ma-
ternal antibodies to certain fetal blood group antigens cross
the placenta, causing hemolysis of fetal blood and profound
fetal anemia. This process is also referred to as Rh isoimmu-
nization. An in-depth discussion of the pathogenesis of Rh
blood group incompatibility is beyond the scope of this text-
book. Briefly, the five antigens that make up the Rh system
are D, C, c, E, and e. The presence of the D antigen confers Rh
blood grouppositivity, while its absence indicates Rhnegativ-
ity. Approximately 15% of Caucasians are Rh negative, while
30% of Basques are Rh negative, and 4% to 8% of blacks are
Rh negative (Bowman, 1999). A total of 45% of Rh-positive
individuals are homozygous, so all their offspring will be Rh
positive. By contrast, 55% of Rh-positive individuals are het-
erozygous, so there is a 50/50 chance that their offspring will
be Rh positive. If a first-time mother is Rh negative and her
fetus is Rh positive, there is a 16% risk that fetal Rh antigen
will stimulate thematernal immune system toproduce anti-D
antibody (Bowman, 1999). This first immune response gen-
erally consists of anti-D IgM antibody, which cannot cross
the placenta to cause fetal hemolysis. In a subsequent preg-
nancy, if the fetus is again Rh positive, a more rapid immune
response occurs, consisting of high titers of anti-D IgG an-
tibody, which rapidly crosses the placenta to produce fetal
hemolysis and profound fetal anemia.

Themechanismbywhichmaternal–fetal Rh incompat-
ibility produces immune hydrops fetalis is complex and the
exact pathophysiologic process has not yet been elucidated.
It is known that maternal anti-D IgG antibody attaches it-
self to the Rh antigen present on fetal red cells. This results
in chemotaxis of phagocytes in the fetal spleen, which leads
to destruction and hemolysis of fetal red cells. In response,
the fetus producesmore erythropoietin, which stimulates the
fetal bone marrow to increase red cell production. Eventu-
ally, marrow capacity is reached, and extramedullary ery-
thropoiesis occurs, with fetal red cell production in the fetal
liver, spleen, kidney, adrenal glands, and intestine. Fetal hep-
atosplenomegaly is, therefore, common. Red cells produced

at these sites are often immature, are nucleated, and appear
in the circulation as erythroblasts. Hence, the synonym ery-
throblastosis fetalis for immune hydrops.

The majority of cases of Rh isoimmunization lead to
mild or moderate fetal or neonatal hemolytic disease. How-
ever, approximately 20% to 25% of cases result in severe
hemolytic disease, with immune hydrops developing in utero
(Bowman, 1999). Hydrops develops in approximately half of
these fetuses between 18 and 34 weeks of gestation, with hy-
drops developing in the remaining fetuses between 34 weeks
and term. The pathophysiology of fetal hydrops is unclear.
Several hypotheses have been suggested. One thought is that
simple congestiveheart failure secondary to fetal anemia leads
to hydrops. Another more complicated hypothesis is that se-
vere fetal anemia leads to extensive extramedullary erythro-
poiesis,withassociatedhepatosplenomegalyanddistortionof
intrahepatic architecture. This distortion results in portal and
umbilical venous distortion, portal hypertension, placental
edema, and placental hypoperfusion (Bowman, 1999). With
deteriorating hepatic synthesis, progressive hypoalbumine-
mia occurs, adding to the generalized edema, anasarca, and
pleural andpericardial effusions.However, a recent studycalls
into question whether or not hypoalbuminemia is the cause
of immune hydrops (Pasman et al., 2006). Pasman et al. eval-
uated fetal blood samples taken at the first fetal blood transfu-
sion in 244 Rh-D alloimmunized pregnancies. Hemoglobin
concentration, albumin concentration, and severity of hy-
drops were assessed. Most fetuses (71%) with immune hy-
drops had an albumin concentrationwithin the normal range
suggesting that decreased albumin is unlikely to cause hy-
drops. Nonetheless, there was a negative correlation between
the degree of fetal hydrops and the fetal serum albumin level
suggesting that hypoalbuminemia occurs as a secondary ef-
fect in hydrops. The authors suggest that cardiac failure and
lymphatic flowobstructionmay bemore important causative
factors of hydrops.

Effective prevention programs to reduce the incidence
of Rh(D) isoimmunization, using passive maternal immu-
nization with Rh immunoglobulin, have significantly de-
creased the numbers of fetuses with immune hydrops. Be-
cause of the efficacy of these programs, non-Rh(D) blood
group isoimmunization is becoming proportionately more
frequent as a cause of immune hydrops. Immune hydrops
secondary to ABO blood group incompatibility is extremely
rare, as the resulting hemolytic disease is almost always mild
in nature (Gilja and Shah, 1988; Bowman, 1999). Isoimmu-
nization due to non-Rh(D) and non-ABO incompatibility
usually occurs as a result of blood transfusions, with such
atypical antibodies developing in 1% to 2% of recipients
(Bowman, 1999). At least 60 such atypical antibodies have
been identified as potentially causing hemolytic disease of
the fetus or newborn, with anti-c, anti-E, and anti-Kell an-
tibodies being the most important causes of severe disease,
including hydrops (Bowman, 1990). Fetal anemia secondary
toKell isoimmunizationdiffers fromthatdue toRh(D) isoim-
munization, as the mechanism for anemia is most likely
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erythroid suppression rather than hemolysis (Vaughan et al.,
1994).

INCIDENCE

The risk of immune hydrops in a first Rh-sensitized preg-
nancy is approximately 8% to 10% (Bowman, 1999). The in-
cidence of immune hydrops has decreased significantly with
the widespread use of passive immunization using Rh im-
munoglobulin for Rh-negative mothers at 28 weeks of ges-
tation, following suspected fetomaternal hemorrhage, and
postpartum following the delivery of an Rh-positive infant.
The efficacy of this prevention program has been demon-
strated by a decline in the incidence of Rh hemolytic disease
of the fetus ornewborn, from65 in10,000births in theUnited
States in 1960 to 10.6 in 10,000 births in 1990 (Chavez et al.,
1991). The relative proportion of cases of immune hydrops
secondary to non-Rh(D) atypical antibodies is increasing, as

the use of Rh immunoglobulin has become widespread, with
Kell isoimmunization now affecting 0.1% of all pregnancies
(Caine and Mueller-Heubach, 1986).

SONOGRAPHIC FINDINGS

The diagnosis of hydrops is made following the detection
of abnormal or increased fluid accumulation in at least two
distinct fetal body cavities. Examples include pericardial ef-
fusion, pleural effusion, ascites, subcutaneous edema, cystic
hygroma, polyhydramnios, and placental thickening (Figures
127-1 to 127-3). In general, skin thickness of at least 5 mm
is required to diagnose subcutaneous edema, and a placental
thickness of at least 6 cm is required to diagnose placen-
tamegaly (Romero et al., 1988). These features do not neces-
sarily indicatehydrops; it shouldbenoted that skin thickening
of at least 5 mm may be commonly seen in macrosomic fe-
tuses. If abnormal fluid accumulation is confined to only one

A

C

B

Figure 127-1 A. Axial image of a fetus demonstrating scalp edema
due to immune hydrops. B. Sagittal image demonstrating edema
of the scalp and face in a fetus with immune hydrops. C. Axial im-
age demonstrating abdominal ascities and edema of the abdomi-
nal wall in a fetus with immune hydrops.
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Figure 127-2 Axial image demonstrating a pericardial effusion
in a fetus with immune hydrops.

site, then the diagnosis of hydrops should not be used, and
the case should be described simply in terms of the involved
site, such as isolated ascites or isolated pleural effusion.

Fetal ascites is diagnosed sonographically by the visu-
alization of an echolucent rim encompassing the entire fetal
abdomen in a transverse view. Loops of bowel and the outline
of the fetal liver, spleen, bladder, and diaphragm are generally
more easily seen in the presence of ascites. Pericardial effusion

Figure 127-3 Axial image demonstrating abdominal ascites in a
fetus with immune hydrops.

Figure 127-4 Axial section through the fetal head using power
Doppler to identify the middle cerebral artery arising from the
Circle of Willis.

is diagnosed by the appearance of an echolucent rim at least
1 to 3 mm thick around both cardiac ventricles.

In general, fetal hydrops is not seen sonographically
until the fetal hematocrit has fallen to below one-third of
its normal range. However, there is no direct relationship
between actual fetal hemoglobin level and sonographic ap-
pearance or severity of hydrops. The correlation between var-
ious sonographic findings and the degree of fetal anemia has
been evaluated. No correlation has been found between the
degree of fetal anemia and placental thickness or umbilical
vein diameter, and poor correlation has been found between
fetal liver and spleen dimensions and the degree of anemia
(Nicolaides et al., 1988; Roberts et al., 1989; Oepkes et al.,
1993). The use of Doppler sonography to predict fetal ane-
mia has been more successful (Mari et al., 1995). An elevated
peak systolic velocity (PSV) measured in the middle cerebral
artery (MCA) is associated with an increased likelihood of
fetal anemia (Figures 127-4 and 127-5). Mari et al. measured
hemoglobin concentration from cordocentesis and PSV of
blood flow in theMCAbyDoppler velocimetry in 111 fetuses
at risk for anemia due to maternal red cell alloimmunization
(Mari et al., 2000). Hemoglobin values were compared to 265
normal fetuses. Forty-one fetuses did not have anemia, 35
had mild anemia, 4 had moderate anemia, and 31 had severe
anemia (12 of which had hydrops). The sensitivity of an in-
creased PSV of blood flow in the MCA for the prediction of
moderate or severe anemia was 100%, including all cases of
hydrops.The false-positive rateofPSV inanMCAof1.5MoM
was 12%. The authors concluded that moderate-to-severe fe-
tal anemia can, therefore, be reliably detected noninvasively.
Several studies have suggested that Doppler ultraonography
can replace invasive testing (measurement of Dela OD450)
in the management of Rh-alloimmunized pregnancies
(Zimmerman et al., 2002; Pereira et al., 2003; Bullock et al.,
2005; Oepkes et al., 2006). Such Doppler measurements may
be useful for surveillance following intrauterine transfusions
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Figure 127-5 Elevated peak systolic velocity
measured in the middle cerebral artery sug-
gestive of fetal anemia in a pregnancy com-
plicated by Rh alloimmunization.

to aid in the timing of repeat fetal blood sampling or trans-
fusion (Mari et al., 2005). PSV in an MCA is also useful in
detecting fetal anemia secondary to Kell alloimmunization
(van Dongen et al., 2005).

DIFFERENTIAL DIAGNOSIS

Following the sonographic diagnosis of hydrops, the first step
is to differentiate between immune and nonimmune causes.
This is easily accomplished by the performance of a mater-
nal indirect Coombs test to screen for antibodies associated
with blood group incompatibility. Even if a maternal anti-
body that can be implicated in immune hydrops is detected,
consideration should still be given in the differential diagno-
sis to the possibility of nonimmune hydrops. A detailed fetal
sonographic survey of anatomy should be performed to ex-
clude the presence of structural malformations that may also
be associated with hydrops (see Chapter 128).

ANTENATAL NATURAL HISTORY

No data are available on the antenatal natural history of im-
munehydropsmanaged expectantly. In general, thefindingof
fetal hydrops inapregnancy complicatedbyRh isoimmuniza-
tion or other atypical antibodies is ominous. If left untreated,
the fetus will rapidly become moribund and will most likely
die in utero. Therefore, the finding of fetal hydrops in such
at-risk pregnancies should be considered an emergency, and
arrangements should be made promptly to either perform
percutaneous umbilical blood sampling (PUBS) and possi-

bly fetal transfusion, or immediate delivery, depending on the
gestational age.

PUBS is associated with high rates of fetal survival in
fetuses with hydrops (78%–88.9%) (van Kamp et al., 2004;
Craparo et al., 2005; Mesogitis et al., 2005). Mesogitis et al.
reported on 18 patients diagnosed with fetal hydrops sec-
ondary to Rh disease (Mesogitis et al., 2005). All cases were
managed with serial intravascular fetal transfusions. There
were 11 mildly, and 7 severely, hydropic fetuses. Two fetuses
with severe hydrops died in utero. The remaining cases deliv-
ered after 32 weeks of gestation. Hydrops reversed in utero in
90.9% of the mild cases and in 57.1% of the severe cases.

MANAGEMENT OF PREGNANCY

Following the diagnosis of immune hydrops, the patient
should be immediately referred to a tertiary care center, with
trained perinatologists to perform intrauterine transfusions
and neonatologists to counsel parents and direct treatment
of the newborn. A detailed sonographic fetal anatomy sur-
vey should be performed to quantify the severity of the hy-
drops and to rule out the presence of any additional struc-
tural malformations. In general, once immune hydrops has
been diagnosed, the prognosis for the fetus is guarded, and
arrangements to perform PUBS and possible intrauterine fe-
tal transfusion should be expedited as rapidly as possible.
It should be noted, however, that this requires the assembly
of an experienced multidisciplinary team, including perina-
tologists, sonographers, blood bank personnel, hematology
laboratory personnel, and nursing staff. The assembly of ap-
propriate personnel can take time and is best expedited at
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a tertiary care facility that has significant experience in per-
forming fetal transfusions. If the gestational age is between 24
and 34 weeks, intramuscular betamethasone should be given
to the mother to reduce the complications of prematurity in
such high-risk pregnancies. If the gestational age is less than
24 weeks, the option of elective termination of the pregnancy
should be discussed with the parents.

A maternal blood sample should be obtained imme-
diately and sent to a blood bank for typing, antibody de-
termination, and preparation of blood appropriate for fetal
transfusion. The details of fetal transfusion for immune hy-
dropsaredescribed in the sectionon“Fetal Intervention.”Fol-
lowing intrauterine transfusion, careful sonographic surveil-
lance should be instituted, depending on the gestational age.
Daily fetal testing with nonstress tests or biophysical profiles
is reasonable for all potentially viable fetuses. Once there is
sonographic evidence of resolution of hydrops, testing can
be decreased to twice weekly. Sonographic surveillance for
appropriate fetal growth should continue every 2 weeks.

Timing of delivery is variable with immune hydrops. If
the fetus responds well to an initial intrauterine transfusion,
repeat PUBS procedures should be scheduled at 1- to 3-week
intervals, with repeat transfusions depending on changes in
fetal hematocrit and the sonographic appearance of hydrops.
The final PUBS is generally scheduled at 34 to 35weeks of ges-
tation; fetal lung maturity guides the timing of delivery. Such
pregnancies should not be allowed progress beyond 37 to
38 weeks of gestation. If hydrops does not improve, or
if fetal testing becomes nonreassuring despite correction
of fetal anemia, premature delivery may be indicated, de-
pending on the gestational age. It is possible that mature
lecithin/sphingomyelin ratiosmaybeobtained less frequently
near term in fetuses with hydrops as compared with nonhy-
dropic fetuses (Romero et al., 1988).

The optimal mode of delivery for the hydropic fetus
is uncertain. Because of the risk of soft-tissue dystocia as-
sociated with hydrops, it is often considered safer to deliver
all potentially viable fetuses with immune hydrops by ce-
sarean. This should minimize the chances of maternal and
fetal trauma. However, there are no data to support routine
cesarean delivery for immune hydrops as compared with ce-
sareandeliverybasedonstandardobstetric indications.A trial
of labor may be reasonable in cases in which the fetal anemia
has been adequately corrected, and in which the hydropic
features improve. In carefully selected and monitored cases,
up to 80% of fetuses with immune hydrops may successfully
deliver vaginally (Bowman, 1999). The optimal location of
delivery should be a tertiary care center, with the immediate
availability of skilled neonatologists and other appropriate
pediatric subspecialists.

FETAL INTERVENTION

Immunehydrops isoneof the few fetal abnormalities inwhich
a well-established program of fetal intervention has been de-

scribed. The ability to perform intrauterine fetal transfusions
has revolutionized the management of Rh isoimmunization
and has resulted in the survival of many fetuses that would
otherwise have died fromhydrops. The first step in fetal inter-
vention for immune hydrops is to urgently schedule a PUBS
procedure to document the fetal hematocrit and to perform
potentially lifesaving therapy.

In all cases of immune hydrops, appropriate blood for
fetal transfusion should be available at the time of a sched-
uled PUBS procedure. The blood should be group O red
cells, packed to a hematocrit of approximately 80%, less than
4 days old, irradiated, anti-cytomegalovirus negative, nega-
tive for the antigen to which the mother is immunized, and
Kell negative. If a previous PUBS has been performed, so
that the fetal ABO blood group is known, and there is no
maternal–fetal ABO incompatibility, red cells of the same
ABO status as the fetus can be transfused (Bowman, 1999).
When the initial PUBS procedure is scheduled, appropri-
ate blood should be immediately available. This will allow
for immediate transfusion as soon as the initial fetal blood
sample has been obtained, without the need to replace the
needle.

The appropriate target for fetal intravascular transfu-
sion will depend on the gestational age and fetal position. In
general, the preferred target is theumbilical vein, at its placen-
tal insertion site. Sterile technique is used throughout. The
mother is generally premedicated with a sedative and some
centers alsouse aprophylactic antibiotic, suchasdicloxacillin.
A 20-gauge spinal needle, of sufficient length to reach the tar-
get, is used to cannulate the umbilical vein under direct ul-
trasound guidance. The free return of blood confirms entry
into the vein following removal of the needle stylet. A sam-
ple is drawn into a heparinized tuberculin syringe and sent
to the hematology laboratory, which should be on standby
to receive all such samples. The presence of fetal, as opposed
to maternal, blood is confirmed by noting an elevated mean
corpuscular volume, generally greater than 120 fL, or by al-
kaline denaturation. Fetal blood should also be measured for
hematocrit, hemoglobin, platelet count, total bilirubin, blood
type, and antibody screen. Fetal paralysis with pancuronium
or vecuronium is generally not required in cases of hydrops,
as fetal activity is often minimal. However, if fetal movement
significant enough to dislodge needle’s access to the umbili-
cal vein occurs, pancuronium or vecuronium can be injected
directly into the fetal circulation.

Since the fetal hematocrit will invariably be less than
30% in cases of immune hydrops, the fetal transfusion can be
started as soon as the initial fetal sample is obtained, while
awaiting results of the hematocrit from the hematology lab-
oratory. Once the initial fetal hematocrit result is available, a
calculation can be performed to estimate the volumeof trans-
fused blood needed to correct the fetal anemia. The volume
of packed red cells to be transfused is derived using formulas
that take into account the starting hematocrit, the hematocrit
of transfused blood, the target hematocrit, and a correction
factor for the volume of blood in the placental circulation.
A commonly used formula for the volume of blood to be
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transfused is

VT = (desired final hematocrit − initial fetal hematocrit)

(donor blood hematocrit)

×(150) × (EFW),

where VT is volume of blood transfused, 150 is a placental
correction factor, and EFW is estimated fetal weight in kilo-
grams (Kaufman and Paidas, 1994).

It is generally not advised to transfuse a hydropic fetus
to a final hematocrit that is either greater than 25% or greater
than four times the initial hematocrit (Radunovic et al.,
1992). This has been associated with fluid overload and sud-
den intrauterine fetal death. In cases of hydrops secondary
to fetal anemia, the goal of the first intrauterine transfusion
should be a hematocrit of 20% to 25%, and the transfusion
should then be repeated in 48 to 72 hours to bring the fi-
nal hematocrit to a level of 45% to 50%. Repeat procedures
are then performed at 2- to 3-week intervals, with the last
procedure being performed at 34 to 35 weeks of gestation.

Another therapeutic option for fetuses with immune
hydrops is toperformacombined intravascularand intraperi-
toneal transfusion,with the intravascular aliquot of bloodde-
signed to provide an acute increase in fetal hematocrit and the
intraperitoneal aliquot designed toprovide a slower sustained
increase in hematocrit. Intraperitoneal transfusion should
rarely be considered an option for the hydropic fetus. If the
fetus is moribund, and there is no evidence of fetal breathing,
red cells placed in the intraperitoneal cavity will not be ab-
sorbed andwill result in no benefit to the fetus.However, if an
umbilical vessel cannot be cannulated for technical reasons,
the option of intraperitoneal transfusion can be considered.
If ascites is present, up to 150 mL of ascitic fluid should be
drained prior to performing an intraperitoneal transfusion
(Bowman, 1999). This will minimize the chance of increasing
the intraperitoneal pressure to a level greater than umbilical
venous pressure. To do so would result in impaired return of
blood to the fetal heart and subsequent fetal death. Another
alternative for fetal transfusion in cases of hydrops, if an um-
bilical vessel cannot be cannulated, is to perform a direct fetal
cardiac transfusion. However, this should be considered a
method of last resort as it is associated with a significant risk
of fetal death (Westgren et al., 1988).

TREATMENT OF THE NEWBORN

Infantswithhydrops shouldbedelivered ina tertiary care cen-
ter, with immediate availability of a multidisciplinary neona-
tal resuscitation team. Most fetuses with immune hydrops
should improve with successful intrauterine transfusions, so
the degree of neonatal hydrops and anemia should also be im-
proved. However, if hydrops fails to resolve with appropriate
intrauterine therapy, the neonatal team should be prepared
for a complex resuscitative effort. Immediate neonatal en-
dotracheal intubation may be needed, and such intubations
can be technically difficult (Carlton et al., 1989). A high-

frequency ventilator and high airway pressure settings may
be needed to achieve adequate gas exchange. Paracentesis and
thoracentesis, with placement of bilateral chest tubes, may
also be needed to allow adequate ventilation and effective gas
exchange. Placement of umbilical artery and umbilical vein
lines may be needed to aid in the resuscitation (McMahan
and Donovan, 1995). Use of blood products, albumin, and
diuretics may be needed to effectively maintain adequate in-
travascular volumewithout significant fluid overload or soft-
tissue edema. If the neonate can be stabilized in the delivery
room, transport to a neonatal intensive care unit should be
arranged promptly.

Approximately 50% of neonates will require “top-up”
transfusions in the neonatal intensive care unit (Saade et
al., 1993). Infants should therefore be followed with weekly
hematocrit and reticulocyte determinations for 4 to 6 weeks.
This requirement for future transfusions may reflect persis-
tenthypoplasiaof theneonatalbonemarrowaswell as theper-
sistenceof passively acquired IgGantibodies fromthemother.

SURGICAL TREATMENT

No surgical treatments have been described.

LONG-TERM OUTCOME

Minimal data are available on the long-term follow-up of fe-
tuses with immune hydrops. With advances in intrauterine
therapy, more moribund fetuses are being rescued, and this
has led to concerns regarding the long-term neurologic out-
come for such infants. In one series of 38 fetuses who received
intravascular transfusions for Rh isoimmunization, 35 (92%)
were normal at 2 years of follow-up and 3 had cerebral palsy,
which was thought to be a result of prematurity (Doyle et al.,
1993).

GENETICS AND RECURRENCE RISK

The recurrence risk for immune hydrops is significant. In
general, the more severe the obstetric history of Rh isoim-
munization, the more likely the recurrence of severe disease
in a future pregnancy. For an Rh-negative mother, if the fa-
ther is homozygous for the Rh(D) allele, all of the offspring
will be Rh positive and will, therefore, be at risk for severe
hemolytic disease. If the father is heterozygous Rh positive,
then there is a 50/50 chance that the fetus will be Rh positive.
If the fetus is Rh negative, the risk of hemolytic disease is zero.
Preimplantation genetic diagnosis with biopsy of the eight-
cell embryo is now available in cases of a heterozygous father,
to predict theRh status of a future fetus (VandenVeyver et al.,
1995). However, this approach would obviously require the
performance of in vitro fertilization in future pregnancies.
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Previously, another prenatal diagnosis option was to
perform a chorionic villus sampling (CVS) or amniocente-
sis in future pregnancies with a heterozygous father, which
would allow early prenatal diagnosis of fetal Rh and Kell sta-
tus (Bennett et al., 1993). However, this should be avoided
if possible as there is a risk of stimulating a significant an-
tibody/antigen response in that pregnancy, especially with
a CVS procedure. In Europe, such invasive testing methods
using CVS or amniocentesis have been abandoned due to
the easy availability of fetal Rh(D) status identification using
PCR amplification of fetal DNA from a maternal blood sam-
ple. This can be performed as early as 14 weeks of gestation in
a subsequent pregnancy and accurately determines whether
the fetus is Rh(D) positive or negative.
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128
CHAPTER

Nonimmune Hydrops
Fetalis

Key Points

■ Nonimmune hydrops fetalis is a serious fetal
condition in which abnormal fluid accumulates in
at least two different fetal compartments, and in
which circulating antibodies against red-cell
antigens are absent in the mother.

■ Nonimmune hydrops fetalis is a heterogeneous
disorder, caused by a large number of underlying
pathologic processes. While the majority of cases
appear to be idiopathic, the most common
recognizable cause is cardiovascular pathology.

■ Following the sonographic detection of hydrops,
the most important step is to differentiate between
immune and nonimmune causes. Once immune
causes are excluded, a detailed anatomical survey
is needed to rule out congenital abnormalities,
which could be the cause of the hydrops.

■ Nonimmune hydrops can occur secondary to fetal
anatomical abnormalities (cardiac, thoracic,
gastrointestinal, neurologic, genitourinary,
vascular, or skeletal), placental/cord abnormalities,
fetal hematologic, neoplastic or metabolic
disorders, infection, fetal genetic anomalies, and
maternal abnormalities.

■ Maternal blood tests should include an indirect
Coombs antibody screen, maternal blood type,
Kleihauer–Betke stain, complete blood count with
differential and erythrocyte indices, hemoglobin
electrophoresis, and glucose-6-phosphate
dehydrogenase deficiency screen. Additional
maternal blood work should include TORCH titers,
syphilis screen, and parvovirus B19 IgG and IgM
titers.

■ Fetal echocardiography and invasive testing for
fetal karyotype should be offered.

■ While the optimal mode of delivery is uncertain,
cesarean section is advised for all potentially viable
fetuses due to the risk for soft-tissue dystocia.

■ Fetal therapy may be possible, including PUBS
with transfusion, maternal administration of
cardiac medications, and fetal shunt placement.

■ The long-term prognosis will depend on the
nature of the underlying abnormality.

■ The recurrence risk will depend on the underlying
etiology of the nonimmune hydrops.

CONDITION

Nonimmune hydrops fetalis (NIHF) is a serious fetal con-
dition in which abnormal fluid accumulates in at least two
different fetal compartments, and in which circulating an-
tibodies against red cell antigens are absent in the mother.
Hydrops fetalis is associated with a pathologic increase in in-
terstitial and total fetal body water, usually appearing in fetal
soft tissues and serous cavities. It may be either immunologic
or nonimmunologic, depending on the presence or absence
of maternal antibodies against fetal red cell antigens. While
it was previously thought that the majority of cases of hy-
drops fetalis were secondary to maternal–fetal blood group

incompatibilities, it is now estimated that over 90% of cases
are nonimmunologic (Santolaya et al., 1992).

NIHF is a heterogeneous disorder, caused by a large
number of underlying pathologic processes. The majority of
cases appear to be idiopathic, although some investigators
have stated that with thorough investigation an underlying
cause can be identified in as many as 84% of cases (Holzgreve
et al., 1984;Norton, 1994;Wilkins, 1999).Whenprenatallydi-
agnosedcasesofNIHFandcasesof intrauterine fetal deathare
included, the success rate in discovering an underling cause
forNIHFmaybe as low as 40%(Norton, 1994). The literature
onNIHF consists almost entirely of case reports or small case
series, together with reviews of these case series. A review of
these reports suggests that the most common recognizable
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cause of NIHF is cardiovascular pathology (accounting for
17% to 35% of cases), followed by chromosomal abnormal-
ities (accounting for 14% to 16% of cases), and hemato-
logic disorders (accounting for 4% to 12% of cases) (Norton,
1994). The remainder of causes of NIHF are rare conditions,
many of which are difficult to diagnose prenatally. The range
of possible underlying causes for NIHF is summarized in
Table 128-1, listed in order of expected incidence.

Other than idiopathic cases, cardiacmalformations ac-
count for themajorityof casesofNIHF(Knilans, 1995).There
is no particular form of cardiac abnormality that always re-
sults in hydrops, although the more severe the malformation
the greater the likelihood of hydrops developing. The com-
mon mechanism of NIHF in cases of cardiac malformation
or arrhythmia is the development of congestive heart failure,
with increasing generalized fluid overload. The prognosis for
fetuses with structural cardiac malformations and hydrops is
extremely poor, with a mortality rate approaching 100% in
some series (Crawford et al., 1988).

Chromosomal causes of NIHF are common; the most
frequent is Turner syndrome, with its typical sonographic
finding of cystic hygroma. A wide range of other genetic syn-
dromes is also associated with NIHF, such as arthrogrypo-
sis, tuberous sclerosis, Pena–Shokeir syndrome, and Noonan
syndrome (Jauniaux et al., 1990).

Theunderlyingmechanism for the associationofNIHF
with hematologic abnormalities is most likely severe fetal
anemia leading to high-output cardiac failure (Arcasoy and
Gallagher, 1995). Fetal anemia can result from failure toman-
ufacture normal hemoglobin (such as α-thalassemia), fetal
hemorrhage (such as intracranial bleeding), hemolysis, (such
as glucose-6-phosphate dehydrogenase deficiency), or failure
to form erythrocytes because of marrow destruction (such as
parvovirus B19 infection).

Congenital cystic adenomatoidmalformation(CCAM)
is the most common thoracic lesion associated with hy-
drops. Other thoracic causes of hydrops include bronchopul-
monary sequestration, thoracic masses, and diaphragmatic
hernia. The underlying mechanism for the association of
hydrops with these thoracic conditions is most likely ob-
struction to venous return because of increased intrathoracic
pressure.

Congenital infectionwith awide variety of organisms is
a well-recognized cause of hydrops (Barron and Pass, 1995).
Causative organisms include syphilis, cytomegalovirus, par-
vovirus B19, toxoplasmosis, herpes simplex, rubella, and
coxsackievirus. Possible mechanisms for the association of
congenital infection with hydrops include fetal anemia from
suppression of erythrocyte production, fetal myocarditis, or
fetal hepatitis. In some cases of congenital infection, such as
syphilis, the presence of hydrops is associatedwith a very poor
prognosis. In other cases, hydrops from congenital infection
may be self-limited andmay resolve spontaneously. Fetal par-
vovirus B19 infection results in an aplastic crisis, which leads
to profound anemia, and hydrops, the outcome of whichmay
be either fetal death or spontaneous resolution without long-
term morbidity (Morey et al., 1991; Levy et al., 1997).

A wide variety of structural fetal malformations has
been associatedwith the development ofNIHF.These include
skeletal dysplasias, which may be associated with thoracic
compression, impairment of venous return, and subsequent
hydrops. The association of other structural malformations
with NIHF, such as gastrointestinal, genitourinary, and neu-
rologic abnormalities, may represent chance occurrences, as
it is difficult to elucidate a plausible underlying mechanism
for hydrops in many cases.

Some fetal conditions, such as Finnish nephrosis and
hepatic fibrosis, result in profound hypoproteinemia or cir-
rhosis, which may subsequently lead to hydrops. The mech-
anism for the association between metabolic disorders and
NIHF is unclear, but may be related to soft-tissue swelling
and obstruction of venous return to the heart. Certain non-
cardiac fetal abnormalities may result in hydrops by causing
high-output cardiac failure. Examples include sacrococcygeal
teratoma, neuroblastoma, placental chorioangioma, andum-
bilical cord masses.

NIHF may very rarely occur in association with sig-
nificant maternal medical illnesses, such as severe anemia,
hypoproteinemia, or diabetes mellitus. The “mirror” syn-
drome, also known as Ballantyne syndrome, is the combi-
nation of fetal hydrops with generalized fluid overload and a
preeclampsia-like state in the mother (Carbillon et al., 1997).
In general, the maternal clinical features resolve only with
delivery of the fetus and placenta.

INCIDENCE

Theprecise incidenceofNIHF isdifficult to elucidate, asmany
cases are not detected prior to intrauterine fetal death, and
some casesmay resolve spontaneously in utero. The generally
reported incidence ofNIHF is 1 in 1500 to 1 in 4000 deliveries
(Romero et al., 1988; Wilkins, 1999).

SONOGRAPHIC FINDINGS

The diagnosis of hydrops is made following the detection
of abnormal or increased fluid accumulation in at least two
distinct fetal body cavities. Examples include pericardial ef-
fusion, pleural effusion, ascites, subcutaneous edema, cystic
hygroma, polyhydramnios, and placental thickening (Figures
128-1 and 128-2). In general, skin thickness of at least 5 mm
is required to diagnose subcutaneous edema, and a placental
thickness of at least 6 cm is required to diagnose placen-
tomegaly (Romero et al., 1988). These features do not neces-
sarily indicate hydrops; it should be noted that skin thicken-
ing of at least 5 mm may be commonly seen in macrosomic
fetuses. If abnormal fluid accumulation is confined to only
one site, then the diagnosis of hydrops should not be used,
and the case should be described simply in terms of the in-
volved site, such as isolated ascites or isolated pleural effusion.
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Table 128-1

Conditions Associated with Nonimmune Hydrops Fetalis

Idiopathic hydrops Unknown cause

Cardiac malformation Hypoplastic left ventricle; Atrioventricular canal defect; Atrial septal defect; Ventricular septal defect; Tetralogy
of Fallot; Hypoplastic right ventricle; Ebstein’s anomaly; Truncus arteriosus; Transposition of great vessels;
Aortic stenosis or atresia; Pulmonary stenosis or atresia; Cardiomyopathy; Endocardial fibroelastosis;
Premature closure of ductus arteriosus; Premature closure of foramen ovale; Rhabdomyoma; Intrapericardial
teratoma

Cardiac arrhythmia Supraventricular tachycardia; Atrial flutter; Heart block; Bradyarrhythmias; Wolff–Parkinson–White syndrome

Chromosomal
abnormality

Trisomy 21; Trisomy 18; Trisomy 13; Turner syndrome; Triploidy; Tetraploidy; 18q+; 13q−; Others

Hematologic disorder Alpha-thalassemia; Parvovirus B19 infection; Fetomaternal transfusion; In utero hemorrhage;
Glucose-6-phosphate dehydrogenase deficiency; Fetal red cell enzyme deficiencies; Twin-to-twin transfusion
syndrome

Thoracic abnormality Congenital cystic adenomatoid malformation of lung; Bronchopulmonary sequestration; Diaphragmatic
hernia; Chylothorax; Pulmonary lymphangiectasia; Intrathoracic mass (teratoma, leiomyosarcoma);
Bronchogenic cyst

Genetic syndrome Arthrogryposis; Multiple pterygium syndrome; Noonan syndrome; Pena–Shokeir syndrome; Cornelia de Lange
syndrome; Tuberous sclerosis; Prune belly syndrome; Myotonic dystrophy; Neu–Laxova syndrome

Infectious disease Cytomegalovirus; Parvovirus B19; Toxoplasmosis; Syphilis; Herpes simplex; Rubella; Coxsackievirus; Varicella;
Respiratory syncytial virus

Skeletal dysplasia Achondroplasia; Achondrogenesis; Osteogenesis imperfecta; Hypophosphatasia; Short rib polydactyly;
Thanatophoric dwarfism; Asphyxiating thoracic dysplasia; Osteochondrodystrophy; Osteochondrodysplasia;
Chondrodystrophy; Chondrodysplasia

Gastrointestinal
disorder

Diaphragmatic hernia; Esophageal or intestinal atresia; Imperforate anus; Midgut volvulus; Meconium
peritonitis; Duodenal diverticulum; Intestinal duplication; Malrotation

Genitourinary disorder Congenital Finnish nephrosis; Hypoplastic kidney; Polycystic kidneys; Renal vein thrombosis; Bladder outlet
obstruction; Dysplastic kidneys

Hepatic disorder Hepatic fibrosis; Cholestasis; Polycystic liver disease; Biliary atresia; Hepatic calcification; Giant cell hepatitis;
Cirrhosis with portal hypertension; Hepatic necrosis

Neoplastic disorder Neuroblastoma; Teratoma; Congenital leukemia; Pulmonary leiomyosarcoma; Hemangioendothelioma of liver

Metabolic disorder Gaucher disease; GM1 gangliosidosis; Mucolipidoses; Mucopolysaccharidoses; Galactosialidosis; Carnitine
deficiency; Pyruvate kinase deficiency

Neurologic disorder Encephalocele; Fetal intracranial hemorrhage; Vein of Galen aneurysm; Porencephaly with absent corpus
callosum

Vascular disorder Arteriovenous malformation; Sacrococcygeal teratoma; Vena caval thrombosis; Hemangioendothelioma;
Arterial calcification; Cerebral angioma

Placenta/cord
abnormality

Chorioangioma; Chorionic vein thrombosis; Umbilical cord torsion; True knot of cord; Angiomyxoma of cord;
Placental hemorrhagic endovasculitis

Maternal abnormalities Mirror syndrome; Severe maternal anemia, diabetes mellitus or hypoproteinemia; Maternal indomethacin use

Adapted from:
Holzgreve W, Holzgreve B, Curry CJ: Nonimmune hydrops fetalis: diagnosis and management. Semin Perinatol 1985;9:52-57.
Romero R, Pilu G, Jeanty P, et al. Nonimmune hydrops fetalis. In Romero R, Pilu G, Jeanty P, Ghidini A, Hobbins JC (eds): Prenatal Diagnosis of Congenital
Anomalies. Norwalk, Appleton And Lange, 1988;414-426.
Jones DC: Nonimmune fetal hydrops: diagnosis and obstetrical management. Semin Perinatol 1995;19:447-461.
Wilkins I: Nonimmune hydrops. In Creasy RK, Resnik R (eds): Maternal-Fetal Medicine (4th edition). Philadelphia, WB Saunders, 1999;769-782.
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Figure 128-1 Prenatal ultrasound image of fetus at 26 weeks
with nonimmune hydrops. Sagittal view demonstrates extensive
ascites and pleural effusions.

NIHF may initially present with an isolated fluid accumula-
tion in one site, such as pleural effusionwith congenital cystic
adenomatoidmalformation, but as intrathoracic pressure in-
creases andvenous returndecreases, generalizedhydropsmay
present.

Fetal ascites is diagnosed sonographically by the visu-
alization of an echolucent rim encompassing the entire fetal
abdomen in a transverse view (see Figure 128-1). Loops of
bowel and the outline of the fetal liver, spleen, bladder, and
diaphragm are generally more easily seen in the presence of

Figure 128-2 Prenatal ultrasound image of fetus at 30 weeks
with nonimmune hydrops. Transverse view through fetal chest
demonstrates extensive pleural effusion with deviation of cardiac
axis to left.

ascites. Pericardial effusion is diagnosed by the appearance of
an echolucent rim of at least 1 to 3mm thickness around both
cardiac ventricles. Pleural effusion, which may be unilateral
or bilateral, also presents as an echolucent space outlining the
diaphragm.

Other sonographic features of NIHF will depend on
the cause of the hydrops. A careful fetal anatomical survey,
including fetal echocardiography, should be performed in
all cases to detect any associated structural fetal malforma-
tions. Measurement of the middle cerebral artery peak sys-
tolic velocityusingDopplerultrasoundcanhelp identify cases
of NIHF associated with fetal anemia (Hernandez-Andrade
et al., 2004).

DIFFERENTIAL DIAGNOSIS

Following the sonographic diagnosis of hydrops the first step
is to differentiate between immune and nonimmune causes.
This is easily accomplished by the performance of a maternal
indirect Coombs test to screen for antibodies associated with
blood group incompatibility.

Following the exclusion of immune causes of hydrops,
each condition listed in Table 128-1 should be considered
when trying to determine the cause of NIHF. This is accom-
plished by a review of maternal and paternal histories, de-
tailed fetal sonographic survey, and the use of appropriate
diagnostic laboratory studies.

ANTENATAL NATURAL HISTORY

The precise antenatal natural history of NIHF depends en-
tirely on the underlying cause. The natural history of hydrops
is poorly understood, so little information is available regard-
ing prognostic factors to predict in utero progression. In gen-
eral, NIHF is associated with a 75% to 90% fetal mortality
rate (Romero et al., 1988). The progression of fetal signs and
development reflects theunderlyingcause.CasesofNIHFsec-
ondary to fetal parvovirus B19 infection, for example, may
result in intrauterine fetal death ormay result in spontaneous
resolution. By contrast, cases of NIHF associated with struc-
tural cardiac malformation almost always result in intrauter-
ine fetal death or early neonatal death. No series are available
for review describing sufficient cases of NIHF caused by each
individual underlying cause, to enable accurate prediction of
antenatal natural history.

MANAGEMENT OF PREGNANCY

Following the sonographic detection of hydrops, the preg-
nant woman should be promptly referred to a tertiary care
facility, with availability of a multidisciplinary team con-
sisting of perinatologists, neonatologists, clinical geneticists,
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and other pediatric subspecialists. Careful maternal and pa-
ternal histories should be obtained, to evaluate for possible
health problems, family histories, or ethnic predisposition to
any of the conditions listed in Table 128-1. Maternal blood
work should include an indirect Coombs antibody screen,
maternal blood type, Kleihauer–Betke stain, complete blood
count with differential and erythrocyte indexes, hemoglobin
electrophoresis, and glucose-6-phosphate dehydrogenase de-
ficiency screen. Additional maternal blood work should in-
clude an evaluation for infectious diseases, includingTORCH
(toxoplasmosis, rubella, cytomegalovirus, and herpes sim-
plex) titers, rapid plasma reagent test, and parvovirus B19
IgG and IgM titers.

A detailed fetal sonographic anatomy survey should be
performed to evaluate for possible associated structural mal-
formations. Because of the strong association between NIHF
and cardiac malformations, fetal echocardiography should
also be performed, with particular attention paid to possible
fetal rhythm disturbances. Fetal heart rate monitoring for 12
to 24 hours should be considered to rule out an underlying
fetal arrhythmia.

Invasive testing for fetal karyotype should also be of-
fered. This can be performed by means of amniocentesis,
with the use of fluorescence in situ hybridization or poly-
merase chain reaction (PCR), to facilitate a rapid diagnosis
of the common aneuploidies. While previously the preferred
invasive diagnostic procedure at late gestational age was a fe-
tal percutaneous umbilical blood sample (PUBS), this is now
rarely necessary. The previously cited advantage of a PUBS
was that it allowed rapid determination of fetal karyotype,
in addition to providing details of fetal hematocrit, platelet
count, liver-function tests, hemoglobin electrophoresis, and
fetal IgM specific to the various infectious causes of NIHF. In
addition, it also allowed the opportunity to transfuse the fetus
with packed red cells immediately if profound fetal anemia is
diagnosed. However, given the precision of middle cerebral
arteryDoppler evaluation in predicting the anemic fetus, and
the easy availability of either FISH or PCR for rapid chromo-
some evaluation, the need for PUBS continues to decrease.
Amniotic fluid (obtained either at the same time as a PUBS
or by amniocentesis) may be sent for α-fetoprotein level (in-
creased in Finnish nephrosis and sacrococcygeal teratoma),
and polymerase chain reaction (PCR) testing for infectious
agents. Metabolic testing can also be performed on amniotic
fluid when a specific disorder is suspected.

Following the laboratory and sonographic evaluation,
a diagnosis of idiopathic NIHF, or NIHF secondary to a spe-
cific condition, will be made. If a specific underlying cause
has beendiscovered, patient counselingwill be dictated by the
particular abnormality. In general, the presence of hydrops
together with a structural malformation, such as cardiac ab-
normality, is associated with a very poor prognosis. Coun-
seling should therefore also include the possibility of elective
pregnancy termination, depending on the gestational age at
presentation. Patients should be counseled by a multidisci-
plinary team that includes a perinatologist, neonatologist, ge-
neticist, and appropriate additional pediatric subspecialists.

Options for fetal intervention to treat the underlying problem
and hydrops are available and are discussed in the following
section.

If expectantmanagement of the fetuswithNIHF is cho-
sen, careful sonographic surveillance should be performed,
including biophysical profiles on a frequent basis. The pre-
cise timing of fetal surveillance testing is uncertain and de-
pends on the gestational age at presentation. If the fetus is
considered viable, it may be reasonable to admit the mother
and perform daily fetal testing with nonstress tests or bio-
physical profiles. If the hydrops appears to be resolving it
would be reasonable to decrease the frequency of testing,
provided that fetal testing has been reassuring to date. Re-
peat sonographic fetal anatomy surveys should be performed
every 2 weeks to confirm appropriate fetal growth and to im-
prove the chances of detecting an underlying structural fetal
malformation.

Timing of delivery is also uncertain with NIHF. De-
pending on the gestational age, premature delivery may be
indicated if fetal testing becomes nonreassuring. Otherwise,
the most common practice is to continue expectant manage-
ment until 37 weeks of gestation, or until fetal lung matu-
rity has been confirmed by amniocentesis. It is possible that
mature lecithin:sphingomyelin ratios may be less frequently
obtained near term in the fetus with hydrops, as compared
with nonhydropic fetuses (Romero et al., 1988). Expectant
management may also be complicated by preeclampsia in up
to 50% of cases, and this may necessitate immediate preterm
delivery. In addition,NIHF is frequently associatedwithpoly-
hydramnios,whichmayprecipitatepreterm labordue touter-
ine overdistention. Periodic reduction amniocenteses may be
required to relieve maternal discomfort from severe polyhy-
dramnios.

The optimal mode of delivery for the hydropic fetus is
uncertain, as the overall prognosis is poor regardless of the
form of delivery. Because of the risk of soft-tissue dystocia
associated with hydrops, it is generally advisable to deliver all
potentially viable fetuses with NIHF by cesarean. This should
minimize the chances of maternal and fetal trauma. In cases
in which the fetus is not expected to survive, the option of
therapeutic thoracentesisorparacentesis tooptimizeavaginal
delivery is also reasonable. However, patients should bemade
aware of the extremely small likelihood of neonatal survival.
The optimal location of delivery should be a tertiary care cen-
ter, with the immediate availability of skilled neonatologists
and other appropriate pediatric subspecialists.

FETAL INTERVENTION

The option of fetal therapy in select cases of NIHF is possible.
The underlying pathology that is most amenable to prena-
tal therapy is fetal anemia. When a diagnostic PUBS is un-
dertaken for any fetus with NIHF, immediate transfusion of
packed red cells, if profound fetal anemia is diagnosed, should
be performed. Arrangements prior to performance of a PUBS
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in such cases should include preparation of group O, irra-
diated, packed red blood cells that are anticytomegalovirus
negative, Rho(D) negative, Kell negative, and cross-matched
compatible withmaternal serum. The unit of red cells should
be tightly packed with a hematocrit of at least 80%, and a
blood transfusion setup should be primed as the diagnostic
PUBS is performed. This will ensure that prompt intravascu-
lar fetal transfusion can be performed as soon as significant
fetal anemia is diagnosed, and prior to withdrawal of the nee-
dle from the umbilical vein. Once a fetal hematocrit of less
than 30% is detected, fetal intravascular transfusion should
begin. Fetal paralysis with pancuronium or vecuronium is
generally not required in cases of hydrops, as fetal activity is
often minimal.

The volume of packed red cells to be transfused is de-
rivedusing formulas that take into account the starting hema-
tocrit, hematocrit of transfused blood, target hematocrit, and
a correction factor for the volume of blood in the placental
circulation. A commonly used formula for volume of blood
to be transfused is

VT = (desired final hematocrit − initial fetal hematocrit)

(donor blood hematocrit)

×(150) × (EFW)

where VT is volume of blood transfused, 150 is a placental
correction factor, and EFW is the estimated fetal weight in
kilograms (Kaufman and Paidas, 1994). It is generally not
advisable to transfuse a hydropic fetus to a final hematocrit
that is either greater than 25% or greater than four times
the initial hematocrit (Radunovic et al., 1992). This has been
associated with fluid overload and sudden intrauterine fetal
death. In cases of NIHF secondary to fetal anemia, the goal
of the first intrauterine transfusion should be a hematocrit
of 20% to 25%, and the transfusion should then be repeated
in 48 to 72 hours to bring the final hematocrit to a level of
40% to 45%. For many fetuses with NIHF and anemia sec-
ondary to parvovirus B19 infection, this transfusion may be
all that is needed tomaintain a normal fetal hematocrit, as the
initial insult to the fetalmarrow is generally self-limiting. An-
other therapeutic option for fetuses with NIHF and anemia
is to perform a combined intravascular and intraperitoneal
transfusion, with the intravascular aliquot of blood designed
to provide an acute increase in fetal hematocrit and the in-
traperitoneal aliquot designed to provide a slower sustained
increase in hematocrit. To date there are no adequate series
comparing these different approaches for the treatment of
NIHF secondary to fetal anemia.

Other forms of fetal intervention for NIHF include
medical therapy for the mother to correct fetal arrhythmias
(see Chapters 42 and 54). Digoxin administration to preg-
nant women has been successful in the treatment of fetal ar-
rhythmias, with resolution of hydrops in some cases (Knilans,
1995).

Surgical treatment for the fetuswithNIHF is also possi-
ble. Fetal thoracentesismay be performed under sonographic
guidance with resolution of pleural effusions (Jones, 1995).

If repeat thoracenteses are needed, consideration should be
given to placement of a thoracoamniotic shunt. Such proce-
dures are likely tobebeneficial only for casesofNIHF inwhich
pleural effusions are secondary to intrinsic thoracic malfor-
mations.Other surgical procedures that canbe considered for
fetuses with NIHF and underlying structural malformations
include open fetal surgical resection of thoracic masses or
sacrococcygeal teratoma (Bullard andHarrison, 1995). How-
ever, few data are available confirming whether such invasive
approaches have a significant impact on fetal or neonatal out-
come.

TREATMENT OF THE NEWBORN

Infantswithhydrops shouldbedelivered ina tertiary care cen-
terwith immediate availabilityof amultidisciplinaryneonatal
resuscitation team. Immediate neonatal endotracheal intu-
bation will almost certainly be needed, and such intubations
can be technically difficult (Carlton et al., 1989). A high-
frequency ventilator and high airway-pressure settings may
be needed to achieve adequate gas exchange. Paracentesis and
thoracentesis, with placement of bilateral chest tubes, may
also be needed to allow adequate ventilation and effective gas
exchange. Placement of umbilical artery and umbilical vein
lines may be needed to aid in the resuscitation (McMahan
and Donovan, 1995). Use of blood products, albumin, and
diuretics may be needed to effectively maintain adequate
intravascular volume without significant fluid overload or
soft-tissue edema.

If the neonate can be stabilized in the delivery room,
transport to a neonatal intensive care unit should be arranged
promptly. This should be followed by a thorough physical ex-
amination, with the aid of appropriate radiologic investiga-
tions and echocardiography, to confirmabsence of significant
structural malformation. If additional structural malforma-
tions are detected, specific therapy should be tailored to the
individual abnormalities. Appropriate pediatric subspecialist
consultation, including a clinical geneticist, should also be
arranged.

SURGICAL TREATMENT

Possible surgical treatments for fetal hydrops include fetal
thoracoamniotic shunt placement for cases of NIHF asso-
ciated with thoracic masses or persistent pleural effusions.
Open fetal surgical resection of thoracic masses, such as con-
genital cystic adenomatoid malformation (see Chapter 35)
and bronchopulmonary sequestration (see Chapter 34), are
also possible (Bullard and Harrison, 1995). Open surgical
resection of fetal sacrococcygeal teratomawith associated hy-
drops is also possible, although there are so few cases that
it is currently difficult to evaluate the role of such invasive
procedures (see Chapter 115).



899

Chapter 128 Nonimmune Hydrops Fetalis

LONG-TERM OUTCOME

The prognosis for infants with hydrops depends entirely on
the nature of any underlying abnormalities. The perinatal
mortality rate ranges from 40% to 90%, depending on the
cause, but may approach 100% in cases of NIHF associated
with structural cardiac malformations (Romero et al., 1988;
Wilkins, 1999; Jones, 1995). No long-term studies are avail-
able for counseling parents on the likely survival ormorbidity
if a successful neonatal resuscitation is achieved.

GENETICS AND RECURRENCE RISK

A postmortem examination is indicated in all cases of NIHF
that result in fetal or neonatal death. This will maximize the
number of cases in which a definite underlying cause is iden-
tified and will facilitate appropriate genetic counseling and
prediction of recurrence risk (Steiner, 1995). Recurrence of
idiopathic NIHF is rare, although case series of recurrences
have been documented (Wilkins, 1999). In one case series,
one mother had three consecutive pregnancies complicated
by recurrent idiopathic NIHF and another had two consec-
utive pregnancies complicated by recurrent idiopathic NIHF
(Onwude et al., 1992). Patients should therefore be made
aware that, while idiopathic NIHF is extremely rare, recur-
rences can and do occur.
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129
CHAPTER

Trisomy 13

Key Points

■ Third most common liveborn autosomal
aneuploidy. Incidence is approximately 1 in 5000
livebirths.

■ Sonographic findings include holoprosencephaly,
abnormal midface, congenital heart defects,
polydactyly, and echogenic kidneys. First trimester
findings include increased nuchal translucency
measurement, fetal tachycardia, and early onset
growth restriction.

■ Differential diagnosis includes pseudotrisomy 13,
Meckel–Gruber syndrome, Bardet–Biedl syndrome,
and Smith–Lemli–Opitz syndrome.

■ Associated with increased lethality in utero, and
increased incidence of preeclampsia.

■ 80% of patients have full trisomy 13; 20% have
mosaicism or a translocation. If a translocation is
demonstrated, parental chromosomes should be
studied.

■ Prognosis is uniformly poor. Median survival time
is 7 to 10 days. Five to 10% of patients survive up to
one year of age.

CONDITION

Trisomy 13 presents as constellation of congenital anomalies
that result from the presence of an extra chromosome 13,
either whole or translocated onto another chromosome. It
is not known how the presence of the extra chromosome
disrupts so many different systems during organogenesis.

Althoughtheclinicalfindingsof theconditionwerepre-
viously known, the association of the extra chromosomewith
the clinical syndrome was not described until 1960 (Patau et
al., 1960). Synonyms for trisomy 13 include trisomy D or
Patau syndrome.

INCIDENCE

Trisomy 13 is the third most common liveborn autoso-
mal aneuploidy. The incidence of trisomy 13 has been
variously reported as 1 in 2206 to 1 in 7602 livebirths
(Taylor, 1968). Most authors give the approximate incidence
figure of 1 in 5000 livebirths (Wladimiroff et al., 1989).
The incidence of trisomy 13 is equal among all races. It
is thought that there are equal numbers of conceptuses of
both genders. However, a slight excess of females exists at
birth presumably due to a survival advantage (Jacobs et al.,
1987).

903
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Figure 129-1 Transaxial view of fetal head indicating alobar
holoprosencephaly in a fetus at 23 weeks with trisomy 13.

SONOGRAPHIC FINDINGS

Fetuses with trisomy 13 aremore active in utero than compa-
rable fetuseswith trisomy18. Inaddition, fetuseswith trisomy
13 have a higher frequency of major congenital anomalies
than fetuses with trisomy 21. The most common major ab-
normality seen in trisomy 13 is holoprosencephaly, which can
be seen as early as 12 weeks of gestation (Figure 129-1). Other
important findings associated with trisomy 13 include an ab-
normal midface with hypotelorism, cleft lip or palate, and
even cyclopia (see Chapter 14) (Figure 129-2). Many stud-
ies have shown that there is a greatly increased incidence of
congenital heart disease in fetuses affected with trisomy 13

Figure 129-2 Sonographic profile of a fetus with trisomy 13
demonstrating severely abnormal midface with proboscis and ab-
sent orbit.

(Wladimiroff et al., 1995). The most common cardiac de-
fects include ventricular septal defect (VSD), hypoplastic left
ventricle, or double outlet right ventricle. Other common
sonographic findings include ulnar/fibular polydactyly and
echogenic or polycystic kidneys. In one study, all fetuses with
trisomy 13 had one or more sonographic abnormalities or
abnormal measurements present (Seoud et al., 1994).

Benacerraf et al. (1988, 1992, 1994) developed a sono-
graphic scoring index to identify fetuses with aneuploidy. She
and her co-authors gave 2 points for nuchal thickening of
greater than 6 mm, 2 points for demonstration of a major
structural defect, and 1 point each for a short femur, short
humerus, and the presence of renal pyelectasis. This scoring
system identified 2 of 2 fetuses with trisomy 13. In another
report, Benacerraf et al. (1986) demonstrated that 6 of 6 af-
fected fetuses with trisomy 13 had holoprosencephaly and a
severely malformed face.

In the largest study of sonographic abnormalities in
33 consecutive fetuses with trisomy 13, Lehman et al. (1995)
demonstrated that 91% of affected fetuses had one or more
sonographically detectable abnormalities. In this study, 18 of
the 33 fetuses described were at less than 20 weeks of ges-
tation, and 15 of the affected fetuses were at greater than
20 weeks of gestation. The mean gestational age for the fe-
tuses in the study was 20.7 weeks. Thirty of the 33 fetuses
had structural abnormalities, as documented in Table 129-1.
Only 3 of the fetuses had no sonographically detectable ab-
normalities. Themost common abnormalities observed were
holoprosencephaly, other central nervous system abnormal-
ities, facial abnormalities, and cardiac defects (Table 129-1).

An increased nuchal translucency measurement for
gestational age is also associated with trisomy 13 (Pandya
et al., 1994). In the Pandya study, 80% of fetuses with trisomy
13, 18, or 21 had a nuchal translucency of at least 3 mm. Om-
phalocele is also somewhat frequent in fetuses with trisomy
13. In the presence of an omphalocele, the risk of trisomy of
13 or 18 is increased by 340-fold (Snijders et al., 1995).

First trimester sonographic findings in fetuses with tri-
somy13 include increasednuchal translucencymeasurement,
early onset fetal growth restriction, fetal tachycardia (2/3 of
cases), holoprosencephaly,megacystis andomphalocele (Sni-
jders et al., 1999; Nicolaides, 2004). Nonspecific sonographic
markers seen in trisomy 13 include mild dilatation of the
lateral cerebral ventricles, echogenic bowel, and echogenic
intracardiac foci (EIF). The combination of EIF and a hy-
poplastic left heart is characteristic of trisomy 13 (Nyberg
and Souter, 2001).

In summary, fetuses with holoprosencephaly, cardiac
abnormalities, evidence of facial clefting or midface anoma-
lies, and possibly polydactyly should strongly suggest a diag-
nosis of trisomy 13 (Twining and Zuccollo, 1993).

DIFFERENTIAL DIAGNOSIS

Since holoprosencephaly is one of themost commonly found
malformations in trisomy 13, isolated holoprosencephaly
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Table 129-1

Prenatal Ultrasound Findings in 33 Fetuses with Trisomy 13 Syndrome∗

Menstrual Age at Ultrasound Examination

12–20 wk 20–32 wk Total
Sonographic Abnormality (n = 18) (n = 15) (n = 33)

Intrauterine growth restriction† 4 (22) 12 (80) 16 (48)

Central nervous system and cranium
Holoprosencephaly 4 (22) 9 (60) 13 (39)
Lateral ventricular dilation 2 (11) 1 (7) 3 (9)
Enlarged cisterna magna 2 (11) 3 (20) 5 (15)
Microcephaly† 0 (0) 4 (27) 4 (12)
Total 7 (39) 12 (80) 19 (58)

Face
Cleft lip/palate∗ 3 (17) 9 (60) 12 (36)
Cyclopia 2 (11) 0 (0) 2 (6)
Hypoplastic face 3 (17) 7 (47) 10 (30)
Hypotelorism† 3 (17) 7 (47) 10 (30)
Total 6 (33) 10 (67) 16 (48)

Neck/hydrops†

Nuchal thickening/cystic hygroma 6 (33) 1 (7) 7 (21)
Hydrops/lymphangiectasia 3 (17) 1 (7) 4 (12)
Total 6 (33) 2 (13) 8 (24)

Renal
Echogenic kidneys 4 (22) 6 (40) 10 (30)
Enlarged kidneys† 2 (11) 6 (40) 8 (24)
Hydronephrosis 2 (11) 2 (13) 4 (12)
Total 4 (22) 7 (47) 11 (33)

Cardiac defects 8 (44) 8 (53) 16 (48)

Extremities†

Polydactyly† 1 (6) 6 (40) 7 (21)
Club/rocker bottom feet 2 (11) 1 (7) 3 (9)
Clenched/overlapping digits† 0 (0) 5 (33) 5 (15)
Total 3 (17) 8 (53) 16 (48)

Abdomen
Omphalocele 3 (17) 2 (13) 5 (15)
Bladder exstrophy 1 (6) 0 (0) 1 (3)
Echogenic bowel 2 (11) 0 (0) 2 (6)
Total 6 (33) 2 (13) 8 (24)

Other
Echogenic chordae tendineae† 7 (39) 3 (20) 10 (30)
Single umbilical artery 1 (6) 7 (47) 8 (24)

∗Numbers in parentheses are percentages.
†Statistically significant difference (P = <0.05) between frequency of detection before and after 20 menstrual weeks.
Source: Lehman CD, Nyberg DA, Winter TC, Kapur RP, Resta RG, Luthy DA. Trisomy 13 syndrome: prenatal US findings in a review of 33 cases. Radiology.
1995;194:217-222.
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should be considered within the differential diagnosis (see
Chapter 14). Trisomy 13 is a diagnosis that can be made
definitively only by karyotyping. Prior to obtaining kary-
otype results, however, the following diagnoses should also
be considered: pseudotrisomy 13 (Cohen–Gorlin syndrome),
Smith–Lemli–Opitz syndrome, Meckel–Gruber syndrome,
Bardet–Biedl syndrome, and Pallister–Hall syndrome.

Pseudotrisomy 13 syndrome has been described to
encompass the triad of normal chromosomes, holoprosen-
cephaly, and ulnar-fibular polydactyly (Seller et al., 1993).
The phenotype has been expanded to include hypoplastic
radii (Boles et al., 1992). The inheritance of this condition
is autosomal recessive and carries a 25% risk of recurrence.
Neither holoprosencephaly nor polydactyly is an obligatory
manifestationofpseudotrisomy13.Eachof these anomalies is
found only in 60%of affected siblings. The diagnostic criteria
for this condition are a normal karyotype with either holo-
prosencephaly and ulnar-fibular polydactyly, or holoprosen-
cephaly plus othermajormalformationswithout polydactyly,
or ulnar-fibular polydactyly with other brain defects, such as
microcephaly, hydrocephaly, or agenesis of the corpus callo-
sum, with the presence of other malformations (Lurie and
Wulfsberg, 1993). Other specific organ findings can distin-
guish trisomy 13 from pseudotrisomy 13 in the absence of
karyotyping. For example, patients with trisomy 13 have a
very characteristic type of renal cystic dysplasia, whereas pa-
tientswith pseudotrisomy13have hypoplastic kidneys but no
evidence of cysts. Patientswith trisomy13have hydronephro-
sis and patients with pseudotrisomy 13 have horseshoe kid-
neys. Scalp defects (Figure 129-3) and a pathognomonic type
of pancreatic fibrosis are present in patients with trisomy 13;
neither of these findings is present in pseudotrisomy 13.

Another important consideration in the differential di-
agnosis is Meckel–Gruber syndrome. This condition was de-
scribed in 1822 by Meckel and redefined by Gruber in 1934,
who called the condition “dysencephalia splanchnocystica.”
In this condition, 100% of affected patients have polycystic
kidneys, 80% have encephalocele, 70% have polydactyly, and
30% have cleft lip and palate. This condition is also inher-
ited as an autosomal recessive (Miller, 1983). In a study of

Figure 129-3 Scalp defects in an infant with trisomy 13.

38 affected siblings, the cystic renal dysplasia was invariably
present. The other findings associated with the condition,
however, were less common. For example, occipitalmeningo-
cele was present in only 63% of siblings and polydactyly was
present inonly 55%of siblings (Miller, 1983).Meckel–Gruber
syndrome is associated with increased levels of α-fetoprotein
in the amniotic fluid.

ANTENATAL NATURAL HISTORY

Trisomy 13 is associated with increased lethality in utero. For
every trisomy 13 patient born alive, approximately 50 are lost
prenatally as a spontaneous abortion (Jacobs et al., 1987).
In one study, Jacobs et al. (1987) described a series of 2922
spontaneous abortuses who were karyotyped. Of these, 62
had trisomy 13. Forty-six had 47 chromosomes, consistent
with a full trisomy. Sixteen had translocation trisomy 13. A
similar proportion of translocation cases to full trisomy cases
were seen in this study as is seen in liveborn infants. There-
fore, full trisomy 13 and translocation trisomy 13 are simi-
lar with respect to their effect on intrauterine mortality. In
this spontaneous abortion study, trisomy 13 was shown to
be the fourth most common trisomy (after trisomies 16, 21,
and 22).

With regard to antenatal natural history, the mean ges-
tational age of the fetuses with full trisomy 13 that sponta-
neously miscarried was 79.8 days and translocation trisomy
13, 82.6 days. These ages are significantly less than the fe-
tuses with normal chromosomes that were miscarried. Only
5 of the trisomy 13 conceptuses in the study were older than
100 days of gestational age. This data suggests that specific
stages in development exist in which trisomy 13 conceptuses
are likely to die, but if they survive, they may survive until
term.

MANAGEMENT OF PREGNANCY

Fetuses with sonographic evidence of either holoprosen-
cephaly or congenital heart disease in addition to other struc-
tural abnormalities or intrauterine growth restriction should
have karyotyping performed (Figure 129-4). Once the diag-
nosis of trisomy 13 has been made, the prospective parents
should have the opportunity to speak with a medical geneti-
cist regarding the implications of this diagnosis. The overall
prognosis for extra uterine survival for an infant with trisomy
13 is extremely poor. In addition, there are complications for
the mother when a diagnosis of trisomy 13 has been made.
In particular, trisomy 13 is associated with increased risk of
the mother developing preeclampsia. This was first noted by
Boyd et al. (1987)whodescribedfive nulliparouswomenwho
had a fetus with trisomy 13; severe preeclampsia developed
in all of the mothers. The medical records of these women
were compared with four women whose first babies had
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Figure 129-4 The karyotype in a female fetus with trisomy 13. (Courtesy of Dr. Janet Cowan.)

trisomy 18 and seven women whose first babies had trisomy
21; preeclampsia did not develop in any of these women. A
similar finding was not seen in control patients. The associa-
tion between trisomy 13 and preeclampsia was later extended
in a study of 25 women who gave birth to an infant with
trisomy 13. These investigators showed that the incidence of
preeclampsia is significantly higher when the fetus has tri-
somy 13 as compared with pregnancies in which the fetus
has trisomy 18 or a normal karyotype (Tuohy and James,
1992). Interestingly, pregnant women carrying a trisomy 13
fetus have excess circulating soluble fmslike tyrosine kinase-
1 and decreased circulating placental growth factor (Bdolah
et al., 2006). The gene for soluble fms-like tyrosine kinase-1
maps to chromosome 13q12, so it is hypothesized that the
extra copy of this gene affects maternalcirculating angiogenic
proteins, which may account for the increased incidence of
preeclampsia in trisomy 13 pregnancies.

The current second trimester maternal quadru-
ple serum screen (α-fetoprotein, human chorionic go-
nadotropin, unconjugated estriol, inhibin-A) does not detect
fetuses with trisomy 13. A newer serum analyte, pregnancy-
associated plasma protein A (PAPP-A)may bemore useful in
the first trimester detection of fetuses with trisomy 13. The
medianmaternal serum PAPP-A levels are significantly lower
in pregnancies that have a trisomy 13 fetus than in normal
pregnancies. A level of less than 0.4 multiples of the median
(MoM) detects 89% of fetuses with trisomy 13 at a calculated
false-positive rate of 5%(Brizot et al., 1994).Maternal cell free
fetal DNA levels are increased in archived second trimester
serum samples of women carrying fetuses with trisomy 13
(Wataganara et al., 2003).

If the diagnosis of trisomy 13 is made before 24 weeks
of gestation, the parents should be offered the opportunity
to terminate the pregnancy. If a definite diagnosis of trisomy
13 is made after 24 weeks of gestation there is no need to
deliver at a tertiary care center, provided that the community
obstetrician and pediatrician are comfortable with provid-
ing supportive care for the affected infant. The experience
of a couple’s decision to continue an affected pregnancy and
deliver their son has been published (Locock, 2005).

FETAL INTERVENTION

There are no fetal interventions for trisomy 13.

TREATMENT OF THE NEWBORN

Most infants with trisomy 13 deliver between 38 and 40
weeks of gestation, with an average birth weight of 2.48 kg
(Warkany et al., 1966). The most common physical find-
ings in liveborn infants with trisomy 13 include scalp defects,
which are often confused with lacerations made by fetal scalp
electrodes; microcephaly with a sloping forehead; microph-
thalmia; cleft lip and palate; congenital heart disease in 80%
to 100% of patients; omphalocele; genital abnormalities, in-
cluding cryptorchidism in allmales, withmicropenis in some
males, and bicornuate uterus with ovarian abnormalities in
most females; cystic kidneys; polydactyly, which is the most
frequent external malformation of trisomy 13; and capillary
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hemangiomata (Hodes et al., 1978). Laboratory findings in-
clude abnormalities in the complete blood count, manifested
by an increased frequency of nuclear projections in polymor-
phonuclear leukocytes and persistence of fetal hemoglobin.
Infants, who are delivered with a suspected diagnosis of tri-
somy 13, but without an antenatal confirmatory chromo-
some analysis, should have karyotyping performed. Periph-
eral blood leukocytes should give a definitive answer within
48 hours. If an affected infant has a life threatening anatomic
obstruction requiring surgery, fluorescence in situ hybridiza-
tion (FISH) can be performed using a chromosome 13-
specific probe. This study will give a tentative diagnosis of
trisomy 13 within a few hours of obtaining the blood sample.

Because the few infants who survive with trisomy 13
are severely retarded, usually only comfort measures are in-
dicated. Early involvement of a medical genetics team is rec-
ommended to provide family support, to provide continuity
of care if the infant is discharged to home, and to counsel
about risk recurrence. Most infants with trisomy 13 die dur-
ing the perinatal period.

Autopsy findings in 12 cases of trisomy 13 were de-
scribed by Moerman et al. (1988). Of the 12 cases, 6 were
liveborn, 1 was stillborn, 4 were terminated electively, and 1
died in utero. The longest survival postnatally was 6 days of
age. Severe craniofacial, ocular, and cerebral malformations
were noted in 10 of 12 patients (Figure 129-5). Eight of the 12
had holoprosencephaly. In all cases in which the eyes were ex-
amined, retinal dysplasia was present. Themain cardiovascu-
lar anomalieswere ventricular septal defect andabnormalities
of the arterial valves. Four of 12 patients had complex cardiac
disease, including tetralogy of Fallot or double outlet right
ventricle. Interestingly, 11 of 12 patients had malformations
of the gastrointestinal tract, specifically malrotation and un-
fixed mesentery. A pathognomonic microscopic pancreatic
dysplasia was also present. Renal cystic disease was demon-
strated inmost patients. Renal cysts becamemore prominent

Figure 129-5 Infant with trisomy 13, showing severe midface
abnormalities, including cleft lip and palate. The infant also has
postaxial polydactyly of the left hand.

innumberanddiameter as gestational age increased.Congen-
ital malformations of theMüllerian duct systemwere present
in 5 of 8 affected females. The ovaries were invariably small
anddemonstratedovariandysgenesis (Moermanet al., 1988).

SURGICAL TREATMENT

Surgical treatment is indicated only as a temporizingmeasure
toallowapotentially affected infantwith trisomy13 to survive
longenoughtomakeadefinitivediagnosis. Surgical treatment
does not improve or change the overall prognosis.

LONG-TERM OUTCOME

Rasmussen et al. (2003) used two population-based strategies
to determine mortality in trisomy 13. The median survival
time was 7 to 10 days. Five to 10% of patients survived to at
least one yearof age.Race andgender seemed to affect survival
in that females andblackshadhighermedianages at death.All
infantswho survive the perinatal period are severely retarded.
Postnatal survival is inversely correlated with the severity of
cardiac and brain anomalies.

Common medical problems for affected infants with
trisomy 13 who survive beyond 1 month of age include
feeding difficulties, gastroesophageal reflux, poor postnatal
growth, apnea, seizures, hypertension, severe developmental
delay, and scoliosis. Earlypuberty (at 8 1/2 years)wasdescribed
in a female with full trisomy 13 who survived until the age
of 12 years, 2 months (Iliopoulos et al., 2006). A support
organization exists for parents of long-term survivors with
trisomies 13 and 18. The organization is known as S.O.F.T.
(Support Organization for Trisomies 13 and 18). This or-
ganization recommends routine child care and anticipatory
guidance, thorough cardiac evaluation, antibiotics prior to
dental procedures if a cardiac abnormality is present, hearing
evaluation, evaluation by an infant preschool intervention
team, screening for scoliosis, and ongoing social support for
families.

GENETICS AND RECURRENCE RISK

Eighty percent of affected individuals with trisomy 13 have
the full trisomy due to meiotic or mitotic nondisjunction
(47, XX, +13 or 47, XY +13). Twenty percent of patients
have mosaicism or a translocation. The proportion of cases
of translocation trisomy 13 (20% to 25%) is much higher
than that seen in trisomy 21 (4%) (Jacobs et al., 1987). The
mean maternal age is increased for the full trisomies but not
for translocations, although the rate of increased risk with
advanced maternal age does not increase as sharply as for
trisomies 18 and 21 (Schreinemachers et al., 1982).

Hassold et al. (1987) used chromosome heteromor-
phisms and restriction fragment length polymorphisms
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(RFLPs) to determine parental origin of the extra chromo-
some in 33 cases of trisomy 13. In 68% of cases, maternal
meiosis I was the source of the error. This study demonstrated
that pairing failure is not the primary cause of trisomy 13, as
crossing over between the two nondisjoined chromosomes
was detected in almost all of the cases studied. In the cases
of mosaic trisomy 13, these authors demonstrated that con-
ception began as a trisomic zygote. Subsequently, the paternal
copy of chromosome 13was lost in some cells with remaining
maternal disomy due to a maternal meiosis type I error.

When the affected fetus or infant has been shown to
have the full trisomy 13, the recurrence risk is 1% or the
risk according to maternal age, whichever is higher. For the
affected infant with a translocation, parental chromosomes
should be studied. If the parents are both shown to be normal,
there is less than a 1% risk of recurrence. If one parent has a
balanced translocation involving chromosome 13, there is a
20%riskof a spontaneous abortionanda5%riskof a liveborn
infant with trisomy 13 in subsequent pregnancies. However,
if one of the parents is demonstrated to have a robertsonian
translocation (a translocation between two acrocentric chro-
mosomes that results in the loss of ribosomal material in
the short arm and fusion between the two centromeres) be-
tween both copies of chromosome 13, no normal offspring
are possible, and gamete donation should be considered. For
parents who have had a fetus or infant with trisomy 13, pre-
natal diagnosis in subsequent pregnancies can be achieved
by obtaining a karyotype on chorionic villus material or on
amniocytes obtained at midtrimester amniocentesis.
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130
CHAPTER

Trisomy 18

Key Points

■ Second most common autosomal trisomy in
liveborn infants.

■ Eighty to 85% of cases result from full trisomy, 10%
are mosaics, and 5% are due to translocation.

■ Incidence is about 1 in 3000 livebirths. Females are
more likely to be born alive and survive longer.

■ Most affected fetuses have more than one
sonographic abnormality. Most common
sonographic abnormalities include IUGR, cardiac
structural anomalies, choroid plexus cysts, central
nervous system anomalies, and overlapping
fingers/clenched hands.

■ Associated with low maternal serum screening
levels of pregnancy-associated plasma protein A,

estriol, α-fetoprotein, and β human chorionic
gonadotropin.

■ Median postnatal survival for males is 1 to
2 months, and for females it is 9 to 10 months. The
presence of a heart defect (surprisingly) does not
affect postnatal survival time. About 5% to 10% of
infants survive until their first birthday.

■ All long-term survivors are profoundly retarded.
Despite this, there are increasing reports in the
literature of aggressive postnatal treatment,
including mechanical ventilation, cardiovascular
drugs, parenteral nutrition, and surgical repair of
congenital anomalies.

■ Reports exist of adults with mosaic trisomy 18 who
have normal intelligence.

CONDITION

Trisomy 18 is a chromosomal abnormality that results from
the presence of an extra copy of chromosome 18. It is the
secondmost common autosomal trisomy in liveborn infants.
Theclinical features associatedwith theabnormalitywerefirst
described by Edwards in 1960. The condition is also known
as Edwards syndrome or trisomy E. Of patients with trisomy
18, 80% to 85%have a full extra copy of chromosome 18 in all
of their cells, 10% have mosaicism, with a normal cell line in
some of their cells, and 5%have the long armof chromosome
18 translocated onto another chromosome (Hill, 1996).

INCIDENCE

The incidence of trisomy 18 varies from approximately 1 in
3000 to 1 in 7000 livebirths. The specific incidence of trisomy
18 in Leicestershire, England, was studied during the years
1980 through 1985. At that time the incidence was noted to
be 1 in 3086 livebirths (Young et al., 1986). A less frequent

incidence of 1 in 6806 livebirths was noted during a 10-year
period in Denmark (Goldstein and Nielsen, 1988). The inci-
dence of trisomy 18 mosaicism is approximately 1 in 70,000
livebirths (Bass et al., 1982). Interestingly, the sex ratio of
fetuses and livebirths with trisomy 18 differs. Sex ratios are
defined as the number of males divided by the number of
females. In prenatal normal controls, the ratio is 1.07. The
sex ratio for fetal cases of trisomy 18 is 0.90 and for livebirths
it is 0.63. Therefore, a clear-cut differential natural selection
against males with trisomy 18 exists after 16 weeks of ges-
tation (Huether et al., 1996). Females with trisomy 18 are
more likely to be born alive and survive longer than males
(Rasmussen et al., 2003; Lin et al., 2006; Niedrist et al., 2006).

SONOGRAPHIC FINDINGS

Nyberg et al. (1993) reviewed prenatal sonographic findings
in 47 consecutive fetuses with trisomy 18. They documented
that the type and frequency of sonographic abnormalities
varies with gestational age (Table 130-1). Excluding choroid
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Table 130-1

Frequency of Abnormalities Among 47 Fetuses with Trisomy 18 Examined with Prenatal
Sonography by Menstrual Age at Detection

Time of Sonographic Examination∗

14–24 24–40 Total
Weeks Weeks Ultrasound Findings

Sonographic Abnormality (n = 29) (n = 18) (n = 47)

Cystic hygroma or nuchal thickening 9 (31%)† 0 (0%) 9 (19%)

Omphalocele 5 (17%) 5 (28%) 10 (21%)

Large cisterna magna 1 (3%) 8 (44%) 9 (19%)

Cardiac defects 4 (14%) 14 (78%) 18 (38%)

Clenched hands 5 (17%) 4 (22%) 9 (19%)

Clubfeet or rocker-bottom feet 6 (21%) 4 (22%) 10 (21%)

Single umbilical artery 3 (10%) 3 (17%) 6 (13%)

Meningomyelocele 4 (14%) 4 (22%) 8 (17%)

Renal anomaly 5 (17%) 2 (11%) 7 (15%)

Intrauterine growth restriction 8 (28%) 16 (89%)† 24 (51%)

∗Numbers in parentheses are percentages.
†Statistically significant difference (P <0.05) between frequency of detection before 24 weeks versus after 24 weeks.
Source: Nyberg DA, Kramer D, Resta R, et al. Prenatal sonographic findings of trisomy 18: review of 47 cases. J Ultrasound Med. 1993;2:103-113.

plexus cysts, one or more sonographic abnormalities were
found in 39 of 47 (83%) of fetuses with trisomy 18, in-
cluding 21 of 29 fetuses examined between 14 and 24 weeks
of gestation and 100% of fetuses examined at greater than
24weeks of gestation. Intrauterine growth restriction (IUGR)
was the most common abnormality. It was observed in 51%
of all fetuses with trisomy 18 and in 89% of fetuses after
24 weeks of gestation. The most common abnormalities seen
before 24 weeks of gestation included cystic hygroma, nuchal
thickening, and meningomyelocele. After 24 weeks of gesta-
tion, IUGR, cardiacdefects, andenlargedcisternamagnawere
more commonly detected. In this study, choroid plexus cysts
were seen in 25% of fetuses with trisomy 18 (Nyberg et al.,
1993).

A variety of sonographic abnormalities are seen in fe-
tuses with trisomy 18 (Table 130-2). IUGR occurs as early
as the first trimester (Lynch and Berkowitz, 1989). The long
bones of the extremities are significantly shortened in tri-
somy 18 (Droste et al., 1990). This affects the lower extrem-
ities more than the upper extremities and this begins be-
fore the 18th week of gestation. In addition, Droste et al.
(1990) documented a poor correlation between fetal foot

length and gestational age by menstrual dating. The results
of this study imply a significant effect of this chromosomal
abnormality on fetal bone growth. Two sonographic mark-
ers, the biparietal diameter (BPD) to femur length (FL) ratio
and nuchal translucency measurement were found to be sen-
sitive indicators for the prenatal detection of trisomy 18. A
BPD:FL ratio of greater than 1.5 SD above the mean identi-
fied three of four fetuses with trisomy 18, whereas nuchal
thickening identified two of four fetuses with trisomy 18
(Ginsberg et al., 1990). Combining these sonographic mark-
ers gave a positive predictive value of 1 in 47 for the detection
of trisomy 18.

A variety of cranial abnormalities are seen in trisomy
18. There is an unusually shaped head with a wide occipi-
toparietal and narrow frontal diameter. This has been called
the “strawberry sign” by Nicolaides et al. (1992). Nicolaides
and colleagues hypothesized that the narrowed frontal cra-
nium is due to hypoplasia of the face and underdevelopment
of the frontal lobes. The presence of choroid plexus cysts has
elicitedmuchdebate over the associationbetween this finding
and trisomy 18. Choroid plexus cysts are present in 50% of
fetuseswith trisomy18, but these are never an isolatedfinding
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Table 130-2

Sonographic Malformations Associated with Trisomy 18

Craniofacial Gastrointestinal system
“Strawberry” calvarium Omphalocele
Low-set, abnormally shaped ears Diaphragmatic hernia
Micrognathia Esophageal atresia with tracheoesophageal fistula
Thickened nuchal fold or translucency Urogenital system

Central nervous system Horseshoe kidneys
Choroid plexus cysts Cystic renal dysplasia
Meningomyelocele Hydronephrosis
Enlarged cisterna magna Unilateral renal agenesis
Cerebellar hypoplasia Skeletal system
Absence of the corpus callosum Overlapping fingers
Microcephaly Limb-reduction abnormalities

Cardiovascular system Clubfeet
Atrial septal defect Rocker-bottom feet
Membranous ventricular septal defect Amniotic fluid volume
Double outlet right ventricle Polyhydramnios
Atrioventricular canal defect Intrauterine growth restriction
Coarctation of the aorta Small placenta
Dextroposition of the heart Behavioral abnormalities
Calcification of the chordae tendineae
Two-vessel umbilical cord
Pulsatile flow in umbilical vein
Abnormal blood flow during atrial contraction

Source: Hill LM. The sonographic detection of trisomies 13, 18 and 21. Clin Obstet Gynecol. 1996;39:831-850.

(Seoud et al., 1994; Snijders et al., 1994; Hill, 1996; DeVore,
2000; Yeo et al., 2003). Another cranial sonographic finding
associated with trisomy 18 is the presence of an enlarged cis-
terna magna due to cerebellar hypoplasia. Thurmond et al.
(1989) described five fetuses with enlarged cisterna magna,
whichprompteda search for additional fetal anomalies.These
five fetuses had a predicted biparietal diameter less than the
measured biparietal diameter, and all turned out to have tri-
somy 18 (Thurmond et al., 1989).

Although echogenic bowel is more characteristic of fe-
tuseswith trisomy21, it has alsobeendescribed in fetuseswith
trisomy 18 (Hamada et al., 1996). Hamada et al., described
a normal-appearing fetus during the second trimester, but
echogenic bowel developed during the third trimester. They
hypothesized that the mechanisms for the echogenic bowel
included decreased fetal swallowing, hypoperistalsis, and a
hypercellular meconium. They also noted that this fetus was
growth-restricted, which potentially caused redistribution of
regional blood flow, further causing ischemia of the mesen-
tery and the impairment of bowel motility. These abnormal-
ities resulted in thickened echogenic meconium.

Cardiovascular abnormalities are present in 73% to
90% of fetuses with trisomy 18. Most commonly, these in-
clude large ventricular septal defects (VSD), atrial septal de-
fects (ASD), tetralogyofFallot, and left heartdisease (Moyano
et al., 2005). Diagnosis of heart malformations can be made

reliably in the first trimester. One study suggested that male
fetuses with trisomy 18 have more complex congenital heart
disease than female fetuses (Chen, 2006). This may be the
underlying basis for the increased mortality seen in affected
males.

Wladimiroff et al. (1989) described the antenatal sono-
graphic markers in 16 fetuses with trisomy 18. All fetuses
had a cardiac abnormality. The majority of these were due
to VSDs, double outlet right ventricle, or complete atrioven-
tricular septal defect. The extracardiac structural pathology
consisted of abnormal hands and feet, symmetrical IUGR,
and polyhydramnios. It is thought that the increased nuchal
translucency (see Chapter 2) seen in 90% of affected fetuses
with trisomy 18may be due to the cardiac abnormalities. The
increased fluid collection at the back of the neck may be an
early sign of congestive heart failure.

A variety of limb abnormalities are also a character-
istic of trisomy 18, including the typical overlapping flexed
fingers, positional abnormalities of the wrist or fingers, and
rocker-bottom feet. Overlapping of the fingers occurs some-
time between 12 and 14 weeks (Quintero et al., 1999). The
prenatal detection of preaxial upper limb reduction facili-
tated the diagnosis of trisomy 18 in three cases (Sepulveda
et al., 1995). In a report of 7 cases of fetal radial ray re-
duction malformations, three fetuses had trisomy 18 (Brons
et al., 1990).
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Figure 130-1 Prenatal sonographic profile of a fetus with tri-
somy 18. Note the micrognathia and the suggestion of a promi-
nent occiput.

A single umbilical artery (see Chapter 109) is seen in
38% to 50% of fetuses with trisomy 18 (Baty et al., 1994a).
Yeo et al. (2003) showed that a short ear length (<10% for
gestational age)was present in 96%of fetuseswith trisomy18.

Several investigators have described findings that in
combination tend to predict a high risk of trisomy 18.
These include the combinationofpolyhydramnios, abnormal
hand posturing, and other major structural abnormalities
(Carlson et al., 1992), and abnormalities of the fetal face and
extremities (Figures 130-1 and130-2) (Benacerraf et al., 1986,
1988). Benacerraf and colleagues (1994) developed a scor-
ing system to identify fetuses with trisomy 18 based on the

Figure 130-2 Prenatal sonographic image of same fetus shown
in Figure 130-1. Note the flexed fingers, which were fixed in posi-
tion, indicating the presence of camptodactyly.

presence of certain sonographic findings. Her group specif-
ically looked for the presence of nuchal translucency, long-
bone shortening, choroid plexus cysts, echogenic bowel, and
other major anatomic defects. They prospectively evaluated
60 fetuses with various autosomal trisomies between 14 and
21 weeks of gestation and 106 normal fetuses at the same ges-
tational age. A sonographic score of 2 or more enabled the
prospective identification of trisomy 18 in 11 of 13 affected
fetuses. DeVore (2000) identified six sonographic markers
(choroid plexus cysts, central nervous systemmalformations,
abnormal nuchal skin fold, ventricular septal defect, outflow
tract abnormalities, and right to left chamber disproportion
of the heart) that collectively identify 93% of fetuses with
trisomy 18 at a false-positive rate of 8.9%. Snijders et al.
(1994) calculated a risk of trisomy 18 relative to maternal
age and the number of additional sonographic abnormalities
present.

First trimester sonographic findings observed in fetuses
with trisomy 18 include increased nuchal translucency thick-
ness and pulsatile blood flow in the umbilical vein (Sherod
et al., 1997; Brown et al., 1999).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of trisomy 18 includes Pena–
Shokeir I syndrome, pseudotrisomy 18, and arthrogryposis
multiplex congenita (see Chapter 101).

Pena–Shokeir I syndrome is anautosomal recessive syn-
drome whose hallmark features include IUGR, low-set mal-
formedears, adepressed tipof thenose, smallmouth,microg-
nathia, multiple flexion contractures, camptodactyly, rocker-
bottom feet, pulmonary hypoplasia, and cryptorchidism
(Muller and deJong, 1986). This condition is highly lethal—
30% of affected fetuses are stillborn. The prenatal sono-
graphic findings described for this condition include polyhy-
dramnios, scalp edema, retrognathia, feeble limbmovements,
flattened nasal bridge, deformed ears, flexion deformities of
the extremities, small thorax, and absent fetal respiratory
movements. The distinguishing features between trisomy 18
and Pena–Shokeir I syndrome are scalp edema and lung hy-
poplasia. Prenatal sonographic diagnosis of Pena–Shokeir I
syndrome is possible only in cases of a known family history
for this condition.

Pseudotrisomy 18 is a diagnosis of exclusion after a
karyotype has revealed normal chromosomes. This is an au-
tosomal recessive lethal condition that presents with microg-
nathia, flexion contractures of the fingers, low-setmalformed
ears, and IUGR (Le Marec et al., 1981). To distinguish be-
tween pseudotrisomy 18 and trisomy 18, a normal karyotype
is necessary. There are an equal number of affected females
andmaleswith pseudotrisomy18. This differs from the excess
of females seen with trisomy 18. Also, cardiac abnormalities
are not characteristic of pseudotrisomy 18. Pseudotrisomy
18 is associated with consanguinity. A history of advanced
maternal age is more typical for cases of trisomy 18.
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Figure 130-3 Karyotype demonstrating full trisomy 18 in a female. (Courtesy of Dr. Janet Cowan.)

The multiple flexion contractures seen in fetuses in
which trisomy 18 is suspected may also be characteristic of
arthrogryposis multiplex congenita (see Chapter 101). Fe-
tuses affected with arthrogryposis may have camptodactyly,
small thorax, and micrognathia.

ANTENATAL NATURAL HISTORY

Trisomy18 is highly lethal inutero, although fetal demisedoes
notoccurat anyspecificgestation(Wonetal., 2005;Yamanaka
et al., 2006). In a survey of the rates of spontaneous death of
fetuses with chromosomal abnormalities detected at second-
trimester amniocentesis in which the mother did not elect to
terminate the pregnancy, Hook et al. (1989) determined an
excess risk of 63.8% (range, 49.3% to 79.8%) of in utero death
of fetuses with trisomy 18. There is significant loss of male
fetuses with trisomy 18 during the second half of pregnancy
(Huether et al., 1996).

Hyett et al. (1995) studied the cardiac defects in fe-
tuses with trisomy 18 that were identified by increased nuchal
translucency measurement and were terminated between 11
and 14 weeks of gestation. There was an unusually high fre-
quency of perimembranous ventricular septal defects and
polyvalvular abnormalities, which were consistent with the
developmental arrest of the cardiovascular system occurring
between 6 and 8 weeks of gestation. These investigators stud-
ied 50 apparently normal fetuses and 19 fetuses with trisomy
18. All 19 had cardiac defects. A ventricular septal defect was
demonstrated in 16 of 19 (84%) fetuses, and valvular ab-

normalities were also seen in 84% of fetuses. Fourteen of 16
fetuses with abnormalities had more than one valve affected.
In addition, 10 of 18 fetuses studied had a hypoplastic aortic
isthmus or pulmonary trunk and 6 of 18 fetuses had persis-
tence of the left superior vena cava. It was hypothesized that
hemodynamic changes due to valvular abnormalities and hy-
poplasia of the great vessels may be the mechanism for the
increased nuchal translucency seen in trisomic fetuses (Hyett
et al., 1995).

Although 80% to 85% of fetuses with trisomy 18 have a
full trisomy when their amniocytes or lymphocytes are stud-
ied (Figure 130-3), when the placenta is studied it has been
documented that 5% of the fetuses have a mosaic placenta
with a normal diploid cell line. The use of cytogenetic anal-
ysis has demonstrated that this diploid cell line is confined
to the cytotrophoblast in viable pregnancies with trisomy 18.
This suggests that a normal diploid component of the tro-
phoblast may facilitate the prolonged intrauterine survival in
cases of trisomy 18 (Harrison et al., 1993). This postzygotic
loss of the trisomic chromosome in a progenitor cell of a tro-
phectoderm facilitates intrauterine survival of a trisomy 18
conceptus. It is placental function, therefore, that determines
intrauterine survival (Kalousek et al., 1989).

MANAGEMENT OF PREGNANCY

Clinical suspicion of trisomy 18 can develop because of
increased nuchal translucency measurement (Moyano et
al., 2005), IUGR in the third trimester, or an abnormal
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serum integrated screen. Multiple abnormalities of serum
screening have been associated with trisomy 18, including
low pregnancy-associated plasma protein A (PAPP-A) and
α-fetoprotein (AFP) levels, low unconjugated estriol values,
and a low β human chorionic gonadotropin (β-hCG) level.
In one study, the maternal serum free β-hCG level was 0.37
multiples of the median (MoM) and the AFP level was 0.71
MoM in trisomy 18 (Spencer et al., 1993). These results were
validated by Leporrier et al. (1996), who documented a low
mean hCG and a mean unconjugated estriol 3 (UE3) of
0.4 MoM. With these abnormal values, the detection rate for
trisomy 18 is 48% for a 0.8% false-positive rate and 79% for
a 3% false-positive rate. Therefore, serum screening is more
sensitive and specific for the detection of trisomy 18 than for
trisomy21.More recently, using integrated screeningwith the
results of the first and second trimester markers, the combi-
nation of low PAPP-A, low AFP, low estriol, and low hCG
detected 90% of trisomy 18 fetuses at a false-positive rate of
0.1% (Palomaki et al., 2003).

Fetuses in which trisomy 18 is suspected either on the
basis of abnormal serum screen or by IUGR and evidence of
fetal distress should be referred to a center capable of per-
forming detailed anatomic scanning of the fetus. Further-
more, a karyotype should be performed, even when the ab-
normalities are detected during the third trimester. This is
important, because it is well documented that fetuses with
trisomy 18 have an excess of postterm deliveries and fetal dis-
tress prompting emergency cesarean section. In two separate
studies performed in two different countries, the incidence of
cesarean delivery for fetuses with trisomy 18 was on the order
of 50% (David andGlew, 1980; Schneider et al., 1981). There-
fore, a definitive diagnosis of a fetus with trisomy 18may help
the obstetrician and prospective parents to avoid unnecessary
fetal monitoring and emergency cesarean delivery. Further-
more, antenatal knowledge that the infant has trisomy 18 will
help to appropriately plan newborn resuscitation and further
management.

FETAL INTERVENTION

There are no fetal interventions for trisomy 18.

TREATMENT OF THE NEWBORN

If the karyotype has not been performed antenatally, it should
be performed at birth. A complete physical examination is
indicated. Typically it will demonstrate the presence of in-
trauterine growth restriction, a prominent occiput, and a
short sternum. No single physical finding is pathognomonic
for trisomy 18. The major clinical features include hyperto-
nia, anteroposterior elongationof the skull, partial syndactyly
of the toes, hypoplastic toenails, narrow chest, micrognathia,
short sternum, congenital heart disease, and renal anomalies

(Taylor, 1968). Thepresence of low-archdermal ridges,which
can be seen only with a magnifying lens, is a helpful diagnos-
tic finding, as it is generally seen in most of the fingers of
affected patients with trisomy 18. Because of the delay in ob-
taining chromosome analysis,Marion et al. (1988) developed
a bedside score for the clinical diagnosis of trisomy 18 during
the immediate neonatal period. Points are given for features
reported in a majority of infants with trisomy 18. The maxi-
mal attainable score is 160. In this report, in 11 patients with
trisomy 18, the average score was 94.3 (range, 70 to 113). In
11 patients without trisomy 18, the average score was 41.4
(Marion et al., 1988).

Infants in whom trisomy 18 is suspected should un-
dergo echocardiography because of the 90% incidence of
congenital heart disease in affected patients. In one study
of 15 autopsied cases of trisomy 18, all infants were shown
to have congenital polyvalvular heart disease. Membranous
VSDswere present in 87%of infants, patent ductus arteriosus
(PDA) in 73%, and ahigh takeoff of the right coronary ostium
in 80% (Matsouka et al., 1983). Themost severe changes were
present in the tricuspid and mitral valves with derangement
of the spongiosa and fibrosa and defective elastic fibers. The
heart valves are dysplastic in trisomy 18 and are noted to be
thickened, gelatinous, and nodular. Other findings include
long chordae tendineae and hypoplastic or absent papillary
muscles (Van Praagh et al., 1989) (see Figure 130-3). Musewe
et al. (1990) reviewed the role that cardiac anomalies play
in the early death seen in cases of trisomy 18. They noted
that most VSDs and PDAs were large and valvular dysplasia
of one or more valves was seen in 68% of cases. However,
the valvular dysplasia was not associated with evidence of
significant regurgitation or stenosis on Doppler studies. In-
terestingly, several large-scale studies on long-term outcome
in trisomy 18 have shown that the presence of a heart defect
does not affect survival (Rasmussen et al., 2003;Niedrist et al.,
2006).

There is a high incidence of 11 pairs of ribs in cases of
trisomy 18 (Ho, 1989). Because of the severity of the clinical
consequences of trisomy 18 and the poor prognosis, we rec-
ommend that chromosome analysis be performed as soon as
possible after birth if it was not performed antenatally. If a
surgical emergency is present, consideration should be given
to performing fluorescence in situ hybridization (FISH) us-
ing chromosome 18–specific probes. This will provide rapid
confirmation of the clinically suspected diagnosis, and in this
setting, emergency surgery should be avoided if possible (Bos
et al., 1992). Major surgery is likely to inflict suffering in an
infant whose life expectancy is otherwise poor.

SURGICAL TREATMENT

As discussed above, surgical treatment to prolong life should
be discussed with the family. In the relatively rare long-term
survivors, surgical treatment may ultimately be indicated to
improve their quality of life.
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Figure 130-4 The longer-term survival of female versus male in-
fants with trisomy 18 is clearly demonstrated in this graph. Data
are based on 70 cases.

LONG-TERM OUTCOME

In an extensive survey of 98 families with an index case of tri-
somy 18, Baty et al., (1994a) documented an average length
of survival of 1.4 months for males with trisomy 18 and
9.6months for females with trisomy 18 (Figure 130-4).Many
obstetricians and pediatriciansmistakenly think that trisomy
18 is lethal during the newbornperiod. Although 55% to 65%
of newborns with trisomy 18 die during the first week of life,
5% to 10%of infants are alive at 1 year of age (Root andCarey,
1994; Rasmussen et al., 2003).

In Baty et al.’s (1994a) study of the long-term medi-
cal outcome for infants with trisomy 18, the average neona-
tal hospital stay was 19.6 days, with an average number of
10.1 days on a ventilator. Eighty percent of their trisomy 18
cases went home from the hospital. Of these, 5% went home
on oxygen, 12% went home on a cardiac monitor, and 44%
werebottle-orbreastfed.Nineteenpercentofpatients eventu-
ally required placement of a gastrostomy tube, but the average
ageof insertionof this tubewas 8.4months.Of long-termsur-
vivors, 17% had a known hearing loss, and of these patients,
41% eventually obtained a hearing aid. The major medical
problems for long-term survivors with trisomy 18 include
scoliosis, gastroesophageal reflux, hearing loss, and Wilms’
tumor (Carey, 1992).

Baty et al. (1994a) generated growth curves for long-
term survivors with trisomy 18. These demonstrate that the
weight and height curves for patients with trisomy 18 are
consistently below the normal curve, except for an overlap at
birth (Figure 130-5). Long-term survivors were given immu-
nizations in thefirst 6monthsof life and therewerenoadverse
complications directly attributable to the immunization.

In a related study, Baty et al. (1994b) collected devel-
opmental data on 50 individuals with trisomy 18. The de-
velopmental quotient (DQ), developmental age divided by
the chronologic age, was on average 0.18. The developmen-
tal ages were studied in seven skill areas, and these differed
significantly among the areas. Daily living skills and receptive
language had the highest values, whereasmotor and commu-
nication skill had the lowest values. During the first year of
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Figure 130-5 Growth curves for infants and children with tri-
somy 18.

life, affected individuals with trisomy 18 achieved the follow-
ing skills: following, cooing, rolling, social smile, reaching,
and recognition of close adults. During the next 2 years, these
individuals were able to sit unsupported, object permanence
developed, and they were able to imitate actions and to rec-
ognize words. By the age of 4 to 6, affected individuals began
to crawl and to follow simple commands, began helping with
hygiene, and were capable of both independent playing and
the use of signs. These investigators concluded that patients
with trisomy 18 achieved some psychomotormaturation and
continued to learn, although very slowly (Baty et al., 1994b).

Recently, studies have begun to appear in the literature
that document amore aggressive approach to the treatmentof
infants and children with trisomy 18 (Goc et al., 2006; Kosho
et al., 2006). These studies, originating in newborn inten-
sive care units, document the use of mechanical ventilation,
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cardiovascular drugs, parenteral nutrition, and surgical treat-
ment of congenital anomalies. Graham et al. (2004) reported
on cardiac surgical results in 24 infants with trisomy 18. The
overwhelming majority of infants survived the surgery and
were discharged alive. Although there may be slightly in-
creased 1-year survival rates with aggressive treatment, it is
important to realize that all long-term survivors with trisomy
18 are profoundly retarded.

The most common causes of death in individuals with
trisomy 18 are apnea, cardiopulmonary arrest, congenital
heart disease, and pneumonia (Baty et al., 1994a; Embleton
et al., 1996). Many long-term survivors develop secondary
protective lesions, such as pulmonary artery stenosis in the
presence of a large VSD (Kelly et al., 2002).

GENETICS AND RECURRENCE RISK

Trisomy 18 is due to the presence of an extra chromosome
18, which is demonstrated on karyotyping. The recurrence
risk for full trisomy 18 is commonly quoted as 1% or the age-
relatedmaternal risk, whichever is higher. The data fromBaty
et al. (1994a) on recurrence risk for trisomies 13 and 18 was
0.55%, based on one affected sibling from 181 subsequent
pregnancies.

The origin of the extra chromosome in trisomy 18 is
almost always maternal. Using molecular analysis and DNA
polymorphisms, the origin of the extra chromosome was
studied in 23 individuals with trisomy 18. Twenty of 23 were
informative. In 19 of 20 the extra chromosome was maternal
in origin (Kupke and Müller, 1989). Using DNA repeat se-
quences andapolymerase chain reaction-basedassay,Nöthen
et al. (1993) traced the parental origin in 30 cases of trisomy
18. The extra chromosome was maternal in 26 of 30 (86.7%)
of cases and paternal in the remainder. When the nondis-
junction resulting in trisomy 18 is due to a meiotic error,
Eggermann et al. (1996) demonstrated that there was an in-
creased number of meiosis II errors. This is somewhat dif-
ferent from trisomy 13 and 21, in which errors in the first
meiotic division predominate.

To date, the specific region of chromosome 18 that is
needed to produce the full phenotype of trisomy 18 has not
been identified using molecular techniques (Boghosian-Sell
et al., 1994). Duplication of part of the long arm of chromo-
some 18 may be associated with the mental retardation seen
in trisomy 18.

There is an increasing appreciation of trisomy 18 mo-
saicism in womenwho have normal intelligence but a history
of amenorrhea or miscarriages (Satge et al., 1996; Uehara et
al., 1996). Kohn and Shohat (1987) described a 30-year-old
woman with minor dysmorphic features and normal intel-
ligence who had karyotyping because of a history of three
miscarriages. Trisomy 18 was present in 18% of her lympho-
cytes and2%ofher skinfibroblasts. Several patientshavebeen
diagnosed because they gave birth to a child with trisomy 18
or have had infertility workups (Bettio et al., 2003).

Prenatal diagnosis in subsequent pregnancies is by
karyotyping. Prospective parents can be offered chromosome
analysis on chorionic villus cells or amniocytes, which will
give a definitive diagnosis in a subsequent pregnancy.
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131
CHAPTER

Trisomy 21 (Down
Syndrome)

Key Points

■ Ninety percent of individuals with Down syndrome
have three full copies of chromosome 21. Three to
4% have an unbalanced translocation, and 1%
have mosaicism.

■ Prevalence in the United States is 13.65 per 10,000
livebirths.

■ Fetuses with Down syndrome are more likely to die
in utero than normal fetuses.

■ Karyotype analysis is diagnostic.

■ Once trisomy 21 is diagnosed, prospective parents
should be offered an echocardiogram and a
detailed sonographic evaluation of fetal anatomy
(if not performed previously). Fifty percent of
fetuses have cardiac anomalies.

■ If no structural heart disease or gastrointestinal
obstruction is present, delivery can occur in the
community. If structural anomalies in the heart or
other organs are present, delivery should occur in
a tertiary center.

■ Newborns often have feeding difficulties due to
hypotonia.

■ There is an increased risk of hematologic disorders
and hypothyroidism.

■ Affected children have mild to moderate mental
retardation (IQ 40–70).

■ The precise number and function of genes of 21q
is not fully known.

■ Recurrence risk for full trisomy 21 is 1%, or the
maternal age-associated risk (whichever is greater).

CONDITION

Trisomy 21 is an abnormality due to the presence of an ex-
tra copy of chromosome 21 (Figure 131-1). Individuals with
the clinical characteristics of what we now know as Down
syndrome were first described by Dr. John Langdon Down
in 1866. Dr. Down was a physician at the Earlswood asylum
in Surrey, England. His erroneous ideas about a racial cause
for Down syndrome, along with a superficial similarity in fa-
cial appearance to persons of mongoloid origin, led to the
term mongolism (Cooley and Graham, 1991). Interestingly,
Dr. Down eventually had a grandson who was also named
John LangdonDown, and he hadDown syndrome (Patterson
and Costa, 2005).

The association between the clinical entity Down syn-
drome and an extra copy of chromosome 21 was noted si-
multaneously in 1959 by Drs. Jerome Lejeune in France and
Patricia Jacobs in Scotland. Ninety-five percent of individu-
als with Down syndrome have three copies of chromosome
21, which results from meiotic nondisjunction of the pair of
number 21 chromosomes in the formation of an egg or sperm

prior to fertilization (Sherman et al., 2005). Ninety-four per-
cent of the time, the extra copy of the chromosome 21 is
maternal in origin (Antonarakis, 1991). Approximately 3%
to 4% of cases of Down syndrome are due to an unbalanced
translocation involving chromosome 21. Fifty percent of the
translocation cases occur spontaneously (de novo) and 50%
are inherited fromaparentwithabalanced translocation.One
percent of cases ofDown syndrome are due tomosaicism, be-
ginning as a trisomic conceptuswith selective loss of one copy
of chromosome 21 (“disomic rescue”) or as mitotic nondis-
junction occurring after fertilization in a specific cell line or
lines.

A full extra copy of chromosome 21 is not needed to
cause the symptoms of Down syndrome. The phenotype of
Down syndrome is thought to be due to triplication of the
genes expressed in a relatively small region of chromosome
21, band 21q22. However, recent gene expression studies us-
ing cell-free fetal RNA in amniotic fluid of second trimester
affected fetuses suggests that the fetal phenotype is due to
differential regulation ofmany genes that are not on chromo-
some 21 (Slonim et al., 2009). Furthermore, second trimester
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Figure 131-1 Karyotype from a female individual with Down syndrome, indicating the presence of three copies of
chromosome 21. (Courtesy of Dr. Janet Cowan.)

fetuses withDown syndrome experience significant oxidative
stress.

Currently, there is much interest in the noninva-
sive detection of Down syndrome, by first and second
trimester serum screening and nuchal translucencymeasure-
ment (Nicolaides et al., 1992a) (see Chapters 2 and 3). The
analysis of cell-free fetal nucleic acids in maternal blood may
eventually have a role in the noninvasive prenatal diagnosis
of Down syndrome (Maron and Bianchi, 2007; Lo, 2009).

INCIDENCE

The incidence of trisomy 21 is 1 in 920 livebirths (Krivchenia
et al., 1993). The frequency ofDown syndrome increaseswith
advanced maternal age. The incidence of Down syndrome is
somewhat similar in all ethnic and racial groups, although
population-based data from the United States National Birth
DefectsPreventionNetwork suggest that there is ahigher inci-
dence in Hispanics and a lower incidence in blacks compared
to non-Hispanic white women (Canfield et al., 2006).

Cuckle et al. (1991) estimated the “natural birth preva-
lence” of Down syndrome, which they defined as the birth
prevalence that would be expected in the absence of prena-
tal diagnosis or induced abortion. In their study, performed
in England and Wales from 1974 to 1987, the natural birth
prevalence of Down syndrome increased from 12.2 in 10,000
to 13.2 in 10,000—an average of 12.6 in 10,000 births. Four-
teen percent of cases of Down syndromewere avoided by pre-
natal diagnosis and termination of affected pregnancies. The
actual birth prevalence, which reflected the utilization of pre-

natal diagnosis, was 10.8 in 10,000 births in this population
(Cuckle et al., 1991). In a more recent U.S. population-based
study, the prevalence ofDown syndromewas 13.65per 10,000
livebirths (Canfield et al., 2006).

SONOGRAPHIC FINDINGS

The major sonographic findings seen in fetuses with trisomy
21 are listed in Table 131-1. Many of these findings are dis-
cussed in individual chapters and in Chapters 2 and 3. The
frequency of major internal congenital malformations is less
than with trisomies 13 or 18 (Hill, 1996). In general, in cases
of trisomy21, sonographicdefects tend tobemore subtle than
in cases of Trisomies 13 or 18, such as flattening of the facial
profile (Figure 131-2). These “soft” markers include nuchal
edema, hydronephrosis, clinodactyly, sandal gap (wide space
betweenfirst andsecond toes),macroglossia (Nicolaides et al.,
1992b), as well as absent or shortened nasal bone (Sonek and
Nicolaides, 2002) and increased frontomaxillary facial angle
(Sonek et al., 2007).

DIFFERENTIAL DIAGNOSIS

Relatively long differential diagnoses exist for each individual
sonographic finding that has been reported to be associated
with Down syndrome. A karyotype that demonstrates the
presence of an extra chromosome 21 is diagnostic and highly
accurate. Once the chromosomes have been studied, there
is no longer a need for a differential diagnosis. Postnatally,
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Table 131-1

Sonographically Detectable Malformations
Associated with Trisomy 21

Craniofacial
Absent or hypoplastic nasal bone
Increased frontomaxillary facial angle
Thickened nuchal fold
Increased nuchal translucency measurement
Cystic hygroma
Protuberant tongue

Central nervous system
Choroid plexus cysts
Mild ventriculomegaly

Cardiovascular system
Ventricular septal defect
Atrial septal defect
Endocardial cushion defect
Calcification of the chordae tendinae

Gastrointestinal system
Duodenal atresia
Echogenic bowel
Imperforate anus

Urogenital system
Pyelectasis

Skeletal system
Brachycephaly with flat occiput
Shortened long bones
Clinodactyly
Syndactyly
Short, thick fingers
Gap between 1st and 2nd toes
Elongated ischial bones

Nonimmune hydrops

Amniotic fluid volume
Polyhydramnios

Intrauterine growth restriction

however, findings suchasmuscularhypotonia in thenewborn
may suggest a diagnosis of congenital muscular dystrophy.
Furthermore, abnormalities in the facial profile may suggest
a diagnosis of Zellweger syndrome.

ANTENATAL NATURAL HISTORY

The incidence of Down syndrome in clinically recognized
pregnancies is reported to be as high as 1 in 225 (Hecht and

Figure 131-2 Three-dimensional sonographic image of a 20-
week fetus with trisomy 21 showing the flattening of the face. The
characteristic small ears and overfolded helices seen in Down syn-
drome are also especially well seen.

Hecht, 1987). The difference between the incidence of Down
syndrome in conceptuses and livebirths indicates the strong
selection pressure against this chromosomal abnormality.

Fetuses with Down syndrome have a higher rate
of spontaneous abortion or stillbirth than normal fetuses
(Figure 131-3). This has been studied extensively by Hook
et al. (1989, 1995). This group reported the results of an on-
going survey of rates of spontaneous death of fetuses with
trisomy 21 that were detected at second trimester amnio-
centesis in which the mother did not elect termination of
pregnancy. The loss rates were ∼50% for fetuses ascertained
at 15 to 17 weeks, 43% at 18 weeks, 31% at 19 weeks, 25%
at 20 weeks, and 21% to 25% at 21 to 28 weeks (Hook et al.,
1995). This was adjusted for the likelihood that spontaneous
fetal death would occur in a fetus with a normal karyotype in
a population of women with advanced maternal age.

MANAGEMENT OF PREGNANCY

In our practice, we routinely offer a genetic amniocentesis or
CVS to all pregnant women carrying a fetus with a major or
multipleminor sonographic abnormalities that are associated
with trisomy 21. If an isolated minor sonographic finding
is present, the subsequent course of action is less clear (see
Chapter 3).

Once the chromosomal analysis reveals trisomy 21, the
prospective parents should be given the opportunity to meet
with amedical geneticist to fully discuss the expectedmedical
outcome for a child with Down syndrome prior to making
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Figure 131-3 Nineteen-week-old fetus with trisomy 21. Note the
relative nasal hypoplasia, small mouth, prominent tongue, and
cystic hygroma. (Courtesy of Dr. Joseph Semple.)

a decision regarding continuation of pregnancy. Also, it is
often helpful to have the prospective parents speak to parents
who are raising a child with Down syndrome. Options for
pregnancy termination should also be presented.

Once the fetus is diagnosed with trisomy 21, the preg-
nant patient should be referred to a center capable of diag-
nosing cardiac and other anatomic defects. Unless the fetus is
known antenatally to have a severe congenital heart malfor-
mation or a malformation that will require immediate sur-
gical repair, such as duodenal atresia, there is no reason to
deliver the infant with trisomy 21 at a tertiary care center.
We also recommend prenatal consultation with a pediatric
cardiologist if a cardiac abnormality is present.

FETAL INTERVENTION

At present, there are no fetal interventions for trisomy 21.

TREATMENT OF THE NEWBORN

ThenewbornwithDownsyndromeshould receive a complete
physical examination (Figures 131-4 and 131-5). If a chromo-
some analysis has not been obtained prenatally, it should be
obtained at birth. A chromosome analysis based on periph-
eral blood lymphocytes in the newborn should take a maxi-
mum of 48 hours. Fluorescence in situ hybridization (FISH)
using chromosome-21-specific probes should enable a diag-
nosis to be made within a few hours. Prior to the availability
of FISH, several diagnostic bedside tests based on the pres-
ence of certain physical examination findings were described

Figure 131-4 An infant with Down syn-
drome. Note the round face with midface hy-
poplasia and the epicanthal folds.
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Figure 131-5 The ‘‘sandal gap” in a prema-
ture newborn with Down syndrome.

(Jackson et al., 1976; Preus, 1977; Rex and Preus, 1982).
The newborn with Down syndrome is almost always hypo-
tonic. Many of these infants have feeding difficulties, which
result in their eventual transfer to a tertiary care center.
Twelve percent of infants with Down syndrome have gas-
trointestinal abnormalities, including duodenal atresia, celiac
disease, Hirschsprung disease, annular pancreas, and imper-
forate anus (Cooley and Graham, 1991).

An infant with Down syndrome may have breathing
difficulties due to the presence of pulmonary hypoplasia. In
one study, sixof sevenpatientshadhypoplastic lungs (Cooney
andThurlbeck, 1982). Thepresenceof pulmonaryhypoplasia
is independent of the presence or absence of congenital heart
disease. Structural abnormalities that have been described
in cases of Down syndrome include a decreased number of
alveoli in relation to pulmonary acini. There is a smaller alve-
olar surface area, which results in reduced capillary surface
area. This can cause aggravation of pulmonary hypertension,
which is a significant problem in children with Down syn-
drome.

The 50% incidence of congenital heart disease in cases
of Down syndrome mandates that a chest X-ray exami-
nation, electrocardiography, and echocardiography be per-
formed during the first month of life. Cardiac symptoms
may be masked by the presence of physiologic pulmonary
hypertension. In 40% to 60% of the cases of congenital heart
disease, the underlying problem is an atrioventricular canal
defect (see Chapter 45). The rest of the cardiac anomalies in
Down syndrome are due to ventricular septal defect, tetralogy
of Fallot, or atrial septal defect (Carey, 1992).

With regard to routine blood tests during the new-
born period, a complete blood count should be performed
to rule out hyperviscosity syndrome and a transient myelo-
proliferative disorder, which has a 10-fold to 30-fold greater
incidence in individuals with Down syndrome, as compared
with the general population.Other commonhematologic ab-

normalities observed among neonates with Down syndrome
include neurophilia, thrombocytopenia, and polycythemia
(Henry et al., 2007). Transient megakaryoblastic leukemia is
found in 10% of newborns with Down syndrome. In most
cases the leukemic cells disappear spontaneously within a few
months. However, in 20% of these individuals, irreversible
acute megakaryoblastic leukemia develops within 4 years
(Hitzler andZipursky, 2005). The leukemic cells carry specific
mutations of the hematopoietic transcription factor GATA1,
which surprisinglymaps to the X chromosome and not to 21.
GATA1mutations have beendetected in erythroblasts studied
antenatally. Thus, the mutational event occurs in utero. The
type of leukemia seen in Down syndrome shows increased
sensitivity to chemotherapy (Hitzler and Zipursky, 2005).

There is an increased incidence of congenital hypothy-
roidism inDown syndrome infants. Therefore, a special effort
must be made to check the results of the newborn screening
for hypothyroidism. All infants with Down syndrome should
be referred to early intervention services in the family’s home
community. The cardinal physical findings in the newborn
with Down syndrome are listed in Table 131-2. Recommen-
dations for the routine health care management of children
with Down syndrome have been published (Committee on
Genetics, 1994; American Academy of Pediatrics, 2001). Uni-
versal screening for celiac disease, starting at age 2 years, is
recommended.

SURGICAL TREATMENT

Surgical treatment depends on the presence of structural ab-
normalities that are amenable to surgical repair, such as duo-
denal atresia or the presence of an atrioventricular cardiac
defect. For specific treatment of each condition, please refer
to the appropriate chapter (Chapters 72 and 45, respectively).
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Table 131-2

Cardinal Physical Findings in the Newborn
with Down Syndrome

Frequency
Finding (percent of cases)

Flat facial profile 90

Absent Moro reflex 85

Muscle hypotonia 80

Oblique palpebral fissures 80

Excess skin at back of neck 80

Joint hyperflexibility 80

Dysplastic pelvis on X-ray 70
examination

Dysplastic ear 60

Dysplastic middle pharynx of
5th finger (on X-ray examination) 60

Simian crease 45

Source: Hall B. Mongolism in newborn infants: an examination of the
criteria for recognition and some speculations on the pathogenic activity of
the chromosomal abnormality. Clin Pediatr. 1966;5:4-12.

LONG-TERM OUTCOME

Eighty percent of individuals with Down syndrome survive
to age 30 or beyond (Cooley and Graham, 1991). The life
expectancy for individualswithDownsyndromediffers based
on the presence or absence of congenital heart disease. This
is summarized in Table 131-3. The median age at death has
increased to 49 years of age (Yang et al., 2002). Although there
is an increased risk of leukemia early in life, there is a lower
risk of all other solid tumors, such as breast and colon.

All individuals with Down syndrome have delayed
growth, andmany have problems with obesity. They are gen-
erally followed as outpatients with specific growth charts de-
signed for individuals with Down syndrome (Cronk et al.,
1988). All individuals with Down syndrome have mental re-
tardation. Their IQs are in the mild to moderate mentally
retarded range (IQ = 40–70). Children with Down syndrome
walk, talk, and toilet train, but all of these milestones oc-
cur later than average as compared with individuals who
do not have Down syndrome. Individuals with Down syn-
drome are better at visual tasks as compared with tasks that
require auditory processing. There is an increased incidence

Table 131-3

Life Expectancy for Individuals with
Down Syndrome

Chance of Chance of
Survival with Survival Without
Congenital Congenital

Age Heart Disease (%) Heart Disease (%)

1 year 76.3 90.7

5 years 61.8 87.2

10 years 57.1 84.9

20 years 53.1 81.9

30 years 49.9 79.2

Source: Baird PA, Sadovnick AD. Life expectancy in Down syndrome.
J Pediatr 1987;110:849-854.

of behavioral and psychiatric problems such as attention
deficit/hyperactivity disorder and depression (Roberts et al.,
2007).

Individuals with Down syndrome are at risk for hear-
ing loss. This is partly due to the development of serous
otitis media, which causes a conductive hearing loss. This
finding has a 50% to 70% prevalence in individuals with
Down syndrome. Patients with Down syndrome should be
referred for audiology and tympanometry before 8 months
of age (Carey, 1992), as hearing problems affect language de-
velopment (Roberts et al., 2007). There is also an increased
risk of ocular abnormalities. Patients with Down syndrome
are at risk for cataracts, strabismus, nystagmus, and myopia.
An annual thyroid screen is also recommended, because of
the increased prevalence of hypothyroidism that continues
throughout life (Carey, 1992), although the recommendation
has been challenged (Van Vliet, 2005).

A controversial area is the screening for atlanto-axial
instability, which is caused by a ligamentous laxity in the C1-
C2 area. The diagnosis is generally made radiographically if
the atlanto-dens interval is 5 mm. The concern is that this
instability will lead to dislocation and will develop into an
upper spinal cord injury. Atlanto-axial instability reportedly
affects 10% to 30% of patients with Down syndrome (Carey,
1992).TheSpecialOlympicsorganizationhasmade screening
for atlanto-axial instability a requirement prior to participa-
tion in active sports. However, much controversy exists as to
whether neck radiography is an effective screening tool for
this abnormality. In most patients who have atlanto-axial in-
stability, neurologic symptoms will develop well in advance
of any problems that lead to dislocation.

Fertility is very rare for a male with Down syndrome
(Pradhan et al., 2006). However, pregnancy is possible for a
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female, for whom the recurrence risk is 50%. Contraceptive
measures should be discussed for a sexually active adolescent
female with Down syndrome.

With regard to neurologic abnormalities, 5% to 10%
of patients with Down syndrome will develop myoclonic
seizures. Ultimately, the brains of nearly all adults withDown
syndrome who are older than 35 years of age will have senile
plaques andneurofibrillary tangles consistentwithAlzheimer
disease (Antonarakis and Epstein, 2006). Down syndrome is
unique in that it confers a 100% risk of developing early onset
Alzheimer disease. The mean onset of dementia in patients
with Down syndrome is 51.3 years (range, 46–57 years).

GENETICS AND RECURRENCE RISK

Despite the completion of the Human Genome Project, the
precise genetic composition of the long arm of chromo-
some 21 (21q) is not fully known. The total number of
protein-coding genes is estimated to be between 271 and 364
(Antonarakis and Epstein, 2006). Recent studies of the tran-
scriptional activity of 21q suggest that there are nonprotein
coding RNA molecules present.

The recurrence risk for Down syndrome depends on
whether an extrawhole chromosome 21 is present orwhether
a translocation is noted on the karyotype. For the more com-
mon situation of a full or “free” trisomy 21, the recurrence
risk is 1% or the maternal age–associated risk, whichever is
greater (Eunpu et al., 1986). In one study, the recurrence
risk in second-degree relatives (uncles and aunts of individ-
uals with trisomy 21) was not increased (Eunpu et al., 1986).
Cytogenetic studies, using chromosome heteromorphisms,
show that 70% to 80% of cases of trisomy 21 are maternal
in origin (Juberg and Mowrey, 1983). However, molecular
studies show that the incidence is 94% maternal in origin
(Antonarakis, 1991).

If a translocation is documented in the fetal or infant
karyotype, parental blood studies must be obtained. The risk
of recurrence is 16% if the mother is a carrier of the translo-
cation and 5% if the father is a carrier of the translocation
(Cooley and Graham, 1991).

In a subsequent pregnancy, parentswhohavehad either
a stillbirth, a spontaneous abortion, or a pregnancy or live-
born infant affected with Down syndrome should be offered
prenatal genetic diagnosis for a subsequent pregnancy.
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132
CHAPTER

Triploidy

Key Points

■ Occurs in 1% to 2% of clinically recognized
conceptions but only 1/10,000 livebirths. Not
associated with advanced maternal age.

■ Most cases are 69, XXY (60%) or 69, XXX (37%); only
3% of cases are 69, XYY.

■ In the type I phenotype the fetus is relatively well
grown with a large cystic placenta.

■ In the type II phenotype the fetus is markedly
growth restricted with a disproportionately large
head and a small, noncystic placenta.

■ One third of cases survive beyond 15 weeks and
are associated with abnormal maternal serum
screen results.

■ The longest postnatal survival for an affected
infant was 101/2 months.

CONDITION

Triploidy is defined as the presence of three complete sets of
the normal haploid genome found in gametes. Triploidy oc-
curs in one of three ways: (1) failure of division in meiosis I
or II in the spermatocyte, resulting in an extra set of pater-
nal chromosomes (diandry); (2) failure of division inmeiosis
I or II in the oocyte, resulting in an extra set of maternal
chromosomes (digyny); or (3) double fertilization of a nor-
mal haploid ovum (dispermy). Using special chromosome-
staining techniques, it has been shown that the extra set of
chromosomes is paternal in origin in three quarters of cases
(Jacobs et al., 1982). Most of the paternally derived cases are
due to dispermy (Kajii and Niikawa, 1977). The distribution
of karyotypes seen in triploid conceptuses is 69, XXY (60%),
69, XXX (37%), and 69, XYY (3%) (Jacobs et al., 1982). The

infrequent occurrence of XYY suggests that either diandry
must be uncommon or that XYY carries a disadvantage for
survival.

Triploid fetuses can present with a broad spectrum of
phenotypic features that can range from near normalcy to
multisystem involvement. McFadden and Kalousek (1991)
have described two distinct fetal and placental phenotypes
that appear to correlate with the parent of origin in the ex-
tra set of chromosomes. In the type I phenotype, the fe-
tus is relatively well grown and has a proportionate head
size or microcephaly. The placenta is large, with cystic
changes. At the microscopic level there is trophoblastic hy-
perplasia, scalloping of the villus surface, and focal hy-
dropic change (Sergi et al., 2000). These cases are generally
associated with diandry (Figure 132-1A). The type II phe-
notype predominates in the cases diagnosed after the first
trimester; it consists of a markedly growth-restricted fetus
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A B

Figure 132-1 A. Relatively well-grown fetus with large cystic placenta seen in type I triploidy. B. Markedly growth-
restricted fetus with a disproportionately large head and a small, noncystic placenta seen in type II triploidy. (Reprinted
from McFadden DE, Kalousek DK. Two different phenotypes of fetuses with chromosomal triploidy: correlation with parental
origin of the extra haploid set. Am J Med Genet. 1991;38:535-538. Copyright 1991 John Wiley & Sons. Reprinted, by permis-
sion, of John Wiley & Sons, Inc.)

with a disproportionately large head and a small, noncys-
tic placenta (Figure 132-1B). In their series, McFadden and
Kalousek were able to demonstrate that one case of type II
triploidyoriginated fromanerror inmaternal gametogenesis.

INCIDENCE

Human triploidy is a relatively common condition, occurring
in 1% to 2% of all clinically recognized conceptions (Jacobs
et al., 1978). Triploidy accounts for approximately 20% of
spontaneous abortions due to chromosomal abnormalities
(Niebuhr, 1974; Wertelecki et al., 1976). After Turner syn-
drome (45, X), triploidy and trisomy 16 are the most com-
mon chromosomal abnormalities diagnosed in first trimester
products of conception (Lindor et al., 1992). The early preg-
nancy wastage is high—for each triploid infant born alive, it
is estimated that 1200 are miscarried (Doshi et al., 1983).

Although triploid conceptions are very common, the
incidence is only 1 per 10,000 livebirths (Jacobs et al., 1982).
There is no evidence for an increased risk due to advanced

maternal age (Rochon andVekemans, 1990). In experimental
animals, triploidy has been induced by colchicine adminis-
tration, hypoxia, and heat shock (Niebuhr, 1974). There is a
questionable association between triploidy and delayed fer-
tilization, due to prolonged menstrual cycles or discontinu-
ation from oral contraceptives (Niebuhr, 1974). Uchida and
Freeman (1985) have described an association between pre-
conceptual diagnostic abdominal X-ray exposure and subse-
quent triploid conceptuses.

SONOGRAPHIC FINDINGS

No single anomaly on sonographic examination is pathog-
nomonic of triploidy (Pircon et al., 1989a). The diagno-
sis of triploidy should be suspected in any pregnancy with
cystic placental changes and fetal anomalies. Similarly, se-
vere intrauterine growth restriction and amarkedly increased
head:body size ratio should elicit consideration of triploidy
(Figure 132-2).
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Figure 132-2 Prenatal sonographic image demonstrating in-
creased head to body size ratio.

Intrauterine growth restriction in triploidy has been
reported as early as the first trimester (Benacerraf, 1988), but
the classic presentation is in the second trimester. Crane et al.
(1985) have described growth curves for triploid fetuses
studied on several occasions during gestation. The character-
istic finding is an abnormally increased head:abdominal cir-
cumference ratio that gives the appearance of relative macro-
cephaly. Oligohydramnios has been reported in as many as
60% of cases (Mittal et al., 1998). Hydrocephalus is common
and can be seen in the first trimester (Crane et al., 1985;
Benacerraf, 1988). Facial anomalies include micrognathia,
microphthalmia (Wertelecki et al., 1976), a bulbous nose,
and a small mouth (Bendon et al., 1988). A relatively specific
finding is syndactyly of the third and fourth digits (Figure
132-3) (Bendon et al., 1988). Approximately 25% of triploid
fetuses have a neural tube defect (Gosden et al., 1976) and
10% to 18% have associated omphalocele or gastroschisis
(Blackburn et al., 1982). Male triploid fetuses may have gen-
ital abnormalities. Ambiguous genitalia may also be due to
the presence of a mosaic karyotype, with two cell lines that

Figure 132-3 Syndactyly of the third and fourth digits seen in an
infant with triploidy.

contain different sex chromosomes. Both polyhydramnios
and oligohydramnios have been described. Other fetal find-
ings that may be apparent sonographically include cardiac
anomalies (ventricular septal defect and atrial septal defect),
pulmonary hypoplasia, and renal cystic changes. It should
also be noted that the absence of anomalies does not preclude
a diagnosis of triploidy.

Placental abnormalities are typical of type I (diandric)
triploidy (Mittal et al., 1998). Characteristic findings include
placental enlargement, hydropic changes (Wertelecki et al.,
1976), a generalized hyperechoic appearance, and the pres-
ence of multiple small or a single large cyst (see Figure 132-1)
(Rubenstein et al., 1986).AbnormalplacentalDoppler studies
are also common (Jauniaux, 1999).

In cases in which triploidy is suspected, sonographic
examination of the maternal ovaries may reveal the presence
of associated theca lutein cysts (Meizner et al., 1991).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis includes severe intrauterine growth
restriction due to uteroplacental insufficiency, infection, or
other genetic syndromes, or other aneuploidies such as tri-
somy 18. The possibility of a complete mole, with its risk for
malignant change, must also be excluded.

ANTENATAL NATURAL HISTORY

The majority of triploid conceptions are lost during the first
trimester, but one-third survive beyond 15 weeks of gestation
(Warburton et al., 1994). Approximately 1 in 200 ongoing
pregnancies at 15 weeks involve a triploid fetus, although
some of these fetuses are already dead (Hassold et al., 1980;
Jacobs et al., 1982). Between 16 and 19 weeks of gestation,
triploidy is found in 8.1% of all spontaneous abortions. In
one study, 43% of the chromosomally abnormal fetuses lost
between 16 and 19 weeks were shown to be triploid (Warbur-
ton et al., 1994).

Development of hydatidiform changes in the placenta
(“partial mole”) is primarily associated with the presence of
two paternal sets of chromosomes (diandry or dispermy).
These moles rarely undergomalignant change, as opposed to
diploid moles that are not associated with the formation of a
fetus.

Abnormalities in maternal serum testing are present in
triploid pregnancies that survive to the second trimester. In-
creasedmaternal serum α-fetoprotein (AFP) levels have been
demonstrated inseveral reports (O’Brienetal., 1988;Freeman
et al., 1989; Pircon et al., 1989b). In most cases, amniotic
fluid AFP levels have been normal unless an associated neu-
ral tubedefect is present (Freemanet al., 1989). It is important
to consider triploidy in the differential diagnosis of elevated
maternal serum AFP levels, as in several reported cases, the
sonographic examination was within normal limits (Pircon
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et al., 1989a). Low levels of human chorionic gonadotropin
(hCG) and estriols are also associated with triploidy (Fejgin
et al., 1992). It has beenquestionedwhether this finding is due
to an extra set of maternal chromosomes impairing placen-
tal function (Schmidt et al., 1994). As first trimester prenatal
diagnosis has become more common it has also become ap-
preciated that triploidy is associated with very low levels of
pregnancy-associated plasma protein A (PAPP-A) (De Graaf
et al., 1999; Campbell et al., 1999).

MANAGEMENT OF PREGNANCY

Prenatal diagnosis of triploidy is important, as this condition
carries serious medical risks for the mother. These risks in-
clude vaginal bleeding and severe pre-eclampsia (Jauniaux,
1999). Prenatal recognition also prevents unnecessary ce-
sarean delivery (Graham et al., 1989). The abnormally large
cystic placenta can cause severe postpartum hemorrhage and
may be retained after birth (Niebuhr, 1974).

We recommend that prenatal karyotyping be per-
formed for the following clinical situations: (1) severe in-
trauterine growth restriction with or without fetal anomalies
documented on second trimester sonographic examina-
tion; (2) hydatidiform placental changes noted on sonog-
raphy; (3) abnormally increased maternal serum AFP lev-
els (greater than 3.5 MoM); and (4) severe pre-eclampsia
with fetal anomalies or hydatidiform placental changes. A
fullmetaphase karyotype will make a definitive diagnosis and
also rule out the presence of mosaicism. If a rapid diagnosis
is necessary, fluorescence in situ hybridization (FISH) anal-
ysis using chromosome probes has been used on uncultured
amniocytes to diagnose triploidy (Christensen et al., 1992;
Gersen et al., 1995).

Once the diagnosis of triploidy has beenmade, the poor
prognosis and maternal risks should be discussed with the
parents, and termination of pregnancy should be offered if
the gestational age is less than 24 weeks. Early induction of
labor is recommended if the diagnosis is made after 24 weeks
because of thematernal medical risks associated with contin-
uing the pregnancy. Cesarean section is not indicated except
to facilitate delivery formaternal health. Delivery in a tertiary
care center is not necessary. The advantages of delivering in a
tertiary care center are that: (1) if the infant survives postna-
tally, neonatal transferwill notoccur; (2)when the infantdies,
perinatal pathologists are available for autopsy; (3) many ter-
tiary care centers offer coordinated services for bereavement
and genetic counseling; and (4) appropriate subspecialty re-
ferral is available for the mother if she has medical complica-
tions.

FETAL INTERVENTION

There are no fetal interventions for triploidy.

TREATMENT OF THE NEWBORN

Given the relative infrequencyof this condition in the liveborn
population and the subtlety of the associated dysmorphic fea-
tures, the diagnosis of triploidy in the newborn is sometimes
unsuspected. The severe growth restriction usually prompts
an investigation of the chromosomes, but results are usually
not available for 3 to7days.Thephenotypic featuresof infants
presenting with complete triploidy are summarized in Table
132-1. The typical infant who survives postnatally has the
“type II” phenotype ofMcFadden andKalousek, with growth
restriction, relative macrocephaly, dysplastic calvarium, ocu-
lar colobomas, cleft palate, micrognathia, hypotonicity, and
genital abnormalities (if male) (Graham et al., 1989). Gosden
et al. (1976) have also described an unusual appearance of the
thighs due tomuscular hyperplasia. They termed this physical
finding “wine bottle thighs.”

Hematologic abnormalities in triploid infants have also
been reported. Typical findings include macrocytosis, aniso-
cytosis, polychromasia, an increase in platelet size, and ab-
normalities of the granulocytes (Strobel and Brandt, 1985).

Doshi et al. (1983) have documented pathologic find-
ings in 43 complete and 11 mosaic triploid fetuses or in-
fants delivered after 22 weeks of gestation. In addition to the
anomalies alreadymentioned, they reportedovarian, adrenal,
and pulmonary hypoplasia as well as testicular Leydig cell
hyperplasia. True hermaphroditism has also been reported
(Petit et al., 1992).

Importantly, the diagnosis of complete triploidy is con-
sidered lethal. There have been no survivors beyond the age
of 10.5 months (Sherard et al., 1986). Newborn resuscitation
and mechanical ventilation are not indicated. Warmth, nu-
trition, and comfort measures are recommended. Faix et al.
(1984) have eloquently described the ethical dilemmas in a
case of triploidy inwhich the parents insisted on employment
of the full range of life-support technology. Even with their
aggressive support, the infant survived for only 4months and
had marked impairment of his growth and development.

SURGICAL TREATMENT

The lethal nature of complete triploidy precludes interven-
tion in surgically correctable anomalies such as abdominal
wall defects. A more aggressive approach to surgically cor-
rectable lesionsmay be considered in cases of diploid/triploid
mosaicism.

LONG-TERM OUTCOME

The longest reported survival of an infant with triploidy is
10.5 months (Sherard et al., 1986). This male infant was
small for gestational age, with a complete cleft lip and palate,
digital abnormalities, and a large ventricular septal defect
(Figure 132-4). His medical problems included congestive
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Table 132-1

Phenotypic Features of Infants with
Complete Triploidy

General
Intrauterine growth restriction

Head
Relative macrocephaly
Malformed, low-set ears
Microophthalmia
Ocular coloboma
Micrognathia

Chest
Pulmonary hypoplasia

Cardiac
Ventricular and atrial septal defects

Abdomen
Omphalocele
Renal anomalies
Adrenal hypoplasia
Ovarian hypoplasia

Genitalia
Normal in females
Anomalies in males include

Hypospadias
Micropenis
Cryptorchidism

Extremities
3rd and 4th digit syndactyly of the hands and/or feet
Simian crease
“Wine bottle” thighs

Neurologic
Hypotonicity
Myelomeningocoele
Hydrocephalus

Modified from Doshi N, Surti U, Szulman AE. Morphologic anomalies in
triploid liveborn fetuses. Hum Pathol. 1983;14:716-723.

heart failure (treated with digitalis and diuretics), seizures
(treated with phenobarbital), and upper respiratory infec-
tions. He died from respiratory complications.

Genotyping studies demonstrated that the extra set of
chromosomes wasmaternal in origin. In three of the longest-
surviving infants with triploidy, the extra genome was also
maternal (Fryns et al., 1977; Galan et al., 1991) although at
least one other case was paternally derived (Niemann-Seyde
et al., 1993). In the future,wemayunderstand the importance

Figure 132-4 Facial appearance of a triploid male infant who
survived for 10.5 months. (Reprinted from Sherard J, Bean C, Bove
B, et al. Long survival in a 69, XXY triploid male. Am J Med Genet
1986;25:307-312. Copyright c© 1986 John Wiley & Sons. Reprinted,
by permission, of John Wiley & Sons, Inc.)

of the parent of origin differences in the extra chromosome
set. Imprinting of certain genes may play a role.

Infants who are shown to have diploid/triploid mo-
saicism on their karyotype will, in general, have a milder
phenotype that may permit prolonged survival to adulthood
(Tantravahi et al., 1986).Themajorityof thepatients reported
have had developmental delay. Other features described in
these diploid/triploid individuals include hemihypertrophy,
syndactyly, ambiguous genitalia, and mild craniofacial ab-
normalities (Dewald et al., 1975).

GENETICS AND RECURRENCE RISK

The issue of whether triploidy is a random event or whether
it affects future reproductive performance is currently unre-
solved. Three studies have suggested a slightly increased risk
for other chromosomal abnormalities in future pregnancies
(Boué et al., 1973; Stene et al., 1984; Uchida and Freeman,
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1985).We recommend prenatal cytogenetic diagnosis in sub-
sequent pregnancies. Genetic counseling is indicated so that
the family can understand the cause of the triploidy and the
risk of recurrence.
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133
CHAPTER

Other Autosomal
Aneuploidies

Key Points

■ Trisomies 8, 9, 14, 16, and 20, if present in mosaic
form, are compatible with postnatal survival.

■ Mosaic trisomies are generally associated
with nondisjunction due to advanced maternal
age.

■ Trisomy 16 occurs in at least 1.5% of all clinically
recognized pregnancies and 31% of all
spontaneous losses due to chromosome
abnormalities.

■ Trisomy 20 accounts for 2% of trisomic
miscarriages and is a common cause of true
mosaicism in amniotic fluid cultures.

■ For mosaic trisomies 8, 9, and 14, a detailed
sonographic survey of fetal anatomy and
consultation with a medical geneticist are
indicated.

■ Women carrying fetuses with mosaic trisomy 16
are at risk for developing pre-eclampsia.

■ Phenotype does not correlate with percent of
mosaic cells except for trisomy 20. The presence of
more than 60% of cells with trisomy 20 is
associated with a poor prognosis.

■ All continuing pregnancies should have
involvement of the medical genetics team.

■ Survivors with trisomy 16 have excellent postnatal
catch-up growth and the majority have a good
developmental outcome. Mosaic trisomies 8, 9,
and 14 have variable outcomes. Mosaic trisomy 20
has a normal outcome if there are less than 60%
abnormal cells.

CONDITION

In this chapter, information will be discussed regarding
trisomies 8, 9, 14, 16, and 20. These are the trisomies that,
if present in a mosaic form, are compatible with fetal sur-
vival at least until the end of the first trimester. They present
with sonographic abnormalities or abnormalities of mater-
nal serum screening analytes. All of these conditions are de-
tected by cytogenetic analysis. Mosaic trisomies account for
around 5% of the trisomies detected in human spontaneous
abortions. In general, they are associated with advanced ma-
ternal age (James and Jacobs, 1996). For most of the tri-
somies, the generalmechanism is nondisjunction inmaternal
meiosis I. This is then followed by a second mitotic error in
chromosome division. The second division corrects the tri-
somy, but about a third of the time results in leaving behind
two maternal copies of the particular chromosome. This is
known as uniparental disomy (UPD). UPD can then cause an

abnormal phenotype through homozygosity for recessive
genes or if there are areas of imprinted genes on that par-
ticular chromosome (Reish et al., 1998). In contrast, cur-
rent evidence seems to indicate that trisomy 8 has a different
underlying mechanism. It appears to be due to postzygotic
nondisjunction with a gain of a chromosome in some tissues.

Trisomies 8, 9, 14, 16 and 20 are generally lethal when
present as a full trisomy. In this chapter only the mosaic tri-
somies will be discussed, as those are what is encountered
clinically. For most of the mosaic trisomies, there is no re-
lationship between the percent mosaicism and the clinical
outcome, with the exception of trisomy 20.

Interestingly, all of the mosaic trisomies may present
with postnatal skin pigmentation defects, such as hypome-
lanosis of Ito. The precise connection betweenmosaicismand
the skin pigmentation defects is unknown. Also, a number of
the mosaic trisomies can demonstrate subtle body asymme-
tries.
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INCIDENCE

It is difficult to get accurate livebirth incidences for the mo-
saic trisomies. Most of the data that have been reported
are from the prenatal diagnosis or the pathology literature.
For example, full trisomy 16 is the most common trisomy
that is found in spontaneous abortions. Trisomy 16 oc-
curs in at least 1.5% of all clinically recognized pregnancies
(Wolstenholme, 1995). This condition comprises 31% of all
autosomal trisomies in products of conception. Similarly,
trisomy 20 is one of the most common forms of autosomal
mosaicism diagnosed at amniocentesis (Hsu et al., 1987).
Mosaic trisomy 20 accounts for 2% of all trisomic miscar-
riages (Hsu et al., 1987; Robinson et al., 2005). Mosaicism
for trisomy 8 has been detected in approximately 1 in 3870
amniocenteses (van Haelst et al., 2001). Trisomies 9 and 14
account for 2.7% and 3.7%, respectively, of chromosoma-
lly abnormal miscarriages (Fujimoto, 1992; Chitayat et al.,
1995).

SONOGRAPHIC FINDINGS

Trisomy 8

The sonographic findings for trisomy 8 include nuchal fold
thickening, hemivertebrae, ventriculomegaly (Southgate et
al., 1998), reversed end-diastolic ductus venosus blood flow
(Campbell et al., 2001), pyelectasis, hydronephrosis, ureteral
reflux, and cardiac abnormalities (Miller et al., 2001).

Trisomy 9

Stipoljev et al. (2003) reviewed the sonographic findings
in 12 nonmosaic and 13 mosaic fetuses with trisomy 9.
The sonographic abnormalities seen in full trisomy 9 in-
cluded intrauterine growth restriction, microcephaly, in-
creased nuchal translucency measurement, cystic hygroma,
micrognathia, hydrops, decrease in the long bone mea-
surements for age, congenital heart defects, skeletal abnor-
malities, and Dandy–Walker malformation. Dandy–Walker
malformation (see Chapter 11) is seen in 12% to 15% of fe-
tuses with trisomy 9. For themosaic fetuses, the characteristic
abnormalities areDandy–Walkermalformation, intrauterine
growth restriction,micrognathia, and hydronephrosis. Other
abnormalities associated with trisomy 9 include hepatic cal-
cifications, diaphragmatic hernia, and male genital abnor-
malities.

Trisomy 14

There have been no comprehensive reports of prenatal
sonographic findings in trisomy 14. However, from the
postnatal literature, what might be expected would be in-
trauterine growth restriction, micrognathia, congenital heart
disease (especially tetralogy of Fallot), polyhydramnios, and
micropenis.

Trisomy 16

Characteristic pathologic findings associated with trisomy 16
include intrauterine growth restriction, congenital heart dis-
ease (atrial septal defect, ventricular septal defect, and tetral-
ogy of Fallot), single umbilical artery, and renal anomalies.
Astner et al. (1998) reported on sonographically associated
anomalies associated with confined placental mosaicism for
trisomy 16. They noted the presence of a thickened and en-
larged cystic placenta. The cysts that were present in the sec-
ond trimester but disappeared in the third trimester had an
unusual appearance in that they were multiple and round
without a hyper-reflective border. They speculated that this
might be a sonographic marker for trisomy 16.

Trisomy 20

For the majority of cases of mosaic trisomy 20, the sono-
graphic findings have been normal. James et al. (2002) re-
ported on 14 cases of trisomy 20 mosaicism. Of these, three
had an increased nuchal translucencymeasurement on a first
trimester scan. The remaining 11 cases had a detailed sec-
ond trimester anatomy scan that was normal. What might
be expected from the postnatal literature would also be the
possibility of a heart or renal malformation.

DIFFERENTIAL DIAGNOSIS

The diagnosis of each of these conditions is based on highly
accurate cytogenetic analysis.

ANTENATAL NATURAL HISTORY

For all of these conditions, full trisomy is generally lethal in
utero.Whether or not the fetus survives depends on anumber
of factors. These include whether or not the trisomy is con-
fined to the placenta, whether or not there is a rescue disomy,
and whether or not UPD of the remaining disomic chromo-
somes exists. Because trisomies 16 and 20 are more common
than trisomies 8, 9, and 14, relatively more information is
available.

Trisomy 16

In cases of mosaic trisomy 16, placental mosaicism is always
present. In spontaneous abortions with trisomy 16, the extra
copy of 16 is always maternal in origin (Hsu et al., 1998).
The mosaic trisomy 16 cases that derive from full trisomy
and undergo disomic rescue have approximately a 30% to
40% chance of maternal UPD for chromosome 16. If UPD
for 16 is present, there is an increased incidence of both in-
trauterine growth restriction and congenital anomalies (Yong
et al., 2002). Most cases of trisomy 16 spontaneously abort
between 8 and 15 weeks of gestation (Wolstenholme, 1995;
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Benn, 1998). Trisomy 16 detected at amniocentesis is more
likely to be associated with anomalies as compared with
trisomy 16 detected at CVS, which is more likely to be due
to confined placental mosaicism. It has been shown by many
investigators that adverse fetal outcomes are more common
when the trisomy is detected in the amniotic fluid (Yong
et al., 2003; Langlois et al., 2006; Neiswanger et al., 2006).

Trisomy 20

Trisomy 20 is more frequently detected in specific fetal tis-
sues, such as kidney, rectum, and esophagus. Trisomy 20 cells
have not been detected in fetal blood. Interestingly, there is a
clear association between the percent trisomy and outcome
in mosaic trisomy 20. Several investigators have shown that a
percentmosaicism above 60% is associatedwith an abnormal
outcome (Hsu et al., 1987; Robinson et al., 2005).

MANAGEMENT OF PREGNANCY

In general, the cytogenetic detection of a mosaic aneuploidy
mandates that a detailed sonographic assessment of fetal
anatomy should be performed in a tertiary center. As stated
earlier, clinical phenotype does not correlate with the per-
centage of mosaicism for most autosomal trisomies; the only
exception to this is trisomy 20. For the mosaic trisomies 8, 9,
and 14, there are no specific recommendations, other than to
perform a detailed sonographic assessment of fetal anatomy
and to meet with a clinical geneticist for the prognosis for
an infant with these conditions. For a woman carrying a fe-
tus with mosaic trisomy 16, the pregnancy is at significant
risk for developing pre-eclampsia (Yong et al., 2006). In one
study, 25 cases of prenatally diagnosed mosaic trisomy 16
were reviewed and6of the pregnantwomen (24%)developed
pre-eclampsia compared with 3 of 44 (7%) of controls. No
clinical variableswere predictive ofwhichwomen carrying fe-
tuses with mosaic trisomy 16 would develop pre-eclampsia.
Therefore, the recommendation is that all women carrying
fetuses with mosaic trisomy 16 who continue their pregnan-
cies should bemonitored for this complication. Percutaneous
umbilical blood sampling (PUBS) is not recommended to de-
termine the prognosis for trisomy 16, as it is not helpful. Also,
it is not currently recommended to test fetal material for the
presence of maternal UPD for chromosome 16 (Yong et al.,
2002). Furthermore, it should be noted that pregnancies af-
fected by mosaic trisomy 16 generally have extremely high
hCG values with a median multiple of the median (MOM)
of 8.62. These pregnancies also have high α-fetoprotein levels
and low unconjugated estriol levels (Benn, 1998).

Similarly, there is insufficient evidence to warrant test-
ing for UPD in mosaic trisomy 20 (Robinson et al., 2005).
Because mosaic trisomy 20 has only rarely been shown to be
present in fetal blood, PUBS is also not recommended for
mosaic trisomy 20. For cases of mosaic trisomy 20, the results
of the fetal anatomic survey will dictate furthermanagement.
One study showed that if the fetal anatomy appears normal

on prenatal ultrasound examination, the prospective parents
should be counseled that the risk of a fetal abnormality is
less than 10% (James et al., 2002). Several other studies have
examined the correlation between the percent mosaicism in
the amniocentesis and CVS sample and outcome. If the mo-
saicism is less than 40%, there is a 4% chance of an abnormal
outcome (Robinson et al., 2005); however, even in cases with
high levels of mosaicism in the amniotic fluid culture, half of
the cases will have a normal outcome.

FETAL INTERVENTION

No fetal interventions are indicated for the mosaic aneuploi-
dies.

TREATMENT OF THE NEWBORN

Newborns with the mosaic trisomies should be delivered in a
tertiary center capable of pediatric subspecialty care or trans-
ferred to an institution with these services. A complete phys-
ical examination is indicated, as well as consultation with
a medical geneticist. An echocardiogram and an abdominal
sonogram should be considered to evaluate for the presence
of cardiac and renal anomalies.

Trisomy 8

Newborns with trisomy 8 have several characteristic anoma-
lies, including deep plantar and palmar creases, a prominent
forehead, large dysplastic ears, agenesis of the corpus cal-
losum, and skeletal abnormalities, including camptodactyly
and clinodactyly.

Trisomy 9

Infants with trisomy 9 have intrauterine growth restriction,
a dysmorphic face with retromicrognathia and small palpe-
bral fissures,microcephaly, dislocatedhips, knees and elbows,
and abnormal genitalia (Chitayat et al., 1995). The typical
trisomy 9 facial phenotype includes a bulbous nose, mi-
croophthalmia, and dislocated limbs (Arnold et al., 1995)
(Figures 133-1 and 133-2).

Trisomy 14

The major clinical findings in trisomy 14 include a normal
birth weight, but with postnatal failure to thrive, a dysmor-
phic face that consists of a broad nose, micrognathia, hy-
pertelorism, small palpebral fissures, a prominent forehead,
and a large mouth. Affected infants sometimes have a cleft
or a high arched palate, congenital heart disease, micropenis,
cryptorchidism, body asymmetry, and abnormal skin pig-
mentation (Fujimoto et al., 1992).
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Figure 133-1 Term infant with mosaic trisomy 18
showing growth restriction, dislocated hips, and
clenched hands. These infants are sometimes ini-
tially suspected of having trisomy 18.

Trisomy 16

Yong et al. (2003) reviewed 162 cases with a prenatal diagno-
sis of trisomy 16. Two-thirds of the cases resulted in a live-
birth at an average gestational age of 35.7 weeks. Among the
infants that were liveborn, 45% had at least one congenital
anomaly. The most common malformations were ventricu-
lar septal defects, atrioseptal defects, and hypospadias. One
of the biggest characteristics ofmosaic trisomy 16 is severe in-

Figure 133-2 Same infant shown in Figure 133-1, showing dys-
morphic face with microphthalmia, micrognathia, and low-set
ears.

trauterine growth restriction. In this study, the average birth
weight was approximately 2 standard deviations below the
population mean. Other malformations that were present in
eight or more of the cases in the study included two-vessel
cord, clinodactyly, and pulmonary hypoplasia (Yong et al.,
2003).

Trisomy 20

Most cases of trisomy 20 have been associated with a normal
phenotype (Reish et al., 1998).

SURGICAL TREATMENT

There isno surgical treatment that is typical for themosaic au-
tosomal trisomies. Surgical treatmentwill dependonwhether
or not a congenital anomaly is present. The most likely or-
gan systems to require surgical treatment are the cardiac and
genitourinary systems.

LONG-TERM OUTCOME

Long-termsurvival ispossible for eachof themosaic trisomies
described in this chapter.

Trisomy 8

The long-term outcome for trisomy 8 is very variable. The
outcome ranges frommental retardation and failure to thrive
to normal development and function. Rauen et al. (2003)
described a 23-year-old woman with mosaic trisomy 8 who
had cleft palate, mixed bilateral hearing loss, short stature,
developmental delay, and dysmorphic features. However, she
became pregnant and had a relatively uncomplicated preg-
nancy. Her daughter had a normal karyotype.
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Trisomy 9

In general, long-term survivors with mosaic trisomy 9 have
mental impairment that can range from mild to severe. The
oldest reported survivor with mosaic trisomy 9 is 9 years old
(Saneto et al., 1998).

Trisomy 14

Individuals with trisomy 14 have postnatal failure to thrive
and show growth restriction before the completion of their
first year of life. For long-term survivors, congenital heart
disease is the major issue (Fujimoto et al., 1992). The oldest
known surviving woman with mosaic trisomy 14 is 29 years
old and has an IQ of 60.

Trisomy 16

Langlois et al. (2006) performed a study of the long-termout-
come for children with mosaic trisomy 16. They were able to
ascertain 36 cases in which the child was older than 1 year of
age. Of the 36, 19 were diagnosed by CVS and 17 cases were
diagnosed by amniocentesis. Almost all affected infants were
severely growth restricted at birth, but 80% to90%of the chil-
dren showed significant catch-up growth. Of the children in
whichmosaicism was diagnosed at CVS, none had global de-
velopmentaldelayandonehadadelay in speechdevelopment.
The prognosis was worse for those detected at amniocentesis
in which 4 of 17 had global developmental delay. None of
these children hadmaternal UPD for chromosome 16. These
investigators concluded that the majority of infants and chil-
drenwithmosaic trisomy16haveagoodoutcome.Mosaicism
at amniocentesis is associated with a greater risk for develop-
mental delay especially if accompanied by the presence of
major congenital anomalies on a level II sonogram. Most in-
fants with this condition are not dysmorphic (Figure 133-3).

Figure 133-3 Infant with mosaic trisomy 16 demonstrating a
normal facial appearance.

Trisomy 20

The long-term outcome for mosaic trisomy 20 is, in general,
good. Robinson et al. (2005) described the outcome for 206
affected pregnancies that ended in a livebirth. Of the 206,
only 9 had an abnormal outcome. These included three cases
of multiple congenital anomalies, three cases of intrauter-
ine growth restriction, one case of intrauterine growth re-
striction with hypotonia and micrognathia, one case of cleft
lip, and one case of Williams syndrome (which was—in all
likelihood—unrelated to the mosaic trisomy 20). Similarly,
in a follow-up study performed in New Zealand, James et al.
(2002) identified 14 children with mosaic trisomy 20. The
longest follow-up period was 10 years. Twelve of the affected
children were physically and developmentally normal and
2 cases had only minor abnormalities.

GENETICS AND RECURRENCE RISK

In general, the mosaic autosomal aneuploidies derive from
maternal meiosis I errors as the result of advanced mater-
nal age. The exception to this is trisomy 8, in which 50%
of the cases are due to maternal meiosis I and 50% are due
to a postzygotic mitotic gain of chromosome 8 (James and
Jacobs, 1996). In general, the recurrence risk for these con-
ditions is related to maternal age. The exception is when one
of the parents has a balanced translocation that involves the
affected chromosomes. Parents of fetuses with trisomy 9 have
an increased incidence of structural variations in chromo-
some 9, such as a large heterochromatic region of the long
arm of chromosome 9 and/or pericentric heterochromatic
inversions of chromosome 9 (Arnold et al., 1995).

If the fetal karyotype shows the presence of a full free-
standing extra chromosome, parental chromosome studies
are not indicated. However, if the fetus shows the presence of
a translocation, parental studies are then indicated.
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134
CHAPTER

45, X
(Turner Syndrome)

Key Points

■ Most common chromosomal abnormality that
occurs in females. Only 1% of conceptuses with
Turner syndrome survive to term.

■ Incidence is 1 in 2500 female livebirths. No
association with advanced maternal age.

■ Approximately 50% of cases have full 45, X, 30% to
40% have mosaicism, and 10% to 20% have a
structural abnormality of one X chromosome.
Severity of clinical phenotype cannot be predicted
from the karyotype.

■ Characteristic sonographic abnormalities include
very large cystic hygroma, hydrops fetalis, short
femur, coarctation of the aorta, hypoplastic left
heart, and renal anomalies.

■ In the presence of lymphatic or cardiac
malformations, delivery should occur at a tertiary
center.

■ Major considerations for long-term follow-up
include: growth hormone treatment for short
stature, estrogen treatment for feminization and
bone health, monitoring for cardiovascular
complications such as aortic dilatation and
rupture, severe hypertension, and propensity
toward autoimmune disease.

■ Intelligence is normal, but there may be mild
learning difficulties related to visual-spatial issues.

■ Phenotype may differ depending upon whether
the maternal or paternal X is retained. In ∼75% of
women the maternal X remains.
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Figure 134-1 Chromosome analysis demonstrating 45, X, which is found in about 50% of cases of Turner syndrome.
(Courtesy of Dr. Janet Cowan.)

CONDITION

Turner syndrome is named for Henry Turner, who in 1938
recognized the combination of sexual infantilism, webbed
neck, and cubitus valgus to be a distinct entity. However,
the underlying chromosomal abnormality in the condition
was not recognized until 1959 (Ford et al., 1959). Turner
syndrome exclusively affects females, and affectedpatients are
generally missing all or part of the X chromosome in all or
part of their cells. Postnatally, Turner syndrome is clinically
suspected because of short stature, gonadal dysgenesis, or
lymphedema. There are no pathognomonic clinical features
(Hall and Gilchrist, 1990).

Turner syndrome is the most common chromosomal
abnormality that occurs in females. It affects an estimated
3% of all females conceived, but only 1% of these survive to
complete a full-term gestation. There are between 50,000 and
75,000 girls and women with Turner syndrome in the United
States (Saenger, 1996).

INCIDENCE

The prevalence of Turner syndrome in Denmark is 392 in
100,000 cases ascertained at chorionic villus sampling (CVS),
176 in 100,000 amniocentesis cases, and 32 in 100,000 live
female births (Højberg-Gravholt et al., 1996). The incidence

of Turner syndrome of 1 in 2500 female livebirths is the most
commonly quoted figure (Hall et al., 1982). Turner syndrome
does not increase in incidence with advanced maternal age
(Koeberl et al., 1995).

Turner syndrome is highly lethal in embryonic and fetal
life. Although 1% to 2% of all conceptuses have 45, X, 98%
to 99%of affected fetusesmiscarry.When spontaneous abor-
tuses are karyotyped, approximately 10% of them are shown
to have Turner syndrome (Hall et al., 1982).

Of patients diagnosed with Turner syndrome, approx-
imately 50% have 45, X (monosomy X) (Figure 134-1). An
additional 30 to 40% of patients have mosaicism with a nor-
mal cell line. However, it is postulated that the incidence of
mosaicism is in reality much higher, and that cases that sur-
vive to a full-term delivery have placental mosaicism. Of the
remaining cases of Turner syndrome, 10% to 20% have a
structural rearrangement of the X chromosome, most com-
monly, isochromosome X (duplication of one arm of the X
chromosome with loss of the other arm). Any combination
of physical features can be seen with any X chromosomal ab-
normality. The severity of the clinical phenotype cannot be
predicted from the karyotype (Hall et al., 1982).

SONOGRAPHIC FINDINGS

Sonography is the most useful tool to detect cases at risk
for Turner syndrome. The prenatal sonographic findings
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Figure 134-2 Septated cystic hygroma in the pos-
terior nuchal region, as demonstrated by a fetal
sonographic image. This fetus was shown to have
45, X.

that are characteristically found in Turner syndrome include
increased nuchal translucency measurement (Kagan et al.,
2006), cystic hygroma, renal malformations, and left-sided
cardiac anomalies (Papp et al., 2006).

Bronshtein et al. (2003) described a “classic” cluster of
abnormalities visualized by transvaginal sonography in 13
fetuses with Turner syndrome studied at 14 to 16 weeks.
These included very large cystic hygroma, severe subcuta-
neous edema, hydrops fetalis, short femur, and narrow aortic
arch. Cystic hygromas are the fetal expression of anomalous
lymphatic development (see Chapter 31). Themost common
anatomic site for cystic hygromas is the nuchal region (Figure
134-2).Cystichygroma is anominousprenatal finding. Inone
study, 93% of continuing pregnancies with cystic hygroma
resulted in fetal or neonatal death (Cohen et al., 1989). How-
ever, several cases have documented resolution of the cystic
hygroma in Turner syndrome. For example, Brookhyser et al.
(1993) described the spontaneous resolution of a nuchal cys-
tic hygroma and pleural effusion during the third trimester in
a fetus with Turner syndrome. There was a good outcome for
this case. Similarly, Chodirker et al. (1988) also described res-
olution of a cystic hygroma, but demonstrated the postnatal
appearance of a webbed neck (pterygium colli) and a ro-
tated ear. Other manifestations of lymphatic malformations
include transient bilateral pleural effusion, which has been
demonstrated as early as the first trimester using transvaginal
imaging (Shimizu et al., 1997).

The sonographic diagnosis of cystic hygroma is made
by the demonstration of a thin-walled multiseptated asym-
metrical fluid-filled mass attached to the lateral aspect of the
fetal heador neck (see Figure 134-2). Themass is in a constant
locationwith respect to the fetal occiput and is independentof
fetal motion (Garden et al., 1986; Donnenfeld and Mennuti,
1988).

A somewhat rarer presentation of the fetal lymphatic
malformations seen in Turner syndrome is isolated fetal as-
cites. Wax et al. (1992) presented a case of massive fetal as-

cites and polyhydramnios detected at 32 weeks of gestation
resulting from congenital intestinal lymphangiectasia. The
diagnosis was later shown to be Turner syndrome.

Other manifestations of Turner syndrome include car-
diovascular anomalies. In 2003, Surerus et al. reported on
53 fetuses with 45, X; 47 of themwere ascertained by the pres-
ence of an increased nuchal translucency measurement. Car-
diac malformations were detected in 33/53 fetuses (62.2%).
Nuchal translucency measurement was greater in the fetuses
with congenital heart disease than in those without. Coarc-
tation of the aorta was observed in 24/53 fetuses (45.3%).
Hypoplastic left heart syndrome was the next most com-
mon finding (seen in 7/53, or 13.2% of cases). These authors
concluded that structural heart disease is more common in
prenatal than postnatal life, and that the type of lesions ob-
servedwas different. For example, postnatally, bicuspid aortic
valve is the most common abnormality in Turner syndrome
(Gøtzsche et al., 1994).

Approximately 30% to 60% of patients with Turner
syndrome have a structural or positional renal anomaly (Hall
et al., 1982; Hall and Gilchrist, 1990). Horseshoe kidney is
especially common, seen in 20% of patients with Turner syn-
drome. Other typical malformations include duplication of
the collecting system (20% of cases) andmalrotation (seen in
50% of kidneys). Renal anomalies seen in Turner syndrome
rarely result in renalmalfunction butmay predispose to post-
natal urinary tract infections.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis varies according to the age at pre-
sentation of symptoms. Prenatally, the lymphatic malforma-
tions predominate. The differential diagnosis for cystic hy-
groma includes cystic teratoma, meningocele, encephalocele,
and neural tube defect (Bluth et al., 1984). Cystic hygroma
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can be differentiated from neural tube defects by the demon-
stration of bilateral echo-free spaces divided by septae. In ad-
dition, with a cystic hygroma there is an intact cranial vault
and an intact spinal canal. Ascites and an edematous placenta
can be seen in association with cystic hygroma, but is gener-
ally not seen in association with neural tube defects or cystic
teratoma.

At birth, peripheral lymphedema has the differential
diagnosis of Milroy disease, and other single-gene disorders
associated with lymphedema, such as lymphedema with re-
current cholestasis or lymphedemawith intestinal lymphang-
iectasia.

Turner syndrome can be detected later in life because
of short stature or amenorrhea. The differential diagnosis
of short stature includes familial short stature, Noonan syn-
drome, dyschondrosteosis (Leri–Weill syndrome), growth
hormone deficiency, and hypothyroidism (Hall et al., 1982).

Noonan syndrome can be distinguished from Turner
syndrome on the basis of a normal chromosome analysis.

ANTENATAL NATURAL HISTORY

Turner syndrome results from haploinsufficiency for specific
genes locatedon theXchromosome. It is highly lethal inutero
(Committee on Genetics, American Academy of Pediatrics,
1995) (Figure 134-3). It is estimated that as many as 80%
of liveborn infants with Turner syndrome have an additional
normal cell line that permits postnatal survival (Amiel et al.,
1996). In one study of four fetuses with Turner syndrome,
three were phenotypically normal and one had malforma-
tions. All three that were phenotypically normal had the pres-
ence of an additional normal cell line. In the one fetus with
malformations, no normal cell line could be demonstrated in
any of the tissues examined (Amiel et al., 1996). In a study
of 16 first trimester fetuses with a variety of chromosomal
abnormalities, a monoclonal antibody was used to study the
distribution syndrome of lymphatic vessels (von Kaisenberg
et al., 1999). In the 3 fetuseswithTurner syndrome, the vessels
were hypoplastic in the upper dermis.

It is thought that the lymphatic malformations orig-
inate from hypoalbuminemia. In a study by Shepard and
Fantel (1986), fetuses with Turner syndrome had lower al-
bumin levels in their plasma as compared with control
fetuses. These investigators postulated that early edema re-
sulting fromhypoalbuminemiamay interferewith thenormal
development of the lymphatics. In fact,most of the congenital
anomalies seen in Turner syndrome can be explained on the
basis of lymphedema at critical points in development (Hall
and Gilchrist, 1990). Some investigators hypothesize that the
lymphedema is the result of failure to open embryonic lymph
channels. Pterygium colli (webbed neck) results from an in
utero persistence of embryonic lymph sacs.

A correlation between neck webbing and the presence
of coarctation of the aorta has been noted by Clark (1984),
who postulated that large lymph channels adjacent to the

Figure 134-3 Postmortem photograph of a fetus with Turner
syndrome. Note the large septated cystic hygroma, body wall
edema, and presence of pedal edema. (Courtesy of Dr. Joseph
Semple.)

aortic outflow tract misdirect blood flow to the aorta, thus
producing an abnormal blood flow through the ductus ar-
teriosus. In a study of 12 fetuses terminated between 16 and
26 weeks of gestation because of a prenatal finding of cystic
hygroma or hydrops, 8 demonstrated a consistent constel-
lation of cardiac defects. These included a small ascending
aorta, relatively large pulmonary arteries that were 1.5 to
3 times the size of the aorta, a large patent ductus arterio-
sus, and a juxtaductal coarctation of the aorta (Lacro et al.,
1988). The high incidence of left-sided flow defects among
the fetuses in this study supports the hypothesis that there is
a pathogenetic relationship between lymphatic obstruction
and the subsequent development of congenital heart dis-
ease. In this study, lymphatic distention was demonstrated
on histologic sections obtained through the base of the heart
and the pulmonary hila. These data support the concept
that hydrostatic pressure occurring within the jugular lym-
phatic sac can also distend the cardiac lymphatics (Lacro
et al., 1988).
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MANAGEMENT OF PREGNANCY

In general, Turner syndrome is suspected because of the
presence of an abnormal sonogram or an abnormal serum
screening result. Some cases of Turner syndrome are also
unexpectedly detected at amniocentesis for advanced ma-
ternal age. A unique pattern of serum screening markers is
present in both hydropic and nonhydropic cases of Turner
syndrome. Typically, there is a slightly reduced α-fetoprotein
level, markedly reduced estriol, and increased human chori-
onic gonadotropin (hCG) levels in hydropic cases of Turner
syndrome (Saller et al., 1992; Ruiz et al., 1999). Free β-hCG
is thought to be the most effective serum marker for Turner
syndrome (Laundon et al., 1996). In Laundon et al.’s study of
17 cases ofTurner syndrome, themedian level for themultiple
of the median for free β-hCG was 4.04.

In the setting of either an abnormal sonogramor an ab-
normal serum screen, prospective parents should meet with
a genetic counselor to discuss the indications for an invasive
diagnostic procedure. Turner syndrome is definitively diag-
nosed by prenatal karyotype. Once the chromosome analysis
confirms thefindingofTurner syndrome, prospective parents
shouldmeetwith amedical geneticist todiscuss the long-term
implications of the findings, whichwill differ according to the
karyotype. In general, parents should know that a diagnosis
of Turner syndrome implies short stature, some congenital
anomalies, infertility without assisted reproductive technol-
ogy, andsome learningdifficulties.However, girlswithTurner
syndrome have normal intelligence.

If mosaicism is present, the implications of the specific
karyotype should be discussed. For example, Koeberl et al.
(1995) described their experience with 12 patients diagnosed
with amniocentesis for advanced maternal age or maternal
serum screen and a documented fetal karyotype of 45, X/46,
XX.They compared the long-termoutcome for the prenatally
diagnosed group with a group of 41 postnatally diagnosed
girls with mosaic Turner syndrome. The patients that were
diagnosed prenatally had less severe findings than the post-
natal patients. These girls all had normal linear growth. Only
4 of the 12 had structural anomalies, which included atrial
septal defect, ptosis, labial fusion, dysplastic kidneys, and hy-
drometrocolpos. None of the prenatally diagnosed group had
physical findings that would have warranted karyotyping for
a clinical suspicion of Turner syndrome at birth. This con-
trasted with the postnatally diagnosed group, who presented
withavarietyof congenital anomalies andshort stature.These
investigators suggested that most individuals with 45, X/46,
XX would normally escape detection during the newborn
period.

A study of 76 cases of 45, X/46, XYmosaicismwas pub-
lished by Chang et al. (1990). Of these patients, 95% had
normal male genitalia. Four patients had significant genital
anomalies, which included three cases of hypospadias and
one female with clitoromegaly. The degree of amniotic fluid
mosaicismdidnot predict the degree of genital or gonadal ab-
normality. It is commonly stated that patients with 45, X/46,

XY are at risk for gonadoblastoma. In 11 patients who under-
went gonadal biopsy, 3 had abnormal gonadal histology.

There is no indication for a cesarean section based on
the diagnosis of Turner syndrome alone. The decision about
whether to deliver in a tertiary care center ismade on the basis
of the significance of the lymphatic malformations and the
presence of cardiac disease. If the fetus has hydrops fetalis,
delivery should occur at a tertiary care center. Similarly, if
there is concern that the cystic hygroma may interfere in any
way with airway management in the newborn infant, deliv-
ery should occur at a tertiary care center. For a patient with
a known fetal diagnosis of Turner syndrome, but no sono-
graphic abnormalities, delivery can safely occur in a commu-
nitymedical center. However, plans should bemade for post-
natal consultation with a pediatric cardiologist and amedical
geneticist.

FETAL INTERVENTION

There are no fetal interventions for Turner syndrome.

TREATMENT OF THE NEWBORN

The average birth weight of newborns with Turner syndrome
is2.8kg(around500gbelowaverage)and theaverage length is
48 cm (2.8 cm below average) (Hall and Gilchrist, 1990). Un-
treated infants with Turner syndrome tend to remain small,
generally at the 3rd to 10th percentile for age. At birth, a com-
plete physical examination is indicated and congenital hip
dysplasia should be ruled out. We recommend consultation
with a pediatric cardiologist at birth and echocardiography to
rule out left-sided cardiac defects. The published percentage
of individuals with Turner syndrome who have cardiovascu-
lar malformations is between 17 and 47% (Gøtzsche et al.,
1994). The specific abnormalities that are greatly increased
in this population of patients include aortic coarctation and
bicuspid aortic valve. In a large retrospective review, Sybert
(1998) demonstrated that 136 of 244 patients with Turner
syndrome (56%) had cardiovascular abnormalities. Of these,
71%were structural and 29%were functional. The functional
abnormalities included hypertension, mitral valve prolapse,
and conduction defects. Sybert confirmed that coarctation of
the aorta and bicuspid aortic valve comprised greater than
50% of the structural abnormalities.

EightypercentofbabieswithTurner syndromeareborn
with lymphedema. The pedal lymphedema is treated symp-
tomatically. The cystic hygroma generally recedes, leaving
folds of skin in the neck and a low hairline on the back of
the neck. The protruberant ears with upturned lobules are
a residual manifestation of the lymphatic abnormalities that
were present in utero (Figure 134-4).

During the newborn period, an abdominal ultrasound
examination is also indicated to look for the presence of
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Figure 134-4 Photograph of a young girl with Turner syndrome,
demonstrating the postnatal appearance of the neck webbing.
(Courtesy of Dr. Patricia Wheeler.)

renalmalformations. In a postnatal study of 141 patientswith
Turner syndrome, Lippe et al. (1988) demonstrated renal ab-
normalities in 47 (33%) of patients. Ten of these patients had
a horseshoe kidney, 1 had a double collecting system, 4 had
complete absence of one kidney, 3 had crossed ectopia, 3 had
ureteropelvic obstruction, 2 had ureterovesical obstruction,
and 1 had a pelvic kidney. The 7% incidence of horseshoe
kidney in patients with Turner syndrome can be compared
to a prevalence of 1 in 600 normal individuals (Lippe et al.,
1988).

Additional problems that can exist during the newborn
period for patientswithTurner syndrome include feedingdif-
ficulties due to the presence of a high arched palate and ineffi-
cient sucking and swallowing. Also, patients with Turner syn-
drome are subject to recurrent otitis media due to anatomic
alterations at the base of the skull that change the angle of the
eustachian tube.

Routine pediatric management recommendations for
females with Turner syndrome have been published (Com-
mittee on Genetics, American Academy of Pediatrics, 1995;
Frias and Davenport, 2003; Bondy, 2007).

SURGICAL TREATMENT

Thomson et al. (1990) described the surgical treatment for
the simple neck webbing found in Turner syndrome. In four
cases, they excised the excess neck skin and closed the defect
to flatten the web against the side of the neck. In patients with
Turner syndrome, they found that a defined band of fibrous
tissue ran from the acromion to the mastoid process and was
present in all cases studied. The underlying muscle and su-
perficial layer of deep cervical fascia were noted to be normal
and separate from the web. The skin anterior to the web was
normal but the skin posterior to the web was freely mobile.
When they biopsied the fibrous bands, they were demon-
strated to consist of fibrous tissue and no other abnormalities
(Thomson et al., 1990). These investigators achieved excellent
cosmetic results. They recommended the lateral approach to
elevate the hairline.

LONG-TERM OUTCOME

The major considerations regarding long-term follow-up in-
clude treatment of short stature, cardiovascular abnormali-
ties, including complications due to vascular malformations
and hypertension, specific issues related to cognitive develop-
ment, the propensity toward autoimmune disease, and issues
surrounding fertility.

With regard to short stature, familial height plays a role
in the ultimate height of patients affected with Turner syn-
drome (Hall et al., 1982). In other words, taller parents have
taller daughters. For most patients with Turner syndrome,
the bone age is within normal limits until ages 12 to 14 but
without the influence of pubertal hormones there is no ado-
lescent growth spurt. In a large survey taken in United States,
untreated patients with Turner syndrome achieved an adult
height of 143.0 cm (4 ft 8 in.).With growthhormone, patients
achieved ameanheight of 151.9 cm (4 ft 11.5 in.), a net gain of
8.1 cm (Saenger, 1993). Growth hormone treatment should
be initiated when the child’s height drops below the fifth per-
centile of the normal female growth curve. This generally
occurs between ages 2 and 5 years (Saenger, 1996). Most en-
docrinologists recommend treatment with growth hormone
until the bone age is greater than 15 years and the growth
slows to less than 2 cm per year. In addition, estrogen therapy
is recommended beginning at around age 14 to induce the
secondary sexual characteristics and to promote bone health.
Only natural estrogens are recommended for these patients,
as synthetic estrogens are incompletelymetabolized. Approx-
imately 20% to 25% of patients with Turner syndrome have
spontaneous pubertal development and 2% to 5%have spon-
taneous onset of menstrual periods (Saenger, 1996).

Patients with Turner syndrome are predisposed to vas-
cular malformations, which include intestinal telengiectasias
and hemangiomas, and they have an increased incidence
of ulcerative colitis and Crohn disease. The incidence of
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hypertension in adults with Turner syndrome is 30% (Hall
et al., 1982). Individuals with Turner syndrome need to be
monitored for hypertensionon a lifelong basis (Sybert, 1998).
Magnetic resonance angiography in addition to ultrasonog-
raphy is currently recommended for periodic follow-up of
the cardiovascular system (Bondy, 2007). Themajority of pa-
tients with aortic dilation have associated risk factors, such as
bicuspid aortic valve or coarctation or systemic hypertension
(Lin et al., 1998).

With regard to specific learning difficulties in patients
with Turner syndrome, Bender et al. (1984) studied an unse-
lectedgroupof 16patientswithTurner syndrome.Theynoted
a slight delay inwalking and average development of language
skills, but a striking deficit in perceptual organization and
fine motor skills. Patients with Turner syndrome have a type
of space–form blindness. They have difficulties identifying
position in space, mentally rotating geometric shapes, and
orienting to left–right directions. This visual-spatial impair-
mentmay be due to bilateral small volumes of the hippocam-
pus and caudate, lenticular, and thalamic nuclei as well as
parieto-occipital brainmatter, as measured byMRI (Murphy
et al., 1993). Importantly, intelligence is normal in Turner
syndrome, unless a specific X chromosome abnormality is
present.

Other complications in patients with Turner syndrome
include otitis media, progressive sensorineural hearing loss
in more than 60% of patients (Morimoto et al., 2006), con-
ductive middle ear disease (Sculerati et al., 1996), strabismus
and other eye findings, such as ptosis, hypertelorism, and
red–green color deficiency (Chrousos et al., 1984). Scolio-
sis is present in 10% of cases (Saenger, 1996) and specific
dermatologic abnormalities such as pigmented nevi and in-
creased keloid formation are also characteristic. In addition,
there is an increased incidence of autoimmune thyroid dis-
ease (Gruñeiro dePapendieck et al., 1987). Adultwomenwith
Turner syndrome have a high incidence of undiagnosed lipid,
thyroid, and bone mineral density abnormalities (Garden et
al., 1996). Women with Turner syndrome have a high inci-
dence of coronary artery disease (Aligeti and Horn, 2007).

Fertility issues are significant for adult patients with
Turner syndrome (Sutton et al., 2005). Several studies have
performed pelvic sonography in childhood (Massarano et al.,
1989; Mazzanti et al., 1997). During childhood, the ovaries
can be classified as streak or nonstreak. Nonstreak ovaries
retain a range of function. Patients with mosaicism have the
highest percentage of detectable ovaries, as compared with
patients with full monosomy 45, X (Mazzanti et al., 1997).
Patients with Turner syndrome are infertile due to the streak
ovaries, which result in an inability to ovulate. With the ad-
dition of hormonal replacement during early adolescence,
patients can achieve secondary sexual characteristics and es-
tablish menses. Spontaneous pregnancy is rare, but possi-
ble. Reported cases of spontaneous pregnancy in Turner syn-
drome patients are associated with an increased incidence of
miscarriage, perinatal fetal death, andmalformations (Tarani
et al., 1998).

Over the past decade, fertility has become possible us-
ing assisted reproductive technology and oocyte donation.
In one study of 29 patients with Turner syndrome, Khastgir
et al. (1997) documented 28 clinical pregnancies, including
two sets of triplets. These investigators achieved a pregnancy
rate of 41.2% per treatment cycle and a 17.1% implantation
rate per embryo transferred.The recipient’s age, specific kary-
otype or uterine anomaly had no influence on the treatment
outcome. However, as more women with Turner syndrome
undergo pregnancy, previously unknown complications have
emerged (Practice Committee of the American Society for
Reproductive Medicine, 2006). These include aortic rupture
and dissection, significant hypertension, and risk of death.
Women with Turner syndrome who are interested in oocyte
donation need careful cardiac evaluation prior to comtem-
plating pregnancy.

GENETICS AND RECURRENCE RISK

In general, Turner syndrome is considered to be a sporadic
condition. It is not associated with advanced maternal age.
Genes that are important in the phenotype of Turner syn-
drome include the short-stature-homeobox (SHOX) gene,
which maps to Xp22.2, and USP9X, which maps to Xp11.4,
and is a candidate for gonadal dysgenesis. D1APH2, located
at Xq, is required for normal ovarian function (Baena et al.,
2004).

In several studies, the role of genetic imprinting has
been investigated. On average, about 75% of Turner syn-
drome patients retain their maternal X chromosome (Sagi
et al., 2007; Jacobs et al., 1997). There is a highly signifi-
cant correlation between the child’s height and the maternal
height percentile when the X chromosome is inherited from
the mother but not from the father. Similarly, there is also
a strong correlation between the presence of cardiovascu-
lar abnormalities, neck webbing, and renal malformations
with retention of the maternal X chromosome. In addition,
the retention of the paternal X chromosome results in bet-
ter social adjustment and superior verbal and higher-order
executive function skills (Skuse et al., 1997). These data indi-
cate that there is a genetic locus for social cognition, which is
imprinted, and not expressed from the maternally derived X
chromosome.

Patients who have Turner syndrome and have mo-
saicism for a small portion of the Y chromosome face a risk of
gonadoblastoma. Cytogenetic analysis can fail to detect rare
cells bearing a normal or structurally abnormal Y chromo-
some.Binder et al. (1995) screened53 individualswithTurner
syndrome for the presence of the sex-determining region Y
(SRY ) sequence. Of the 53 individuals, none were positive for
Y specific loci after the first round of polymerase chain reac-
tion (PCR) but 2 were positive SRY after the second round of
PCR. This indicates that the distal short armof the Y chromo-
some is occasionally present.More recent studies of girls who
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were 45, X by conventional karyotype showed that up to 35%
had evidence of hidden Y chromosome mosaicism by PCR
(Bianco et al., 2006). These data suggest that PCR should be
considered in girls with Turner syndrome to determine who
is at risk for gonadoblastoma.

Patients with Turner syndrome who conceive sponta-
neously have a 30% chance of having a fetus with chromoso-
mal abnormalities or congenital anomalies (Saenger, 1996).
Any woman with Turner syndrome who conceives sponta-
neously should be offered amniocentesis. Women who con-
ceive using oocyte donation will only need amniocentesis if
their donor is over age 35.

Patients who have had a previous fetus or infant with
Turner syndrome may be offered chromosome analysis in a
subsequent pregnancy for reassurance.
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135
CHAPTER

47, XXY
(Klinefelter Syndrome)

Key Points

■ Results from meiotic nondisjunction that occurs in
the sperm (44% of cases) or egg (56% of cases).

■ About 10% of all cases are diagnosed prenatally
and 26% of cases are diagnosed postnatally. The
majority of cases are never diagnosed, which
suggests that symptoms are mild.

■ Incidence of 47, XXY is 1 in 500 to 1 in 800 male
births. Incidence of 48, XXXY is 1 in 20,000.

■ No sonographic findings are characteristic. Nuchal
translucency measurement may be increased.

■ The most significant factors regarding the decision
whether or not to terminate the affected
pregnancy are the presence of sonographic
abnormalities and the medical specialty of the
person providing the genetic counseling.

■ Affected males are tall, but phenotypically normal,
with an increased risk for developmental delays in
speech, neuromotor, and learning disabilites.

■ Testosterone treatment is recommended,
beginning at puberty.

■ 50% to 80% of affected males develop
gynecomastia, but it is usually mild.

■ Fertility is now possible with assisted reproductive
technology.

■ Motor impairment and speech and language
problems are more common if the extra X
chromosome is paternally derived.
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Figure 135-1 Karyotype obtained from a patient with Klinefelter syndrome, demonstrating presence of two X and
one Y chromosomes. (Courtesy of Dr. Janet Cowan.)

CONDITION

Klinefelter syndrome (47, XXY karyotype) is the spectrum of
phenotypic features resulting from a sex chromosome com-
plement that includes twoormoreX chromosomes andoneY
chromosome (Figure 135-1). It results from meiotic nondis-
junction occurring during gametogenesis of the egg or sperm
with subsequent fertilization of an XX ovum by a Y bearing
sperm, or fertilization of an X ovum by a sperm bearing both
the X and Y chromosomes (Mandoki et al., 1991). There are
no known predisposing factors except advancedmaternal age
in some, butnot all, cases. The conditionwasfirst described in
nine men with gynecomastia, infertility with normal Leydig
cells, a normal to low 17-ketosteroid level, and a high folli-
cle stimulating hormone level in the urine (Klinefelter et al.,
1942; Schwartz and Root, 1991). It was not until 1956 that
the chromosomal basis of this abnormality was appreciated
by noting the presence of the Barr body on buccal smears
obtained from affected patients, which represented the inac-
tive extra X chromosome (Arens et al., 1988). The specific
chromosomal abnormality reponsible for the disorder was
not known until 1959.

The phenotype in Klinefelter syndrome is extremely
variable and may be subtle. Most cases are never diagnosed.
In general, affected males are identified by age-related clini-
cal concerns (Table 135-1). Infant patients are identified by
either prenatal cytogenetic testing for advanced maternal age
or by the presence of mild genital abnormalities (Schwartz

Table 135-1

Clinical Features of Klinefelter Syndrome
Across the Lifespan

Age Features

Fetus Usually none

Infant Usually none; occasionally, small penis;
hypotonia

Toddler Delay in expressive speech development

Child Accelerated linear growth velocity (long
legs); learning disabilities

Adolescent Sparse facial, axillary, pubic hair
Gynecomastia (50% to 80%)
Small testicular volume (<5 mL)
Long legs, narrow shoulders, wide hips

Adult Infertility (azoospermia)
Leg ulcers
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and Root, 1991). During school-age years, affected patients
may be identified by the occurrence of learning disabilities
and behavioral problems, whereas in adolescence, the clini-
cal diagnosis is usually suspected from gynecomastia, a taller
than average stature, and a possible delay in pubertal devel-
opment. However, a large number of patients with Klinefelter
syndrome are identified as adults when they present during a
workup for infertility (Schwartz and Root, 1991).

INCIDENCE

Astudyof34,910newbornsperformedover13years inArhus,
Denmark, put the incidence of Klinefelter syndrome at 1
in 576 newborn male infants (Nielsen and Wohlert, 1991).
47, XXY is generally described as occurring in 1 in 500 to
1 in 800 live male births (Mandoki et al., 1991). About 7%
of cases are mosaic (46, XY/47, XXY) (Bojesen et al., 2003).
OthervariantsofKlinefelter syndrome include thekaryotypes
48, XXXY, which occurs in 1 in 20,000 live male births, and
the karyotype 49, XXXY, which occurs in 1 in 85,000 livemale
births (Kleczkowska et al., 1988). For a review of themore se-
vere clinical manifestations of 48, XXY, the reader is referred
to a study by Linden et al. (1995). In the variant Klinefelter
karyotypes, it has been shown that a single parent contributes
all of the extra chromosomes present.

The incidence of 47, XXY is increased in twins. In one
large study of fetal karyotypes obtained at amniocentesis
performed primarily for advanced maternal age, 2 cases of
47, XXY were seen in 1821 singleton fetuses. Three cases of
47, XXY were seen in 21 pairs of twins, giving an incidence
of 7.1% in the twin population (Flannery et al., 1984).

Two large, population based studies using national cy-
togenetic registries have shown that most boys andmen with
Klinefelter syndrome are not clinically recognized. In the
United Kingdom, Abramsky and Chapple (1997) demon-
strated that10%of47,XXYcases arediagnosedprenatally and
26%are diagnosed in adolescence or adulthood. InDenmark,
where all karyotype results are recorded in a central registry,
a marked discrepancy between the prevalence of prenatally
ascertained cases (153/100,000 male fetuses) and postnatally
ascertained cases (40/100,000 males) was shown (Bojesen
et al., 2003). Thus, only about a fourth of cases are diagnosed
postnatally, which suggests that symptoms are mild.

SONOGRAPHIC FINDINGS

No sonographic findings are characteristic for a fetus with
Klinefelter syndrome. In a review of 35 cases of fetal om-
phalocele, one fetus had a 47, XXY karyotype, but this is
probably unrelated (Gilbert and Nicolaides, 1987). Another
studyhas suggested that themediannuchal translucencymea-
surement is increased in cases of sex chromosome abnormal-
ities (Spencer et al., 2000). In general, the fetal phenotype is
extremely mild and difficult to distinguish from normal.

ANTENATAL NATURAL HISTORY

In cases of 47, XXY, the phenotype is not distinctly rec-
ognizable, even in fetuses studied at autopsy. In one fetus
terminated at 20 weeks of gestation, the clinical features of
Klinefelter syndrome noted in the fetus included an arm span
less than its height, aminor ear abnormality, fifth-finger clin-
odactyly, and undescended testes (which is not unusual for
a fetus at this point in gestation). Significantly, the testicular
histology was normal (Flannery et al., 1984). Amniotic fluid
testosterone levels do not differ between 46, XY and 47, XXY
fetuses (Ratcliffe, 1999).

Using older data, there is a suggestion that there
is a slightly increased risk of miscarriage in fetuses with
Klinefelter syndrome (Simpson et al., 2003). The risk was
derived by comparing the incidence of 47, XXY at amnio-
centesis and at birth in newborn studies. However, a more
recent Danish dataset did not find any cases of spontaneous
abortions or stillbirths amongprenatally diagnosed cases that
were not electively terminated (Bojesen et al., 2003).

MANAGEMENT OF PREGNANCY

Fetuses with Klinefelter syndrome are most commonly iden-
tified during amniocentesis performed for advanced mater-
nal age, where it is the third most common chromosomal
abnormality diagnosed, after trisomies 21 and 18 (Robinson
et al., 1992; Linden and Bender, 2002). It is unlikely that an
affected fetus will be identified on the basis of an abnormal
sonographic finding. Occasionally, Klinefelter syndrome is
associated with abnormalities in maternal serum screening.
Reportedmaternal serum abnormalities include elevated lev-
els ofα-fetoprotein (Fejgin et al., 1990) and human chorionic
gonadatropin (hCG) (Ben-Neriah et al., 1991; Barnes-Kedar
et al., 1993).

Themainconcernregardingmanagementofpregnancy
is the parental decision whether to continue or terminate
the pregnancy. One of the difficulties in this area has been
the ascertainment bias that exists in the medical literature,
overreporting of the more extreme phenotypic aspects of
Klinefelter syndrome, and underreporting of patients who
have few or no symptoms related to the condition. Ongo-
ing studies regarding developmental outcome for children
who have been prenatally diagnosed with 47, XXY suggests
a milder phenotype and considerable variability in physical
and psychologic development (Robinson et al., 1992; Lin-
den and Bender, 2002). Approximately 30 to 55% of well-
informed couples opt to continue their pregnancy after an
antenatal diagnosis of 47, XXY (Holmes-Siedle et al., 1987;
Lancet editorial, 1988; Robinson et al., 1992; Meschede et al.,
1998; Marteau et al., 2002). The most significant factors that
influence the decision to terminate the pregnancy include
the presence of sonographic abnormalities (Christian et al.,
2000; Hamamy andDahoun, 2004) and themedical specialty
of the person providing the genetic counseling following the
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karyotype results. In general, the pregnancy is more likely to
be continued if the counseling is provided by a geneticist in-
steadof anobstetrician (Hall et al., 2001;Marteau et al., 2002).
Robinson et al. (1992) suggest that the following information
be given to prospective parents during prenatal counseling
for a fetal diagnosis of 47, XXY:

1. Their son will likely be tall but phenotypically normal.
2. Puberty is usually entered normally, but testosterone sup-

plementation therapy may be desirable after midadoles-
cence.

3. Their son will be infertile without the use of assisted re-
productive technology.

4. Their son will be at risk for gynecomastia, but this will
most likely be mild.

5. Their son will belong to a group of children who are at risk
for developmental problems and delays in speech, neuro-
motor, and learning abilities.

6. Due to someof the language issues, boyswith 47, XXYmay
be shy and insecure.

However, these investigators write that a stable, nurtur-
ing, and stimulating environment will considerably enhance
developmental outcome (Robinson et al., 1992).

In cases of 46, XY/47, XXYmosaicism, the prognosis is
better than for the nonmosiac karyotype, with fewer devel-
opmental abnormalities and potential spontaneous fertility
(Robinson et al., 1992).

If the decision ismade to continue the pregnancy, there
is no need for a particular route of delivery. Arrangements
should be made to have the parents discuss the prenatal find-
ing of 47, XXY with a medical geneticist.

FETAL INTERVENTION

There are no fetal interventions for 47, XXY.

TREATMENT OF THE NEWBORN

Most newborn male infants with 47, XXY not ascertained
by prenatal chromosome analysis will be missed during the
neonatal period. In general, findings are normal on physi-
cal examination, although the incidence of minor congenital
abnormalities may be increased as compared with siblings
(Mandoki et al., 1991). Newborns with Klinefelter syndrome
may have minor abnormalities of the genitalia, including
cryptorchidism and hypospadias (Kleczkowska et al., 1988).
A minority of infants with 47, XXY has a small penis, but
penile growth occurs with local systemic testosterone treat-
ment (Ratcliffe, 1999). The mean birth weight and height for
affected newborns falls well within the range of normal, al-
though the head circumference may be and remain slightly
on the small side (Ratcliffe, 1999). A complete physical ex-
amination is necessary to ascertain the presence of additional
congenital anomalies, but otherwise there is no indication
for specific treatment during the newborn period. Exogenous

testosterone therapy should not begin until around 11 to 12
years of age (Winter, 1991).

SURGICAL TREATMENT

Gynecomastia may be treated surgically in adolescence or
adulthood. The other symptoms of Klinefelter syndrome do
not require surgical treatment.

LONG-TERM OUTCOME

There have been several recent, comprehensive review articles
that summarize primary care issues for children and adults
with Klinefelter syndrome (Visootsak et al., 2001; Simpson
et al., 2003; Lanfranco et al., 2004). Adult individuals with
47, XXY have a moderate increase in stature due to excessive
growth of the lower extremities, resulting in a height that is
greater than or equal to the arm span (Schwartz and Root,
1991). The mean adult height for men with 47, XXY is at the
75th percentile (Lancet editorial, 1988).

Most males enter puberty normally. Basal serum go-
nadotropins and response to gonadotropin-releasing hor-
mone are normal until 12 years of age, when they rapidly
elevate to reach uniformly hypergonadotropic values by age
14 (Winter, 1991).With the onset of puberty, there is an initial
increase in testicular volume, but during this time the semi-
niferous tubules undergo irregular progressive hyalinization
and fibrosis, which restricts further growth beyond 2.5 cm
(Rutgers, 1991; Schwartz and Root, 1991; Winter, 1991). Pa-
tientswithnonmosaicKlinefelter syndromeare almost always
infertile without the use of assisted reproductive technology.
In a large review of 544 Belgian 47, XXYmales diagnosed be-
tween 1966 and 1987, the majority (397) of affected patients
were adults whowere diagnosed only by an infertility workup
performed for azoospermia (Kleczkowska et al., 1988). There
isno increase inhomosexualpreference inmaleswith47,XXY
(Ratcliffe, 1999). Successful pregnancies in the partners of af-
fected men have been achieved by testicular fine needle aspi-
ration, intracytoplasmic sperm injection, and preimplatation
genetic diagnosis (Reubinoff et al., 1998) (see Genetics and
Recurrence Risk, below).

Adult men with Klinefelter syndrome demonstrate
persistently low circulating testosterone and dihydro-
testosterone levels, together with normal or elevated estradiol
levels (Hsueh et al., 1978; Winter, 1991). The increased ratio
of estradiol to testosterone may play a role in the develop-
ment of gynecomastia, a condition that affects 50% to 80%
of XXY males (Winter, 1991). Gynecomastia most often re-
gresses spontaneously, and cosmetic surgery is rarely needed
(Lancet editorial, 1988).

Prospective parents facing a fetal diagnosis of 47, XXY
are frequently most concerned regarding the implications for
developmental outcome. Individuals with 47, XXY have, in
general, average to above average intelligence. In one study,
18.7%of affected individuals had an IQof less than90, but the
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scores were lowered by verbal deficits (Mandoki et al., 1991).
It is now appreciated that 47, XXY males have difficulties
with language production more than language comprehen-
sion (Graham et al., 1988). They may have delayed speech
development, poor short-term auditory memory, and diffi-
culties with reading and spelling (Graham et al., 1988; Lancet
editorial, 1988; Ratcliffe, 1999). It is recommended that spe-
cial attention be paid to language development in affected
males and that early referral to a speech therapist be consid-
ered. The neurocognitive problems seen are not unique to 47,
XXY individuals and management is the same as that for in-
dividuals with language problems and normal chromosomes.
Less than 4%of 47, XXYmales are consideredmildly tomod-
erately retarded (Kleczkowska et al., 1988). The overwhelm-
ing majority of the adult patients reported in the long-term
Belgian study was employed and had a normal work life, and
43% were married (Kleczkowska et al., 1988). In a 20-year
follow-up of 47, XXY males, considerable improvement in
mental health, working capacity, social adjustment, and ac-
tivity level was noted between the ages of 27 and 37 years
(Nielsen and Pelsen, 1987).

Testosterone therapy is currently recommended, begin-
ning in adolescence. It improves concentration, mood, social
interaction, and libido, and prevents osteoporosis, autoim-
mune disease, and the development of gynecomastia and
a eunuchoid body habitus (Winter, 1991; Lanfranco et al.,
2004). It does not, however, affect fertility.

The incidence of breast cancer is increased in af-
fected individuals (Evans and Crichlow, 1987; Rutgers, 1991;
Bojesen et al., 2006). In one study of 93 males with breast
cancer, 7 had 47, XXY, as ascertained by FISH analysis of
surgically removed lymph nodes. This represents a 50-fold
increased risk above the normal male population (Hultborn
et al., 1997). 47, XXY males also have an increased risk for
the development of extragonadal germ cell tumors, includ-
ingmediastinal teratocarcinoma, choriocarcinoma, and cere-
bral germinoma (Arens et al., 1988; Rutgers, 1991; Hasle
et al., 1992; Swerdlow et al., 2005). It is hypothesized that
these midline tumors develop in 47, XXY males because of
an alteration in testicular gonadal ridge differentiation,which
subsequently leads toabnormalmigrationofprimordial germ
cells from the yolk sac. Instead of advancing toward the go-
nads, these germcellsmigrate caudally along themidline, and
may undergomalignant transformation when they settle in a
nonphysiologic location (Arens et al., 1988; Rutgers, 1991).

GENETICS AND RECURRENCE RISK

Klinefelter syndrome is due to nondisjunction occurring dur-
ing meiosis. Counseling about recurrence risk should incor-
porate consideration of maternal age, although 50% of cases
are paternal in origin. Females known to be carriers of the
fragileXmutationhavean increased tendency towardnondis-
junction of the affected X chromosome. The incidence of the
simultaneous occurrence of XXY and fragile X is 1 in 153
males with the XXY karyotype (Kleczkowska et al., 1988).

The parental origin of the extra X chromosome was
assessed using 26 DNA probes that detected X chromosome
restriction-site polymorphisms in a total of 111 47, XXY in-
dividuals (Harvey et al., 1991). In 61 XXY males ascertained
by large-scale newborn cytogenetic surveys, 27 (44%) were
paternal and 34 (56%) were maternal in origin. In 41 XXY
males who presented with clinical features of Klinefelter syn-
drome, 171 (41%)werematernal and 22 (54%)were paternal
in origin. Of a group of 9 cases ascertained by amniocentesis
for advanced maternal age, 4 (44%) were maternal, 4 (44%)
were paternal, and 1 was unknown in origin (Harvey et al.,
1991). Thirty-nine of thematernally derived cases were stud-
ied to determine the source of the nondisjunctional error. In
78% of cases it occurred duringmeiosis I and in 22% of cases
it occurred during meiosis II. In another study, the origin of
the X chromosome in 41 paternally derived cases of 47, XXY
was studiedusing sixdifferent polymorphic genetic loci.Most
cases of paternal origin were shown to result from meioses
in which the X and Y chromosomes failed to recombine
(Hassold and Sherman, 1993).

Until recently, it was thought that there was no pheno-
typicdifference in cases inwhich the extraXchromosomewas
maternally versus paternally derived. In 2006, Stemkens et al.
studied 54 men with Klinefelter syndrome, and showed that
motor impairment and speech and language problems were
significantly more common in the men with an extra pater-
nal X chromosome. Similarly, a number of anthropometric
parameters related to body size were larger in the paternal X
group. This was not surprising, as animal data has shown that
paternally expressed genes enhance growth. This study sug-
gested that there is an imprinting effect of the X chromosome
on educational performance and body size.

It is possible for men with Klinefelter syndrome to bi-
ologically father children using surgical sperm recovery, co-
ordination with egg retrieval, and use of intracytoplasmic
sperm injection (ICSI) (Lanfranco et al., 2004). The outcome
data on liveborn infants conceived in this way indicates that
the overwhelmingmajority is healthy and has a normal kary-
otype. The use of preimplantation genetic diagnosis on biop-
sied blastocysts should be considered, due to data suggeting
that embryos derived from men with Klinefelter syndrome
have an increased rate (9/23) of both sex chromosome and
autosomal aneuploidy (Kahraman et al., 2003). For couples
with a previously affected child but in which the father does
not have Klinefelter syndrome, prenatal cytogenetic diagno-
sis by amniocentesis or CVS can be offered in subsequent
pregnancies.
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136
CHAPTER

47, XXX
(Triple X Syndrome,

Trisomy X)

Key Points

■ Incidence is 1 in 1000 females.

■ Most cases are undiagnosed.

■ Associated with advanced maternal age (70% are
due to a meiosis I error).

■ There are no characteristic fetal sonographic
findings in this condition, except for occasional
genitourinary anomalies.

■ IQ of affected women is in the normal range, but
10 to 15 points lower than siblings.

■ Mild learning disabilities are primarily
verbal.

■ Adult women with 47, XXX are tall and fertile.

CONDITION

The chromosome constitution 47, XXX was first described
by Jacobs et al. (1959) in a woman of average intelligence
with secondary amenorrhea. Since that time, several hun-
dred cases have been reported in the medical literature. The
phenotype of infants who are prenatally diagnosed with
47, XXX is significantly different from infants who are di-
agnosed by newborn screening or clinical symptomatology
(Robinson et al., 1992; Linden and Bender, 2002). In general,
the prenatally diagnosed infants have a more normal devel-
opmental profile. This may be due to factors unrelated to
the chromosomes, such as socioeconomic status and level of
parental education.

The sex chromosome aneuploidies are the most com-
mon group of abnormalities found in prenatal karyotypes,
with an incidence of 1 in 250 amniocenteses (Robinson et al.,
1992). Despite their frequency, sex chromosome aneuploidy
is rarely discussed in preprocedural genetic counseling. Thus,
the finding of a fetal sex chromosome abnormality is usually
not expected by the pregnant patient (Krone et al., 1975).
This diagnosis prompts anxiety and ambivalence because,
although the karyotype is abnormal, the phenotype of the af-
fected child can be quite variable. TrisomyX can be associated
with a normal outcome. In fact, most cases of 47, XXX are
undiagnosed (Ratcliffe, 1999).

INCIDENCE

The incidence of 47, XXX is approximately 1 in 1000 at
midtrimesteramniocentesis (HookandHamerton,1977)and
0.7 in 1000 livebirths (Tennes et al., 1975). These differences
reflect different study populations and are not thought to
reflect an increased perinatal mortality for 47, XXX fetuses.
Using X-linked restriction fragment length polymorphisms,
May et al. (1990) determined the parental origin of the ex-
tra X chromosome in 28 individuals with 47, XXX. Maternal
nondisjunction was demonstrated in 26 of 28 cases. Seventy
percent of these cases were due to an error in meiosis I. Thus,
the etiology of trisomy X more closely resembles the autoso-
mal trisomies. In this regard, trisomy X differs from the other
sex chromosome aneuploidies, in that there is a maternal age
effect. Mitotic errors do not play a significant role in 47, XXX
(May et al., 1990).

SONOGRAPHIC FINDINGS

In general, there is no characteristic phenotype associated
with trisomy X. The overwhelming majority of fetuses with
trisomy X will have normal results on sonographic exam-
ination. The diagnosis is typically made at amniocentesis
for advanced maternal age. In one study, the fetal nuchal
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Figure 136-1 A. Postmortem photomicrograph of the cortex of
the ovary from a fetus who spontaneously died in utero with 47,
XXX. Note the relative absence of primordial follicles and germ
cells. B. Comparison view of an ovary from a stillborn female fe-
tus at 26 weeks of gestation, demonstrating numerous primordial
follicles. (Reprinted from Spear GS, Porto M. 47, XXX chromosome
constitution, ovarian dysgenesis, and genitourinary malformation.
Am J Med Genet. 1988;29:511-515. Copyright 1988 by Wiley-Liss,
Inc. Reprinted, by permission, of Wiley-Liss, Inc., a subsidiary of John
Wiley & Sons, Inc.)

translucency measurement was above the 95th percentile in
40% of the cases with 47, XXX, 47, XYY, or 48, XXXY (Sebire
et al., 1998). In rare cases, structural abnormalities of the gen-
itourinary tract have been described. These include bilateral
renal agenesis and developmental arrest of the mesonephric
and paramesonephric systems (Hogge et al., 1989); ovarian
dysgenesis (Figure 136-1), urinary tractmalformation,meco-
nium peritonitis, and nonimmune fetal ascites (Spear and
Porto, 1988); exstrophy of the cloaca with unilateral renal
agenesis (Lin et al., 1993); and unilateral renal agenesis, hy-
drometrocolpos, ovarian dysgenesis, laryngeal atresia, pul-
monary hypoplasia, and craniofacial anomalies (Hood et al.,
1990). Because of the apparent clustering of cases with abnor-
malities in the genitourinary system, it has been suggested
that the developing urogenital field may be affected by the
presence of an extra X chromosome (Lin et al., 1993).

DIFFERENTIAL DIAGNOSIS

When the karyotype is 47, XXX, the main consideration
in the differential diagnosis is whether the abnormality is
present in all cells or in a fraction of the cells (mosaicism). A
46, XX/47, XXXmosaic karyotypewill result in a significantly
reduced likelihood of clinical symptoms (Salbenblatt et al.,
1989; Robinson et al., 1992).

ANTENATAL NATURAL HISTORY

Theantenatal natural historydoesnotdiffer fromfetuseswith
a normal karyotype. If a level II sonogramwas not performed
at the time of the original amniocentesis, it should be offered.
The parents should be counseled regarding the expectation
that the remainder of the pregnancywill not be different from
pregnancy with a chromosomally normal fetus.

MANAGEMENT OF PREGNANCY

The main dilemma in management is the parental decision
whether to continue the pregnancy (see “Long-Term Out-
come”). Robinson et al. (1989, 1992) have reported their
clinical experience with 530 phone consultations for a prena-
tal diagnosis of sex chromosome aneuploidy. In these series,
162 of the 530 consultations were reported for a diagnosis of
trisomy X. Although their sample was admittedly biased, in
that their patient population consisted of womenwho elected
toundergoprenatal cytogeneticdiagnosis, 85%ofwhomwere
college graduates and in an upper socioeconomic class, cer-
tain trends emerged. In general, the affected patients were
developing in a manner that was comparable to their nor-
mal siblings. They also had better peer relations than the
previously reported group of children with sex chromosome
abnormalities (Robinson et al., 1979). In the prenatally diag-
nosed groupof childrenwith sex chromosome abnormalities,
only 2 of 20 had intellectual quotients (IQ) as low as 90. The
remainder of the children were in the normal range, greater
than 110. Robinson et al. (1992) hypothesized that the im-
proved developmental outcome was related to the supportive
home environment provided by parents who knew the diag-
nosis and decided to continue the pregnancy. For the couples
facedwith a diagnosis of trisomyX in their fetus, 65% contin-
ued the pregnancy after phone consultation with Robinson’s
group.

Several recent studies have indicated an overall de-
creased trend in termination for fetal sex chromosome abnor-
malities. All three studies, performed inCanada, Switzerland,
andHungary, showed significantly lower rates of termination
for 47, XXX compared to 45, X and 47, XXY fetuses (Chris-
tian et al., 2000; Hamamy and Dahoun, 2004; Mezei et al.,
2004). In general, the decision to terminate in this condition
was strongly influenced by the presence of a fetal anomaly on
sonographic examination.
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FETAL INTERVENTION

There are no fetal interventions for 47, XXX karyotype.

TREATMENT OF THE NEWBORN

In a study of 43 infants with trisomyX, themean birth weight
at term was 2.97 kg. There was no recognizable phenotype at
birth.These infantswere identifiedbyprospective cytogenetic
screening of all newborns in Denver. Their karyotype would
not have been suspected from their physical examinations.
Congenital heart disease was diagnosed in two infants and
congenital hip dislocation in one. There was an increased
frequency of epicanthal folds and clinodactyly (Robinson
et al., 1979). The presence of minor anomalies such as these
is possibly increased in 47, XXX females as compared with
controls (Chudley et al., 1990).

SURGICAL TREATMENT

There are no surgical treatments indicated for XXX alone.

LONG-TERM OUTCOME

Themost important statement regarding the long-termprog-
nosis for a fetus with 47, XXX is that the phenotype is very
variable (Tennes et al., 1975; Puck et al., 1983; Linden et al.,
1988). The developmental outcome has ranged from mild
mental retardation to college graduation (Linden et al., 1988).
The general health of these children is excellent. Although
their birth lengths are in the normal range, they become pro-
gressively taller as comparedwith their peers. Themean adult
height of 47,XXXwomen is 167.9+ 7.7 cm, as comparedwith
that in a white British control population—162.2 + 6 cm
(Ogata andMatsuo, 1993). Themean head circumference re-
mains at 10%forage (Ratcliffe, 1999). In infancy, a slightdelay
in neuromotor development has beennoted. Salbenblatt et al.
(1989) described a delay in the age of independentwalking. In
a prospective study of 11 girls identified at birth and followed
over 22 years, Linden et al. (1988) noted that only twowalked
before the age of 12 months. About 50% of 47, XXX females
have delays in speech and language that requires speech ther-
apy during the preschool years (Ratcliffe, 1999). These delays
are due to a specific deficit in auditory perception and in the
ability to process linguistic information (Pennington et al.,
1980; Bender et al., 1983, Bender et al., 1989).

The difficulties with verbal expression are described as
the most severe of those described for the sex chromosome
abnormalities (Linden et al., 1988). In a long-term follow-up
study of 17 affected females (ages 7–18) 11 had school dif-
ficulties (Linden and Bender, 2002). Most of the 11 females

received grades of Bs orCs but none failed or repeated a grade.
The mean IQ in this group was 103. Fifteen of 17 girls were
involved in sports. None required psychological counseling
services. In 47, XXX, sexual development is normal, with an
average age of menarche of 12 years 8 months. In one fetus
studied with 47, XXX, the ovary was histologically normal
(Autio-Harmainen et al., 1980). Fertility and reproductive
outcome is surprisingly good, with a low incidence of aneu-
ploidy among offspring (Dewhurst, 1978). One case has been
reported of an individual with trisomy X, premature ovar-
ian failure, and the presence of antithyroid and antinuclear
antibodies (Michalak et al., 1983). Females with trisomy X
have thicker tooth enamel than females with disomy X. This
indicates that the extra X chromosome escapes inactivation
to promote amelogenesis (Alvesalo et al., 1987).

GENETICS AND RECURRENCE RISK

Since the majority of cases are due to a maternal meiosis I
error, the risk of recurrence is most strongly related tomater-
nal age. Amniocentesis or chorionic villus sampling should
be offered in a subsequent pregnancy. Theoretically, half the
offspring of an individualwith 47,XXX shouldbenormal and
half 47, XXXor 47,XXY.This has not been shown empirically.
Scattered case reports exist of 47, XXXmothers who have had
children with sex chromosome and autosomal aneuploidies
(Singer et al., 1972; Zizka et al., 1975), but most offspring are
cytogenetically normal.

References
Alvesalo L, Tammisalo E,Therman E. 47, XXX females, sex chromo-

somes, and tooth crown structure. Hum Genet. 1987;77:345-348.
Autio-HarmainenH,Rapola J,AulaP. Fetal gonadal histology inXXXXY,

XYY and XXX syndromes. Clin Genet. 1980;18:1-5.
Bender B, Fry E, Pennington B, Puck M, Salbenblatt J, Robinson A.

Speech and language development in 41 children with sex chromo-
some abnormalities. Pediatrics. 1983;71:262-267.

Bender B, Fry E, LindenMG, Robinson A. Verbal and spatial processing
efficiency in32 childrenwith sex chromosomeabnormalities.Pediatr
Res. 1989;25:577-579.

ChristianSM,KoehnD,PillayR,MacDougallA,WilsonRD.Parental de-
cisions following prenatal diagnosis of sex chromosome aneuploidy:
a trend over time. Prenat Diagn. 2000;20:37-40.

ChudleyAE, StoeberGP,GreenbergCR. Intrauterine growth retardation
andminoranomalies in47,XXXchildren.Birth Defects. 1990;26:267-
272.

Dewhurst J. Fertility in 47, XXX and 45, X patients. J Med Genet.
1978;15:132-135.

HamamyHA,Dahoun S. Parental decisions following the prenatal diag-
nosis of sex chromosome abnormalities. Eur J Obstet Gynecol Reprod
Biol. 2004;116:58-62.

HoggeWA, Vick DJ, Schnatterly PA, MacMillan RH. Bilateral renal age-
nesis and Mullerian anomalies in a 47, XXX fetus. Am J Med Genet.
1989;33:242-243.

HoodOJ,Hartwell EA, Shattuck KE, RosenbergHS.Multiple congenital
anomalies associated with a 47, XXX chromosome constitution. Am
J Med Genet. 1990;36:73-75.

Hook EB, Hamerton JL. The frequency of chromosome abnormali-
ties detected in consecutive newborn studies—differences between



954

Part III Management of Fetal Chromosome Abnormalities

studies—results by sex and severity of phenotypic involvement. In:
HookEB, Porter IH, eds.Population Cytogenetics: Studies in Humans.
New York: Academic Press; 1977:63-79.

JacobsPA,BaikieAG,Court-BrownWM,et al. Evidence for the existence
of the human “super female.” Lancet. 1959;2:423-425.

Krone LR, Prichard LL, Bradshaw CL, Jones OW, Peterson RM, Dixson
BK. Antenatal diagnosis of an XXX female: a dilemma for genetic
counseling. West J Med. 1975;123:17-21.

Lin HJ, Ndiforchu F, Patell S. Exstrophy of the cloaca in a 47, XXX child:
review of genitourinary malformations in triple-X patients. Am
J Med Genet. 1993;45:761-763.

Linden MG, Bender BG. Fifty-one prenatally diagnosed children and
adolescents with sex chromosome abnormalities. Am J Med Genet.
2002;110:11-18.

LindenMG, Bender BG,HarmonRJ,MrazekDA, RobinsonA. 47, XXX:
what is the prognosis? Pediatrics. 1988;82:619-630.

MayKM, Jacobs PA, LeeM, et al. The parental origin of the extra X chro-
mosome in 47, XXX females. Am J Hum Genet. 1990;46:754-761.

MezeiG,PappC,Toth-PalE,BekeA,PappZ.Factors influencingparental
decision making in prenatal diagnosis of sex chromosome aneu-
ploidy. Obstet Gynecol. 2004;104:94-101.

Michalak DP, Zacur HA, Rock JA, Woodruff JD. Autoimmunity in a
patient with 47, XXX karyotype. Obstet Gynecol. 1983;62:667-669.

OgataT,MatsuoN. Sex chromosome aberrations and stature: deduction
of the principal factors involved in the determination of adult height.
Hum Genet. 1993;91:551-562.

Pennington B, Puck M, Robinson A. Language and cognitive devel-
opment in 47, XXX females followed since birth. Behav Genet.
1980;10:31-41.

Puck MH, Bender BG, Borelli JB, Salbenblatt JA, Robinson A. Parents’
adaptation to early diagnosis of sex chromosome anomalies. Am J
Med Genet. 1983;16:71-79.

Ratcliffe S. Long-term outcome in children of sex chromosome abnor-
malities. Arch Dis Child. 1999;80:192-195.

Robinson A, Bender BG, LindenMG. Decisions following the intrauter-
ine diagnosis of sex chromosome aneuploidy. Am J Med Genet.
1989;34:552-554.

Robinson A, Bender BG, Linden MG. Prognosis of prenatally diag-
nosed children with sex chromosome aneuploidy. Am J Med Genet.
1992;44:365-368.

Robinson A, Lubs HA, Nielsen J, Sorensen K. Summary of clinical find-
ings: profiles of children with 47, XXY 47, XXX and 47, XYY kary-
otypes. Birth Defects Orig Artic Ser. 1979;15:261-266.

Salbenblatt JA, Meyers DC, Bender BG, LindenMG, Robinson A. Gross
and fine motor development in 45, X and 47, XXX girls. Pediatrics.
1989;84:678-682.

Sebire NJ, Snijders RJ, Brown R, Southall T, Nicolaides KH. Detection
of sex chromosome abnormalities by nuchal translucency screening
at 10–14 weeks. Prenat Diagn. 1998;18:581-584.

Singer J, Sachdeva S, Smith GF, Hsia DYY. Triple X female and a Down’s
syndrome offspring. J Med Genet. 1972;9:238-239.

Spear GS, PortoM. 47, XXX chromosome constitution, ovarian dysgen-
esis, and genitourinarymalformation.Am J Med Genet. 1988;29:511-
515.

Tennes K, Puck M, Bryant K, Frankenburg W, Robinson A. A develop-
mental studyof girlswith trisomyX.Am J Hum Genet. 1975;27:71-80.

Zizka K, Balicek P, Nielsen J. XXYY son of a triple X mother. Human-
genetik. 1975;26:159-160.

137
CHAPTER

47, XYY

Key Points

■ Incidence is 1 in 1000 males.

■ Most cases are undiagnosed.

■ Not associated with advanced parental age.

■ There are no characteristic fetal sonographic
findings.

■ IQ of affected males is in the normal range, but
10-15 points lower than siblings.

■ Mild learning disabilities involve verbal but not
mathematical skills.

■ Adult males are tall, thin, and fertile.

■ Pregnant partners of adult males with 47, XYY
should be offered testing for the fetal karyotype
due to the increased incidence of sex chromosome
abnormalities in sperm.

CONDITION

The cytogenetic finding 47, XYY refers to the presence of an
extra Y chromosome in the fetal cells. The extra Y chromo-

some is always paternal in origin and results from nondis-
junction in the second meiotic division (84% of cases) or a
postfertilization mitotic error (16%) (Robinson and Jacobs,
1999). XYY is one of the diagnoses included in the group of
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disorders known as sex chromosome abnormalities. Anoma-
lies involving the sex chromosomes are themost common ab-
normalfindings inprenatal cytogeneticdiagnosis, accounting
for 25% of abnormal amniocentesis results, yet their exis-
tence is rarely discussed in preprocedural genetic counseling.
Thus, while prospective parents are reasonably prepared for a
prenatal diagnosis of autosomal trisomy, thediagnosis ofXYY
usually comes as a surprise.

Much of the confusion regarding prognosis for males
with XYY stems from studies performed in the 1960s that
were highly biased by ascertainment of patients in maximum
security hospitals or prisons (Price and Whatmore, 1967).
Fortunately, prospective longitudinal studies of newborns
identified at birth do not support an increased incidence of
aggression or criminality (Ratcliffe et al., 1990). As with all of
the sex chromosome abnormalities, the developmental phe-
notype is variable and subject to many other influences, such
as parental IQ, socioeconomic status, and family stability.

INCIDENCE

The incidence of 47, XYY is 1.45 in 1000 livebirths (Autio-
Harmainen et al., 1980) and 1 in 1000 amniocenteses for ad-
vanced maternal age (Robinson et al., 1992a). The incidence
is not increased among offspring of parents with advanced
age. As opposed to the other sex chromosome abnormalities,
the XYY karyotype does not carry an increased chance of in
utero mortality (Ferguson-Smith and Yates, 1984). As many
as 85% of cases are believed to be undiagnosed (Ratcliffe,
1999).

SONOGRAPHIC FINDINGS

There are no characteristic sonographic findings because the
fetal phenotype in this condition is generally normal (Autio-
Harmainen et al., 1980). Inone study, the fetal nuchal translu-
cency measurement was above the 95th percentile in 40% of
the fetuses with 47, XXX, 47, XYY, or 47, XXY (Sebire et al.,
1998). More recently, Maymon et al. (2002) reported on two
fetuses with 47, XYY that had brain anomalies detected on
prenatal sonographic examination. One had complete age-
nesis of the corpus callosum and one had a Dandy–Walker
malformation. Both were terminated, so long-term develop-
mental outcome is unknown.

DIFFERENTIAL DIAGNOSIS

47, XYY is a definitive diagnosis obtained by prenatal kary-
otype (Figure 137-1). Occasionally, cases of 46, XY/47, XYY
mosaicism are detected, resulting from mitotic nondisjunc-
tion after fertilization. These patients are expected to have
milder manifestations of the developmental abnormalities
seen in this condition.

ANTENATAL NATURAL HISTORY

The antenatal natural history for these fetuses does not differ
from normal fetuses. A few patients with 47, XYY have been
identified through abnormally increased maternal serum

Figure 137-1 Karyotype obtained from a patient with 47, XYY demonstrating the presence of two identical Y chromosomes.
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α-fetoprotein levels (Robinson et al., 1992a). It is unclear
whether a true relationship exists between abnormalities in
serum analytes and this particular chromosomal abnormal-
ity.

MANAGEMENT OF PREGNANCY

The subsequent management of the pregnancy should in-
clude subspecialty referral to a clinical geneticist for parental
education and counseling. No additional maternal testing
is necessary other than that indicated by standard obstetric
practice. There is no need for delivery at a tertiary care center.

Themajor issue to be discussedwith the expectant cou-
ple is whether or not to continue the pregnancy. Several re-
cent studies have indicated an overall decreased trend over
time in termination for fetal sex chromosome abnormali-
ties. All three studies, performed in Canada, Switzerland, and
Hungary, showed significantly lower rates of termination for
47, XYY compared to 45, X and 47, XXY fetuses (Christian
et al., 2000; Hamamy and Dahoun, 2004; Mezei et al., 2004).
In general, the presence of a fetal anomaly on sonographic
examination correlated with a decision to terminate.

FETAL INTERVENTION

There are no fetal interventions indicated for a 47, XXY kary-
otype.

TREATMENT OF THE NEWBORN

The birth weights, head circumferences, and lengths of males
with XYY are no different from control infants (Robinson
et al., 1979; Ratcliffe et al., 1990). Although the phenotype is
normal for this condition, an increased incidence of minor
anomalies has been reported. In a study of 43 XYY infants
identified by screening of all Denver newborns, one had con-
genital dislocation of the hip. Eight of the infants had one
or more minor anomalies, including clinodactyly, inguinal
hernia, abnormally formed ears, pectus carinatum, large or
asymmetrichead, strabismus, epicanthal folds,micrognathia,
simian crease, and heart murmur (Robinson et al., 1979).

SURGICAL TREATMENT

There are no surgical treatments indicated solely for XYY.

LONG-TERM OUTCOME

XYY males tend to be tall and thin, with an average height
of greater than the 75th percentile for age. This is due to an

increased growth velocity from age 2 onwards as compared
with normal individuals (Ratcliffe et al., 1992;Ratcliffe, 1999)
and affects size rather than body proportions (Varrela and
Alvesalo, 1985). XYY adult males achieve heights that are,
on average, 13 cm taller than their fathers (Ratcliffe et al.,
1990). The onset of puberty, defined as an increase in testic-
ular volume to 4 ml or the appearance of pubic hair, occurs,
on average, 6 months later than in controls (Ratcliffe et al.,
1990; Robinson et al., 1992a; Ratcliffe, 1999). Testosterone
production, pubertal development, and heterosexual interest
have all been normal. The histology of the fetal testes in one
case of 47, XYY was normal (Autio-Harmainen et al., 1980).
The germ-cell depletion characteristic of other chromosome
abnormality syndromes is apparently rarely affected by the
presence of the extra Y chromosome (Coerdt et al., 1985).
XYY males have normal spermatogenesis and have fathered
normal infants. In one study, human sperm chromosomes
were analyzed from a 47, XYYmale and all of them contained
only one sex chromosome. The frequencies of numerical,
structural, and total abnormalities did not differ significantly
from normal controls, suggesting that one Y chromosome
is eliminated from the germ cells of males with XYY (Benet
and Martin, 1988). Despite these encouraging findings, an-
other study reported an increased incidence of miscarriage,
stillbirth, perinatal death, and chromosomally abnormal off-
spring in pregnancies conceived with 47, XYY men (Grass
et al., 1984). More recent analyses using 3-color probes and
fluorescent in situ hybridization techniques suggest that there
is an increased incidence of sperm carrying two sex chromo-
somes (Shi and Martin, 2000).

Interestingly, the presence of the extra Y chromosome
affects dimensions of the palate and mandible. Palatal height
and mandibular width are smaller in 47, XYY men as com-
pared with their chromosomally normal first-degree male
relatives (Laine and Alvesalo, 1993). In addition, there ap-
pears to be a regulatory influence of the Y chromosome on
amelogenesis that results in thicker dental enamel and larger
size in the permanent teeth of 47, XYY males (Alvesalo et al.,
1985).

Early development in XYY infants is essentially within
normal limits. Gross motor milestones are generally first
noted to be slightly delayed, with an average age of walk-
ing at 14 to 16 months. Characteristic findings include
hypotonia, motor planning dysfunction, primitive reflex
retention, and difficulties with bilateral coordination and
visual–perceptual–motor integration. This decreased mus-
cle tone and joint proprioception diminishes joint stability,
which particularly affects the shoulder and pelvic girdles and
results in an awkward and inefficient gait (Salbenblatt et al.,
1987). In addition, about 10% of affected individuals have an
intention tremor (Ratcliffe, 1999).

In general, males with 47, XYY are not mentally re-
tarded, but their IQs are 10 to 15 points lower than their
chromosomally normal siblings (Robinson et al., 1992a).
Intelligence level has a major effect on the development
of psychosocial problems (Fryns, 1998). Specific risks exist
for mild language impairment, affecting both receptive and
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expressive function (Bender et al., 1983), and presenting ini-
tially as speech delay. In neurodevelopmental studies, Walzer
et al. (1990) have shown that XYY males have difficulty un-
derstanding complex sentence structures, deficits in auditory
memory, problems with word finding and narrative formu-
lation, and persistent distractibility. Recommended educa-
tional intervention for 47, XYY males is no different than
that for chromosomally normal children with reading and
spelling difficulties.

In Ratcliffe’s (1999) Scottish study of 19 affectedmales,
followed from birth until early adulthood, 42% had speech
delay and 54% had reading difficulties (compared to 18% of
controls). However, a significant percentage of these young
men went to college and had a wide range of employment.
None had difficulty with mathematics.

With regard to concern over the association between
aggressive behavior and XYY karyotype, prospective studies
of thirty-nine 47, XYY probands have not revealed marked
psychiatric disturbances. However, an increased frequency of
distractibility, hyperactivity, and temper tantrums have been
reported (Robinson et al., 1990; Ratcliffe, 1999). The impor-
tance of a supportive family environment has been noted by
Robinson et al. (1992b), who have described significant de-
velopmental differences between 47, XYY males ascertained
by prenatal diagnosis versus those discovered by newborn
screening. All the children in this study who were diagnosed
prenatally belonged to well educated and economically sta-
ble families. These children had fewer language deficits and
learning problems, a mean IQ of 123 (range 109–147), and
were getting As and Bs in school (Robinson et al., 1992b).

GENETICS AND RECURRENCE RISK

Although few data exist regarding the specific recurrence risk
forXYY, the risk for nondisjunction involving anyof the other
chromosomes may be as high as 1%. Prenatal cytogenetic
studies should be offered in subsequent pregnancies. Preg-
nant partners of 47, XYYmen should also be offered prenatal
karyotyping, due to the increased incidence of sex chromo-
some abnormalities seen in sperm studies (Shi and Martin,
2000).
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CHAPTER

Tetrasomy 12p
(Pallister–Killian
Syndrome)

Key Points

■ Characterized by tissue-specific presence of an
abnormal extra chromosome, which consists of
two copies of the short arm of chromosome 12.

■ Abnormal (marker) chromosome is more likely
to be found in amniocytes or fibroblasts than
blood.

■ Associated with advanced maternal age.

■ Sonographic findings: polyhydramnios,
diaphragmatic hernia, rhizomelic short limbs.

■ Main consideration in differential diagnosis is
Fryns syndrome.

■ Very poor long-term prognosis. All survivors are
mentally retarded.

■ Sporadic inheritance.

CONDITION

Tetrasomy 12p is a multiple congenital anomaly syndrome
characterizedby the tissue-specificpresenceof amarker chro-
mosome in fibroblasts, but not lymphocytes, of affected pa-
tients. The clinical symptoms associated with this condition
were first recognized in 1977, when Pallister described two
adults, aged 19 and 37, who had profound retardation, severe
hypotonia, coarse facial features, and pigmentary abnormal-
ities. Both of these patients had an extra chromosome that
was identified as a probable isochromosome of the short arm
of chromosome 12 (Pallister, 1977). Independently, Teschler-
Nicola and Killian (1981) reported a 3-year-old with severe
mental retardation, dysmorphic facies, and sparse, dystrophic
hair. Buyse andKorf (1983) were the first to suggest that these
two seemingly disparate clinical presentations actually repre-
sented different manifestations of the same syndrome. The
discrepancy between the two was explained by the fact that
the isochromosome 12p was demonstrable in fibroblasts but
not lymphocytes from affected patients. The interesting and
unique aspect of this syndrome is thatmosaicismexists for the
chromosomal abnormality, anddiagnosis usually depends on
performing a chromosome analysis on amniocytes or fibrob-
lasts from a skin biopsy.

From the prenatal perspective, tetrasomy 12p is usually
diagnosed in one of two ways: either it is a karyotype ab-
normality found at amniocentesis performed for advanced
maternal age (32% of cases) or it is detected when karyotyp-

ing is performed because fetal anomalies have been detected
on sonography (52% of cases) (Wilson et al., 1994; Doray
et al., 2002). Advancedmaternal age is known to be a risk fac-
tor for the development of the isochromosome 12p. In a re-
view of 30 case reports of Pallister–Killian syndrome,Wenger
et al. (1988) found that the average age of the mothers of af-
fected patients was 30 years. It is currently thought that there
is an initial nondisjunctional event that results in trisomy 12.
This is then followed by a centromeric misdivision at meiosis
I or II (Struthers et al., 1999). The abnormal extra isochromo-
some is progressively lost in vivoduring embryogenesis and in
vitro during tissue culture. This hypothesis has been proven
in several cases using molecular markers (Cormier-Daire
et al., 1998; de Ravel et al., 2004).

The diagnosis of tetrasomy 12p is made by karyotype
(Figure 138-1). The extra chromosome in this syndrome was
originally thought to be derived from the long arm of chro-
mosome 21 based on similarities in the cytogenetic banding
patterns between the short arm of chromosome 12 and the
long arm of chromosome 21 (Zhang et al., 1989). Identifica-
tion of the marker chromosome as 12p was initially based on
the twice-normal expression of the lactate dehydrogenase-
B (LDH-B) isoenzyme gene, which maps to chromosome
12. Normal levels of superoxide dismutase 1 (SOD-1), which
maps to chromosome 21, ruled out an increased dosage ef-
fect from extra copies of chromosome 21 (Gilgenkrantz et al.,
1985). Fluorescence in situ hybridization (FISH) studies us-
ingDNAmarkers specific to the short armof chromosome 12
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Figure 138-1 Karyotype obtained from am-
niocytes in an affected fetus with Pallister–
Killian syndrome. Note the presence of an ex-
tra chromosome next to the normal chromo-
some 12 pair. (Courtesy of Dr. Janet Cowan.)

have now definitively identified the marker chromosome
as the short arm of chromosome 12 (Tejuda et al., 1992;
Larramendy et al., 1993; Ohashi et al., 1993; Butler and Dev,
1995). The ability to detect the isochromosome 12p is af-
fected by the tissue type studied, the patient’s age (fetal versus
infant versus adult) and the in vitro age of the cells (Priest
et al., 1992). Peripheral blood lymphocytes are continually
dividing, and it has been hypothesized that they lose the ex-
tra chromosome with their frequent divisions. In contrast,
fibroblasts obtained from a skin biopsy normally cycle less
frequently. In addition, a time-dependent in vitro selection
occurs against cells that contain the isochromosome. In one
study, the percentage of cells containing the isochromosome
went from 100% to 20% after only five passages in tissue
culture (Speleman et al., 1991). Detection of the isochromo-
some 12p may be difficult in peripheral blood lymphocytes,
although the marker has been seen in bone marrow aspirates
obtained from newborns (Ward et al., 1988). Several authors
have suggested the use of FISH analysis to detect the pres-
ence of the extra chromosome 12 short arm interphase nuclei
as opposed to metaphase chromosomes (Reeser andWenger,
1992; Larramendy et al., 1993).

INCIDENCE

The incidence of Pallister–Killian syndrome or tetrasomy 12p
is unknown. Tetrasomy 12p is the most frequent autosomal
tetrasomy in humans (Bresson et al., 1991). The disorder is
being increasingly recognized in clinical medicine.

SONOGRAPHIC FINDINGS

The sonographic findings for fetuses with tetrasomy 12p
are summarized in Table 138-1. The most consistent pre-

natal findings include polyhydramnios, short femurs, and
diaphragmatic hernia (Figure 138-2) (Priest et al., 1992;
Wilson et al., 1994). Wilson et al. reviewed 15 cases of tetra-
somy 12p diagnosed prenatally. In six of the cases that were
ascertained by amniocentesis performed for advanced ma-
ternal age, only one had fetal anomalies detected between 16
and 18 weeks of gestation. In the cases that were ascertained
by the presence of fetal structural anomalies, the gestational

Table 138-1

Sonographic Findings Reported in
Tetrasomy 12p

Dilated cisterna magna

Frontal bossing

Hypertelorism

Excess nuchal skin

Rhizomelic limb shortening

Postaxial polydactyly

Congenital heart disease

Diaphragmatic hernia

Cystic/dysplastic kidneys

Source: Wilson RD, Harrison K, Clarke LA, Yang SL. Tetrasomy 12p
(Pallister–Killian syndrome): ultrasound indicators and confirmation by
interphase FISH. Prenat Diagn. 1994;14:787-792.
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Figure 138-2 Prenatal sonographic image from a fetus with
tetrasomy 12p demonstrating a shortened lower extremity.

age was more advanced, between 16 and 32 weeks (Wilson
et al., 1994). The extensive range of sonographic findings de-
scribed varies from normal to a large diaphragmatic hernia
with shift of the heart to right side of the chest (see Chapter
37). Additional sonographic findings reported include con-
genital heart disease (Wilson et al., 1994) and increased cis-
terna magna, suggesting agenesis of the vermis or cerebellar
hypoplasia (Gilgenkrantz et al., 1985;McLean et al., 1992).An
additional clinicalfinding in fetuseswithPallister–Killiansyn-
drome ishypertelorism.Many fetuseswith tetrasomy12palso
have nuchal edema or other hydropic changes (Figure 138-3).
In 2002, Doray et al. summarized the existing literature on
63 prenatally diagnosed cases of Pallister–Killian syndrome
(Doray et al., 2002). Sonographic abnormalities were de-
scribed in 31 cases. The three most commonly found ab-
normalities were: polyhydramnios (26/31, 84%), diaphrag-
matic hernia (5/31, 16%), and rhizomelic micromelia (3/31,
10%). Other anomalies detected at a frequency of less than

Figure 138-3 Prenatal sonographic image from the same fetus
shown in Figure 138-2 demonstrating the fetal face in profile.
Note the presence of frontal bossing and subcutaneous edema.

10% included: hydrops fetalis, cystic hygroma, increased
nuchal translucencymeasurement (see Langford et al., 2000),
fetal overgrowth, ventriculomegaly, dilated cavum pellu-
cidum, absent stomach visualization, and presence of a sacral
appendix. Importantly, intrauterine growth restriction has
never been described in this syndrome.

DIFFERENTIAL DIAGNOSIS

When isochromosome 12p is detected on an amniocentesis,
it is diagnostic for Pallister–Killian syndrome. In the setting
of an unknownmarker chromosome with the presence of fe-
tal anomalies, the possible diagnosis of tetrasomy 12p must
be considered. It can be confirmed with the FISH technique
using chromosome-specific probes for the short arm of chro-
mosome 12 (Mowery-Rushton et al., 1997). In the setting of
a fetus with sonographic anomalies suggestive of Pallister–
Killian syndrome, the main consideration in the differen-
tial diagnosis is Fryns syndrome. However, Fryns syndrome
is generally associated with growth restriction and Pallister–
Killian syndrome is associated with normal, or even excessive
growth for gestational age. Furthermore, Paladini et al. (2000)
have described specific sonographic findings of the fetal face
that aid in the diagnosis of Pallister–Killian syndrome. These
include flat facial profile, small nose, and thin lips.

Fryns syndrome is a lethal condition inherited in an
autosomal recessive pattern. Characteristic clinical findings
during the newborn period include a coarse face, cleft palate,
diaphragmatic hernia, distal digital hypoplasia, and neonatal
death due to pulmonary hypoplasia. Chromosomes are nor-
mal in this syndrome. There is considerable clinical overlap
between Fryns and Pallister–Killian syndromes. The diagno-
sis of Pallister–Killian syndrome is generally made in an older
infant who has developmental delay and progressive coarsen-
ing of the facial features. Once the typical clinical findings of
Pallister–Killian have been observed, karyotype studies gen-
erally include a skin biopsy for fibroblast culture. Babies who
die during the neonatal period are more likely to have a diag-
nosis of Fryns syndrome, especially if a peripheral bloodkary-
otype has been obtained and it is normal (Rodriguez et al.,
1994). It has been suggested that newborn infants with clin-
ical findings consistent with either Fryns or Pallister–Killian
syndrome should have karyotypes performedonmultiple tis-
sue types to allow a correct diagnosis to bemade (McPherson
et al., 1993). This is important because Fryns and Pallister–
Killian syndromes have different prognoses and different re-
currence risks. Fryns syndrome is an autosomal recessive and
Pallister–Killian syndrome (tetrasomy 12p) is considered to
be a sporadic event.

ANTENATAL NATURAL HISTORY

In the review of Doray et al. (2002), 28/59 (47%) cases were
terminated at an average age of 21 weeks. An additional 24
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(41%)were liveborn, at an average gestational ageof 30weeks,
but subsequently died. In three cases (5%) there was an in-
trauterine fetal death. Only four children survived past the
neonatal period.

MANAGEMENT OF PREGNANCY

If polyhydramnios, short femur, and diaphragmatic hernia
have been documented by prenatal sonographic examina-
tion, the diagnosis of Pallister–Killian syndrome should be
considered. In this setting, an amniocentesis is more likely
to be diagnostic of the chromosomal abnormality than cor-
docentesis, because the chromosomal abnormality is present
in the majority of amniocytes but not in fetal lymphocytes
(Donnenfeld et al., 1993; Wilson et al., 1994). However, at
least one case has been detected at cordocentesis (Chiesa
et al., 1998). If an unknown marker chromosome is detected
on amniocentesis, consideration should be given to perform-
ingFISHstudiesusing chromosome12p-specificprobes.This
is best performed in a referral cytogenetics laboratory with
experience in FISH analysis.

The abnormal marker chromosome can also be rec-
ognized in samples obtained by chorionic villus biopsy. The
marker has beendocumented in 93%of cells derived from the
direct preparation (Sharland et al., 1991) and 100% of cells
derived from a cultured preparation (Bernert et al., 1992).
In one case, however, karyotype results from chorionic villus
sampling were normal, but the infant had clinical findings of
Pallister–Killian syndrome. Fibroblast cultures obtained from
a skin biopsy at 1 year of age demonstrated isochromosome
12p mosaicism (Horn et al., 1995).

Once a diagnosis of tetrasomy 12p has been made, the
poor prognosis for a child with this condition should be dis-
cussed with the family. If the diagnosis is made at less than
24 weeks of gestation, termination of pregnancy can be of-
fered. Cesarean section should not be performed for fetal
distress. However, if the parents desire that everything be
performed for the infant, delivery in a tertiary care hospital
may be necessary because of the high frequency of associated
pulmonary hypoplasia due to diaphragmatic hernia, which
necessitates resuscitation by a neonatologist and treatment
by a pediatric surgeon.

FETAL INTERVENTION

There are no fetal interventions for tetrasomy 12p.

TREATMENT OF THE NEWBORN

Because of the poor prognosis associatedwith this finding, re-
suscitation of the newborn infant with tetrasomy 12p should
consist of basic supportive but not heroic measures. Recog-

nition of the clinical features of Pallister–Killian syndrome
during the newborn period is important because a normal
peripheral blood karyotype does not exclude the diagnosis.
To make the diagnosis in a newborn infant who did not have
an amniocentesis performed prenatally, a fibroblast culture
mustbeestablished fromaskinbiopsy (Bergoffenet al., 1993).

Newborns with tetrasomy 12p generally have a nor-
mal birth weight or they are large for gestational age. The
average birth weight at term for affected infants is 3.6 kg
(Reynolds et al., 1987). The typical physical findings in a
newborn with Pallister–Killian syndrome include dysmor-
phic facies consisting of a high forehead with frontal bossing,
sparse hair with bitemporal alopecia, hypertelorism, wide
and flat nasal bridge, long philtrum, large mouth, short,
webbed neck, supernumerary nipples, congenital heart dis-
ease, diaphragmatic hernia, proximal shortness of the upper
and lower limbs, hypotonia, and imperforate anus (Reynolds
et al., 1987; Schinzel, 1991). In time, skin pigmentary abnor-
malities (hypopigmentation and hyperpigmentation) may
develop. These are best diagnosed by skin examination under
a Woods lamp.

SURGICAL TREATMENT

Surgical treatment for infants with tetrasomy 12p is generally
not indicated. Because of the overall poor prognosis, repair
of a diaphragmatic hernia in a patient with known tetra-
somy12p is not advisable. Surgical treatment for these infants
generally consists of supportive care, such as gastrostomy
tube placement to permit feeding in cases in which survival
beyond the immediate neonatal period is anticipated. A di-
verting colostomy in infants with imperforate anus may be
necessary to permit normal bowel function.

LONG-TERM OUTCOME

The physical appearance of affected infants and children with
tetrasomy 12p changes over time. The face becomes increas-
ingly coarse and dysmorphic. Thick lips and a protruding
tongue develop. The frontotemporal balding disappears, and
hair growth becomes normal after a few years. Most affected
children and adults have a generalized pigmentary dysplasia
that may be evident only byWoods lamp examination. Some
older patients with tetrasomy 12p aremisdiagnosed as having
hypomelanosis of Ito.

Most patients with tetrasomy 12p are profoundly re-
tarded, and are completely bedridden, with flexion contrac-
tures. Almost all affected children and adults never speak
or become continent and completely lack self-help skills
(Schinzel, 1991).However, a few reports exist of affected indi-
viduals with amilder phenotype (Genevieve et al., 2003). The
oldest reported patient is 45 years of age; thus, the chromoso-
mal abnormality is in some cases compatible with prolonged
survival.
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GENETICS AND RECURRENCE RISK

Tetrasomy 12p is considered to be a sporadic condition with
no increased risk of recurrence (Reynolds et al., 1987;Wenger
et al., 1988; Bergoffen et al., 1993). There is also no history of
recurrent miscarriage in affected families.

The isochromosome 12p is generally seen in 0% to 2%
of lymphocytes in a peripheral blood karyotype but 50% to
100% of fibroblasts. Importantly, the proportion of tetra-
somic cells present does not correlate with the severity of
malformations, postnatal survival, or the extent of mental
retardation.

For purposes of genetic counseling, the diagnosis of
tetrasomy 12p can be made retrospectively on perinatal au-
topsy specimens in fetuses with hydrops, rhizomelic limb
shortening, hypertelorism, diaphragmatic hernia, and con-
genital heart disease using FISHon fetal and placental tissues.
This approach can be successful for diagnosis on formalin-
fixed tissues (Wilson et al., 1994). Mothers who have given
birth to an infant or fetuswith tetrasomy 12p should be coun-
seled that there is no increased recurrence risk.Amniocentesis
is potentially indicated in a subsequent pregnancy, however,
for reassurance.
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139
CHAPTER

22q11.2 Deletion
(DiGeorge Syndrome)

Key Points

■ Most common microdeletion syndrome reported
in humans.

■ 22q11.2 deletion is associated with DiGeorge
syndrome, velocardiofacial syndrome (VCFS), Opitz
G/BBB syndrome, and Cayler cardiofacial
syndrome (also known as asymmetric crying facies
syndrome).

■ Incidence is 1 in 6000 livebirths.

■ Deletion is associated with specific types of
congenital heart disease, including tetralogy of
Fallot, truncus arteriosus, absent pulmonary valve,
and aortic arch abnormalities.

■ Other associated sonographic findings include
growth restriction, nuchal translucency, thymic
hypoplasia, and renal anomalies. The presence of
polyhydramnios is predictive of postnatal feeding
difficulties.

■ Once the deletion is found, both parents should
also undergo cytogenetic analysis.

■ Delivery should occur in a tertiary center.

■ Affected neonates are at risk for seizure disorders
due to hypocalcemia.

■ Postnatal problems include speech defects due to
palatal abnormalities, repeated infections due to
immunodeficiency, developmental delay, feeding
issues, and serious behavioral and psychiatric
problems.

■ 22q11.2 deletion is inherited as an autosomal
dominant trait.

■ The major causative gene is TBX1, a member of the
T-box protein family of genes.

CONDITION

22q11.2 deletion is the most common microdeletion syn-
drome that has been reported in humans. It is also the most
common syndrome associated with cleft palate and the most
common syndrome associated with conotruncal anomalies
(Shprintzen et al., 2005). Microdeletion syndromes are ge-
netic disorders caused by the loss of a small chromosome
segment contains multiple genes, but that is too small to
be detected via the 400-band standard metaphase karyotype.
22q11.2 deletion is commonly thought of as being equivalent
with DiGeorge syndrome.

DiGeorge syndrome was first described in 1965 by
Dr. Angelo DiGeorge as a developmental field defect that af-
fected structures derived from the 3rd and 4th pharyngeal
arches. It is now known that 22q11.2 deletion is actually as-
sociated with a variety of different syndromes that appear to
be phenotypic variants of the same disorder. 22q11.2 deletion

encompassesDiGeorge syndrome,velocardiofacial syndrome
(VCFS), conotruncal anomaly face syndrome, Opitz G/BBB
syndrome, and Cayler cardiofacial syndrome, which is also
known as asymmetric crying facies syndrome.Ninety percent
of patients with DiGeorge syndrome who have an apparently
normal karyotype actually have a microdeletion of chromo-
some 22q11.2 (Figure 139-1). This was not appreciated until
the development ofmolecular cytogenetic techniques such as
fluorescence in situ hybridization (FISH).

The clinical findings of 22q11.2deletion arehighly vari-
able, both between families and within families (Yamagishi
and Srivastava, 2003). Approximately 75% of patients with
22q11.2 deletion have congenital heart disease, most com-
monly abnormalities involving the outflow tracts and the
aortic arch. Patients with this deletion have a character-
istic facial appearance, immunodeficiency due to thymic
hypoplasia, velopharyngeal dysfunction either with or with-
out cleft palate, hypocalcemia due to hypoparathyroidism,
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Figure 139-1 Chromosome analysis demonstrating the presence of the 22q11.2 deletion by FISH. On the left is a
normal control. On the right is an affected individual. The green probes, as indicated by green arrows, map to the end
of chromosome 22. The red probes, as indicated by the red arrows, map to the 22q11.2 region. The image on the right
shows the presence of only one red probe, which indicates a deletion of this region on one copy of 22. This finding is
diagnostic of DiGeorge syndrome. (Photograph courtesy of Dr. Janet Cowan.)

developmental and behavioral problems, and psychiatric dis-
orders in adulthood (Yamagishi and Srivastava, 2003).

INCIDENCE

The minimum incidence of 22q11.2 deletion is 1 in 6395
livebirths, as described in the Flemish region of Belgium
(DeVriendt et al., 1998a). In 2003, Botto et al. performed
a population-based study, using matched records from the
metropolitan Atlanta congenital defects program, the Sibley
Heart Center, and the Division ofMedical Genetics at Emory
University School of Medicine. This group found 43 chil-
dren with cytogenetic laboratory confirmed 22q11.2 deletion
in a total population of 255,849 births. This gave an overall
prevalence of 1 in 5950 births, with a slight racial difference
observed. The prevalence was 1 in 6000 among white, black,
and Asian individuals, and 1 in 3800 among Hispanics. The
reason for the discrepancy was not known. The importance
of the cytogenetic deletion was illustrated by the fact that
22q11.2 deletion was shown to contribute to 1 in 68 cases of
congenital heart defects, 1 in 2 cases of interrupted aortic arch
type B, 1 in 5 cases of truncus arteriosus, and 1 in 8 cases of
tetralogy of Fallot.

SONOGRAPHIC FINDINGS

A deletion of 22q11.2 should be considered in fetuses with
specific types of isolated congenital heart disease, such as
tetralogy of Fallot, truncus arteriosus (Figure 139-2), aor-

tic arch anomalies, absent pulmonary valve, or ventricular
septal defect with pulmonary atresia or aortic arch anomalies
(Goldmuntz, 2005). Deletion 22q11.2 should also be consid-
ered in any fetuswith congenital heart disease and someother
feature that has been described in fetuses with this condition,
such as polyhydramnios (DeVriendt et al., 1998b), vertebral
anomalies, holoprosencephaly, spina bifida, or renal anoma-
lies (Stewart et al., 1999).

In one study, all fetuses with sonographically detected
cardiac anomalies, an unremarkable family history and a
normal metaphase karyotype were studied specifically for

Figure 139-2 Sonogram demonstrating the presence of truncus
arteriosus. A single cardiac outflow tract is seen straddling both
ventricles. This finding prompted FISH testing for the 22q11.2
deletion, which was positive.
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the incidence of the 22q11.2 deletion over a 3-year period
(Manji et al., 2001). A total of 46 cases were studied by FISH.
Five out of the 46 cases (10.8%) had the deletion. The fe-
tal sonographic abnormalities found included tetralogy of
Fallot, atrial ventricular canal defect, VSD with truncus ar-
teriosus, and VSD and ASD. Parental chromosome studies
showed that one case was maternally inherited, three repre-
sented de novo mutations, and in one case the parents de-
clined cytogenetic testing. In another study, 261 consecutive
fetuses with a conotruncal cardiac malformation and a nor-
mal karyotype were studied for the presence of the 22q11.2
microdeletion (Table 139-1) (Boudjemline et al., 2001). A
microdeletion was found in 54 of 261 fetuses (20.7%). Re-
cently, multiple studies have appeared that have taken spe-
cific fetal cardiac anomalies and analyzed the relative per-
centage of microdeletions present. For example, Galindo
et al. (2006) studied 14 cases of the rare malformation of ab-
sent pulmonary valve; 3 of these had microdeletion 22q11.2.
Similarly, in a study of 71 cases of antenatally presenting right
aortic arch, 7 cases (10%) had the microdeletion (Berg et al.,
2006).However, all of these seven cases had associated extrac-
ardiac anomalies. In a large study of 92 fetuses with tetralogy

Table 139-1

Frequency of 22q11.2 Deletion in
Congenital Heart Disease

Type of Heart Antenatal Postnatal
Defect Data (%)∗ Data (%)†

Interrupted aortic arch 45 50

Truncus arteriosus 31 35

Tetralogy of Fallot 14 16

Absent pulmonary valve 38

Isolated aortic arch anomaly 24

Ventricular septal defect
(isolated)

10

With aortic arch anomaly 40
With pulmonary atresia 21.5

Double outlet right ventricle <5

Transposition of great arteries 4 <1

∗Data from Boudjemline Y, Fermont L, Le Bidois J, Lyonnet S, Sidi D,
Bonnet D. Prevalence of 22q11 deletion in fetuses with conotruncal cardiac
defects: a 6-year prospective study. J Pediatr. 2001;138:520-524.
†Data from Goldmuntz E. DiGeorge syndrome: new insights. Clin
Perinatol. 2005;32:963-978.

of Fallot that had cytogenetic studies performed, 15 had evi-
dence of 22q11.2 microdeletion (16.3%) (Poon et al., 2007).

Other sonographic findings that are associatedwith the
22q11.2microdeletion include increasednuchal translucency
measurement (Lazanakis et al., 1998) and polyhydramnios
(DeVriendt et al., 1998b). In the latter study, 52 fetuses that
had cytogenetic analysis were retrospectively reviewed to de-
termine whether polyhydramnios was present. This finding
was seen in 8 of 52 (16%) fetuses. The severity and time of
onset of the polyhydramnios was variable, but interestingly, it
was predictive of postnatal feeding difficulties. Another sono-
graphic finding associatedwith themicrodeletion is an absent
or hypoplastic thymus (Chaoui et al., 2002). The thymus can
only be visualized after 15 or 16 weeks of gestation, so this
is not an appropriate first trimester test. Chaoui et al. (2002)
studied 149 fetuses with congenital heart disease. Of these, 76
had evidence of conotruncal abnormalities and 10 of the 76
(13.1%) had the 22q11.2 microdeletion. Thymic hypoplasia
was suspected in 11 cases and of these 9 had the cytogenetic
deletion. The absent or hypoplastic thymusprovided an addi-
tional clinical finding to suggest the presence of a microdele-
tion. The thymic hypoplasia sign has a sensitivity of 90%, a
specificity of 98.5%, a positive predictive value of 81.8%, and
a negative predictive value of 99.2%. Only one fetus with the
deletion had a normal thymus.

Sonographically detectable renal anomalies are also as-
sociated with the microdeletion. Two studies in postnatal pa-
tients suggested that renal abnormalities were part of this
condition. In Europe, a large-scale study of 558 patients with
22q11.2 deletions hadmedical records reviewed to determine
if renal imaging studies were performed. In 136, renal studies
were performed and abnormalities were detected in 49 pa-
tients (36%) (Ryan et al., 1997). In a smaller study, 13 patients
with a known cytogenetic deletion had renal sonography per-
formed. Five of these 13 cases (a very similar 38.4%) had
evidence of a renal anomaly. Specific anomalies seen in this
population included bilateral duplex kidneys, unilateral renal
agenesis, unilateral multicystic dysplastic kidneys, and bilat-
eral extremely small kidneys (Stewart et al., 1999). Similarly,
these findings have been observed in fetuses affected with the
22q11.2 deletion. Goodship et al. (1997) described three fe-
tuses with renal anomalies as the main presenting symptom
of the deletion. The findings in affected fetuses included ab-
sent kidneys, multicystic kidneys, obstructive abnormalities,
and vesicoureteric reflux.

Anotherfinding inaffected fetuses is growthrestriction.
In an unbiased study of 27 consecutive growth-restricted fe-
tuses with normal karyotypes, 3 of the 27 (11%) had the
microdeletion (Chen et al., 2006).

DIFFERENTIAL DIAGNOSIS

In postnatal studies, it is of interest that the diagnosis of
22q11.2 deletion is made later in those individuals who do
not have a heart defect. Overwhelmingly, the presence of the
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heart defect triggers the diagnosis in a fetus or infant. Once
speech begins, it is the presence of either nasal speech or the
delay of speech development that usually prompts evalua-
tion and testing. The diagnosis of 22q11.2 deletion is made
by cytogenetic diagnosis (Figure 139-1). However, once this
cytogenetic abnormality has been detected, it encompasses
several different clinical conditions.

DiGeorge syndrome is characterized by a distinctive
face, hypoplasia or aplasia of the thymus and parathyroid
glands, and conotruncal cardiac defects. The essential triad
consists of hypocalcemia, immunodeficiency, and congenital
heart disease.VCFS is usually diagnosed in anolder childwith
either cleft palate or velopharyngeal incompetence. Patients
with VCFS also have a distinctive face that is long and nar-
row with a prominent nose, and long and tapering fingers.
Conotruncal facial anomaly syndrome consists of a specific
type of dysmorphism originally described in Japanese chil-
dren in association with conotruncal cardiac anomalies. All
three conditions are thought to be phenotypic variants of
the same disorder. Cayler cardiofacial syndrome is character-
ized by an asymmetric appearance of the child while crying,
along with the presence of cardiac anomalies. Lastly, Opitz
G/BBB syndrome, the autosomal dominant form, has been
shown to be associated with the 22q11.2 deletion. Affected
patients manifest hypertelorism (see Chapter 25), laryngo-
tracheal esophageal clefts, cleft palate, swallowing difficulties,
genitourinary defects, and developmental delay.

ANTENATAL NATURAL HISTORY

The antenatal natural history of fetuses affected with a
22q11.2 deletion has not been studied prospectively nor sys-
tematically. Occasional case reports exist that document in
utero demise secondary to the presence of complex congeni-
tal heart disease (Machlitt et al., 2002).

MANAGEMENT OF PREGNANCY

Current indications for prenatal testing for the 22q11.2 dele-
tion include having had a previous child with the deletion
or clinically diagnosed DiGeorge or VCFS, an affected par-
ent with a 22q11.2 deletion, or the in utero detection of a
conotruncal cardiac defect (Figure 139-2) (Driscoll, 2001).
Approximately 6% to 10% of cases of the deletion are famil-
ial, and the deletion is transmitted as an autosomal domi-
nant trait. Therefore, in pregnancies at risk for inheritance
of the deletion, an amniocentesis or chorionic villus sam-
pling should be performed. If the fetus is diagnosed as having
the deletion, a fetal echocardiogram and consultation with a
pediatric cardiologist should be offered (Goldmuntz, 2005).
In addition, consultation with a medical geneticist is rec-
ommended. Furthermore, because of the high incidence of
associated renal abnormalities, particular attention should

be paid to the presence of renal malformations on a level II
sonogram. As stated earlier, the presence of polyhydramnios
is associated with postnatal feeding difficulties.

Fetuses diagnosed with the 22q11.2 deletion should be
delivered in a tertiary center, because of the risk of developing
hypocalcemic seizures as well as the availability of pediatric
cardiology.

FETAL INTERVENTION

There has been no fetal invention reported for this condition.

TREATMENT OF THE NEWBORN

There are three major considerations for the treatment of
a newborn with the 22q11.2 deletion. Cardiac disease, if
present, must be treated. A neonatal cardiac consultation
should be obtained to get better anatomic delineation of the
cardiac anomalies present. Other major problems that occur
in the newborn period include seizures due to hypocalcemia,
and feeding difficulties due to the presence of either palatal
abnormalities or dysmotility (Emanuel et al., 2001). Postna-
tal studies that should be performed include obtaining a re-
nal sonogram, echocardiogram, electrocardiogram, ionized
calcium level, and baseline immune profile. Consultations
shouldbearrangedwithcardiology, earnose and throat, audi-
ology, and potentially immunology. In infants with repeated
infectious illnesses secondary to immunodeficiency, a novel
treatment is thymic transplant. This has been performed in
at least one case of confirmed 22q11.2 deletion (Markert
et al., 2004).

Patients with this deletion have a high percentage of
palatal abnormalities, including submucosal cleft palate, iso-
lated cleft palate, bifid uvula, cleft lip with cleft palate, and
velopharyngeal incompetence. This latter finding is never di-
agnosed until speech develops.

SURGICAL TREATMENT

Surgical treatment is performed for the presence of specific
cardiac abnormalities or palatal abnormalities.

LONG-TERM OUTCOME

22q11.2 deletion is a complex disorder that affects many or-
gan systems. Affected individuals have a high incidence of
associated congenital heart disease and may require medical
treatment for congestive heart failure. Affected individuals
have a variety of other problems associated with respiratory
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abnormalities, such as stridor secondary to vascular ring. In
addition, they have a variety of ear, nose, and throat abnor-
malities, including chronic otitis media, hearing loss, growth
failure secondary to feeding problems, immunodeficiency,
developmental delay, and later in life, serious behavioral and
psychiatric problems. Early intervention is recommended. In
1 to2%of individuals studiedwith schizophrenia, the22q11.2
deletion is present (Shprintzen et al., 2005).

GENETICS AND RECURRENCE RISK

The 22q11.2 deletion is inherited as an autosomal dominant
trait. Most of these cytogenetic deletions are de novo. It is
now known that this particular part of the human genome is
relatively unstable. 22q11.2 deletions and duplications arise
simultaneously from proximal interchromosomal exchange
during meiosis (Saitta et al., 2004). The 22q11.2 location is
characterized by a large number of low copy repeat sequences.
Unequal crossing over occurs between these low copy repeat
sequences, and this results in a 3Mb deletion in one 22 chro-
mosome homolog and a reciprocal, similarly sized duplica-
tion in the other homolog. There are approximately 30 genes
that have been mapped to the 3Mb deletion of 22q11.2 (Yagi
et al., 2003). In one study, 235 unrelated patients with rig-
orously clinically diagnosed 22q11.2 syndrome underwent
cytogenetic analysis. Of these, 225 or the 235 (96%) had the
characteristic deletion. This group then sequenced the gene
TBX1 in the 10 patients who had the clinical diagnosis but
no evidence of the cytogenetic deletion. Three mutations in
the TBX1 gene were identified in two unrelated patients and
three patients from one family. These mutations were three
newly described point mutations. Yagi et al. (2003) therefore
concluded that the TBX1 mutation is a major determinant of
clinical findings in nondeletion 22q11.2 syndrome. TBX1 has
been identified as the candidate gene responsible for the ab-
normal face, cardiac defects, thymic hypoplasia, velopharyn-
geal insufficiency, cleft palate, and hypocalcemia seen in this
syndrome, but TBX1 mutation alone is not associated with
mental retardation. Therefore, the full DiGeorge syndrome
phenotype results from a contiguous gene deletion, meaning
that more that one gene is deleted and different genes are
responsible for different components of the syndrome. TBX1
is part of the T-box protein family of genes. The T-box pro-
teins have a range of roles in early vertebrate development,
including development of the heart and limbs. Mutations
in TBX3 are the underlying basis for ulnar mammary syn-
drome and mutations in TBX5 are the cause of Holt–Oram
syndrome.

Another interesting candidate gene, COMT, is also lo-
cated within 22q11.2. COMT degrades synaptic dopamine
in the brain. Two polymorphisms in the COMT gene have
been described in patients with nondeletion “velocardialfa-
cial” symptoms. The polymorphisms are COMT 158Met and
COMT 158Val. The most severe form of mental illness in

adults seems to be associatedwithCOMT 158Met (Shprintzen
et al., 2005).

When a fetus is diagnosed with 22q11.2 deletion,
parental cytogenetic testing should always be performed. As
stated earlier, in 6% to 10% of cases one of the parents will be
shown to be affected. However, even if both parents are nega-
tive by FISH studies, parents should be advised that germline
mosaicism has been reported for this condition (Kasprzak
et al., 1998; Sandrin-Garcia et al., 2002). Therefore, the re-
currence risk is never zero after having had an affected fetus
with this condition. This is why one of the indications for pre-
natal testing for 22q11.2 is having had a previously affected
child.
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prognostic criteria in, 562f, 562t
sonographic findings, 556
surgical treatment of, 567
treatment of newborn with, 566–567

Blaker’s pouch cyst, 103
Blalock-Taussig shunt, 347, 357, 372
Bleomycin, 246
Blood transfusion, 898
Body-stalk anomaly, 416–420

antenatal natural history, 419
causes of, 417
definition of, 416
development of, 416–417
differential diagnosis of, 418–419

amniotic band syndrome, 418
limb-body-wall complex, 418–419

and early amnion rupture, 417
genetics and recurrence risk for, 420
incidence of, 417
long-term outcome of, 420
postmortem photograph of fetus, 419f
sonographic findings, 417–418

coronal image of fetus, 417f
kyphoscoliosis of lower spine, 417f
sagittal view of fetus, 418f
transverse view of fetus, 418f

surgical treatment of, 420
treatment of newborn with, 419–420

Bone disorders. See Extremity
abnormalities; Skeletal
abnormalities

Boston type craniosynostosis, 99, 100t
Brachymesophalangy, 705
Bradyarrhythmias, 320–326

antenatal natural history, 322–323
atrioventricular block, 320
complete heart block, 320
definition of, 320
differential diagnosis of, 322
fetal intervention for, 50, 323–324
genetics and recurrence risk for,

326
long-term outcome of, 326

management of complete heart block,
324f

neonatal lupus erythematosus, 325t
in pregnancy, management for, 323
sonographic findings, 321–322

four-chamber view, 323f
structural heart defects, 322t
treatment of newborn with, 325–326

Brain natriuretic peptide (BNP), 820–821
BRESHEK syndrome, 513t
Bronchogenic cysts, 273, 274
Bronchopulmonary sequestration (BPS),

255–261
algorithm for management of fetal

chest masses, 261f
anomalies associated with, 257, 259t
antenatal natural history, 258–259
autopsy confirmation of, 257f, 258f
conditions associated with, 255–256
vs. congenital cystic adenomatoid

malformation, 263–264
cystic adenomatoid malformation,

263–270
definition of, 255
differential diagnosis of, 257, 260t

congenital cystic adenomatoid
malformation, 257, 266

intracardiac tumors, 404
mesoblastic nephroma, 257
neuroblastoma, 257

embryogenesis of, 256
fetal intervention for, 260
fetal MRI of, 266f
genetics and recurrence risk for, 261
incidence of, 256
intralobar vs. extralobar, 256
long-term outcome of, 261
magnetic resonance imaging of, 8
in pregnancy, management for, 259–260
sonographic findings, 256–257

color flow Doppler examination, 257f
ultrasound of fetal chest, 256f

surgical treatment of, 260–261
treatment of newborn with, 260

C

Campomelic dysplasia, 633–639
acampomelic, 633
antenatal natural history, 636
clinical features, 633, 637t
definition of, 633
differential diagnosis of, 636

diastrophic dysplasia, 636
Larsen syndrome, 636
osteogenesis imperfecta, 627, 636
thanatophoric dysplasia, 617

genetics and recurrence risk for,
638–639

incidence of, 634–635
long-term outcome of, 638
phenotypic sex and karyotype in, 634f
phenotypic sex reversal in, 634

postmortem photograph of fetus, 634f
postmortem radiograph, 634f
postnatal photograph, 635f
in pregnancy, management for, 637
radiologic features, 633
scapular hypoplasia in, 636
sonographic findings, 635–636, 635f
surgical treatment of, 637–638
treatment of newborn with, 637

Canadian Collaborative CVS/
Amniocentesis Clinical Trial
Group, 35

Canadian Early and Midtrimester
Amniocentesis Trial (CEMAT),
32–33

Cantrell-Haller-Ravitch syndrome.
See Pentalogy of Cantrell

Carbamazepine, 152
Carboprost, 61
Cardiac procedures, fetal, 50–52

for arrhythmias, 50–51
structural fetal heart disease, 51–52

Cardiomyopathy, 395–401
antenatal natural history of, 398–399
causes of, 397
definition of, 395
differential diagnosis of, 397–398,

397t
Pompe disease, 397–398

dilated, 396
fetal intervention for, 399
fractional shortening index, 397
genes and gene products involved in,

401t
genetics and recurrence risk for,

400–401
hypertrophic, 396
incidence of, 396
long-term outcome of, 400
metabolic causes of, 399t
in pregnancy, management for, 399
single-gene disorders associated with,

398
sonographic findings, 396–397

antenatal four-chamber view of fetal
heart, 398f, 399f

biventricular hypertrophy, 399f
left ventricular outflow tract, 398f

surgical treatment of, 400
syndromes associated with, 397
treatment of newborn with, 400

Cardiopulmonary bypass, 372
Cardiovascular abnormalities, 313–408

aortic stenosis, 358–363
atrial septal defects, 328–330
atrioventricular canal defect, 335–339
bradyarrhythmias, 320–326
cardiomyopathy, 395–401
coarctation of the aorta, 364–368
double-outlet right ventricle, 374–378
Ebstein anomaly, 340–343
heterotaxy syndrome, 389–394
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hypoplastic left heart syndrome,
348–353

hypoplastic right ventricle, 344–347
intracardiac tumors, 402–408
pulmonary stenosis and atresia,

354–357
tachyarrhythmias, 313–319
tetralogy of Fallot, 369–373
transposition of great arteries,

384–388
truncus arteriosus, 379–383
ventricular septal defects, 331–334

Carmi syndrome, 493. See also Pyloric
atresia and stenosis

Carpenter syndrome, 96, 721–722
Cartilage-hair hypoplasia, 513t
Caudal regression syndrome, 598, 600.

See also Sirenomelia
Cayler cardiofacial syndrome, 966
CCAM. See Congenital cystic

adenomatoid malformation
CDKN1C mutations, 213
Cebocephaly, 122
Cell-free fetal DNA, 42
Central nervous system

magnetic resonance imaging of, 8
Central nervous system (CNS)

conditions, 71–181
agenesis of the corpus callosum

(ACC), 71–76
anencephaly, 77–82
arachnoid cyst, 83–87
cerebral calcification, 88–91
craniosynostosis, 92–100
Dandy-Walker malformation,

102–108
encephalocele, 109–116
exencephaly, 117–120
holoprosencephaly, 121–127
hydranencephaly, 129–131
hydrocephalus, 134–140
intracranial hemorrhage, 141–146
macrocephaly, 147–150
microcephaly, 166–171
myelomeningocele, 151–163
porencephaly, 172–175
vein of Galen aneurysm, 176–181

Central polydactyly, 715
Cephalic folding, 427
Cerebellar hypoplasia, 103
Cerebral calcification, 88–91

antenatal natural history, 90
definition of, 88
differential diagnosis of, 89–90
fetal intervention for, 91
genetics and recurrence risk for, 91–92
incidence of, 88–89
long-term complications, 91
in pregnancy, management for, 90–91
sonographic findings, 232

axial scans of fetal head, 90f
coronal sonogram, 89f

treatment of newborn with, 91
types of, 88

Cerebral hemispheres, absence of.
See Hydranencephaly

Cerebro-oculo-facial-skeletal syndrome,
225t, 593

Cervical teratoma, 751–757
antenatal natural history, 754
definition of, 751
differential diagnosis of, 753–754, 754f

cystic hygroma, 753
encephalocele, 112

EXIT procedure for, 755–756, 755f, 756f
fetal intervention for, 755–756
fetal MRI of, 753f
genetics and recurrence risk for, 757
incidence of, 751–752
long-term outcome of, 756–757
neural tissue, 751
in pregnancy, management for, 754–755
sonographic findings, 752–753

3D ultrasound, 752f
sagittal image of fetus, 752f

surgical treatment of, 756
thyroid tissue, 751
treatment of newborn with, 756

Cesarean section
goals of, 60
and omphalocele, 430–431

CHAOS. See Congenital high airway
obstruction syndrome

CHB. See Complete heart block
CHBFM (congenital bronchopulmonary

foregut malformation), 255
Chemke syndrome, 113t
Chest masses, fetal

algorithm for management of, 261f
differential diagnosis of, 260t

Chests, cysts of. See Thoracic cysts
Chiari type II malformation, 152,

156–157, 161
Cholecystomegaly, 485
Choledochal cyst, 465–471

antenatal natural history of, 468
causes of, 466–467
classification scheme of, 466f
clinical summary of patients with,

469t
definition of, 465
differential diagnosis of, 467–468
genetics and recurrence risk for, 471
incidence of, 466–467
long-term outcome of, 470
in pregnancy, management for, 469
sonographic findings, 467, 467f
surgical treatment of, 470, 470f
treatment of newborn with, 468–470
types of, 465, 466f
wall of, 465

Cholelithiasis, 483
genetics and recurrence risk for, 489
incidence of, 484

long-term outcome of, 489
treatment of newborn with, 488

Cholinergic nervous system, 511–512
Chondrodysplasia punctata, 677–685

abnormalities associated with, 678–679
antenatal natural history, 681
comparative manifestations of, 683t
conditions associated with, 678
differential diagnosis of, 680–681, 681t
enzyme abnormalities in, 678–679
genetics and recurrence risk for,

684–685
incidence of, 679
long-term outcome of, 684
nonrhizomelic form of, 678, 683
postmortem radiograph, 684f
in pregnancy, management for, 681–682
severe nasal hypoplasia in, 684f
sonographic findings, 679–680, 679f
surgical treatment of, 682
treatment of newborn with, 682

Chondroectodermal dysplasia, 610, 647,
652

Chorioamniotic separation, 688–689.
See also Amniotic band
syndrome (ABS)

Chorioangiopagus, 56, 56f. See also
Twin-to-twin transfusion
syndrome (TTTS)

Chorionic villus sampling (CVS), 33–39
accuracy of cytogenetic results, 38–39
vs. amniocentesis, 34–35
complications, 37
diagrammatic representation of, 33f
for immune hydrops, 892
laboratory aspects, 35
limb-reduction defects in, 38t
in multiple gestation, 34–35
pregnancy loss after, 35–36, 36t
risk of fetal limb abnormalities in,

37–38
transabdominal, 34, 34f
transcervical, 33–34, 33f

vs. transabdominal, 36–37
Choroid plexus cyst, 23
Chromosomal abnormalities, 901

DiGeorge syndrome, 963–967
Klinefelter syndrome (47, XXY),

945–949
and maternal age, 27t
Pallister-Killian syndrome, 958–962
tetrasomy 12p, 958–962
triple X syndrome (47, XXX), 951–953
triploidy, 926–931
trisomy 8, 932–936
trisomy 9, 932–936
trisomy 13, 903–909
trisomy 14, 932–936
trisomy 16, 932–936
trisomy 18, 910–917
trisomy 20, 932–936
trisomy 21, 919–925
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Chromosomal abnormalities (Contd.)
trisomy X (47, XXX), 951–953
Turner syndrome (45,X), 937–944
22q11.12 deletion, 963–967
XYY syndrome, 954–957

Chromosome analysis, 40–41
CHX10 mutation, 228
Chylothorax, 294. See also Hydrothorax
Cigarette smoking, 437
Cisterna magna, 104
Clayton-Smith syndrome, 513t
Cleft lip and cleft palate, 183–191

antenatal natural history, 186–187
chromosomal abnormalities in, 187,

190t
conditions associated with, 423
definition of, 183
differential diagnosis of, 186
ethnic and racial variations in, 184–185
fetal intervention for, 188–189
fetal MRI of, 185–186
genes involved in, 190t
genetics and recurrence risk for,

190–191
incidence of, 184–185
isolated, 184
long-term outcome of, 189–190
malformations associated with, 187
orofacial clefting, 184f
pathophysiology of, 184
postnatal photograph of, 188f
in pregnancy, management for, 187–188
recurrence risk for, 191t
risk factors, 185
sonographic findings, 185–186

coronal facial view of fetus, 185f
detection rates, 185
fetal MRI, 185–186
3D ultrasound, 185, 186f
transabdominal, 185
transvaginal, 185

surgical treatment of, 188f, 189
syndromes associated with, 186, 187t
syndromic, 187t
treatment of newborn with, 189
types of malformations, 184f
unilateral, 183

Cleidocranial dysplasia, 674
Clinodactyly, 704–707

antenatal natural history, 706
conditions associated with, 705

brachymesophalangy, 705
Down syndrome, 705

definition of, 704
differential diagnosis of, 706
genetics and recurrence risk for, 707
incidence of, 705
long-term outcome of, 707
in pregnancy, management for, 706
sonographic findings, 705–706, 705f
surgical treatment of, 707
treatment of newborn with, 706

Cloacal exstrophy, 446–453, 447f
anatomy of, 447–448
anomalies associated with, 448, 448t
antenatal natural history of, 449
vs. bladder exstrophy, 454
caudal displacement theory, 448
components of, 447f
conditions associated with, 447–448
definition of, 447
differential diagnosis of, 449

amniotic band syndrome, 449
bladder exstrophy, 456
limb-body-wall complex, 449
omphalocele, 449

genetics and recurrence risk for,
453

incidence of, 448
long-term outcome of, 452–453
in pregnancy, management for, 451
sonographic findings, 448–449, 449f,

450f
staged functional reconstruction in,

452t
surgical treatment of, 451–452
treatment of newborn with, 451
wedge effect in, 448

Closed neural-tube defects, 156–157
Cloverleaf skull, 94, 617
Clubfoot, 733–739

antenatal natural history of, 736
causes of, 733
chraracteristics of, 736f
conditions associated with, 737t
definition of, 733
differential diagnosis of, 735–736
early amniocentesis and, 734
genetics and recurrence risk for,

738–739
incidence of, 734
intrinsic vs. extrinsic, 733
long-term outcome of, 738
in pregnancy, management for,

736–737
sagittal section of, 734f
sonographic findings, 734–735,

735f
surgical treatment of, 737–738
treatment of newborn with, 737

Coagulation disorders, 141, 143
Coarctation of the aorta, 178, 364–368

antenatal natural history of, 366
cardiac malformations associated with,

364
definition of, 364
differential diagnosis of, 366
genetics and recurrence risk for, 368
incidence of, 365
infantile vs. adults forms of, 364
long-term outcome of, 367–368
pathogenesis of, 364
in pregnancy, management for,

366

sonographic findings, 365–366
color Doppler image, 366f
parasagittal image of aortic arch, 365f

surgical treatment of, 367
survival rate, 368
treatment of newborn with, 367

Cocaine, 437
COL2A1 gene, 190t
COL2A1 gene mutation, 670
Colonic atresia, 507–510

in abdominal wall defects, 508
anomalies associated with, 508
antenatal natural history, 509
causes of, 508
differential diagnosis of, 508
genetics and recurrence risk for, 510
incidence of, 508
long-term outcome of, 510
morphogenesis of, 508
pathogenesis of, 508
in pregnancy, management for, 509
sonographic findings, 508, 508f, 509f
surgical treatment of, 509–510
treatment of newborn with, 509

Colonic duplication cysts, 461
Color Doppler analysis, 180–181
Color flow mapping, 315
Common aorticopulmonary trunk.

See Truncus arteriosus
Complete heart block (CHB), 320–321

antenatal natural history, 322–323
fetal intervention for, 50, 323–325
and neonatal lupus erythematosus, 325
structural defects associated with, 322t

COMT gene, 967
Confined placental mosaicism (CPM), 39
Congenital brain clefts. See porencephaly
Congenital bronchopulmonary foregut

malformation (CBPFM), 255
Congenital cystic adenomatoid

malformation (CCAM),
263–270

antenatal natural history, 266–267
vs. bronchopulmonary sequestration,

263–264
conditions associated with, 894
definition of, 263
differential diagnosis of, 265–266

bronchopulmonary sequestration,
258

congenital diaphragmatic hernia, 266
intracardiac tumors, 404

fetal intervention for, 50, 268–269
fetal MRI of, 266f
genetics and recurrence risk for, 270
hydrops in, 267–268
incidence of, 265
lesions, 264
magnetic resonance imaging of, 8
mirror syndrome in, 267
pathophysiology of, 267f
in pregnancy, management for, 268
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sonographic findings, 265
color Doppler sonogram, 266f
prenatal cross-sectional image, 265f

surgical treatment of, 269–270, 269f
treatment of newborn with, 269
types of, 264, 264f

Congenital diaphragmatic hernia (CDH),
278–290

algorithm for management of, 286f
anomalies associated with, 280–281
antenatal natural history, 284–285
autopsy photograph, 280f
causes of, 279–280
chromosomal abnormalities in,

280–281, 285
conditions associated with

hydrothorax, 293
pulmonary hypoplasia, 279

definition of, 279
development of, 279
differential diagnosis of, 266
fetal intervention for, 286–288

EXIT-to-ECMO, 287–288
fetoscopy, 53–54
in utero repair, 286
tracheal occlusion, 286–287

genetics and recurrence risk for, 289–290
hidden mortality of, 280
incidence of, 280
long-term outcome of, 288–289
magnetic resonance imaging of, 8
musculoskeletal deformities in, 289
pathophysiology of, 279
in pregnancy, management for, 285
single-gene disorders associated with,

289t
sonographic findings, 280f, 281–284

coronal image of fetus, 281f
liver herniation, 281–284
location of gallbladder, 282
lung to thorax ratio, 282
percent predicted lung volume, 284
right-lung:head-circumference ratio,

282–284
sagittal image of fetus, 282f

surgical treatment of, 287f, 288
treatment of newborn with, 288

Congenital heart disease (CHD), in
twin-to-twin transfusion
syndrome, 824

Congenital high airway obstruction
syndrome (CHAOS), 231–236,
233f

anomalies associated with, 232t
antenatal natural history, 233–234
autopsy of fetus, 233f
causes of, 231, 232
definition of, 231
differential diagnosis of, 233

cystic adenomatoid malformation,
233

Fraser syndrome, 233

ex utero intrapartum treatment,
234–235, 235f

fetal intervention for, 235
fetal MRI, 233f
genetics and recurrence risk for, 236
incidence of, 231–232
long-term outcome of, 236
in pregnancy, management for, 234–235
sonographic findings, 232

cross-sectional view, 232f
sagittal view, 232f

surgical treatment of, 236
treatment of newborn with, 235–236

Congenital lobar emphysema, 273–274
Congenital midline porencephaly, 172
Congenital pulmonary airway

malformation (CPAM), 49, 50
Congenital scoliosis, 603
Conjoined twins, 843–849

antenatal natural history, 846
craniopagus, 844
diagnostic studies, 847t
differential diagnosis of, 846
historical accounts of, 843
incidence of, 844
ischiopagus, 844
long-term outcome of, 848–849
postnatal photograph, 848t
in pregnancy, management for, 846–847
prenatal MRI of, 847f
pygopagus, 844
separation of, 843–844
sonographic findings, 844–846, 846t

duplication of vertebral column, 845f
fetal pole, 844f
fusion at head, 845f
fusion at head and chest, 845f
sagittal image of fetus, 845f

surgical treatment of, 848
thoracopagus, 844
treatment of newborn with, 847–848
xiphopagus, 844

Conotruncal facial anomaly syndrome,
966

Conradi-Hünermann syndrome, 677–685
abnormalities associated with, 678–679
antenatal natural history, 681
conditions associated with, 678
differential diagnosis of, 680–681
genetics and recurrence risk for,

684–685
incidence of, 679
long-term outcome of, 684
in pregnancy, management for,

681–682
sonographic findings, 679–680
surgical treatment of, 682
treatment of newborn with, 682

Constrictive bands. See Amniotic band
syndrome (ABS)

Continence, 525
Contingent screening, 25

Continuous positive airway pressure
(CPAP), 97

Cornelia de Lange syndrome, 289t
Corpora cavernosa, 455, 457
Corpus callosum, 72

detecting abnormalities in, 7
development of, 72
sagittal scan of, 72
teardrop configuration of lateral

ventricle, 73f
COVESDEM syndrome, 660
Craniofacial abnormalities, 183–228

cleft lip and cleft palate, 183–191
hemifacial microsomia, 193–197
hypertelorism, 198–203
hypotelorism, 204–206
macroglossia, 207–213
micrognathia, 214–220
microphthalmia, 221–228

Craniofrontonasal dysplasia, 289t
Craniopagus, 844
Craniostenosis, 93
Craniosynostosis, 92–100

antenatal natural history of, 96
bilateral coronal, 94
Boston type, 99
classification of, 93t
definition of, 92–100
differential diagnosis of, 95–96, 97t

myelomeningocele, 156
fetus after termination, 96f
genes involved in, 99t
genetic basis of, 100t
genetics and recurrence risk for, 98
incidence of, 94
isolated, 93–94
long-term outcome of, 98
molecular basis of, 100t
in pregnancy, management for,

96–97
primary, 93t

vs. secondary, 93–94
secondary, 93t
sonographic findings, 94–95

prenatal, 94f, 95f
transaxial image, 94f

surgical treatment of, 97
syndromic, 93t, 94–96, 99t, 100t
treatment of newborn with, 97–98
unilateral coronal, 94

Crouzon syndrome, 94, 95, 100t
Cryptophthalmos syndrome, 113t
Cyst aspiration, 475
Cystencephaly. See Hydranencephaly
Cystic abdominal lesions, 461–464

antenatal natural history, 462–463
definition of, 461
differential diagnosis of, 463
duplication, 461
fetal intervention for, 463
genetics and recurrence risk for,

464
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Cystic abdominal lesions (Contd.)
hepatic, 461
incidence of, 462
long-term outcome of, 464
pancreatic, 461
in pregnancy, management for, 463
sonographic findings, 462

anechoic unilocular cyst, 462f
sagittal ultrasound image, 462f
transverse ultrasound image, 462f

splenic, 461
surgical treatment of, 463–464
treatment of newborn with, 463

Cystic adenomatoid malformation.
See Congenital cystic
adenomatoid malformation
(CCAM)

Cystic brain generation. See Porencephaly
Cystic fibrosis, 483, 502, 506
Cystic hygroma, 14f, 237–241.

See also Lymphangiomas
antenatal natural history, 239–240,

243–244
cardiac malformations in, 239
causes of, 242
cervical, 243t
chromosomal abnormalities in, 247t
comparative outcome of, 239t
definition of, 237
differential diagnosis of, 112t, 238–239,

243
cervical teratoma, 112, 753
Turner syndrome, 939

in early pregnancy, 237–241
EXIT-to-airway intraoperative

decisionmaking, 246f
and ex utero intrapartum treatment,

245–246
fetal aneuploidy in, 238
fetal intervention for, 240, 244–246
genetics and recurrence risk for,

240–241, 247
incidence of, 238, 242
in late pregnancy, 241–247
long-term outcome of, 240, 246–247
mortality rate, 243, 246
nuchal translucency screening in, 14
postnatal MRI images, 247f
in pregnancy, management for, 240, 244
vs. simple increased nuchal

transparency, 239t
skeletal abnormalities in, 239–240
sonographic findings, 21f, 238, 242

3D surface-rendered view, 239f
cystic mass alsong lateral aspect of

fetal head, 243f
lymphangiomas, 244f
midsagittal view, 238f
transverse view, 238f

structured anomalies associated with,
243t

surgical treatment of, 240, 246

syndromes associated with, 247t
treatment of newborn with, 240, 246
unilateral cystic mass, 245f

Cystic lesions of the abdomen. See Cystic
abdominal lesions

Cystic lesions of the chest, 273–277
antenatal natural history, 276
bronchogenic, 273, 274
congenital lobar emphysema, 273–274
differential diagnosis of, 275–276
enteric duplication cysts, 274
esophageal duplication cyst, 274
fetal intervention for, 276
fetal MRI of, 274f, 275f
genetics and recurrence risk for, 277
incidence of, 274
long-term outcome of, 277
neurenteric, 275
pericardial, 274, 275
in pregnancy, management for, 276
sonographic findings, 274–275
surgical treatment of, 277
thymic, 274–275
treatment of newborn with, 276–277

Cytomegalovirus (CMV), 89–91,
480–481

D

Dacron patch, 372
Dacryocystocele, 782
Dandy-Walker malformation, 102–108

and agenesis of the corpus callosum,
104

antenatal natural history of, 105–106
chromosomal abnormalities and, 106t
and cisterna magna, 104
conditions associated with, 105t
vs. Dandy-Walker variant, 103
definition of, 102–108
development of, 102–103
differential diagnosis of, 104–105

arachnoid cyst, 85, 104–105
Joubert-Boltshauser syndrome, 105
Walker-Warburg syndrome, 105

genetics and recurrence risk for,
107–108

history of, 102–103
and hydrocephalus, 103
long-term outcome of, 107
mortality rate, 107
in pregnancy, management for, 106
sonographic findings, 103–104

transaxial image cerebellar vermis,
104f

transaxial image of fetal head, 103f
surgical treatment of, 107
treatment of newborn with, 106

Dandy-Walker variant, 103
diagnostic criteria for, 104

Delivery management. See Pregnancy
management for fetal conditions

Denys-Drach syndrome, 289t

Desmin, 401t
Developmental porencephaly, 172
Dexamethasone, 32
Diagnostic fetoscopy, 52–53
Diaphragmatic hernia. See Congenital

diaphragmatic hernia (CDH)
Diastrophic dysplasia, 640–645

antenatal natural history, 643
causes of, 641
clinical findings in, 644t
definition of, 640
differential diagnosis of, 642–643

achondroplasia, 610
atelosteogenesis type II, 642–643
campomelic dysplasia, 636
pseudodiastrophic dysplasia, 642

genetic basis of, 641
genetics and recurrence risk for, 645
histopathology of, 640–641
incidence of, 641
long-term outcome of, 644–645
postmortem radiograph, 645f
postnatal photographs, 641f, 644f
in pregnancy, management for, 643
sonographic findings, 641–642

displaced thumb, 642f
kyphosis, 642f

treatment of newborn with, 643
Diastrophic dysplasia sulfate transporter

(DTDST), 641, 670
Dichorionic pregnancy, 55
Differential diagnosis of abnormalities

achondrogenesis, 666–667
achondroplasia, 610
hypophosphatasia, 666, 674
short rib polydactyly syndrome, 667

achondroplasia, 610
achondrogenesis, 610
chondroectodermal dysplasia, 610
diastrophic dysplasia, 610
Ellis-van Creveld syndrome, 648
hypochondroplasia, 610

agenesis of the corpus callosum, 73–74
ambiguous genitalia, 578–579
amniotic band syndrome, 691–692

anencephaly, 79–80
body-stalk anomaly, 418
cloacal exstrophy, 449
exencephaly, 119

anencephaly, 79–80
amniotic bands, 79–80
ruptured encephalocele, 79–80

aortic stenosis, 360
hypoplastic left heart syndrome, 360

Apert syndrome, 96, 721–722
arachnoid cyst, 85

Dandy-Walker malformation, 85,
104–105

mega cisterna magna, 85
variant of normal, 85

arthrogryposis, 699–700
amyoplasia, 699
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Beal syndrome, 699
Freeman-Sheldon syndrome, 699
Marfan syndrome, 699
Pena-Shokeir syndrome, 699
trisomy 18, 914

atrial septal defects, 329
atrioventricular canal defect, 337
autosomal dominant polycystic kidney

disease, 537–538
autosomal recessive polycystic kidney

disease, 537–538
Beckwith-Wiedemann syndrome

omphalocele, 429
polycystic kidney disease, 538

bladder exstrophy, 456
cloacal exstrophy, 456
myelomeningocele, 456
omphalocele, 456

bladder outlet obstruction, 558–559
body-stalk anomaly, 418–419

amniotic band syndrome, 418
limb-body-wall complex, 418–419

bradyarrhythmias, 322
bronchopulmonary sequestration, 257

congenital cystic adenomatoid
malformation, 257, 266

intracardiac tumors, 404
mesoblastic nephroma, 257, 258
neuroblastoma, 257, 258

campomelic dysplasia, 636
diastrophic dysplasia, 636
Larsen syndrome, 636
osteogenesis imperfecta, 627, 636
thanatophoric dysplasia, 617

cardiomyopathy, 397–398
Pompe disease, 397–398

cerebral calcification, 89–90
cervical teratoma, 753–754

cystic hygroma, 753
encephalocele, 112

chest masses, fetal, 260t
choledochal cyst, 467–468
chondrodysplasia punctata, 680–681
cleft lip and cleft palate, 186
clinodactyly, 706
cloacal exstrophy, 449

amniotic band syndrome, 449
bladder exstrophy, 456
limb-body-wall complex, 449
omphalocele, 449

clubfoot, 735–736
coarctation of the aorta, 366
colonic atresia, 508
congenital cystic adenomatoid

malformation, 265–266
bronchopulmonary sequestration,

258
congenital diaphragmatic hernia, 266
intracardiac tumors, 404

congenital diaphragmatic hernia, 266
congenital high airway obstruction

syndrome, 233

cystic adenomatoid malformation,
233

Fraser syndrome, 233
conjoined twins, 846
Conradi-Hünermann syndrome,

680–681
craniosynostosis, 95–96, 97t

myelomeningocele, 156
cystic abdominal lesions, 463
cystic hygroma, 238–239, 243

cervical teratoma, 112, 753
Turner syndrome, 939

cystic lesions of the chest, 275–276
Dandy-Walker malformation, 104–105

arachnoid cyst, 85, 104–105
Joubert-Boltshauser syndrome, 105
Walker-Warburg syndrome, 105

diastrophic dysplasia, 642–643
achondroplasia, 610
atelosteogenesis type II, 642–643
campomelic dysplasia, 636
pseudodiastrophic dysplasia, 642

DiGeorge syndrome, 966
Cayler cardiofacial syndrome, 966
conotruncal facial anomaly

syndrome, 966
Opitz syndrome, 966
polydactyly, 717
velocardiofacial syndrome, 966

dilated cardiomyopathy, 397–398
double-outlet right ventricle,

375–376
tetralogy of Fallot, 371, 375–376
transposition of great arteries,

375–376
Down syndrome, 921
duodenal atresia and stenosis, 496
Ebstein anomaly, 341–342
echogenic kidneys, 528
ectopia cordis, 413
ectopic ureterocele, 572
ectrodactyly, 710–711
Ellis-van Creveld syndrome, 648

achondroplasia, 648
ectodermal dysplasia, 648
Jeune syndrome, 648
thanatophoric dysplasia, 617
Weyers acrodental dysostosis, 648

encephalocele, 111–112
cystic hygroma, 111
myelomeningocele, 156
retinoblastoma, 782

enterolithiasis, 486
esophageal atresia, 308–309
exencephaly, 119

acrania, 119
amniotic band syndrome, 119
skeletal dysplasia, 119

fetal hydrothorax, 294–295
fetal overgrowth, 866–867

Beckwith-Wiedemann syndrome,
866

Simpson-Golabi-Behmel syndrome,
866

Sotos syndrome, 866
Fraser syndrome

congenital high airway obstruction
syndrome, 233

renal agenesis, 593
syndactyly, 722–723

gastroschisis, 439
omphalocele, 428

goiter, 251–252
hemangioma, 762

encephalocele, 112
hemifacial microsomia, 195
hemivertebrae, 605

Jarcho-Levin syndrome, 605
Robinow syndrome, 605

hepatic calcifications, 480
Hirschsprung’s disease, 514–515

colonic atresia, 509–510
meconium peritonitis, 514–515
meconium plug syndrome, 516

holoprosencephaly, 121–127
hydranencephaly, 130–133

extreme hydrocephalus, 131
holoprosencephaly, 131
intracranial hemorrhage, 142–145
lobar holoprosencephaly, 131
porencephaly, 131, 136

hydrocephalus, 134–140
polyhydramnios, 136
porencephaly, 136, 174
ventriculomegaly, 134–137

hydronephrosis, minimal, 545
hydrothorax, 294–295
hypertelorism, 200
hypophosphatasia, 674

achondrogenesis, 666, 674
cleidocranial dysplasia, 674
osteogenesis imperfecta, 627

hypoplastic left heart syndrome, 350
aortic stenosis, 360

hypoplastic right ventricle, 346
hypotelorism, 205–206
immune hydrops, 889
imperforate anus, 523–524
intra-abdominal calcifications, 485
intracardiac tumors, 404
intracranial hemorrhage, fetal, 143

porencephaly, 143
intrauterine growth restriction, 861
Jarcho-Levin syndrome, 660

COVESDEM syndrome, 660
dyssegmental dysplasia, 660
hemivertebrae, 605
Klippel-Feil syndrome, 660
spondyloepiphyseal dysplasia

congenita, 660
spondylothoracic dysostosis, 658

jejunoileal atresia and stenosis, 504
limb-body-wall complex, 449
liver tumors, 762
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Differential diagnosis of abnormalities
(Contd.)

lymphangiomas, 210
macroglossia, 210

macrocephaly, 148–149
macroglossia, 210–211

lymphangiomas, 210
Simpson-Golabi-Behmel syndrome,

212
trisomy 13, 212

malformations in twins, 804
Meckel-Gruber syndrome

multicystic dysplastic kidney, 531
polycystic kidney disease, 538
polydactyly, 716
trisomy 13, 906

meconium peritonitis, 485–486
Hirschsprung’s disease, 514–515

mesoblastic nephroma, 769
bronchopulmonary sequestration,

258
infantile polycystic kidney disease,

768
Wilms’ tumor, 769

microcephaly, 169
micrognathia, 217–218
microphthalmia, 224
minimal fetal hydronephrosis,

545
monoamniotic twins, 852
multicystic dysplastic kidney, 531

Meckel-Gruber syndrome, 531
polycystic kidney disease, 531
Wilms’ tumor, 798

myelomeningocele, 156
bladder exstrophy, 456
craniosynostosis, 156
encephalocele, 156
sacrococcygeal teratoma, 156

neuroblastoma, 775–776
bronchopulmonary sequestration,

258
nonimmune hydrops fetalis, 896
oligohydramnios, 873

renal agenesis, 593
sirenomelia, 600

omphalocele, 428–429
Beckwith-Wiedemann syndrome,

429
bladder exstrophy, 456
cloacal exstrophy, 449
pentalogy of Cantrell, 428–429

osteogenesis imperfecta, 627
campomelic dysplasia, 627, 636
hypophosphatasia, 627

ovarian cysts, fetal, 474
overgrowth syndromes

Beckwith-Wiedemann syndrome,
866

Simpson-Golabi-Behmel syndrome,
866

Sotos syndrome, 866

Pallister-Killian syndrome, 960
Fryns syndrome, 960

pentalogy of Cantrell, 424
omphalocele, 428–429

peritoneal hepatic calcifications, 480
persistent cloaca, 586
polycystic kidney disease, 537–538

Beckwith-Wiedemann syndrome,
538

Meckel-Gruber syndrome, 538
mesoblastic nephroma, 769
tuberous sclerosis, 537–538

polydactyly, 716–717
Bardet-Biedl syndrome, 716
DiGeorge syndrome, 717
McKusick-Kaufman syndrome, 716
Meckel-Gruber syndrome, 716
Smith-Lemli-Opitz syndrome, 716
trisomy 13, 716

polyhydramnios, 881
Pompe disease, 397–398
porencephaly, 174

hydranencephaly, 131, 136
hydrocephalus, 136
intracranial hemorrhage, 143

posterior urethral valves, 558–559
pulmonary agenesis, 303
pulmonary stenosis and atresia, 355

tetralogy of Fallot, 355, 371
pyloric atresia and stenosis, 492–493
radial aplasia, 728, 729t

Baller-Gerold syndrome, 728
Juberg-Hayward syndrome, 728
thrombocytopenia-absent radius

syndrome, 728
trisomy 18, 728

renal agenesis, 593
cerebro-oculo-facial-skeletal

syndrome, 593
Fraser syndrome, 593
oligohydramnios, 593
Rokitansky-Kuster-Hauser

syndrome, 593
sirenomelia, 593, 600

retinoblastoma, 782
dacryocystocele, 782
encephalocele, 782
epignathus, 782
myoblastoma, 782

rhabdomyomas, 404
sacrococcygeal teratoma, 788

myelomeningocele, 156
short rib polydactyly syndrome, 652,

654t
achondrogenesis, 667
asphyxiating thoracic dystrophy, 652
chondroectodermal dysplasia, 652
thanatophoric dysplasia, 617
trisomy 13, 652

Simpson-Golabi-Behmel syndrome,
210

single umbilical artery, 747

sirenomelia, 600
bilateral renal agenesis, 600
caudal regression syndrome, 600
oligohydramnios, 600
renal agenesis, 593

syndactyly, 721–723, 724t
Apert syndrome, 721
Carpenter syndrome, 721–722
Fraser syndrome, 722–723
Smith-Lemli-Opitz syndrome, 722

tachyarrhythmias, 315
tetralogy of Fallot, 371

double-outlet right ventricle,
375–376

pulmonary atresia, 371
pulmonary stenosis, 355
truncus arteriosus, 371, 381

tetrasomy 12p, 960
Fryns syndrome, 960

thanatophoric dysplasia, 617
campomelic dysplasia, 617
Ellis-van Creveld syndrome, 617
short rib polydactyly syndrome,

617
thoracic cysts, 275–276
transposition of great arteries, 386

double-outlet right ventricle,
375–376

ventricular septal defect, 386
triploidy, 928
trisomy 13, 904–906

holoprosencephaly, 904–906
Meckel-Gruber syndrome, 906
polydactyly, 716
pseudotrisomy 13, 906

trisomy 18, 913–914
arthrogryposis multiplex congenita,

914
Pena-Shokeir syndrome, 913
pseudotrisomy 18, 913
radial aplasia, 728

trisomy 21 syndrome, 921
truncus arteriosus, 381

tetralogy of Fallot, 371, 381
tuberous sclerosis, 404

polycystic kidney disease, 537–538
Turner syndrome, 939–940

cystic hygroma, 939–940
lymphedema, 940
Noonan syndrome, 940

twin reversed arterial perfusion (TRAP)
sequence, 839

umbilical artery, single, 747
umbilical cord abnormalities, 742
ureteropelvic junction obstruction,

551
vascular hepatic calcifications, 480
vein of Galen aneurysm, 179
ventricular septal defects, 333, 825–826

transposition of great arteries, 386
Wilms’ tumor, 798–799

hydronephrosis, 798
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mesoblastic nephroma, 769, 798
multicystic dysplastic kidney, 798

XYY syndrome (47, XXY), 955
DiGeorge syndrome, 963–967

antenatal natural history, 966
chromosome analysis, 964f
clinical features, 963–964
definition of, 963
differential diagnosis of, 965–966

Cayler cardiofacial syndrome, 966
conotruncal facial anomaly

syndrome, 966
Opitz syndrome, 966
polydactyly, 717
velocardiofacial syndrome, 966

frequency of 22q11.2 deletion in
congenital heart disease, 965t

genes involved in, 187
genetics and recurrence risk for, 967
incidence of, 964
long-term outcome of, 966–967
in pregnancy, management for, 966
sonographic findings, 964–965, 964f
treatment of newborn with, 966

Digoxin, 317, 827–828, 898
Dihydrotestosterone (DHT), 575
Diisopropyliminodiacetic acid (DisHIDA)

scan, 469
Dilated cardiomyopathy, 396

differential diagnosis of, 397–398
genes and gene products involved in,

401t
sonographic findings, 396–397

Distortion ventriculomegaly, 95
DNA analysis, 40–41

conditions amenable to, 28t
Dobutamine, 367
Donnai-Barrow syndrome, 289t
Dopamine, 367
Doppler echocardiography, 315
Doppler velocimetry, 823, 860–861
Double-outlet right ventricle (DORV),

374–378
antenatal natural history of, 376–377
definition of, 374
differential diagnosis of, 375–376

tetralogy of Fallot, 371, 375–376
transposition of great arteries,

375–376
genetics and recurrence risk for, 378
incidence of, 375
long-term outcome of, 378
in pregnancy, management for, 377
sonographic findings, 375

bifurcation of pulmonary artery,
376f

four-chamber view, 376f
parallel outflow tracts from right

ventricle, 375f, 376f
subxiphoid long-axis thoracic view,

375f
surgical treatment of, 377–378

treatment of newborn with, 377
types of, 374–375

Down syndrome, 919–925
antenatal natural history, 922
cardinal physical findings in newborn

with, 924t
causes of, 919
conditions associated with

atrioventricular septal defects,
338–339

clinodactyly, 705
esophageal atresia, 309
Hirschsprung’s disease, 512
macroglossia, 208–209, 212

definition of, 919–925
detection of, 5
differential diagnosis of, 921
fetal nuchal translucency screening for,

12–13
fetus

with atrioventricular canal defect,
20f

with cystic hygroma, 14f, 21f
with double-bubble secondary to

duodenal atresia, 20f
first vs. second trimester screening,

13f
genetics and recurrence risk for,

924–925
incidence of, 921
karyotype, 920f
life expectancy, 924t
likelihood ratios for, 23t
long-term outcome of, 924–925
major structural malformations, 20t
minor sonographic markers, 20t
nasal bone sonography test, 15–16
natural birth prevalence of, 921
noninvasive detection of, 919–920
nuchal translucency screening for,

12–13, 12f
in pregnancy, management for,

922–923
second-trimester serum screening, 19
sonographically detectable

malformations in, 922
sonographic findings, 921
spontaneous abortion or stillbirth in,

922
surgical treatment of, 924
treatment of newborn with, 923–924

Duchenne muscular dystrophy (DMD),
52–53

Duchenne syndrome, 401t
Ductus venosus, sonographic evaluation

of, 16, 16f
Duodenal atresia and stenosis, 495–500

anomalies associated with, 496–497,
500

antenatal natural history of, 496–497
causes of, 495
conditions associated with, 497t

annular pancreas, 495
polyhydramnios, 498

definition of, 495
differential diagnosis of, 496

pyloric atresia and stenosis, 492–493
double bubble sign, 492, 496f, 497f
Feingold syndrome in, 500
genetics and recurrence risk for, 500
incidence of, 495
intraoperative view of, 499f
late complications of, 500t
long-term outcome of, 499–500
in pregnancy, management for,

497–498
radiograph of, 498f
sonographic findings, 495–496

color Doppler image, 496f
double bubble sign, 496f, 497f
fetal vomiting, 496f

surgical treatment of, 498–499
treatment of newborn with, 498
trisomy 13 in, 500
types of, 495
upper gastrointestinal contrast study,

499f
Duplicated vagina, 585
Duplication cysts, 461
Dynamic aortic stenosis, 359
Dysencephalia splanchnocystica. See

Meckel-Gruber syndrome
Dyslexia, and in utero ultrasound

exposure, 5
Dysplasia. See specific types
Dysrhythmias, 405–406
Dyssegmental dwarfism, 113t
Dyssegmental dysplasia, 660
Dystocia, 791
Dystrophin, 52, 401t

E

Early amniocentesis, 32–33
Early amnion rupture, 417
Ebstein anomaly, 340–343

antenatal natural history, 342
cardiac malformations coexisting with,

340, 341
definition of, 340
differential diagnosis of, 341–342
genetics and recurrence risk for, 343
incidence of, 340–341
long-term outcome of, 343
in pregnancy, management for, 342
risk factors, 340–341
severity of, 341
sonographic findings, 341

antenatal four-chamber view of fetal
heart, 341f

surgical treatment of, 342–343
treatment of newborn with, 342

Echocardiography, 315
Echogenic bowel, 21f, 22, 514
Echogenic intercardiac focus, 22–23
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Echogenic kidneys, 527–529
antenatal natural history of, 528
causes of, 528
conditions associated with, 527

oligohydramnios, 528
differential diagnosis of, 528
genetics and recurrence risk for, 529
incidence of, 527
long-term outcome of, 529
in pregnancy, management for, 528–529
sonographic findings, 527–528, 528f
survival rate, 528
treatment of newborn with, 529

Ectoderm, 221
Ectodermal dysplasia, 190t, 648
Ectomenix, 96
Ectopia cordis, 411–414

anomalies associated with, 414t
antenatal natural history of, 413
cervical vs. abdominal, 412
definition of, 411
differential diagnosis of, 413
genetics and recurrence risk for, 415
incidence of, 412
vs. pentalogy of Cantrell, 412, 413, 422
in pregnancy, management for, 413–414
Ravitch’s classification of stenal clefts,

412t
sonographic findings, 412–413, 412t,

413t
sternal defects in, 411–412
surgical treatment of, 415
thoracic, 412
treatment of newborn with, 414–415

Ectopic ureterocele, 570–573
antenatal natural history, 572
blind, 570
cecoureterocele, 570
definition of, 570
differential diagnosis of, 572
embryonic development of, 570
fetal intervention for, 572
genetics and recurrence risk for, 573
incidence of, 571
long-term outcome of, 573
nonobstructive, 570
in pregnancy, management for, 572
sonographic findings, 571–572, 571f
sphincteric, 570
sphincterostenotic, 570
stenotic, 570
treatment of newborn with, 573

Ectrodactyly, 708–713, 709f
antenatal natural history, 711
clinical features, 711t
definition of, 708
differential diagnosis of, 710–711
genes involved in, 190t
genetics and recurrence risk for, 713
incidence of, 708
long-term outcome of, 712
in pregnancy, management for, 712

sonographic findings, 708–710
fetal foot, 710f
fetal hand, 709f, 710f

split nonsyndromic hand/foot
malformation, 708

surgical treatment of, 712
syndromic, 708
treatment of newborn with, 712

Edwards syndrome. See Trisomy 18
Ellis-van Creveld syndrome, 610, 646–649

abnormalities associated with, 647
antenatal natural history, 648
cardiac abnormalities in, 647
chondrodystrophy in, 647
definition of, 647
differential diagnosis of, 648

achondroplasia, 648
ectodermal dysplasia, 648
Jeune syndrome, 648
thanatophoric dysplasia, 617
Weyers acrodental dysostosis,

648
genetics and recurrence risk for,

649
incidence of, 647
long-term outcome of, 649
in pregnancy, management for, 648
sonographic findings, 647–648, 647f
surgical treatment of, 649
treatment of newborn with, 648–649

Encephalocele, 109–116
antenatal natural history of, 112–113
causes of, 110
conditions associated with, 110, 113t

hepatic calcifications, 480
definition of, 109
differential diagnosis of, 111–112, 112t

cystic hygroma, 111
myelomeningocele, 156
retinoblastoma, 782

frontal vs. occipital, 109–110
genetics and recurrence risk for,

115–116
incidence of, 110
long-term outcome of, 115
occurrence of, 110
in pregnancy, management for,

113–114
sonographic findings, 110–111, 111f

transaxial image of fetal head, 114f
transaxial image of occipital

encephalocele, 111f
surgical treatment of, 115
syndromes, 113t
treatment of newborn with, 11

Encephaloclastic porencephaly, 172
Endocardial cushion defect. See

Atrioventricular canal defect
(AVCD)

Endoscopic retrograde
cholangiopancreatography
(ERCP), 469

Endotracheal tube, 64
Enlarged nuchal transparency, 14
Enteric duplication cysts, 274, 461

antenatal natural history, 462
Enterolithiasis, 483

differential diagnosis of, 486
long-term outcome of, 489
in pregnancy, management for, 487
treatment of newborn with, 488

Ephedrine, 61
Epibulbar dermoids, 193
Epidermolysis bullosa, 493
Epigastric omphalocele, 422
Epignathus, 782
Epispadias repair, 457
ERCP (endoscopic retrograde

cholangiopancreatography),
469

Esophageal atresia, 306–311
anomalies associated with, 308t
antenatal natural history, 309
causes of, 307
chromosomal abnormalities in, 309
definition of, 307
differential diagnosis of, 308–309

polyhydramnios, 308–309
fetal MRI of, 308f
forms of, 307, 307f
genetics and recurrence risk for, 311
incidence of, 307
long-term outcome of, 310–311
in pregnancy, management for, 309
sonographic findings, 307–308, 308f,

309f
surgical treatment of, 310
treatment of newborn with, 310
types of anomalies, 307f

Esophageal duplication cyst, 274
Ethmocephaly, 122
EVC2 mutation, 649
EVC mutation, 649
Exencephaly, 117–120

cause of, 117
definition of, 117
differential diagnosis of, 119

acrania, 119
amniotic band syndrome, 119
skeletal dysplasia, 119

in experimental animals, 118
genetics and recurrence risk for, 120
incidence of, 118
malformations associated with, 118
in pregnancy, management for, 119–120
progression to anencephaly, 119
sonographic findings, 118–119

sagittal view of fetus, 118f
EXIT procedure. See Ex utero intrapartum

treatment
Exomphalos-macroglossia-gigantism

(EMG) syndrome.
See Beckwith-Wiedemann
syndrome
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Extremity abnormalities, 603–685.
See also Skeletal abnormalities

amniotic band syndrome, 687–695
arthrogryposis, 697–703
clinodactyly, 704–707
clubfoot, 733–739
ectrodactyly, 708–713
polydactyly, 714–719
radial aplasia, 726–731
syndactyly, 720–725

Extrinsic clubfoot, 733
Ex utero intrapartum treatment (EXIT

procedure), 755–756
bronchoscopy during, 62f
central principle in, 59
common misconception in, 60
for congenital high airway obstruction

syndrome, 234–235, 235f
and cystic hygroma, 245–246
endotracheal tube in, 64
ex utero intrapartum treatment, 59–64
fetal airway management in, 63–64
fetal anesthesia in, 61
fetal/maternal anesthesia in, 60
fetal monitoring in, 61
goals of, 60
hysterotomy in, 62
indications for, 61t
inhalational anesthetics in, 61
intraoperative view, 62f
pitfalls of, 63t
for thoracic cysts, 276
total intravenous anesthesia in, 61
uteroplacental as exchange in, 60–61

Eye, phenotypic abnormalities of, 221–222

F

Facial malformations. See Craniofacial
abnormalities

Facioauriculovertebral dysplasia, 187t
Factor V Leiden mutation, 175
FASTER trial, 13, 32
Fatty acid oxidation disorders, 398
Feingold syndrome, 500
Femur length, 22
Fetal abdomen, magnetic resonance

imaging of, 9
Fetal ABO blood group, 890
Fetal acrania-anencephaly sequence, 117
Fetal anemia, 40–41
Fetal antegrade cystourethroscopy, 53f
Fetal atrial flutter, 314
Fetal balloon valvoplasties, 52t
Fetal blood sampling. See Percutaneous

umbilical blood sampling
(PUBS)

Fetal Care Center of Cincinnati, 823
Fetal cells, 42
Fetal central nervous system, magnetic

resonance imaging of, 7–8
Fetal chest, magnetic resonance imaging

of, 8–9

Fetal growth curves. See Intrauterine
growth restriction (IUGR)

Fetal hematocrit, 890–891
Fetal hydrothorax (FTH), 292–298

algorithm for management of pleural
effusions, 297f

antenatal natural history, 295
conditions associated with, 293

congenital diaphragmatic hernia,
293

polyhydramnios, 293, 295
pulmonary hypoplasia, 295

definition of, 293
differential diagnosis of, 294–295
fetal intervention for, 48–49, 296–298

thoracentesis, 296–298
thoracoamniotic shunts, 296–298
thoraco-maternal-cutaneous

drainage, 297
genetics and recurrence risk for, 298
hydrops in, 293
incidence of, 293
long-term outcome of, 298
mortality rate, 295
in pregnancy, management for, 295–296
primary vs. secondary, 293, 295
sonographic findings, 293
surgical treatment of, 298
treatment of newborn with, 298

Fetal intervention for abnormalities,
46–64

ambiguous genitalia, 581–582
amniotic band syndrome, 55, 693–694
aortic stenosis, 51–52, 361
bladder outlet obstruction, 560–566
bradyarrhythmias, 50, 323–324
bronchopulmonary sequestration, 260
cardiomyopathy, 399
cerebral calcification, 91
cervical teratoma, 755–756
cleft lip and cleft palate, 188–189
complete heart block, 50, 323–325
congenital cystic adenomatoid

malformation, 50, 268–269
congenital diaphragmatic hernia,

286–288
EXIT-to-ECMO, 287–288
fetoscopy, 53–54
in utero repair, 286
tracheal occlusion, 286–287

congenital high airway obstruction
syndrome, 235

cystic abdominal lesions, 463
cystic hygroma, 240, 244–246
cystic lesions of the chest, 276
ectopic ureterocele, 572
fetal balloon valvoplasties, 52t
fetal hydrothorax, 48–49
gastroschisis, 441–442
goiter, 253
hemangioma, 763
heterotaxy syndrome, 393

hydrocephalus, 137–138
hydrothorax, 296–298

thoracentesis, 296–298
thoracoamniotic shunts, 296–298
thoraco-maternal-cutaneous

drainage, 297
hypoplastic left heart syndrome, 51,

350
hypotelorism, 206
immune hydrops, 890–891
imperforate anus, 524
intrauterine fetal death, 815–816
intrauterine growth restriction, 863
liver tumors, 763
malformations in twins, 805–806
monoamniotic twins, 854–855
multicystic dysplastic kidney, 532–533
myelomeningocele, 158–160
needle apiration and shunting

procedures, 47t
neuroblastoma, 777
nonimmune hydrops fetalis, 897–898
oligohydramnios, 876–877
open fetal surgery, 60t
osteogenesis imperfecta, 628
ovarian cysts, fetal, 475
persistent cloaca, 587
polyhydramnios, 883
porencephaly, 174
posterior urethral valves, 560–566
procedures, 47–58

cardiac, 50–52
fetoscopic surgery, 52–58
shunting, 47–50

pulmonary hypoplasia, 53–54
renal agenesis, 594
retinoblastoma, 783
sacrococcygeal teratoma, 791–793
tachyarrhythmias, 50, 318
thoracic cysts, 276
twin reversed arterial perfusion (TRAP)

sequence, 840–841
twin-to-twin transfusion syndrome,

56–58
ureteropelvic junction (UPJ)

obstruction, 552
vein of Galen aneurysm, 180
ventricular septal defects, 827–830

amniotic septostomy, 828
digoxin, 827–828
laser ablation of placental

anastomoses, 828–829
serial reduction amniocentesis,

827–828
Fetal limb abnormalities, 37–38
Fetal malformations

treatment by open fetal surgery, 60t
ultrasonographic diagnosis of, 5

Fetal neck, magnetic resonance imaging
of, 8

Fetal nuchal translucency, 12
screening for Down syndrome, 12–13
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Fetal overgrowth, 865–869
antenatal natural history, 867–868
definition of, 865
differential diagnosis of, 866–867

Beckwith-Wiedemann syndrome,
866

Simpson-Golabi-Behmel syndrome,
866

Sotos syndrome, 866
genetics and recurrence risk for, 869
incidence of, 866
long-term outcome of, 869
in pregnancy, management for, 868
sonographic findings, 866
treatment of newborn with, 868–869

Fetal pelvis, magnetic resonance imaging
of, 9

Fetal platelet count, 41
Fetal renal hamartoma. See Mesoblastic

nephroma
Fetal thrombocytopenia, 40–41
Fetal urinary tract, ultrasound imaging of,

9
Fetal well-being, 41–42
Fetoscopy, 52–64

diagnostic, 52–53
open fetal surgery, 58–59
therapeutic, 53–55

amniotic band syndrome, 55
diaphragmatic hernia, 53–54
lower urinary tract obstruction, 53
myelomeningocele, 54–55

treatment of complications in
monochorionic twins, 55–58

discordant for anomaly, 55
twin reversed arterial perfusion

(TRAP) sequence, 55–56
twin-to-twin transfusion syndrome,

56–58
Fetus, cardiovascular physiology of, 61
Fetus in fetu, 483–486

long-term outcome of, 489
surgical treatment of, 489
treatment of newborn with, 488

FGFR1 gene, 190t
FGFR3 mutation, 621
Fibroblast growth factor receptors

(FGFR), 99
Fixed aortic stenosis, 359
Focal dermal hypoplasia, 225t
Folate deficiency, 77
Follicle-stimulating hormone (FSH), 472
Foramen magnum, 611–612
Four-dimensional ultrasound, 6
Fractional shortening (FS) index, 397
Fraser syndrome, 113t

differential diagnosis of
congenital high airway obstruction

syndrome, 233
renal agenesis, 593
syndactyly, 722–723

microphthalmia and, 225t

Frasier syndrome, 289t
Freeman-Sheldon syndrome, 699–700
Frontonasal dysplasia, 113t, 225t
Fryns syndrome, 225t, 289t, 960
Fukuyama congenital muscular dystrophy,

513t

G

Gallstones, 485–487
Gallstones, fetal

surgical treatment of, 489
Gamma-glutamyltranspeptidase, 504
Ganglion cells, 511–512
Gastrointestinal tract abnormalities,

464–573
bladder exstrophy, 454–459
bladder outlet obstruction, 555–568
choledochal cyst, 465–471
colonic atresia, 507–510
duodenal atresia and stenosis, 495–500
echogenic kidneys, 527–529
ectopic ureterocele, 555–568
hepatic calcifications, 478–481
Hirschsprung’s disease, 511–518
intra-abdominal calcifications, 482–489
jejunoileal atresia and stenosis, 501–506
minimal fetal hydronephrosis, 543–548
multicystic dysplastic kidney, 530–533
ovarian cysts, 472–477
polycystic kidney disease, 535–548
pyloric atresia and stenosis, 491–494
ureteropelvic junction obstruction,

549–554
Gastroschisis, 435–443

causes of, 436
conditions associated with

eviscerated bowel, 440
intrauterine growth restriction,

439–440
jejunoileal atresia, 503
prematurity, 440

definition of, 436
differential diagnosis of, 439

omphalocele, 428
fetal intervention for, 441–442
genetics and recurrence risk for, 443
incidence of, 437
long-term outcome of, 443
maternal serum alpha fetoprotein

screening, 436
mortality rate, 440
peel in, 436f
postoperative complications, 443
in pregnancy, management for,

440–441
risk factors, 437
sonographic findings, 437–439

color flow Doppler image, 438f
herniated midgut, 438f
loops of intestine floating in

amniotic fluid, 438f
stillbirth rate, 440

surgical treatment of, 442–443, 442f
treatment of newborn with, 442

Genetics and recurrence risk for
abnormalities

achondrogenesis, 669–670
achondroplasia, 613–614
agenesis of the corpus callosum, 76
ambiguous genitalia, 582–583
amniotic band syndrome, 695
aortic stenosis, 362–363
arachnoid cyst, 87
arthrogryposis, 703
atrial septal defects, 330
atrioventricular canal defect, 339
autosomal dominant polycystic kidney

disease, 541–542
autosomal recessive polycystic kidney

disease, 541–542
Beckwith-Wiedemann syndrome, 213,

869
bladder exstrophy, 459
bladder outlet obstruction, 568
body-stalk anomaly, 420
bradyarrhythmias, 326
bronchopulmonary sequestration, 261
campomelic dysplasia, 638–639
cardiomyopathy, 400–401
cerebral calcification, 91–92
cervical teratoma, 757
choledochal cyst, 470–471
cholelithiasis, 489
chondrodysplasia punctata, 684–685
cleft lip and cleft palate, 190–191
clinodactyly, 707
cloacal exstrophy, 453
clubfoot, 738–739
coarctation of the aorta, 368
colonic atresia, 510
congenital cystic adenomatoid

malformation, 270
congenital diaphragmatic hernia,

289–290
congenital high airway obstruction

syndrome, 236
Conradi-Hünermann syndrome,

684–685
craniosynostosis, 98
cystic abdominal lesions, 464
cystic hygroma, 240–241, 247
cystic lesions of the chest, 277
Dandy-Walker malformation, 107–108
diastrophic dysplasia, 645
DiGeorge syndrome, 967
double-outlet right ventricle, 378
Down syndrome, 924–925
duodenal atresia and stenosis, 500
Ebstein anomaly, 343
echogenic kidneys, 529
ectopia cordis, 415
ectopic ureterocele, 573
ectrodactyly, 713
Ellis-van Creveld syndrome, 649
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encephalocele, 115–116
esophageal atresia, 311
exencephaly, 120
fetal hydrothorax, 298
fetal overgrowth, 869
gastroschisis, 443
goiter, 254
hemivertebrae, 607
hepatic calcifications, 481
hepatoblastoma, 764–765
heterotaxy syndrome, 393–394
Hirschsprung’s disease, 517–518
holoprosencephaly, 126–128
hydranencephaly, 132–133
hydronephrosis, minimal, 548
hydrothorax, 298
hypertelorism, 202–203
hypophosphatasia, 676
hypoplastic left heart syndrome,

352–353
immune hydrops, 891–892
imperforate anus, 525
intra-abdominal calcifications, 489
intracardiac tumors, 408
intracranial hemorrhage, fetal, 145–146
intrauterine fetal death, 816
Jarcho-Levin syndrome, 662
jejunoileal atresia and stenosis, 506
Klinefelter syndrome, 949
liver tumors, 764–765
macrocephaly, 150
macroglossia, 212
malformations in twins, 809
meconium peritonitis, 489
microcephaly, 170–171
micrognathia, 220
microphthalmia, 227–228
minimal fetal hydronephrosis, 548
multicystic dysplastic kidney, 533
myelomeningocele, 163
neuroblastoma, 778
nonimmune hydrops fetalis, 899
omphalocele, 433
osteogenesis imperfecta, 630–631
ovarian cysts, fetal, 477
overgrowth syndromes, 869
Pallister-Killian syndrome, 962
persistent cloaca, 588–589
polycystic kidney disease, 541–542
polydactyly, 719
polyhydramnios, 884
porencephaly, 175
posterior urethral valves, 568
pulmonary agenesis, 305
pulmonary stenosis and atresia,

357
pyloric atresia and stenosis, 494
radial aplasia, 731–732
renal agenesis, 594–595
retinoblastoma, 784
sacrococcygeal teratoma, 794
short rib polydactyly syndrome, 656

Simpson-Golabi-Behmel syndrome,
869

single umbilical artery, 749
sirenomelia, 601
Sotos syndrome, 869
syndactyly, 725
tachyarrhythmias, 318–319
tetralogy of Fallot, 373
tetrasomy 12p, 962
thanatophoric dysplasia, 621
thoracic cysts, 277
transposition of great arteries, 388
triple X syndrome, 953
triploidy, 930–931
trisomy 8, 936
trisomy 9, 936
trisomy 13, 908–909
trisomy 14, 936
trisomy 16, 936
trisomy 18, 917
trisomy 20, 936
trisomy 21, 924–925
trisomy X, 953
truncus arteriosus, 382–383
Turner syndrome, 943–944
22q11.12 deletion, 963–967
twin reversed arterial perfusion (TRAP)

sequence, 842
ureteropelvic junction obstruction,

554
vein of Galen aneurysm, 181
ventricular septal defects, 334
Wilms’ tumor, 800–801
XYY syndrome, 957

Genitourinary tract abnormalities,
575–601

ambiguous genitalia, 575–583
persistent cloaca, 585–588
renal agenesis, 589–595
sirenomelia, 596–601

Gestational age, 29t
GL12 mutations, 127
Glycopyrrolate, 61
Goiter, 249–254

antenatal natural history, 252
conditions associated with, 249–250

Graves disease, 250
hypothyroidism, 249–250

differential diagnosis of, 251–252
fetal intervention for, 252–253
genetics and recurrence risk for, 254
incidence of, 250
long-term outcome of, 253–254
MRI image of, 251f
in pregnancy, management for, 252
sonographic findings, 250–251

3D multiplanar surface-rendered
image, 251f

bilateral enlargement of thyroid
gland, 250f

increased vascularity in neck mass,
250f

surgical treatment of, 253
treatment of newborn with, 253

Goldberg-Shprintzen syndrome, 513t
Goldenhar syndrome, 187t, 193, 194, 195t
Goltz syndrome, 225t
Gorlin-Goltz syndrome, 190t
GPC3 mutation, 868
Graafian follicles, 472
Graves disease, 250
Greig cephalopolysyndactyly, 100t, 719
Growth disorders, 857–869

intrauterine growth restriction,
857–864

overgrowth syndromes, 865–869
Growth-restricted fetuses, 42

H

Haddad syndrome, 513t
Heart, in pentalogy of Cantrell, 422, 423
Hegar dilator, 357
Heineke-Mikulicz pyloroplasty, 494
Hemangioma, 759–760

antenatal natural history, 762
differential diagnosis of, 762
encephalocele, 112
fetal intervention for, 763
incidence of, 761
long-term outcome of, 764
in pregnancy, management for, 762–763
sonographic findings, 761
surgical treatment of, 764
treatment of newborn with, 763–764

Hematocrit, 890–891
Hemifacial microsomia, 193–197

antenatal natural history, 195–196
bilateral, 194
characteristics of, 193
chromosomal abnormalities in, 196t
conditions associated with, 195
definition of, 193–197
differential diagnosis of, 195
incidence of, 193–194
long-term outcome of, 197
magnetic resonance imaging of, 194
minimal criteria for diagnosis of

variants, 195t
postnatal photograph of, 194f
in pregnancy, management for, 196, 606
sonographic findings, 194–195
surgical treatment of, 197
treatment of newborn with, 196t
unilateral, 193–194

Hemivertebrae, 603–607
antenatal natural history, 606
conditions associated with, 603

congenital scoliosis, 603
kyphoscoliosis, 603

definition of, 603
differential diagnosis of, 605

Jarcho-Levin syndrome, 605
Robinow syndrome, 605

genetics and recurrence risk for, 607
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Hemivertebrae (Contd.)
incidence of, 604
long-term outcome of, 607
sonographic findings, 604–605

sagittal view, 605f
transverse view, 604f

surgical treatment of, 607
treatment of newborn with, 606
types of, 603

Hepatic calcifications, 478–481
abnormalities associated with, 479–480

cytomegalovirus infection, 480
encephalocele, 480
trisomy 13, 479–480

antenatal natural history of, 480
causes of, 479
conditions associated with, 479
definition of, 479
differential diagnosis of, 480
genetics and recurrence risk for, 481
incidence of, 479
long-term outcome of, 481
and meconium peritonitis, 479
parenchymal, 479
peritoneal, 479
in pregnancy, management for, 480–481
sonographic findings, 479–480, 479f,

480f
treatment of newborn with, 481
vascular, 479

Hepatic cysts, 461
sonographic findings, 462

Hepatoblastoma, 760–761
antenatal natural history, 762
genetics and recurrence risk for,

764–765
incidence of, 761
long-term outcome of, 764
in pregnancy, management for, 763
sonographic findings, 761
surgical treatment of, 764
treatment of newborn with, 763–764

Heterotaxy syndrome, 389–394
antenatal natural history of, 392–393
defects associated with, 390
definition of, 389
development of, 389–390
fetal intervention for, 393
genetics and recurrence risk for,

393–394
incidence of, 391
left atrial isomerism, 390–391
long-term outcome of, 393
postnatal contrast study, 393f
in pregnancy, management for, 393
right atrial isomerism, 391
sonographic findings, 391, 392t

antenatal image, 392f
total sinus inversus, 392f

treatment of newborn with, 393
Hirschsprung’s disease, 511–518

abnormal innervation in, 511–512

age at diagnosis, 511
anomalies associated with, 512,

513–514t
antenatal natural history, 515
barium enema radiograph, 512f
characteristics of, 511
differential diagnosis of, 514–515, 515f

colonic atresia, 509–510
meconium peritonitis, 514–515
meconium plug syndrome, 516

echogenic bowel in, 514
embryology of, 512
genetics and recurrence risk for,

517–518
incidence of, 512
intestinal obstruction due to, 511
intraoperative view of, 516f
long-term outcome of, 517
in pregnancy, management for, 515
rectal biopsy for diagnosis of, 516
sonographic findings, 514, 514f
surgical treatment of, 516–517
treatment of newborn with, 515–516

HLHS. See Hypoplastic left heart
syndrome

Holoacrania, 77
Holoprosencephaly, 121–127

adult with mild phonotypic features of,
125f

alobar, semilobar, and lobar types of,
123t

antenatal natural history, 125
chromosomal abnormalities in, 125
definition of, 122
differential diagnosis of, 124–125

hydranencephaly, 131
trisomy 13, 904–906

etiologies of, 127t
facial abnormalities in, 122, 122f
genetics and recurrence risk for,

126–128
incidence of, 122–123
long-term outcome of, 126
and maternal diabetes, 123
postdelivery assessment of fetus/infant

with, 123t, 127t
postnatal photos of, 126f
in pregnancy, management for, 125
sonographic findings, 123–124

axial view with fused thalami, 123f
single communicating ventricle, 123f
thalamic fusion, 124f

treatment of newborn with, 125–126
Homovanillic acid (HMA), 773
Horner syndrome, 247
HOX genes, 724
HSAS/MASA syndrome, 513t
Human chorionic gonadotropin (hCG),

437, 915
Humerus, length of, 22
Hydramnios. See Polyhydramnios
Hydranencephaly, 129–133

antenatal natural history, 131
conditions associated with, 131t
definition of, 130
development of, 130
differential diagnosis of, 131

extreme hydrocephalus, 131
holoprosencephaly, 131
hydrocephalus, 136
intracranial hemorrhage, 142–145
lobar holoprosencephaly, 131
porencephaly, 131, 136

genetics and recurrence risk for,
132–133

long-term outcome of, 132
in pregnancy, management for, 131–132
and prenatal infections, 130
sonographic findings, 130–131, 130f
surgical treatment of, 132
syndromes associated with, 130
treatment of newborn with, 132

Hydrocephalus, 134–140
antenatal natural history, 136–137
causes of, 134
conditions associated with, 136

vein of Galen aneurysm, 177
and Dandy-Walker malformation, 103
definition of, 134
differential diagnosis of, 136

hydranencephaly, 136
polyhydramnios, 136
porencephaly, 136, 174
ventriculomegaly, 136

and encephalocele, 115
fetal intervention for, 137–138
and holoprosencephaly, 125
and hydranencephaly, 131
incidence of, 135
intrauterine therapy criteria, 137
long-term outcome of, 139
postnatal photograph, 138f
in pregnancy, management for, 137
shunting for, 47
sonographic findings, 135–136

aqueductal stenosis, 138f
axial 3D image showing bilateral

ventriculomegaly, 137f
axial image of fetal head, 135f
macrocephaly, 138f

surgical treatment of, 138–139
treatment of newborn with, 138
unilateral, 136
and verbal/nonverbal intelligence, 139
X-linked, 139

Hydrocolpos, 585
Hydronephrosis

antenatal, 544
bilateral, 558t
causes of

bladder outlet obstruction, 554
ectopic ureterocele, 570–573
ureteropelvic junction obstruction,

549–554
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density of, 545t
differential diagnosis of, 798
indicators for, 544
minimal, 543–548

antenatal natural history, 545–546
causes of, 543–544
density, 545t
differential diagnosis of, 545, 546t
genetics and recurrence risk for, 548
incidence of, 544
long-term outcome of, 547–548
in pregnancy, management for,

546–547
sonographic findings, 544f, 545
surgical treatment of, 547
treatment of newborn with, 547

postnatal evaluation of, 563f
renal pelvic dilation and, 544
shunting for, 47–48
Wilms’ tumor and, 798

Hydrops, 267–268, 381
Hydrops fetalis, 885–899

immune, 885–892
nonimmune, 893–899

Hydrothorax, 292–298
algorithm for management of pleural

effusions, 297f
antenatal natural history, 295
conditions associated with, 293

congenital diaphragmatic hernia,
293

polyhydramnios, 293, 295
pulmonary hypoplasia, 295

definition of, 293
differential diagnosis of, 294–295
fetal intervention for, 296–298

thoracentesis, 296–298
thoracoamniotic shunts, 296–298
thoracomaternal-cutaneous

drainage, 297
genetics and recurrence risk for, 298
hydrops in, 293
incidence of, 294
long-term outcome of, 298
mortality rate, 295
in pregnancy, management for,

295–296
primary vs. secondary, 293, 295
sonographic findings, 293–294

axial image, 296f
chylothorax, 294f
coronal image of fetus, 294f
sagittal image of fetus, 294f

surgical treatment of, 298
treatment of newborn with, 298

Hypercapnia, 42
Hyperlactacidemia, 42
Hypertelorism, 198–203

antenatal natural history, 200–201
conditions associated with, 200t

hypospadias, 199
Noonan syndrome, 203

Opitz syndrome, 199, 202–203
Turner syndrome, 202
Waardenburg syndrome, 203

definition of, 198–199
differential diagnosis of, 200
genetics and recurrence risk for,

202–203
incidence of, 199
long-term outcome of, 202
pathogenic mechanisms of, 200–201
in pregnancy, management for, 201
sonographic findings, 199–200

lateral view of orbits, 200f
surgical treatment of, 202
treatment of newborn with, 201–202

Hypertension, multicystic dysplastic
kidney and, 533

Hyperthyroidism, 252
Hypertrophic cardiomyopathy, 396–398

genes and gene products involved in,
401t

sonographic findings, 396–397
Hypertrophic obstructive cardiomyopathy

(HOCM), 359
Hypochondroplasia, 610. See also

Achondroplasia
Hypophosphatasia, 671–676

adult form of, 672
antenatal natural history, 674
definition of, 671
differential diagnosis of, 674

achondrogenesis, 666, 674
cleidocranial dysplasia, 674
osteogenesis imperfecta, 627

genetics and recurrence risk for, 676
incidence of, 672
infantile form, 672
long-term outcome of, 675–676
odontohypophosphatasia, 672
perinatal lethal form, 672
postmortem radiograph, 676f
in pregnancy, management for,

674–675
sonographic findings, 672–674, 673f,

674f
treatment of newborn with, 675

Hypoplastic left heart syndrome (HLHS),
348–353

antenatal natural history of, 350
causes of, 348–349
definition of, 348
differential diagnosis of, 350

aortic stenosis, 360
fetal intervention for, 51, 350
genetics and recurrence risk for,

352–353
incidence of, 349
left-to-right shunting, 349
long-term outcome of, 352
in pregnancy, management for,

350–351
sonographic findings, 349–350

spectrum of malformations in, 348
surgical treatment of, 351–352

hybrid strategy in, 352
neonatal cardiac transplantation, 352
Norwood procedure, 351–352

survival rate, 352
treatment of newborn with, 351
in Turner syndrome, 939

Hypoplastic left ventricle. See Hypoplastic
left heart syndrome (HLHS)

sonographic findings
axial image through fetal chest,

349f
axial image with color Doppler,

349f
Hypoplastic right ventricle, 344–347

antenatal history of, 346
definition of, 345
differential diagnosis of, 346
incidence of, 345
in pregnancy, management for, 346
sonographic findings, 345–346

axial image, 345f
power Doppler image, 346f

surgical treatment of, 347
treatment of newborn with, 346–347
types of, 345

Hypotelorism, 122, 204–206
antenatal natural history, 206
chromosomal abnormalities in, 206
conditions associated with, 205–206
definition of, 204
differential diagnosis of, 205–206
fetal intervention for, 206
incidence of, 204
long-term outcome of, 206
ocular, 204
orbital, 204
in pregnancy, management for, 206
sonographic findings, 204–205

antenatal sonogram, 205f
surgical treatment of, 206
syndromes associated with, 206

Hypothyroidism, 209, 249–250, 252
Hypoxemia, 42, 342, 384
Hysterotomy, 58–59, 62

I

Idiopathic hypertrophic subaortic stenosis
(IHSS), 359

Immune hydrops, 885–892
antenatal natural history of, 889
causes of, 886
chorionic villus sampling, 892
definition of, 886
differential diagnosis of, 889
elevated peak systolic velocity, 889f
fetal intervention for, 890–891
genetics and recurrence risk for,

891–892
incidence of, 887
long-term outcome of, 891
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Immune hydrops (Contd.)
maternal-fetal Rh incompatibility and,

886
middle cerebral artery and, 888–889
pathophysiology of, 886
percutaneous umbilical blood

sampling, 889
in pregnancy, management for, 889–890
Rh immunization and, 886
sonographic findings, 887–889

abdominal ascites, 887f, 888f
axial image, 887f, 888f
pericardial effusion, 888f
sagittal image of fetus, 887f
scalp edema, 887f

treatment of newborn with, 891
Immune thrombocytic purpura, 142
Imperforate anus, 520–525

anomalies associated with, 521,
522–523t

antenatal history of, 524
causes of, 521
continence, 525
differential diagnosis of, 523–524
embryologic origin of, 521
fetal intervention for, 524
genetics and recurrence risk for, 525
historical studies of, 520
incidence of, 521
long-term outcome of, 525
mortality rate, 525
postnatal appearance, 525f
in pregnancy, management for, 524
sonographic findings, 521, 523f, 524f
surgical treatment of, 525
treatment of newborn with, 524–525

Indomethacin, 872, 884
Infantile polycystic kidney disease, 531,

769
Infectious diseases, 40–41
Inhalational anesthetics, 61
Inhaled nitric oxide, 288
Inlet atrial septal defect, 328
Integrated screening, 24
Interferon gamma, 764
Intestinal alkaline phosphatase (IALP),

504
Intra-abdominal calcifications, 482–490

anomalies associated with, 483
antenatal natural history, 485–486
causes of, 482–483
conditions associated with

cholecystomegaly, 485
cholelithiasis, 483
enterolithiasis, 483
fetus in fetu, 483–485
meconium peritonitis, 482–483

differential diagnosis of, 485
genetics and recurrence risk for, 489
grades, 485
hepatic, 478–481
incidence of, 484

intraoperative appearance of, 489f
long-term outcome of, 489
in pregnancy, management for, 486–487
radiograph of, 488f
sonographic findings, 484–485, 485f

complex meconium peritonitis, 484f
dilated gallbladder, 485f
echogenic gallstone, 485f
simple meconium peritonitis, 484f

spectrum of diseases in, 482
surgical treatment of, 488–489
treatment of newborn with, 487–488
upper gastrointestinal contrast study,

488f
Intracardiac tumors, 402–408

antenatal natural history of, 404–406
coronal MRI of fetus, 407f
definition of, 403
differential diagnosis of, 404
and dysrhythmias, 405–406
genetics and recurrence risk for, 408
incidence of, 403
long-term outcome of, 407–408
in pregnancy, management for, 406–407
rhabdomyomas, 403
secondary consequences of, 405
sonographic findings, 403–404

fibroma, 405f
rhabdomyoma, 403f

surgical treatment of, 407
treatment of newborn with, 407
tuberous sclerosis, 403, 405t, 406t

Intracranial hemorrhage, fetal, 141–146
antenatal natural history, 143–144
conditions associated with, 143–144

alloimmune thrombocytopenia, 142,
144–145

coagulation disorders, 141
hydranencephaly, 143–144
macrocephaly, 143–144
porencephaly, 143

definition of, 141
differential diagnosis of, 143

porencephaly, 143
genetics and recurrence risk for,

145–146
intraparenchymal, 141–142
intraventricular (periventricular),

141–142
long-term outcome of, 145
in pregnancy, management for, 144–145
risk factors, 142
sonographic findings, 142–143

echogenic area, 143f
echogenic debris within lateral

ventricles, 143f
subdural, 142
treatment of newborn with, 145

Intrahepatic vein, 40
Intraparenchymal intracranial

hemorrhage, 141–142
Intrauterine fetal death (IUFD), 810–816

antenatal natural history, 814
etiology of, 811
fetal intervention for, 815–816
in first semester, 811
genetics and recurrence risk for, 816
incidence of, 813
long-term outcome of, 816
maternal consumptive coagulopathy

and, 813
multicystic encephalomalacia, 811
pathophysiology of, 811–812
in pregnancy, management for, 814–815
in second or third semesters, 811
sonographic findings, 812f, 813, 814f
treatment of newborn with, 816

Intrauterine fetal demise (IUFD), 9
Intrauterine growth restriction (IUGR),

857–864, 860f
antenatal natural history, 861
asymmetric vs. symmetric, 859–860
causes of, 860–861
confined placental mosaicism and, 39
definition of, 857
differential diagnosis of, 861
Doppler studies, 862f
fetal intervention for, 863
gastroschisis and, 439–440
incidence of, 861
long-term outcome of, 864
percutaneous umbilical blood

sampling, 42
in pregnancy, management for,

861–863
risk factors, 859t
small gestational age and, 859
sonographic findings, 861–862
standards for fetal growth and, 858
treatment of newborn with, 863–864

Intravenous immunoglobulin (IVIG), 324
Intraventricular intracranial hemorrhage,

141–142
Intrinsic clubfoot, 733
In utero aspiration of cysts, 475
Invasive prenatal diagnosis, indications

for, 27
In vitro fertilization (IVF), 42
Ipsilateral limb abnormalities, 301
IRF6 gene, 190t
Ischiopagus, 844
Isolated fetal ascites, 939
Isotretinoic acid, 225

J

Jackson-Weiss syndrome, 95–96, 100t
Jarcho-Levin syndrome, 657–663

antenatal natural history, 660
clinical and genetic features, 658t
conditions associated with, 657–658
definition of, 656
differential diagnosis of, 660

COVESDEM syndrome, 660
dyssegmental dysplasia, 660
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hemivertebrae, 605
Klippel-Feil syndrome, 660
spondyloepiphyseal dysplasia

congenita, 660
spondylothoracic dysostosis, 658

genetics and recurrence risk for, 662
incidence of, 658
long-term outcome of, 661–662
postnatal photographs, 662f
in pregnancy, management for, 661
radiographs of, 659f
sonographic findings, 658–659, 660f
surgical treatment of, 661
treatment of newborn with, 661

Jejunoileal atresia and stenosis, 501–506
amniotic fluid γ -glutamyltrans-

peptidase and, 504
anomalies associated with, 502–503,

502t
antenatal natural history of, 504
apple peel deformity in, 502, 505
causes of, 501–502
classification of intestinal atresias,

502f
conditions associated with

cystic fibrosis, 502
gastroschisis, 503
meconium ileus, 502
polyhydramnios, 503

differential diagnosis of, 504
genetics and recurrence risk for, 506
intestinal alkaline phosphatase and, 504
intestinal obstruction due to, 501
intraoperative view of, 505f
long-term outcome of, 506
in pregnancy, management for, 504
sonographic findings, 503–504, 503f
surgical treatment of, 504–505
treatment of newborn with, 504
types of, 502

Jeune syndrome, 513t, 648
Joint disorders. See Extremity

abnormalities; Skeletal
abnormalities

Joubert-Boltshauser syndrome, 10, 105
Juberg-Hayward syndrome, 728

K

Kallman syndrome, 190t
Kaplan syndrome, 513t
Karyotyping, 41
KCH catheter, 49, 49f
Klinefelter syndrome (47, XXY), 945–949

antenatal natural history, 947
clinical features, 946t
definition of, 946
genetics and recurrence risk for, 949
identification of, 946–947
incidence of, 947
karyotype, 946f
phenotype, 946
in pregnancy, management for, 947–948

sonographic findings, 947
surgical treatment of, 948–949
treatment of newborn with, 948

Klippel-Feil syndrome, 660
Knobloch syndrome, 113t
Kyphoscoliosis, 603
Kyphosis, 161

L

L1CAM mutations, 139
L1 spectrum disorders, 135, 139
Labor management. See Pregnancy

management for fetal
conditions

Ladd’s bands, 496
Lamin, 401t
Langer-Saldino syndrome, 664
Larsen syndrome, 636
Laser ablation, 828–829
Left atrial isomerism, 390–391
Lenz syndrome, 225t
Levoisomerism. See Heterotaxy syndrome
Lidocaine, 342
Limb abnormalities, 37–38
Limb-body-wall complex, 418–419

cloacal exstrophy and, 449
Limb-reduction defects, 38t
Lithium, exposure to, 340–341
Liver herniation, 281–284
Liver tumors, 758–765

antenatal natural history, 762
CT scan of hepatoblastoma, 763f
differential diagnosis of, 762
fetal intervention for, 763
genetics and recurrence risk for,

764–765
hemangiomas, 759–760
hepatoblastoma, 760–761
incidence of, 761
intraoperative view of, 760f
long-term outcome of, 764
mesenchymal hamartoma, 760
mortality rate, 764
in pregnancy, management for,

762–763
sonographic findings, 761–762
surgical treatment of, 764
syndromes associated with, 761
treatment of newborn with, 763–764

Lobar holoprosencephaly, 131
Lower urinary tract obstruction, 53
Lung to thorax ratio (L:T), 282
LVW:HW ratio, 135
Lymphangiomas, 208, 241–247

causes of, 242
conditions associated with, 242
definition of, 241
differential diagnosis of, 210

macroglossia, 210
incidence of, 242
locations of, 242
magnetic resonance imaging of, 8

presenting in second vs. third semester,
242

sonographic findings, 242
Lymphedema, 940
Lyomyomatous hamartoma. See

Mesoblastic nephroma

M

Macrocephaly, 147–150
antenatal natural history, 149
benign familial, 147
conditions associated with, 147–148,

149t
definition of, 147
differential diagnosis of, 148–149
genetics and recurrence risk for, 150
head circumference, 148f
incidence of, 148
intracranial hemorrhage and, 144
long-term outcome of, 150
in pregnancy, management for, 149
sonographic findings, 148
syndromes associated with, 149
treatment of newborn with, 149–150
unilateral, 148

Macroencephaly. See Macrocephaly
Macroglossia, 207–213

antenatal natural history, 211
conditions associated with, 208–209

Beckwith-Wiedemann syndrome,
208–209, 210t, 212–213

Down syndrome, 212
hypothyroidism, 209
trisomy 21, 208–209

definition of, 207
differential diagnosis of, 210–211

lymphangiomas, 210
Simpson-Golabi-Behmel syndrome,

212
trisomy 13, 212

genetics and recurrence risk for, 212
incidence of, 208–209
long-term outcome of, 212–213
postnatal photograph of, 208f, 209f
sonographic findings, 209–210

axial scans fetal mouth, 209f
prenatal sagittal scan, 208f
teratoma, 211f
vascular supply through tongue

mass, 211
surgical treatment of, 212
treatment of newborn with, 212
true vs. relative, 208

Magnetic resonance imaging (MRI),
prenatal, 6–9

of agenesis of the corpus callosum, 73
of bladder outlet obstruction, 557, 557f
of bronchopulmonary sequestration, 8,

259, 266f
of central nervous system, 8
of cervical teratoma, 753f
of cleft lip and cleft palate, 185–186
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Magnetic resonance imaging (MRI),
prenatal (Contd.)

of congenital cystic adenomatoid
malformation, 8, 266f

of congenital diaphragmatic hernia, 8
of congenital high airway obstruction

syndrome, 233f
of conjoined twins, 846–847, 847f
of cystic lesions of the chest, 274f, 275f
development of, 6–7
of duodenal atresia, 496
of esophageal atresia, 308f
of fetal abdomen and pelvis, 9
of fetal central nervous system, 7–8
of fetal chest, 8–9
of fetal neck, 8
of hemifacial microsomia, 194
of intracardiac tumors, 407f
of lymphangiomas, 8
of mesoblastic nephroma, 768f
in multiple gestation, 9
of myelomeningocele, 154–156
of neck, 8
of neuroblastoma, 775f
of normal fetus at 28 weeks’ gestation,

7f
of persistent cloaca, 586f
of posterior urethral valves, 557
of pulmonary agenesis, 302f, 303f
of sacrococcygeal teratoma, 9, 787–788,

792f
safety of, 7
ultrafast sequences, 6–7
of vein of Galen aneurysm, 7–8, 178
of ventriculomegaly, 7
of Wilms’ tumor, 799f

Malformations in twins, 803–809
antenatal natural history, 804
differential diagnosis of, 804
fetal intervention for, 805–806
fetoscopic cord ligation, 806f
fetus papyraceus, 809f
genetics and recurrence risk for,

809
incidence of, 804
indicators for selective fetal reduction,

805t
long-term outcome of, 809
mechanical cord ligation, 807t
monochorionic twin placenta of

pregnancy, 809f
monozygotic twinning and, 803
open neural-tube defects, 804
in pregnancy, management for, 804–805
selective termination, 805–806
sonographic findings, 804
surgical treatment of, 806
thermocoagulation for cord occlusion,

808t
treatment of newborn with, 806

Malinosculation, 255
Malrotation, 502

Management of Myelomeningocele Study
(MOMS), 55

Mandibulofacial dysostosis, 187t
Marfan syndrome, 699
Margarita Island cleft/lip palate, 190t
Maternal age

and estimated rate of chromosomal
abnormalities, 27t

and risk for gastroschisis, 437
Maternal diabetes, 123
Maternal platelets, 41
Maternal polymorphisms, 152
Maternal serum alpha-fetoprotein, 27, 436
Matthew-Wood syndrome, 289t
Maximum vertical pocket (MVP), 881
McKusick-Kaufman syndrome, 513t, 716
Meacham syndrome, 289t
Mean corpuscular volume (MCV), 39
Mechanical cord ligation, 807t
Meckel-Gruber syndrome, 113t

differential diagnosis of
multicystic dysplastic kidney, 531
polycystic kidney disease, 538
polydactyly, 716
trisomy 13, 906

encephalocele and, 112
microphthalmia and, 225t

Meconium ileus, 502–503
Meconium peritonitis, 479, 482

conditions associated with, 482–483
cystic fibrosis in, 483
differential diagnosis of, 485–486

Hirschsprung’s disease, 514–515
genetics and recurrence risk for, 489
incidence of, 484
long-term outcome of, 489
in pregnancy, management for, 487
simple vs. complex, 484
sonographic findings, 484–485
surgical treatment of, 488–489
treatment of newborn with, 487–488
types of, 484

Meconium plug syndrome, 516
Mega cisterna magna, 85
Megacolon, 512
Megaloencephaly. See Macrocephaly
Meningoceles, 157
Meningoencephalocele, 115
Meningomyelocele, 136
Mental retardation, and microcephaly,

170–171
MENZA syndrome, 513t
Mercaptoacetyltriglycine (MAGIII), 553
Mermaid syndrome. See Sirenomelia
Meroacrania, 77
Mesenchymal hamartoma, 760

antenatal natural history, 762
incidence of, 761
in pregnancy, management for, 762–763
sonographic findings, 761
surgical treatment of, 764

Mesenteric cystic lymphangiomas, 462

Mesoblastic nephroma, 257, 767–770
antenatal natural history, 769
causes of, 767
definition of, 767
differential diagnosis of, 769

bronchopulmonary sequestration,
258

infantile polycystic kidney disease,
769

Wilms’ tumor, 769
fetal MRI of, 768f
incidence of, 767
long-term outcome of, 770
in pregnancy, management for, 769
sonographic findings, 768, 768f
surgical treatment of, 770
treatment of newborn with, 769–770

Methamphetamine, 437
Methergine, 61
Methimazole, 307
Methionine synthase, 152
Methylenetetrahydrofolate reductase

(MTHFR), 152
Microcephaly, 166–171

antenatal natural history, 169
autosomal recessive primary, 171
causes of, 166
classification by etiology, 168t
definition of, 166
differential diagnosis of, 169
genetics and recurrence risk for,

170–171
incidence of, 167
long-term outcome of, 170
most affected part of brain in, 166,

169
postnatal photo of, 167f
in pregnancy, management for, 169
primary, 166
recurrence risk for, 170f
secondary, 166
sonographic findings, 167–169

biparietal diameter, 167f
head circumference, 167f

treatment of newborn with, 170
Micrognathia, 214–220

absent fetal swallowing in, 215
agnathia, 215
antenatal natural history, 218
causes of, 214
conditions associated with, 217t

Pierre-Robin syndrome, 215
polyhydramnios, 216

definition of, 214
differential diagnosis of, 210t, 217–218
fetal mandibular measurement in, 215,

216, 217t
genetics and recurrence risk for, 220
incidence of, 215
long-term outcome of, 220
postnatal photograph of, 219f
in pregnancy, management for, 218
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sonographic findings, 215–217
3D image, 215f
absence of lower facial structures,

216f
hypoplasia of maxillary structures,

216f
sagittal view of fetal facial profile,

216f
structural abnormalities associated

with, 217
surgical treatment of, 220
in terminated fetus, 218f
treatment of newborn with, 219–220

Microphthalmia, 221–228
anophthalmia, 227–228
antenatal natural history, 225
causes of, 222
conditions included in, 222t
differential diagnosis of, 224
etiologic classification of, 224t
genetics and recurrence risk for,

227–228
incidence of, 222–223
long-term outcome of, 226–227
phenotypic classification of, 221
postnatal CT scan of, 226f
in pregnancy, management for, 225
sonographic findings, 222–223

antenatal sonogram, 223f
surgical treatment of, 226, 227f
syndromes associated with, 225t
treatment of newborn with, 226

Microphthalmia-associated transcription
factor (MITF), 228

Microtia, 195t
MID1 gene, 190t
Middle cerebral artery (MCA), 888–889
Middle cerebral artery peak velocity,

29t
Midline porencephaly, 172
Minimal fetal hydronephrosis, 543–548

antenatal natural history, 545–546
causes of, 543–544
differential diagnosis of, 545
genetics and recurrence risk for, 548
incidence of, 544
long-term outcome of, 547–548
in pregnancy, management for,

546–547
sonographic findings, 545
surgical treatment of, 547
treatment of newborn with, 547

Mirror syndrome, 267
M-mode echocardiography, 315
Monoamniotic twins, 851–855

antenatal natural history, 852–853
definition of, 851
differential diagnosis of, 852
Doppler imaging of, 852f, 854f
fetal intervention for, 854–855
incidence of, 851–852
mortality rate, 851

in pregnancy, management for, 853–854
sonographic findings, 852

Doppler studies, 854f
entangled umbilical cords, 852f

treatment of newborn with, 855
Monochorionic twins, 55–58

discordant for anomaly, 55
intrauterine fetal death (IUFD),

810–816
twin reversed arterial perfusion (TRAP)

sequence, 55–56
twin-to-twin transfusion syndrome,

56–58
Mosaicism, 31, 39
Mowat-Wilson syndrome, 513t
MSX1 gene, 190t
Muenke coronal craniosynostosis, 94, 95
Müllerian duct inhibiting substance

(MIS), 575
Multicystic dysplastic kidney, 530–533

abnormalities associated with, 531
antenatal natural history of, 531–532
conditions associated with, 531

oligohydramnios, 531
definition of, 530–533
differential diagnosis of, 531

Meckel-Gruber syndrome, 531
polycystic kidney disease, 531
Wilms’ tumor, 798

fetal intervention for, 532
genetics and recurrence risk for, 533
hypertension and, 533
incidence of, 531
long-term outcome of, 533–534
management algorithm for, 533f
nephrectomy for, 533
pre- and postnatal involutions, 533
in pregnancy, management for, 532
size and shape of, 531
sonographic findings, 531, 531f
syndromes associated with, 532t
treatment of newborn with, 532–533
unilateral vs. bilateral, 530

Multicystic encephalomalacia, 811
Multiple gestation

chorionic villus sampling in, 34–35
complications from amniocentesis in,

32
magnetic resonance imaging in, 9
nuchal translucency screening in, 17
second-trimester screening in, 25

Multiple gestation abnormalities, 803–855
conjoined twins, 843–849
intrauterine death in one twin, 810–816
intrauterine fetal death, 810–816
malformations in twins, 803–809
monoamniotic twins, 851–855
twin reversed arterial perfusion (TRAP)

sequence, 835–842
twin-to-twin transfusion syndrome,

818–832
Multiple hemangiomatosis syndrome, 148

Multiple vertebral segmentation defects,
289t

Muscular ventricular septal defect, 331
Myelodysplasia, 161
Myelomeningocele, 54–55, 151–163

antenatal natural history, 156–158
Chiari type II malformation in, 161
closed neural-tube defects, 157–158
conditions associated with, 161
definition of, 151–152
differential diagnosis of, 156

bladder exstrophy, 456
craniosynostosis, 156
encephalocele, 156
sacrococcygeal teratoma, 156

embryology of, 156
etiology of, 152–153
fetal intervention for, 158–160
genetics and recurrence risk for, 163
incidence of, 152–153
long-term disability, 162f
long-term outcome of, 161–163, 162f
magnetic resonance imaging of,

154–156
open neural-tube defect, 156–157
in pregnancy, management for, 158
sensory areas affected by neural tube

defect, 162f
sonographic findings, 153–154

abnormalities, 153t
banana sign, 153–154, 154f
large L2-S2 meningomyelocele,

156f
lateral ventriculomegaly, 232
lemon sign, 153–154, 153f
ossification centers of neural arches,

155f
scoliosis at dyraphic defect leve, 155f
spinal findings, 154
transverse view through sacrum of

fetus, 155f
surgical treatment of, 159f, 160–161
survival rate, 161–163, 162f
thoracolumbar, 160f
treatment of newborn with, 160

Myoblastoma, 782
Myosin-binding proteins, 401t
Myxoma, 404

N

Nasal bones, 14f, 23
Nasal bone sonography, 15–16
Natriuretic peptide (NPs), 820–821
Neck, magnetic resonance imaging, 8
Neck conditions, 231–254

congenital high airway obstruction
syndrome, 231–236

cystic hygroma, 237–241
goiter, 249–254
lymphangiomas, 241–247

Needle apiration, 47t
Neonatal cardiac transplantation, 352
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Neonatal lupus erythematosus (NLE), 325
clinical manifestations of, 325t
recurrence risk for, 326

Neonatal thyrotoxicosis, 253
Neostigmine, 61
Nephrectomy, 533
Nephroblastomatosis, 798
Neural-tube defects.

See also Myelomeningocele
closed, 157–158
conditions associated with, 152
lipomatous malformations, 157
and maternal polymorphisms, 152
meningoceles, 157
open, 152, 156–157
risk factors, 152
sensory areas affected by, 162f

Neurenteric cysts, 275
Neuroblastoma, 257, 772–778

adrenal cysts in, 772
antenatal natural history, 776
“blueberry muffin” sign, 777
causes of, 772, 774
CT scan of, 777t
differential diagnosis of, 775–776, 775t
fetal intervention for, 777
fetal MRI of, 775f
genetics and recurrence risk for, 778
histologic specimen from, 773f
incidence of, 774
long-term outcome of, 778
neuroblastic nodules in, 772
newborn screening, 773
in pregnancy, management for, 776–777
sonographic findings, 774–775

adrenal cyst, 773f
treatment of newborn with, 777–778

Neuroectoderm, 221
Newborn treatment for abnormalities

achondrogenesis, 669
achondroplasia, 611–612
agenesis of the corpus callosum, 75
ambiguous genitalia, 581–582
amniotic band syndrome, 694
anencephaly, 81
aortic stenosis, 361–362
arachnoid cyst, 86
arthrogryposis, 700–701
atrial septal defects, 329
atrioventricular canal defect, 338
autosomal dominant polycystic kidney

disease, 539
autosomal recessive polycystic kidney

disease, 539
Beckwith-Wiedemann syndrome, 869
bladder exstrophy, 456
bladder outlet obstruction, 566–567
body-stalk anomaly, 419–420
bradyarrhythmias, 325–326
bronchopulmonary sequestration, 260
campomelic dysplasia, 637
cardiomyopathy, 400

cerebral calcification, 91
cervical teratoma, 756
choledochal cyst, 469–470
cholelithiasis, 488
chondrodysplasia punctata, 682
cleft lip and cleft palate, 189
clinodactyly, 706
cloacal exstrophy, 451
clubfoot, 737
coarctation of the aorta, 367
colonic atresia, 509
congenital cystic adenomatoid

malformation, 269
congenital diaphragmatic hernia, 288
congenital high airway obstruction

syndrome, 235–236
conjoined twins, 847–848
Conradi-Hünermann syndrome, 682
craniosynostosis, 97–98
cystic abdominal lesions, 463
cystic hygroma, 240, 246
cystic lesions of the chest, 276–277
Dandy-Walker malformation, 106
diastrophic dysplasia, 643
DiGeorge syndrome, 966
double-outlet right ventricle, 377
Down syndrome, 923–924
duodenal atresia and stenosis, 498
Ebstein anomaly, 342
echogenic kidneys, 529
ectopia cordis, 414–415
ectopic ureterocele, 573
ectrodactyly, 712
Ellis-van Creveld syndrome, 648–649
encephalocele, 11
enterolithiasis, 488
esophageal atresia, 310
fetal hydrothorax, 298
fetal overgrowth, 868–869
fetus in fetu, 488
gastroschisis, 442
goiter, 253
hemangioma, 763–764
hemifacial microsomia, 196t
hemivertebrae, 606
hepatic calcifications, 481
hepatoblastoma, 763–764
heterotaxy syndrome, 393
Hirschsprung’s disease, 515–516
holoprosencephaly, 125–126
hydranencephaly, 132
hydrocephalus, 138
hydronephrosis, minimal, 547
hydrothorax, 298
hypertelorism, 201–202
hypophosphatasia, 675
hypoplastic left heart syndrome, 351
hypoplastic right ventricle, 346–347
immune hydrops, 891
imperforate anus, 524–525
intra-abdominal calcifications, 487–488
intracardiac tumors, 407

intracranial hemorrhage, fetal, 145
intrauterine fetal death, 816
intrauterine growth restriction,

863–864
Jarcho-Levin syndrome, 661
jejunoileal atresia and stenosis, 504
Klinefelter syndrome, 948
liver tumors, 763–764
macrocephaly, 149–150
macroglossia, 212
malformations in twins, 806
meconium peritonitis, 487–488
mesoblastic nephroma, 769–770
microcephaly, 170
micrognathia, 219–220
microphthalmia, 226
minimal fetal hydronephrosis, 547
monoamniotic twins, 855
multicystic dysplastic kidney, 532–533
myelomeningocele, 160
neuroblastoma, 777–778
nonimmune hydrops fetalis, 898
oligohydramnios, 877
omphalocele, 431
osteogenesis imperfecta, 629–630
ovarian cysts, fetal, 476–477
overgrowth syndromes, 868–869
Pallister-Killian syndrome, 961
pentalogy of Cantrell, 424
persistent cloaca, 587–588
polycystic kidney disease, 539
polydactyly, 718
polyhydramnios, 884
porencephaly, 174
posterior urethral valves, 566–567
pulmonary agenesis, 304
pulmonary stenosis and atresia,

356–357
pyloric atresia and stenosis, 493
radial aplasia, 730
renal agenesis, 594
retinoblastoma, 783
sacrococcygeal teratoma, 793
short rib polydactyly syndrome,

654–656
single umbilical artery, 749
sirenomelia, 601
syndactyly, 724
tachyarrhythmias, 318
tetralogy of Fallot, 372
tetrasomy 12p, 961
thanatophoric dysplasia, 619
thoracic cysts, 276–277
triple X syndrome, 953
triploidy, 929
trisomy 8, 934
trisomy 9, 934
trisomy 13, 907–908
trisomy 14, 934
trisomy 16, 935
trisomy 18, 915
trisomy 20, 935
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trisomy 21, 923–924
trisomy X, 953
truncus arteriosus, 382
Turner syndrome, 941–942
22q11.12 deletion, 966
twin reversed arterial perfusion (TRAP)

sequence, 841
umbilical cord abnormalities, 744
ureteropelvic junction obstruction,

552–553
vein of Galen aneurysm, 180
ventricular septal defects, 333–334, 829
Wilms’ tumor, 799–800
XYY syndrome, 956

NIHF. See Nonimmune hydrops fetalis
Nonimmune hydrops fetalis (NIHF),

893–899
antenatal natural history, 896–897
cardiac malformations and, 894
causes of, 894
chromosomal causes of, 894
conditions associated with, 895t
congenital cystic adenomatoid

malformation and, 894
definition of, 893
differential diagnosis of, 896
fetal intervention for, 897–898
genetics and recurrence risk for, 899
incidence of, 894
long-term outcome of, 899
sonographic findings, 894–896, 896f
structural fetal malformations in, 894
surgical treatment of, 898
treatment of newborn with, 898

Noonan syndrome, 203, 397, 940
Norrie syndrome, 225t
Norwood procedure, 351–352
NSD1 mutation, 868
Nuchal fold, 19, 21f
Nuchal translucency, 12, 12f

enlarged, 14
screening in multiple gestations, 17

O

Obstetric treatment. See Pregnancy
management for fetal
conditions

Obstructive uropathy. See Bladder outlet
obstruction; Hydronephrosis;
Ureteropelvic junction (UPJ)
obstruction

Octreotide, 298
Ocular hypotelorism, 204
Oculoauriculovertebral (OAV) anomaly,

193, 195t
chromosomal abnormalities in, 196t
sonographic findings, 194–195

Oculoauriculovertebral dysplasia, 193
Oculodentodigital syndrome, 225t
Odontohypophosphatasia, 672
OK-432, 246
Okamoto syndrome, 513t

Oligohydramnios, 871–877. See also
Twin-to-twin transfusion
syndrome (TTTS)

amnion nodosum in fetus, 875f
antenatal natural history, 873–874
causes of, 871–872
conditions associated with

echogenic kidneys, 528
pulmonary agenesis, 302
pulmonary hypoplasia, 559
ureteropelvic junction obstruction,

551–552
definition of, 871
differential diagnosis of, 873

renal agenesis, 593
sirenomelia, 600

fetal intervention for, 876–877
incidence of, 872
long-term outcome of, 877
in pregnancy, management for, 874–876
preterm premature rupture of

membranes, 874–876
severely constricted fetus, 874f
sonographic findings, 872–873, 873f
treatment of newborn with, 877

Omphalocele, 426–433. See also Pentalogy
of Cantrell

antenatal natural history of, 429–430
cardiac anomalies in, 429
causes of, 427
chromosomal abnormalities in,

429–430
chromosomal analysis of, 430
definition of, 427
differential diagnosis of, 428–429

Beckwith-Wiedemann syndrome,
429

bladder exstrophy, 456
cloacal exstrophy, 449
pentalogy of Cantrell, 428–429

excision of membrane, 425
genetics and recurrence risk for, 433
incidence of, 427
long-term outcome of, 433
malformations associated with,

429–430
mortality rate, 429–430
in pregnancy, management for, 430–431
severity of, 427
silo repair of, 432f
sonographic findings, 427–428

color Doppler image, 428f
ruptured, 428f
sagittal image of fetus, 427f

surgical treatment of, 431–433, 432f,
433f

syndromes associated with, 429t
treatment of newborn with, 431

Omphalopagus, 844
ONTD. See Open neural-tube defect
Open fetal surgery, 58–59

control of preterm labor in, 59

development of, 58
fetal malformations treatable by, 60t
fetal monitoring in, 59
hysterotomy, 58–59
maternal deaths from, 59
tocolysis in, 59

Open neural-tube defect (ONTD), 27–29,
156–157, 804

Opitz syndrome, 190t, 199, 202–203, 966
Orbital hypotelorism, 204
Osteochondrodysplasias, 665. See also

Achondrogenesis
Osteogenesis imperfecta, 623–631

antenatal natural history, 627–628
definition of, 623
differential diagnosis of, 627

campomelic dysplasia, 627, 636
hypophosphatasia, 627

expanded Sillence classification of, 624t
fetal intervention for, 628
genetics and recurrence risk for,

630–631
incidence of, 625
long-term outcome of, 630
postnatal radiographs, 629f
in pregnancy, management for, 628
recurrence risk for, 631t
sonographic findings, 625–627, 625t

cross-sectional view of fetal head,
626t

cross-sectional view of fetal thorax,
627t

gestational age and detection, 625t
humerus, 626t

surgical treatment of, 630
treatment of newborn with, 629–630
types of, 623–624, 630–631

Osteogenic front, 96
Ovarian cysts, fetal, 472–477, 477f

antenatal natural history of, 474
causes of, 472–473
conditions associated with, 473
definition of, 472
differential diagnosis of, 474
fetal intervention for, 475
genetics and recurrence risk for, 477
histologic specimen from, 477f
identification of, 473
incidence of, 473
in utero aspiration of, 475
in utero decompression of, 49–50
long-term outcome of, 477
in pregnancy, management for, 474–475
simple (anechoic) vs. complicated,

473–474
size of, 474
sonographic findings, 473–474

aechoic cyst, 474f
aspiration of cyst, 476f
fluid vessels, 475f
sagittal image, 474f
transverse image, 474f
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Ovarian cysts, fetal (Contd.)
torsion, 474
treatment of newborn with, 476–477

Overgrowth syndromes, 865–869
antenatal natural history, 867–868
definition of, 865
differential diagnosis of, 867t

Beckwith-Wiedemann syndrome,
866

Simpson-Golabi-Behmel syndrome,
866

Sotos syndrome, 866
genetics and recurrence risk for, 869
incidence of, 866
long-term outcome of, 869
postnatal photographs, 868f
in pregnancy, management for, 868
sonographic findings, 866, 867f
treatment of newborn with, 868–869

P

Pacemaker, 50
Packed red cells, transfusion of, 898–899
Pallister-Killian syndrome, 958–962

antenatal natural history, 960–961
definition of, 958
diagnosis of, 958–959
differential diagnosis of, 960

Fryns syndrome, 960
genetics and recurrence risk for, 962
incidence of, 959
long-term outcome of, 961
in pregnancy, management for, 961
sonographic findings, 959–960
surgical treatment of, 961
treatment of newborn with, 961

Pancreatic cysts, 461
sonographic findings, 462

Parasympathetic nervous system,
511–512

Parenchymal hepatic calcifications,
479–480

Parenti-Fraccaro syndrome, 664
Patent ductus arteriosus (PDA), 301, 347,

915
PAX3 gene, mutation in, 120
Pena-Shokeir syndrome, 699, 914f
Pentalogy of Cantrell, 421–425

anomalies associated with, 421, 423
cleft lip and cleft palate, 423
sirenomelia, 423

antenatal natural history, 424
definition of, 421
differential diagnosis of, 424

omphalocele, 428–429
vs. ectopia cordis, 412, 413, 422
embryonic development of,

421–422
epigastric omphalocele in, 422
heart in, 422, 423
incidence of, 422
intracardiac anomalies in, 423t

long-term outcome of, 425
operative repair of, 425t
postnatal appearance of fetus, 423f
in pregnancy, management for, 424
sonographic findings, 422–423

transverse thoracic view, 422f
surgical treatment of, 424–425, 425f
treatment of newborn with, 424

Percent predicted lung volume (PPLV),
284

Percutaneous umbilical blood sampling
(PUBS), 39–42

chromosomal mosaicism and, 31
immune hydrops and, 889
indications for, 40–42, 40t

chromosome analysis, 40–41
DNA analysis, 40–41
fetal anemia, 29, 40–41
fetal thrombocytopenia, 40–41
fetal well-being, 41–42
infectious disease diagnosis, 40–41

most common needle used in, 40
nonimmune hydrops fetalis and, 897
pregnancy loss after, 40
safety of, 40
success rate, 40
technique, 39
ultrasound image of, 39f, 40f

Perfused twin, 836
Pericardial cysts, 274, 275
Peritoneal hepatic calcifications, 479

differential diagnosis of, 480
Peritoneal pericardial diaphragmatic

hernia. See Pentalogy of Cantrell
Perlman syndrome, 798
Persistent cloaca, 558–559

antenatal natural history, 586
conditions associated with, 585
differential diagnosis of, 586
dilated rectum and hydrocolpos in,

586f
embryologic origin of, 585
fetal intervention for, 587
fetal MRI of, 586f
genetics and recurrence risk for,

588–589
Hendren’s series of patients, 588
hydrocolpos, 585
incidence of, 585
long-term outcome of, 588
Pena’s series of patients, 588
postnatal study of, 588f
in pregnancy, management for,

586–587
sonographic findings, 585–586, 587f
surgical treatment of, 588
treatment of newborn with, 587–588

Persistent ostium atrioventriculare
commune. See Atrioventricular
canal defect (AVCD)

PEX genes, 679
Pfeiffer syndrome, 95, 96, 100t

Phenobarbital, 774
Phenytoin, 774
Phosphatidylglycerol, 29
Phospholipase A1 (PLA1), 145–146
Piebaldism, 513t
Pierre-Robin syndrome, 187t, 215
Pitt-Hopkins syndrome, 513t
PKD. See Polycystic kidney disease
Placental anastomoses, laser ablation of,

828–829
Plagiocephaly, 94
Plasmapheresis, 324
Platelets, 41
Poland syndrome, 605
Polyalveolar lobe, 273
Polycystic kidney disease (PKD), 535–542

adult onset, 535–536
age distribution of, 535
antenatal natural history, 538–539
autosomal dominant, 535–536
autosomal recessive, 536
bilateral, 535–536
definition of, 535
differential diagnosis of, 537–538

Beckwith-Wiedemann syndrome,
538

Meckel-Gruber syndrome, 538
mesoblastic nephroma, 769
tuberous sclerosis, 537–538

genetics and recurrence risk for,
541–542

incidence of, 536
infantile, 535–536
long-term outcome of, 540–541
neonate with, 540f
postnatal CT scan, 540f
in pregnancy, management for, 539
sonographic findings, 536–537, 537f,

538f
surgical treatment of, 540
treatment of newborn with, 539

Polydactyly, 714–719
antenatal natural history, 717
central, 715
classification of, 714–715
definition of, 714
differential diagnosis of, 716–717, 717t

Bardet-Biedl syndrome, 716
DiGeorge syndrome, 717
McKusick-Kaufman syndrome, 716
Meckel-Gruber syndrome, 716
Smith-Lemli-Opitz syndrome, 716
trisomy 13, 716

genetics and recurrence risk for, 719
incidence of, 715
postnatal photographs, 718f
in pregnancy, management for,

717–718
radial/tibial, 715
sonographic findings, 715–716, 715f,

716f
surgical treatment of, 718–719
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treatment of newborn with, 718
types of, 715
ulnar/fibular, 715

Polyhydramnios, 879–883.
See also Twin-to-twin
transfusion syndrome (TTTS)

amniotic fluid index, 879, 880t, 881
amniotic fluid volume in, 879–880
antenatal natural history, 881–882
conditions associated with, 880

duodenal atresia, 498
esophageal atresia, 309
jejunoileal atresia, 503
micrognathia, 216
pulmonary agenesis, 302
pyloric atresia and stenosis, 492

definition of, 879
diagnosis of, 879
differential diagnosis of, 881

anencephaly, 78
hydrocephalus, 136

fetal intervention for, 883
fetal malformations associated with,

881
genetics and recurrence risk for,

884
incidence of, 880–881
indomethacin therapy for, 884
long-term outcome of, 884
maximum vertical pocket, 881
in pregnancy, management for, 882
prenatal sonographic image, 880f
sonographic findings, 880f, 881
surgical treatment of, 884
treatment of newborn with, 884

Polymerase chain reaction (PCR) analysis,
41, 897, 943–944

Polysplenia syndrome, 390, 392t
Pompe disease, 397–398
Porencephaly, 172–175

acquired, 172–173
antenatal natural history, 174
congenital encephaloclastic, 172
congenital midline, 172
definition of, 172
developmental, 172
differential diagnosis of, 174

hydranencephaly, 131, 136
hydrocephalus, 136
intracranial hemorrhage, 143

familial, 173
fetal intervention for, 174
genetics and recurrence risk for, 175
long-term outcome of, 175
in pregnancy, management for, 174
risk factors, 172–173, 173t
sonographic findings, 173

axial image of fetal head, 173f
postnatal CT scan, 173f

surgical treatment of, 174
treatment of newborn with, 174

Portogen, 298

Posterior urethral valves (PUVs),
555–568. See also Bladder outlet
obstruction

antenatal natural history, 559–561
causes of, 556
classification of, 556–558
conditions associated with

oligohydramnios, 559
persistent cloaca, 558–559
pulmonary hypoplasia, 559

differential diagnosis of, 558–559
embryologic origin of, 556
fetal intervention for, 560–566
genetics and recurrence risk for, 568
incidence of, 556
long-term outcome of, 567
magnetic resonance imaging of, 557
in pregnancy, management for, 560
prenatal and perinatal management of

fetus with, 561f
prognostic criteria in, 562
sonographic findings, 556
surgical treatment of, 567
treatment of newborn with, 566–567

Pregnancy-associated plasma protein A
(PAPP-A), 915

Pregnancy loss
after amniocentesis, 35–36, 36t
after chorionic villus sampling, 35–36,

36t
after percutaneous umbilical blood

sampling, 40
Pregnancy management for fetal

conditions
achondrogenesis, 667–669
achondroplasia, 611
ambiguous genitalia, 579–580
amniotic band syndrome, 693
aortic stenosis, 360–361
arachnoid cyst, 86
arthrogryposis, 700
atrial septal defects, 329
atrioventricular canal defect, 337
autosomal dominant polycystic kidney

disease, 539
autosomal recessive polycystic kidney

disease, 539
Beckwith-Wiedemann syndrome, 868
bladder exstrophy, 456
bladder outlet obstruction, 560
bradyarrhythmias, 323
bronchopulmonary sequestration,

259–260
campomelic dysplasia, 637
cardiomyopathy, 399
cerebral calcification, 90–91
cervical teratoma, 754–755
choledochal cyst, 468
chondrodysplasia punctata, 681–682
cleft lip and cleft palate, 187
clinodactyly, 706
cloacal exstrophy, 451

clubfoot, 736–737
coarctation of the aorta, 366
colonic atresia, 509
congenital cystic adenomatoid

malformation, 268
congenital diaphragmatic hernia, 285
congenital high airway obstruction

syndrome, 234–235
conjoined twins, 846–847
Conradi-Hünermann syndrome,

681–682
craniosynostosis, 96–97
cystic abdominal lesions, 463
cystic hygroma, 240, 244
cystic lesions of the chest, 276
Dandy-Walker malformation, 106
diastrophic dysplasia, 643
DiGeorge syndrome, 966
double-outlet right ventricle, 375–377
Down syndrome, 922–923
duodenal atresia and stenosis, 497–498
Ebstein anomaly, 342
echogenic kidneys, 528–529
ectopia cordis, 413–414
ectopic ureterocele, 572
ectrodactyly, 712
Ellis-van Creveld syndrome, 648
encephalocele, 113–114
enterolithiasis, 487
esophageal atresia, 309–310
exencephaly, 119–120
fetal hydrothorax, 295–296
fetal overgrowth, 868
gastroschisis, 440–441
goiter, 252
hemangioma, 762–763
hemifacial microsomia, 196, 606
hepatic calcifications, 480–481
hepatoblastoma, 763
heterotaxy syndrome, 393
Hirschsprung’s disease, 515
holoprosencephaly, 125
hydranencephaly, 131–132
hydrocephalus, 137
hydronephrosis, minimal, 546–547
hydrothorax, 295
hypertelorism, 201
hypophosphatasia, 674–675
hypoplastic left heart syndrome,

350–351
hypoplastic right ventricle, 346
hypotelorism, 206
immune hydrops, 889–890
imperforate anus, 524
intra-abdominal calcifications, 486–487
intracardiac tumors, 406–407
intracranial hemorrhage, fetal, 144–145
intrauterine fetal death, 814–815
intrauterine growth restriction,

861–863
Jarcho-Levin syndrome, 661
jejunoileal atresia and stenosis, 504
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Pregnancy management for fetal
conditions (Contd.)

Klinefelter syndrome, 947–948
liver tumors, 762–763
macrocephaly, 149
malformations in twins, 804–805
meconium peritonitis, 487
mesenchymal hamartoma, 762–763
mesoblastic nephroma, 769
microcephaly, 169
micrognathia, 218
microphthalmia, 225
minimal fetal hydronephrosis, 546–547
monoamniotic twins, 853–854
multicystic dysplastic kidney, 532
myelomeningocele, 158
neuroblastoma, 776–777
oligohydramnios, 874–876
omphalocele, 430–431
osteogenesis imperfecta, 628
ovarian cysts, fetal, 474–475
overgrowth syndromes, 868
Pallister-Killian syndrome, 961
pentalogy of Cantrell, 424
persistent cloaca, 586–587
polycystic kidney disease, 539
polydactyly, 717–718
polyhydramnios, 882
porencephaly, 174
posterior urethral valves, 560
pulmonary agenesis, 303
pulmonary stenosis and atresia, 356
pyloric atresia and stenosis, 493
radial aplasia, 730
renal agenesis, 593–594
retinoblastoma, 782–783
sacrococcygeal teratoma, 790–791
short rib polydactyly syndrome, 654
single umbilical artery, 748–749
sirenomelia, 600
syndactyly, 724
tachyarrhythmias, 316–318
tetralogy of Fallot, 371–372
tetrasomy 12p, 961
thanatophoric dysplasia, 618–619
thoracic cysts, 276
transposition of great arteries,

386–387
triple X syndrome, 952
triploidy, 929
trisomy 8, 934
trisomy 9, 934
trisomy 13, 906–907
trisomy 14, 934
trisomy 16, 934
trisomy 18, 914–915
trisomy 20, 934
trisomy 21, 922–923
trisomy X, 952
truncus arteriosus, 381–382
Turner syndrome, 941
22q11.12 deletion, 966

twin reversed arterial perfusion (TRAP)
sequence, 840

umbilical artery, single, 748–749
umbilical cord abnormalities, 744
ureteropelvic junction obstruction, 552
vein of Galen aneurysm, 179–180
ventricular septal defects, 333, 826–827
Wilms’ tumor, 799
XYY syndrome, 956

Preimplantation genetic diagnosis (PGD),
42

Premature delivery, 29
Prematurity, 449
Prenatal diagnostic procedures, 26–43

amniocentesis, 26–43, 30f
chorionic villus sampling, 33–39
conditions amenable to DNA analysis,

28t
maternal age and rate of chromosomal

abnormalities, 27t
middle cerebral artery peak velocity, 29t
percutaneous umbilical blood

sampling, 39–42
preimplantation genetic diagnosis, 42

Prenatal imaging, 3–9
fetal face at 24 weeks’ gestation, 6f
magnetic resonance imaging, 6–9
MRI of normal fetus at 28 weeks’

gestation, 7f
ultrasonography, 3–6

Preterm premature rupture of membranes
(PPROM), 874–876

Primum atrial septal defect, 328
Procainamide, 342
Prognosis for fetal conditions

achondrogenesis, 669
achondroplasia, 613
agenesis for the corpus callosum, 75–76
ambiguous genitalia, 582
amniotic band syndrome, 694–695
anencephaly, 81
aortic stenosis, 362
arachnoid cyst, 87
arthrogryposis, 702–703
atrial septal defects, 330
atrioventricular canal defect, 338–339
autosomal dominant polycystic kidney

disease, 540–541
autosomal recessive polycystic kidney

disease, 540–541
Beckwith-Wiedemann syndrome, 869
bladder exstrophy, 458–459
bladder outlet obstruction, 567
body-stalk anomaly, 420
bradyarrhythmias, 326
bronchopulmonary sequestration, 261
campomelic dysplasia, 638
cardiomyopathy, 400
cervical teratoma, 756–757
choledochal cyst, 470
cholelithiasis, 489
chondrodysplasia punctata, 684

cleft lip and cleft palate, 189–190
clinodactyly, 707
cloacal exstrophy, 452–453
clubfoot, 738
coarctation for the aorta, 367–368
colonic atresia, 510
congenital diaphragmatic hernia,

288–289
congenital high airway obstruction

syndrome, 236
conjoined twins, 848–849
Conradi-Hünermann syndrome, 684
craniosynostosis, 98
cystic abdominal lesions, 464
cystic hygroma, 240, 246–247
cystic lesions for the chest, 277
Dandy-Walker malformation, 107
diastrophic dysplasia, 644–645
DiGeorge syndrome, 966–967
double-outlet right ventricle, 378
Down syndrome, 924–925
duodenal atresia and stenosis, 499–500
Ebstein anomaly, 343
echogenic kidneys, 529
ectopic ureterocele, 573
ectrodactyly, 712
Ellis-van Creveld syndrome, 649
encephalocele, 115
enterolithiasis, 489
esophageal atresia, 310–311
fetal hydrothorax, 298
fetal overgrowth, 869
fetus in fetu, 489
gastroschisis, 443
goiter, 253–254
hemangioma, 764
hemifacial microsomia, 197
hemivertebrae, 607
hepatic calcifications, 481
hepatoblastoma, 764
heterotaxy syndrome, 393
Hirschsprung’s disease, 517
holoprosencephaly, 126
hydranencephaly, 132
hydrocephalus, 139
hydronephrosis, minimal, 547–548
hydrothorax, 298
hypertelorism, 202
hypophosphatasia, 675–676
hypoplastic left heart syndrome, 352
hypotelorism, 206
immune hydrops, 891
imperforate anus, 525
intra-abdominal calcifications, 489
intracardiac tumors, 407–408
intracranial hemorrhage, fetal, 145
intrauterine fetal death, 816
intrauterine growth restriction, 864
Jarcho-Levin syndrome, 661–662
jejunoileal atresia and stenosis, 506
liver tumors, 764
macrocephaly, 150
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macroglossia, 212–213
malformations in twins, 809
meconium peritonitis, 489
mesoblastic nephroma, 770
microcephaly, 170
micrognathia, 220
microphthalmia, 226–227
minimal fetal hydronephrosis, 547–548
multicystic dysplastic kidney, 533
myelomeningocele, 161–163
neuroblastoma, 778
nonimmune hydrops fetalis, 899
oligohydramnios, 877
omphalocele, 433
osteogenesis imperfecta, 630
ovarian cysts, fetal, 477
overgrowth syndromes, 869
Pallister-Killian syndrome, 961
pentalogy for Cantrell, 425
persistent cloaca, 588
polycystic kidney disease, 540–541
polyhydramnios, 884
porencephaly, 175
posterior urethral valves, 567
pulmonary agenesis, 304–305
pulmonary stenosis and atresia, 357
pyloric atresia and stenosis, 494
radial aplasia, 731
renal agenesis, 594
retinoblastoma, 783–784
sacrococcygeal teratoma, 793–794
Simpson-Golabi-Behmel syndrome,

869
single umbilical artery, 749
sirenomelia, 601
syndactyly, 725
tachyarrhythmias, 318
tetralogy for Fallot, 373
tetrasomy 12p, 961
thanatophoric dysplasia, 619–621
thoracic cysts, 277
transposition for great arteries, 388
triple X syndrome, 953
triploidy, 929–930
trisomy 8, 935
trisomy 9, 936
trisomy 13, 908
trisomy 14, 936
trisomy 16, 936
trisomy 18, 916–917
trisomy 20, 936
trisomy 21, 924–925
trisomy X, 953
truncus arteriosus, 382
Turner syndrome, 942–943
22q11.12 deletion, 966–967
twin reversed arterial perfusion (TRAP)

sequence, 841
umbilical artery, single, 749
ureteropelvic junction obstruction,

553–554
vein of Galen aneurysm, 181

ventricular septal defects, 334, 829–830
ventriculomegaly, 139
Wilms’ tumor, 800
XYY syndrome, 956–957

Propylthiouracil, 253
Prostaglandin E1 infusion, 367
Prostaglandin synthase inhibitors, 872
Pseudodiastrophic dysplasia, 642
Pseudotrisomy 13, 906
Pseudotrisomy 18, 913
P63 gene, 190t
PTCH1 gene, 190t
PTCH gene, 127
PUBS. See Percutaneous umbilical blood

sampling
Pulmonary agenesis, 300–305

antenatal natural history, 303
bilateral vs. unilateral, 301, 302
chest X-ray, 304f
conditions associated with, 301–302

ipsilateral limb abnormalities, 301
patent ductus arteriosus, 301
spinal abnormality, 301
tracheoesophageal anomalies, 301

definition of, 300
differential diagnosis of, 302
fetal MRI of, 302f, 303f
genetics and recurrence risk for, 305
incidence of, 302
long-term outcome of, 304–305
in pregnancy, management for, 303–304
sonographic findings, 301
treatment of newborn with, 304

Pulmonary atresia with intact ventricular
septum (PA:IVS).
See Hypoplastic right ventricle

Pulmonary hypoplasia, 53–54.
See also Pulmonary agenesis

conditions associated with
bladder outlet obstruction, 559
congenital diaphragmatic hernia,

279
hydrothorax, 295
ovarian cysts, 475

fetal intervention for, 53–54
Pulmonary stenosis and atresia, 354–357

anatomical types of, 354–355
antenatal natural history, 355–356
conditions associated with, 354
definition of, 354
differential diagnosis of, 355

tetralogy of Fallot, 355, 371
genetics and recurrence risk for, 357
incidence of, 355
long-term outcome of, 357
in pregnancy, management for, 356
sonographic findings, 355

lateral projection of right ventricualr
angiogram, 356f

short axis view of right ventricular
outflow tract, 355f

surgical treatment of, 357

treatment of newborn with, 356–357
in ventricular septal defects, 825

Pulmonic atresia with intact ventricular
septum (PAIVS), 51

Pulsed Doppler analysis, 180–181
Pump twin, 55–56, 836
PUVs. See Posterior urethral valves
PVRL1 gene, 190t
Pyelectasis, 22–23
Pygopagus, 844
Pyloric atresia and stenosis, 491–494

antenatal natural history of, 493
conditions associated with, 492

epidermolysis bullosa, 493
polyhydramnios, 492

definition of, 492
differential diagnosis of, 492–493
vs. duodenal atresia, 492–493
genetics and recurrence risk for, 494
incidence of, 492
long-term outcome of, 494
in pregnancy, management for, 493
single bubble sign, 492
sonographic findings, 492, 492f
surgical treatment of, 493–494
treatment of newborn with, 493
types of, 492

Q

Quad screen, 19
Quintero staging system, 823–824

R

Radial aplasia, 726–731
antenatal natural history, 728–730
causes of, 726
definition of, 726
differential diagnosis of, 728, 729t

Baller-Gerold syndrome, 728
Juberg-Hayward syndrome, 728
thrombocytopenia-absent radius

(TAR) syndrome, 728
trisomy 18, 728

genetics and recurrence risk for, 731
incidence of, 726
long-term outcome of, 731
postnatal photograph, 727f
postnatal radiograph, 731f
in pregnancy, management for, 730
sonographic findings, 726–728,

727f
surgical treatment of, 730–731
treatment of newborn with, 730

Radial/tibial polydactyly, 715
RADIUS Trial, 4
Rectosigmoid, 512, 516
Relative macroglossia, 208
Renal agenesis, 589–595

antenatal natural history, 593
bilateral, 590–593
definition of, 589
differential diagnosis of, 593
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Renal agenesis (Contd.)
cerebro-oculo-facial-skeletal

syndrome, 593
Fraser syndrome, 593
oligohydramnios, 593
Rokitansky-Kuster-Hauser

syndrome, 593
sirenomelia, 593, 600

embryonic development of, 589–590
fetal intervention for, 594
genetics and recurrence risk for,

594–595
incidence of, 590
long-term outcome of, 594
postmortem photograph of fetus, 592f
in pregnancy, management for, 593–594
sonographic findings, 590–593

axial image, 591f
coronal image, 591f, 592f
diagnostic accuracy of, 591f

treatment of newborn with, 594
twin pregnancies and, 595
unilateral, 590

Renal cysts, 404
Renal dysplasia, 48
Restriction fragment length

polymorphisms (RFLPs),
908–909

Retinoblastoma, 780–784
antenatal natural history, 782
“cat’s eye reflex,” 781
clinical features, 781
definition of, 781
differential diagnosis of, 782, 782t

dacryocystocele, 782
encephalocele, 782
epignathus, 782
myoblastoma, 782

fetal intervention for, 783
genetics and recurrence risk for, 784
incidence of, 781
long-term outcome of, 783–784
in pregnancy, management for, 782–783
prenatal diagnosis of, 781
sonographic findings, 781–782, 781f
surgical treatment of, 783
treatment of newborn with, 783

R403L mutation, 401
Rh (D) gene, 42
Rhabdomyomas, 403

causes of, 408
differential diagnosis of, 404

Rh immunization, 886
Right atrial isomerism, 391
Right-lung:head-circumference ratio

(LHR), 282–284
Right ventricular hypertrophy, 369
Right ventricular hypoplasia, 347
Riley-Day syndrome, 513t
Ritodrine, 324
Roberts syndrome, 113t
Robinow syndrome, 605

Rocket catheter, 49
Rokitansky-Kuster-Hauser syndrome, 593
Ruptured encephalocele, vs. anencephaly,

80

S

Sacrococcygeal teratoma (SCT), 785–794
AAPSS staging classification of, 786f,

786t
alpha-fetoprotein (AFP), 788
antenatal natural history, 788–790
definition of, 786
differential diagnosis of, 788

myelomeningocele, 156
dystocia in, 791
embryologic origin of, 786
fetal intervention for, 791–793
fetal MRI of, 792f
genetics and recurrence risk for, 794
hydrops in, 789
incidence of, 786
intraoperative view of, 792f
long-term outcome of, 793–794
magnetic resonance imaging of, 9
physiologic consequence of, 790
postnatal photographs, 789f
in pregnancy, management for, 790–791
sonographic findings, 786–787
surgical treatment of, 793
treatment of, 54, 793
tumors and malformations, 788f
in twin gestation, 790
“twinning accident,” 786
types of, 786

Saethre-Chotzen syndrome, 94, 95, 99,
100t

Salbutamol, 324
Sandal gap, 22f
Sano modification, 352
Scaphocephaly, 93–94
Scapular hypoplasia, 636
Schizencephaly. See Porencephaly
Scoliosis, 161
Secundum atrial septic defect, 328
Selective fetoscopic laser

photocoagulation, 57–58, 58t
Selective termination, 805–806
Septate cystic hygroma, 14
Serial amnioreduction, 56–58
Serial reduction amniocentesis, 827–828
SHH gene, 127
Short-limbed dwarfism.

See Achondroplasia
Short rib polydactyly syndrome (SRPS),

650–656
antenatal natural history, 652–653
approach to sonographic diagnosis,

651f
definition of, 650
differential diagnosis of, 652, 654t

achondrogenesis, 667
asphyxiating thoracic dystrophy, 652

chondroectodermal dysplasia, 652
thanatophoric dysplasia, 617
trisomy 13, 652

genetics and recurrence risk for, 656
incidence of, 651
postmortem photographs, 655f
postmortem radiograph, 652f
postnatal photograph, 655f
in pregnancy, management for, 654
sonographic findings, 651f, 652, 652f
treatment of newborn with, 654–656
types of, 651

Shprintzen syndrome, 187
Shunting procedures, fetal, 47–50, 47t

for ovarian cysts, 49–50
vesicoamniotic, 47–48

Shunting procedures, thoracoamniotic,
48–49

Simpson-Golabi-Behmel syndrome,
866–869

clinical features, 212
congenital diaphragmatic hernia and,

289t
differential diagnosis of, 866–867

macroglossia, 210
genetics and recurrence risk for, 869
long-term outcome of, 869

Single-gene disorders, 398
Single-outlet heart. See Truncus arteriosus
Single umbilical artery (SUA), 746–749

anomalies associated with, 748t
antenatal natural history, 747–748
definition of, 746
differential diagnosis of, 747
genetics and recurrence risk for, 749
incidence of, 746
long-term outcome of, 749
in pregnancy, management for,

748–749
sonographic findings, 746–747

color Doppler studies, 747f
cross-sectional view, 747f, 748f
longitudinal view, 747f

surgical treatment of, 749
treatment of newborn with, 749

Sirenomelia, 596–601, 597f
anomalies associated with, 599t
antenatal natural history, 600
causes of, 598
classification of, 597–598
conditions associated with, 423

pentalogy of Cantrell, 423
definition of, 597
differential diagnosis of, 600

bilateral renal agenesis, 600
caudal regression syndrome, 600
oligohydramnios, 600
renal agenesis, 593

embryologic origin of, 598
genetics and recurrence risk for, 601
historical accounts of, 597
incidence of, 598
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long-term outcome of, 601
in pregnancy, management for, 600
radiograph of fetus with, 597f
sonographic findings, 598–599, 599f,

600f
surgical treatment of, 601
symelia apus, 597
symelia dipus, 597
symelia unipus, 597
treatment of newborn with, 601
vascular and caudal injury in, 598

SIX3 gene, 127
Skeletal abnormalities, 603–685.

See also Extremity abnormalities
achondrogenesis, 664–670
achondroplasia, 608–614
campomelic dysplasia, 633–639
chondrodysplasia punctata, 677–685
diastrophic dysplasia, 640–645
Ellis-van Creveld syndrome, 646–649
hemivertebrae, 603–607
hypophosphatasia, 671–676
Jarcho-Levin syndrome, 657–663
osteogenesis imperfecta, 623–631
short rib polydactyly syndrome,

650–656
thanatophoric dysplasia, 615–621

Skeletal dysplasia, 119
SLC26A2 gene mutation, 670
Small gestational age (SGA), 859.

See also Intrauterine growth
restriction (IUGR)

Smith-Lemli-Opitz syndrome, 127, 513t,
716, 722

Sotalol, 316
Sotos syndrome, 866

genetics and recurrence risk for, 869
SOX2 mutation, 227–228
SOX9 gene mutation, 639
Spastic paraparesis type 1 (SPG1), 139
Specific IgM antibodies, 41
Spherocytosis, 489
Sphingomyelin ratio, 29
Spina bifida, 151, 153–154
Spinal abnormalities, 301
Spinal cord, herniation of, 152
Splenic cysts, 461
Spondyloepiphyseal dysplasia congenita,

660
Spondylothoracic dysostosis, 658
SRPS. See Short rib polydactyly syndrome
Stepwise screening, 24
Sternal defects, 411–412
Stickler syndrome, 184, 187t
Stillbirth rate, 440
Structural heart disease, 51–52
Subdural intracranial hemorrhage, 142
Subvalvular pulmonic stenosis, 386
Subvalvular ventricular septal defects, 331
Supravalvular aortic stenosis, 359
Supraventricular tachycardia, 314.

See also Tachyarrhythmia

Surgery, fetal
achondroplasia, 612–613
agenesis of the corpus callosum, 75
ambiguous genitalia, 582
aortic stenosis, 362
arachnoid cyst, 86–87
arthrogryposis, 701–702
atrial septal defects, 329–330
atrioventricular canal defect, 338
autosomal dominant polycystic kidney

disease, 540
autosomal recessive polycystic kidney

disease, 540
bladder exstrophy, 456–458
bladder outlet obstruction, 567
body-stalk anomaly, 420
bronchopulmonary sequestration,

260–261
campomelic dysplasia, 637–638
cardiomyopathy, 400
cervical teratoma, 756
choledochal cyst, 470
chondrodysplasia punctata, 682
cleft lip and cleft palate, 190
clinodactyly, 707
cloacal exstrophy, 451–452
clubfoot, 737–738
coarctation of the aorta, 367
colonic atresia, 509–510
congenital cystic adenomatoid

malformation, 269–270
congenital diaphragmatic hernia, 288
congenital high airway obstruction

syndrome, 236
conjoined twins, 848
Conradi-Hünermann syndrome, 682
craniosynostosis, 97
cystic abdominal lesions, 463–464
cystic hygroma, 240, 246
cystic lesions of the chest, 277
Dandy-Walker malformation, 107
double-outlet right ventricle, 377–378
Down syndrome, 924
duodenal atresia and stenosis, 498–499
Ebstein anomaly, 342–343
ectopia cordis, 415
ectrodactyly, 712
Ellis-van Creveld syndrome, 649
encephalocele, 115
esophageal atresia, 310
fetal hydrothorax, 298
fetus in fetu, 489
gallstones, fetal, 489
gastroschisis, 442–443
goiter, 253
hemangioma, 764
hemifacial microsomia, 197
hemivertebrae, 607
hepatoblastoma, 764
Hirschsprung’s disease, 516–517
hydranencephaly, 132
hydrocephalus, 138–139

hydronephrosis, minimal, 547
hydrothorax, 298
hypertelorism, 202
hypoplastic left heart syndrome,

351–352
hybrid strategy in, 352
neonatal cardiac transplantation, 352
Norwood procedure, 351–352

hypoplastic right ventricle, 347
hypotelorism, 206
imperforate anus, 525
intra-abdominal calcifications, 488–489
intracardiac tumors, 407
Jarcho-Levin syndrome, 661
jejunoileal atresia and stenosis, 504–505
Klinefelter syndrome, 948–949
liver tumors, 764
macroglossia, 212
malformations in twins, 806
meconium peritonitis, 488–489
mesenchymal hamartoma, 764
mesoblastic nephroma, 770
micrognathia, 220
microphthalmia, 226
minimal fetal hydronephrosis, 547
myelomeningocele, 159f, 160–161
nonimmune hydrops fetalis, 898
omphalocele, 431–433
osteogenesis imperfecta, 630
Pallister-Killian syndrome, 961
pentalogy of Cantrell, 424–425
persistent cloaca, 588
polycystic kidney disease, 540
polydactyly, 718–719
polyhydramnios, 884
porencephaly, 174
posterior urethral valves, 567
pulmonary stenosis and atresia, 357
pyloric atresia and stenosis, 494
radial aplasia, 730–731
retinoblastoma, 783
sacrococcygeal teratoma, 793
single umbilical artery, 749
sirenomelia, 601
syndactyly, 724
tetralogy of Fallot, 372
tetrasomy 12p, 961
thanatophoric dysplasia, 619
thoracic cysts, 277
transposition of great arteries, 387–388
triploidy, 929
trisomy 13, 908
trisomy 18, 915
trisomy 21, 924
truncus arteriosus, 382
Turner syndrome, 942
umbilical artery, single, 749
umbilical cord abnormalities, 744
vein of Galen aneurysm, 180–181
ventricular septal defects, 334

SURUSS trial, 13
Swallowing, fetal, 215
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Symelia apus, 597
Symelia dipus, 597
Symelia unipus, 597
Sympathetic nervous system, 511–512
Syndactyly, 720–725

antenatal natural history, 723–724
definition of, 721
differential diagnosis of, 721–723, 724t

Apert syndrome, 721
Carpenter syndrome, 721–722
Fraser syndrome, 722–723
Smith-Lemli-Opitz syndrome, 722

genetics and recurrence risk for, 725
incidence of, 721
long-term outcome of, 725
postmortem photographs, 722f, 723f
in pregnancy, management for, 724
sonographic findings, 721, 722f, 723f
surgical treatment of, 724
syndromes associated with, 721
treatment of newborn with, 724

Syndromic ectrodactyly, 708
Synpolydactyly, 721

T

Tachyarrhythmias, 313–319
antenatal natural history, 315–316
causes of, 314
definition of, 314
differential diagnosis of, 315
evaluation of, 315t
fetal atrial flutter, 314
fetal intervention for, 50, 318
genetics and recurrence risk for,

318–319
incidence of, 314–315
long-term outcome of, 318
in pregnancy, management for, 316–318
sonographic findings, 315

fetus in atrial flutter, 315f
four-chamber view, 315f
M-mode imaging, 314f

supraventricular tachycardia, 314
treatment of newborn with, 318

Taffazin, 401t
Taussig-Bing heart, 374
TBX22 gene, 190t
TBX3 mutation, 967
TBX5 mutation, 967
Telecanthus, 199
Teratoma, 404
Tetracycline, 475
Tetralogy of Fallot, 369–373

antenatal natural history of, 371
cardiac malformations associated with,

369, 371
chromosomal abnormalities in,

369–370
definition of, 369
differential diagnosis of, 371

double-outlet right ventricle,
375–376

pulmonary atresia, 371
pulmonary stenosis, 355
truncus arteriosus, 371, 381

double-outlet right ventricle, 371
genetics and recurrence risk for, 373
incidence of, 370
long-term outcome of, 373
operative mortality rate, 372
in pregnancy, management for, 371–372
right ventricular hypertrophy in, 369
severity of, 369
sonographic findings, 370–371

axial image through fetal chest, 370f
four-chamber view, 370f
narrow right ventricular outflow

tract, 371f
surgical treatment of, 372
treatment of newborn with, 372

Tetrasomy 12p, 958–962
antenatal natural history, 960–961
definition of, 958
diagnosis of, 958–959
differential diagnosis of, 960

Fryns syndrome, 960
genetics and recurrence risk for, 962
incidence of, 959
karyotype, 959f
long-term outcome of, 961
in pregnancy, management for, 961
sonographic findings, 959–960, 959t,

960f
surgical treatment of, 961
treatment of newborn with, 961

TG-interacting factor (TGIF), 127
Thanatophoric dysplasia, 100t, 615–621

antenatal natural history, 617–618
causes of, 616
clinical features, 615
cloverleaf skull in, 617
differential diagnosis of, 617

campomelic dysplasia, 617
Ellis-van Creveld syndrome, 617
short rib polydactyly syndrome, 617

genetics and recurrence risk for, 621
growth curves, 620f
incidence of, 616
long-term outcome of, 619–621
postmortem photographs, 616f, 618f
postnatal photograph, 619f
postnatal radiograph, 620f
in pregnancy, management for,

618–619
sonographic findings, 616–617, 617f,

618f
subtypes of, 615, 621
surgical treatment of, 619
treatment of newborn with, 619

Therapeutic fetoscopy, 53–55
amniotic band syndrome, 55
diaphragmatic hernia, 53–54
lower urinary tract obstruction, 53
myelomeningocele, 54–55

Thermocoagulation for cord occlusion,
808t

Thoracentesis, 48, 296–298
Thoracic conditions, 255–311

bronchopulmonary sequestration,
255–261

congenital diaphragmatic hernia,
278–290

cystic lesions of chest, 273–277
esophageal atresia, 306–311
hydrothorax, 292–298
pulmonary agenesis, 300–305

Thoracic cysts, 273–277
antenatal natural history, 276
bronchogenic, 273, 274
congenital lobar emphysema, 273–274
differential diagnosis of, 275–276
enteric duplication cysts, 274
esophageal duplication cyst, 274
fetal intervention for, 276
genetics and recurrence risk for, 277
incidence of, 274
long-term outcome of, 277
neurenteric, 275
pericardial, 274, 275
in pregnancy, management for, 276
sonographic findings, 274–275
surgical treatment of, 277
thymic, 274–275
treatment of newborn with, 276–277

Thoracoamniotic shunts, 48–49
devices for, 49
indications for, 49

Thoracolumbar myelomeningocele,
160f

Thoraco-maternal-cutaneous drainage,
297

Thoracopagus, 844
Three-dimensional ultrasound, 6
Thrombocytopenia, 41
Thrombocytopenia-absent radius (TAR)

syndrome, 728
Thymic cysts, 274–275
Thyromegaly. See Goiter
Thyrotoxicosis, 253
Titin, 401t
Tocolysis, 59, 61
TORCH titers, 125, 225, 226
Total intravenous anesthesia (TIVA), 61
Toxoplasma gondii, 41
Tracheal occlusion, 53–54, 286–287
Tracheoesophageal anomalies, 301
Transabdominal chorionic villus

sampling, 34
diagrammatic representation of, 34f
vs. transcervical CVS, 36–37
ultrasound image of, 34f

Transarterial embolization, 180
Transcervical chorionic villus sampling,

33–34
diagrammatic representation of, 32f
vs. transabdominal CVS, 36–37



999

Index

Transposition of great arteries, 384–388
cardiac malformations associated with,

384
subvalvular pulmonic stenosis, 386
ventricular septal defect, 386

color Doppler image of fetus with, 385f
complete, 384–385
corrected, 385
definition of, 384
differential diagnosis of, 386

double-outlet right ventricle,
375–376

ventricular septal defect, 386
genetics and recurrence risk for, 388
hypoxemia in, 384
incidence of, 385
long-term outcome of, 388
mortality rate, 386
in pregnancy, management for, 386–387
sonographic findings, 385–386

color Doppler image, 381f
parallel arrangement of great

arteries, 385f
surgical treatment of, 387–388

Transposition of great vessels, 178
Transvaginal sonography, 709
Transvenous embolization, 180
TRAP sequence. See Twin reversed arterial

perfusion (TRAP) sequence
Treacher-Collins syndrome, 187t
Tricuspid regurgitation, first-trimester

evaluation of, 16–17
Tricuspid valve, 340
Trigonocephaly, 94
Triple screen, 19
Triple X syndrome (47, XXX), 951–953

antenatal natural history, 951
definition of, 951
genetics and recurrence risk for, 953
incidence of, 951
long-term outcome of, 953
in pregnancy, management for, 952
sex chromosome aneuploidies in, 951
sonographic findings, 951–952
treatment of newborn with, 953

Triploidy, 926–931
abnormalities associated with, 927–928
antenatal natural history, 928–929
cystic placenta in, 927f
definition of, 926
differential diagnosis of, 928
facial appearance in, 930f
genetics and recurrence risk for,

930–931
growth-restricted fetus, 927f
incidence of, 927
long-term outcome of, 929–930
phenotypes, 926
phenotypic features, 930t
in pregnancy, management for, 929
sonographic findings, 927–928, 928f
surgical treatment of, 929

syndactyly in, 928f
treatment of newborn with, 929

Trisomy 8, 932–936
genetics and recurrence risk for, 936
incidence of, 933
long-term outcome of, 935
mosaicism, 932
in pregnancy, management for, 934
sonographic findings, 933
treatment of newborn with, 934

Trisomy 9, 932–936
genetics and recurrence risk for, 936
incidence of, 933
long-term outcome of, 936
mosaicism, 932
postnatal photographs, 935f
in pregnancy, management for, 934
sonographic findings, 933
treatment of newborn with, 934

Trisomy 13, 187, 903–909
antenatal natural history, 906
conditions associated with

duodenal atresia, 496, 500
hepatic calcifications, 479–480
short rib polydactyly syndrome, 652
tetralogy of Fallot, 370

definition of, 903
differential diagnosis of, 904–906

holoprosencephaly, 904–906
Meckel-Gruber syndrome, 906
polydactyly, 716
pseudotrisomy 13, 906

genes involved in, 190t
genetics and recurrence risk for,

908–909
and holoprosencephaly, 122, 125
in hypotelorism, 206
incidence of, 903
karyotype in, 907f
long-term outcome of, 908
major structural malformations, 20t
midface abnormalities in, 908f
minor sonographic markers, 20t
in pregnancy, management for, 906–907
prenatal ultrasound findings, 905t
scalp defects in, 906f
sonographic findings, 904, 905t

abnormalities midface with
proboscis and absent orbit, 904f

transaxial image of fetal head, 904f
surgical treatment of, 908
treatment of newborn with, 907–908

Trisomy 14, 932–936
genetics and recurrence risk for, 936
incidence of, 933
long-term outcome of, 936
mosaicism, 932
in pregnancy, management for, 934
sonographic findings, 933
treatment of newborn with, 934

Trisomy 16, 932–936
antenatal natural history, 933

genetics and recurrence risk for, 936
incidence of, 933
long-term outcome of, 936
mosaicism, 932
postnatal photograph, 935f
in pregnancy, management for, 934
sonographic findings, 933
treatment of newborn with, 935

Trisomy 18, 910–917
antenatal natural history, 914
conditions associated with

esophageal atresia, 309
orofacial clefting, 187
tetralogy of Fallot, 370

definition of, 910
differential diagnosis of, 913–914

arthrogryposis multiplex congenita,
914

Pena-Shokeir syndrome, 913
pseudotrisomy 18, 913
radial aplasia, 728

frequency of abnormalities in, 911t
genes involved in, 190t
genetics and recurrence risk for, 917
growth curves, 916f
incidence of, 910
karyotype, 914f
long-term outcome of, 916–917
major structural malformations, 20t
minor sonographic markers, 20t
in pregnancy, management for, 914–915
sonographic findings, 910–913

bilateral choroid plexus, 22f
campodactyly, 913f
micrognathia, 913f
single umbilical artery, 22f

sonographic malformations associated
with, 912t

surgical treatment of, 915
survival rate, 916f
treatment of newborn with, 915

Trisomy 20, 932–936
antenatal natural history, 934
genetics and recurrence risk for, 936
incidence of, 933
long-term outcome of, 936
mosaicism, 932
in pregnancy, management for, 934
sonographic findings, 933
treatment of newborn with, 935

Trisomy 21, 187, 919–925
antenatal natural history, 922
cardinal physical findings in newborn

with, 924t
causes of, 919
conditions associated with

atrioventricular septal defects,
338–339

clinodactyly, 705
esophageal atresia, 309
Hirschsprung’s disease, 512
macroglossia, 208–209, 212
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Trisomy 21 (Contd.)
definition of, 919–925
detection of, 5
differential diagnosis of, 921
fetal nuchal translucency screening for,

12–13
fetus with atrioventricular canal defect,

20f
fetus with cystic hygroma, 21f
fetus with double-bubble secondary to

duodenal atresia, 20f
genetics and recurrence risk for,

924–925
incidence of, 921
karyotype, 920f
life expectancy, 924t
long-term outcome of, 924–925
major structural malformations, 20t
minor sonographic markers, 20t
nasal bone sonography test, 15–16
natural birth prevalence of, 921
noninvasive detection of, 919–920
postmortem photograph, 922f
in pregnancy, management for, 922–923
sandal gap, 923f
second-trimester serum screening, 19
sonographically detectable

malformations in, 922t
sonographic findings, 921, 921f
spontaneous abortion or stillbirth in,

922
surgical treatment of, 924
treatment of newborn with, 923–924

Trisomy E. See Trisomy 18
Trisomy X (47, XXX), 951–953

antenatal natural history, 951
definition of, 951
genetics and recurrence risk for, 953
incidence of, 951
long-term outcome of, 953
postmortem photomicrographs of

ovary, 952f
in pregnancy, management for, 952
sex chromosome aneuploidies in, 951
sonographic findings, 951–952
treatment of newborn with, 953

Trochar, 49f
Troponin, 401t
True macroglossia, 208
Truncal valve, 380
Truncal-valve dysplasia, 380
Truncus arteriosus, 379–383

antenatal natural history of, 381
cardiac malformations associated with,

380
classification systems for, 379
definition of, 379
differential diagnosis of, 381

tetralogy of Fallot, 371, 381
familiar clustering of, 383
fluorescence in situ hybridization

studies, 381f

genetics and recurrence risk for,
382–383

incidence of, 380
long-term outcome of, 382
mortality rate, 382
in pregnancy, management for,

381–382
sonographic findings, 380

axial image, 380f
color Doppler image, 380f
single large outflow tract, 380f

subtypes, 379
surgical treatment of, 382
treatment of newborn with, 382

Truncus arteriosus communis. See
Truncus arteriosus

TTTS. See Twin-to-twin transfusion
syndrome

Tuberous sclerosis, 403
antenatal natural history, 404–406
causes of, 408
diagnostic criteria for, 406t
differential diagnosis of, 404

polycystic kidney disease, 537–538
renal lesions in, 404
risk of, 405t
sonographic findings, 403–404

Tumors, 751
cervical teratoma, 751–757
liver tumors, 758–765
mesoblastic nephroma, 767–770
neuroblastoma, 772–778
retinoblastoma, 780–784
sacrococcygeal teratoma, 785–794
Wilms’ tumor, 797–801

Turner syndrome (45, X), 937–944
abnormalities associated with, 939

cardiovascular anomalies, 939
cystic hygroma, 939
hypoplastic left heart syndrome,

939
isolated fetal ascites, 939
structural/positional renal anomaly,

939
antenatal natural history, 940
aortic stenosis in, 363
coarctation of the aorta in, 364
cystic hygroma in, 939
definition of, 938
differential diagnosis of, 939–940

cystic hygroma, 939–940
lymphedema, 940
Noonan syndrome, 940

genetics and recurrence risk for,
943–944

hypertelorism in, 202
incidence of, 938
karyotype, 938f
long-term outcome of, 942–943
neck webbing in, 942f
postmortem photograph, 940f
in pregnancy, management for, 941

septated cystic hygroma in, 939f
sonographic findings, 938–939, 939f
surgical treatment of, 942
treatment of newborn with, 941–942

Twin reversed arterial perfusion (TRAP)
sequence, 835–842

acardiac fetus and pump twin, 837f
antenatal natural history, 839–840
classification of, 835, 836t
definition of, 835
differential diagnosis of, 839
fetal intervention for, 840–841
genetics and recurrence risk for, 842
gradation of loss of normal body form,

837f
incidence of, 836–838
long-term outcome of, 841
pathophysiology of, 835
perfused twin, 836
perinatal complications, 839t
in pregnancy, management for, 840
pump twin, 836
sonographic findings, 838–839, 838f
treatment of complications in, 55–56
treatment of newborn with, 841

Twins. See Monoamniotic twins;
Monochorionic twins

Twin-to-twin transfusion syndrome
(TTTS), 818–832

absent end-diastolic blood flow, 819
arterioarterial connections and, 819
atrial natriuretic peptide and, 820–821
biventricular hypertrophy in, 399f
brain natriuretic peptide and, 820–821
cardiac dysfunction in, 821
circulatory systems in monochorionic

twins, 818
congenital heart disease in, 824
definition of, 818
fetal intervention for, 56–58
fetoscopic treatment of complications

in, 56–58
historical accounts of, 818
incidence of, 821–822
laser treatment of, 56–58
marginal or velamentous cord

insertions, 820
mortality rate, 56
postmortem photographs, 826f, 827f
serial amnioreduction for, 56–58
sonographic findings, 822–823

Doppler velocimetry, 822–823
staging system for, 823–824
stuck twin and co-twin, 822f

staging system for, 824f
treatment options, 827t
unequal sharing of placental disc and,

819–820
vascular anastomoses in

monochorionic twins, 829t
venovenous connections and, 819
ventricular septal defect in, 824–825
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U

Ulnar/fibular polydactyly, 715
Ultrasonography, prenatal

accreditation, 4–5
achondrogenesis, 665–666, 668f
achondroplasia, 609–610

antenatal facial profile, 609f
fetal hand, 610f
shortening/bowing of femur, 609f

agenesis of the corpus callosum, 72–73
3D ultrasound image, 73f
transaxial ultrasound image, 73f

ambiguous genitalia, 577–578, 577f,
580f

amniotic band syndrome, 689–691,
689f–692f

anencephaly, 78–79
3D ultrasound, 79f
coronal image of fetal face, 79f
sagittal view, 81f
sagittal view of fetal facial profile,

79f
aneuploidy, second-trimester screening

for, 19–23
choroid plexus cyst, 23
echogenic bowel, 22
echogenic intercardiac focus, 22–23
humerus and femur lengths, 22
markers, 20t
nasal bones, 23
nuchal fold, 19
pyelectasis, 23

aortic stenosis, 359–360
color Doppler studies, 361f
echogenic aortica valve, 359f
high-velocity flow through aortic

valve, 359f
apert syndrome, 94–95, 95f
arachnoid cyst, 84–85, 84f

transaxial image of fetal head, 84f
arthrogryposis, 698–699

contractures at knee and ankle, 698f
fixed flexion of digits, 699f

atrial septal defects, 328–329
atrioventricular canal defect, 336–337

abnormal positioning of AV valves,
337f

axial images, 336f, 337f
defect in crux of fetal heart, 336f

autosomal dominant polycystic kidney
disease, 536–537

autosomal recessive polycystic kidney
disease, 536–537

bladder exstrophy, 455–456
bladder outlet obstruction, 556
body-stalk anomaly, 417–418

coronal image of fetus, 417f
kyphoscoliosis of lower spine, 417f
sagittal view of fetus, 418f
transverse view of fetus, 418f

bradyarrhythmias, 321–322
four-chamber view, 323f

bronchopulmonary sequestration,
256–257

color flow Doppler examination, 257f
ultrasound of fetal chest, 256f

campomelic dysplasia, 635–636, 635f
cardiomyopathy, 396–397

antenatal four-chamber view of fetal
heart, 398f, 399f

biventricular hypertrophy, 399f
left ventricular outflow tract, 398f

cerebral calcification, 89, 232
axial scans of fetal head, 90f
coronal sonogram, 89f

cervical teratoma, 752–753
3D ultrasound, 752f
sagittal image of fetus, 752f

choledochal cyst, 467, 467f
chondrodysplasia punctata, 679–680,

679f
cleft lip and cleft palate, 185–186

coronal facial view of fetus, 185f
detection rates, 185
3D ultrasound, 185, 186f
transabdominal, 185
transvaginal, 185

clinodactyly, 705–706, 705f
cloacal exstrophy, 448–449, 449f, 450f
clubfoot, 734–735, 735f
coarctation of the aorta, 365–366

color Doppler image, 366f
parasagittal image of aortic arch, 365f

colonic atresia, 508, 508f, 509f
confirmation of fetal well-being with, 5
confirmation of gestational age/number

with, 5
congenital cystic adenomatoid

malformation, 265
color Doppler sonogram, 266f
prenatal cross-sectional image, 265f

congenital diaphragmatic hernia, 280f,
281–284

coronal image of fetus, 281f
liver herniation, 281–284
location of gallbladder, 282
lung to thorax ratio, 282
percent predicted lung volume, 284
right-lung:head-circumference ratio,

282–284
sagittal image of fetus, 282f

congenital high airway obstruction
syndrome, 232

cross-sectional view, 232f
sagittal view, 232f

conjoined twins, 844–846, 846t
duplication of vertebral column,

845f
fetal pole, 844f
fusion at head, 845f
fusion at head and chest, 845f
sagittal image of fetus, 845f

Conradi-Hünermann syndrome,
679–680

controversies in, 4
craniosynostosis, 94–95

prenatal, 94f, 95f
transaxial image, 94f

cystic abdominal lesions, 462
anechoic unilocular cyst, 462f
sagittal ultrasound image, 462f
transverse ultrasound image, 462f

cystic hygroma, 21f, 238, 242
3D surface-rendered view, 239f
cystic mass alsong lateral aspect of

fetal head, 243f
lymphangiomas, 244f
midsagittal view, 238f
transverse view, 238f

cystic lesions of the chest, 274–275
Dandy-Walker malformation, 103–104

transaxial image cerebellar vermis,
104f

transaxial image of fetal head, 103f
detection rates, 4
development of, 3–4
in diagnosis of fetal malformations, 5
diastrophic dysplasia, 641–642

displaced thumb, 642f
kyphosis, 642f

DiGeorge syndrome, 964–965, 964f
dilated cardiomyopathy, 396–397
double-outlet right ventricle, 375

bifurcation of pulmonary artery,
376f

four-chamber view, 376f
parallel outflow tracts from right

ventricle, 375f, 376f
subxiphoid long-axis thoracic view,

375f
Down syndrome, 921
duodenal atresia and stenosis,

495–496
color Doppler image, 496f
double bubble sign, 496f, 497f
fetal vomiting, 496f

Ebstein anomaly, 341
antenatal four-chamber view of fetal

heart, 341f
echogenic kidneys, 527–528, 528f
ectopia cordis, 412–413, 412t, 413t
ectopic ureterocele, 571–572, 571f
ectrodactyly, 708–710

fetal foot, 710f
fetal hand, 709f, 710f

Ellis-van Creveld syndrome, 647–648,
647f

encephalocele, 110–111
transaxial image of fetal head, 114f
transaxial image of occipital

encephalocele, 111f
esophageal atresia, 307–308, 308f, 309f
exencephaly, 118–119

sagittal view of fetus, 118f
fetal hydrothorax, 293
fetal overgrowth, 866
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Ultrasonography, prenatal (Contd.)
gastroschisis, 437–439

color flow Doppler image, 438f
herniated midgut, 438f
loops of intestine floating in

amniotic fluid, 438f
goiter, 250–251

3D multiplanar surface-rendered
image, 251f

bilateral enlargement of thyroid
gland, 250f

increased vascularity in neck mass,
250f

hemangioma, 761
hemifacial microsomia, 194–195
hemivertebrae, 604–605

sagittal view, 605f
transverse view, 604f

hepatic calcifications, 479–480, 479f,
480f

hepatic cysts, 462
hepatoblastoma, 761
heterotaxy syndrome, 391, 392t

antenatal image, 392f
total sinus inversus, 392f

Hirschsprung’s disease, 514, 514f
holoprosencephaly, 123–124

axial view with fused thalami, 123f
single communicating ventricle, 123f
thalamic fusion, 124f

hydranencephaly, 130–131, 130f
hydrocephalus, 135–136

aqueductal stenosis, 138f
axial 3D image showing bilateral

ventriculomegaly, 137f
axial image of fetal head, 135f
macrocephaly, 138f

hydronephrosis, minimal, 544f, 545
hydrothorax, 293–294

axial image, 296f
chylothorax, 294f
coronal image of fetus, 294f
sagittal image of fetus, 294f

hypertelorism, 199–200
lateral view of orbits, 200f

hypertrophic cardiomyopathy, 396–397
hypophosphatasia, 672–674, 673f, 674f
hypoplastic left heart syndrome,

349–350
hypoplastic left ventricle

axial image through fetal chest, 349f
axial image with color Doppler,

349f
hypoplastic right ventricle, 345–346

axial image, 345f
power Doppler image, 346f

hypotelorism, 204–205
antenatal sonogram, 205f

immune hydrops, 887–889
abdominal ascites, 887f, 888f
axial image, 887f, 888f
pericardial effusion, 888f

sagittal image of fetus, 887f
scalp edema, 887f

imperforate anus, 521, 523f, 524f
intra-abdominal calcifications,

484–485, 485f
complex meconium peritonitis, 484f
dilated gallbladder, 485f
echogenic gallstone, 485f
simple meconium peritonitis, 484f

intracardiac tumors, 403–404
fibroma, 405f
rhabdomyoma, 403f

intracranial hemorrhage, fetal, 142–143
echogenic area, 143f
echogenic debris within lateral

ventricles, 143f
intrauterine fetal death, 812f, 813, 814f
intrauterine growth restriction,

861–862
invasive diagnostic procedures, 5
Jarcho-Levin syndrome, 658–659, 660f
jejunoileal atresia and stenosis,

503–504, 503f
Klinefelter syndrome, 947
liver tumors, 761–762
lymphangiomas, 242
macrocephaly, 148
macroglossia, 209–210

axial scans fetal mouth, 209f
prenatal sagittal scan, 208f
teratoma, 211f
vascular supply through tongue

mass, 211
malformations in twins, 804
meconium peritonitis, 484–485
mesenchymal hamartoma, 761
mesoblastic nephroma, 768, 768f
microcephaly, 167–169

biparietal diameter, 167f
head circumference, 167f

micrognathia, 215–217
3D image, 215f
absence of lower facial structures,

216f
hypoplasia of maxillary structures,

216f
sagittal view of fetal facial profile,

216f
microphthalmia, 222–223

antenatal sonogram, 223f
minimal fetal hydronephrosis, 545
minimum standards for sonographers,

4–5
monoamniotic twins, 852

Doppler studies, 854f
entangled umbilical cords, 852f

multicystic dysplastic kidney, 531, 531f
myelomeningocele, 153–154

abnormalities, 153t
banana sign, 153–154, 154f
large L2-S2 meningomyelocele, 156f
lateral ventriculomegaly, 154, 232

lemon sign, 153–154, 153f
ossification centers of neural arches,

155f
scoliosis at dyraphic defect leve,

155f
spinal findings, 154
transverse view through sacrum of

fetus, 155f
neuroblastoma, 774–775

adrenal cyst, 773f
nonimmune hydrops fetalis, 894–896,

896f
oculoauriculovertebral anomaly,

194–195
oligohydramnios, 872–873, 873f
omphalocele, 427–428

color Doppler image, 428f
ruptured, 428f
sagittal image of fetus, 427f

osteogenesis imperfecta, 625–627, 625t
cross-sectional view of fetal head,

626t
cross-sectional view of fetal thorax,

627t
gestational age and detection, 625t
humerus, 626t

ovarian cysts, fetal, 473–474
aechoic cyst, 474f
aspiration of cyst, 476f
fluid vessels, 475f
sagittal image, 474f
transverse image, 474f

overgrowth syndromes, 866, 867f
Pallister-Killian syndrome, 959–960
pancreatic cysts, 462
pentalogy of Cantrell, 422–423

transverse thoracic view, 422f
persistent cloaca, 585–586, 587f
polycystic kidney disease, 536–537,

537f, 538f
polydactyly, 715–716, 715f, 716f
polyhydramnios, 880f, 881
porencephaly, 173

axial image of fetal head, 173f
postnatal CT scan, 173f

posterior urethral valves, 556
pulmonary agenesis, 301, 302
pulmonary stenosis and atresia, 355

lateral projection of right ventricualr
angiogram, 356f

short axis view of right ventricular
outflow tract, 355f

pyloric atresia and stenosis, 492, 492f
radial aplasia, 726–728, 727f
reduction in perinatal mortality, 4
renal agenesis, 590–593

axial image, 591f
coronal image, 591f, 592f
diagnostic accuracy of, 591f

retinoblastoma, 781–782, 781f
roles in, 5
sacrococcygeal teratoma, 786–787
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safety of, 5
short rib polydactyly syndrome, 651f,

652, 652f
single umbilical artery, 746–747

color Doppler studies, 747f
cross-sectional view, 747f, 748f
longitudinal view, 747f

sirenomelia, 598–599, 599f, 600f
skills/experience of sonographers, 4
syndactyly, 721, 722f, 723f
tachyarrhythmias, 315

fetus in atrial flutter, 315f
four-chamber view, 315f
M-mode imaging, 314f

tetralogy of Fallot, 370–371
axial image through fetal chest,

370f
four-chamber view, 370f
narrow right ventricular outflow

tract, 371f
tetrasomy 12p, 959–960, 959t, 960f
thanatophoric dysplasia, 616–617, 617f,

618f
thoracic cysts, 274–275
three-dimensional, 6
transposition of great arteries, 385–386

color Doppler image, 381f
parallel arrangement of great

arteries, 385f
triple X syndrome, 951–952
triploidy, 927–928, 928f
trisomy 8, 933
trisomy 9, 933
trisomy 13, 904, 905t

abnormalities midface with
proboscis and absent orbit, 904f

transaxial image of fetal head, 904f
trisomy 14, 933
trisomy 16, 933
trisomy 18, 910–913

bilateral choroid plexus, 22f
campodactyly, 913f
micrognathia, 913f
single umbilical artery, 22f

trisomy 20, 933
trisomy 21, 921, 921f
trisomy X, 951–952
truncus arteriosus, 380

axial image, 380f
color Doppler image, 380f
single large outflow tract, 380f

tuberous sclerosis, 403–404
Turner syndrome, 938–939, 939f
22q11.12 deletion, 963–967
twin reversed arterial perfusion (TRAP)

sequence, 838–839, 838f
twin-to-twin transfusion syndrome,

822–823
Doppler velocimetry, 822–823
staging system for, 823–824
stuck twin and co-twin, 822f

umbilical artery, single, 746–747

umbilical cord abnormalities, 741–742
normal coiling of umbilical cord,

742t
straight umbilical cord, 743f

ureteropelvic junction obstruction,
550–551, 550t

vein of Galen aneurysm, 178
convoluted vessels, 178f
Doppler color flow studies, 178f
midline cystic lesion, 178f
sagittal plane, 178f

ventricular septal defects, 331–333
axial images, 332f
color Doppler images, 332f
long-axis view, 332f

Wilms’ tumor, 798, 799f
XYY kayotype, 955

Umbilical artery, single (SUA), 746–749
anomalies associated with, 748t
antenatal natural history, 747–748
definition of, 746
differential diagnosis of, 747
genetics and recurrence risk for, 749
incidence of, 746
long-term outcome of, 749
in pregnancy, management for,

748–749
sonographic findings, 746–747
surgical treatment of, 749

Umbilical artery hyperplasia, 743
Umbilical cord, 455
Umbilical cord abnormalities, 741–744,

742t
antenatal natural history, 742–744
differential diagnosis of, 742
incidence of, 741
in pregnancy, management for, 744
single umbilical artery, 746–749
sonographic findings, 741–742

normal coiling of umbilical cord,
742t

straight umbilical cord, 743f
surgical treatment of, 744
treatment of newborn with, 744
umbilical cord abnormalities, 744

Unconjugated estriol (uE3), 19
Unilateral hydrocephalus, 136
Unilateral macrocephaly, 148
Ureterocele, 570
Ureteropelvic junction (UPJ) obstruction,

549–554
antenatal natural history, 551–552
bilateral, 550, 551t
causes of, 549
differential diagnosis of, 551
fetal intervention for, 552
genetics and recurrence risk for, 554
hydronephrosis due to, 549
incidence of, 550
long-term outcome of, 553–554
oligohydramnios and, 551–552
pathogenesis of, 549

in pregnancy, management for, 552
sonographic findings, 550–551, 550t
treatment of newborn with, 552–553
unilateral, 551t

Uteroplacental as exchange, 60–61
Uterus didelphys, 585

V

Valproic acid, 152, 728
Van der Woude syndrome, 190t
Vanillylmandelic acid (VMA), 773
Vanishing twin, 811
Vascular hepatic calcifications, 479

differential diagnosis of, 480
Vein of Galen aneurysm, 176–181

antenatal natural history, 179
cerebral damage in, 177
definition of, 177
differential diagnosis of, 179
fetal intervention for, 180
genetics and recurrence risk for, 181
incidence of, 177–178
long-term outcome of, 181
magnetic resonance imaging of, 7–8
in pregnancy, management for,

179–180
size of, 177
sonographic findings, 178

convoluted vessels, 178f
Doppler color flow studies, 178f
midline cystic lesion, 178f
sagittal plane, 178f

subtypes, 177
surgical treatment of, 180–181
thrombosis, 177
treatment of newborn with, 180

Velocardiofacial syndrome, 966
Ventricular septal defects (VSD),

331–334
antenatal natural history of, 333, 826
cardiac malformations associated with

left atrial isomerism, 390–391
transposition of great arteries, 386

definition of, 331
differential diagnosis of, 333, 825–826

transposition of great arteries, 386
fetal intervention for, 827–830

amniotic septostomy, 828
digoxin, 827–828
laser ablation of placental

anastomoses, 828–829
serial reduction amniocentesis,

827–828
genetics and recurrence risk for, 334
incidence of, 331
long-term outcome of, 334,

829–830
mortality rate, 333
muscular, 331
in pregnancy, management for, 333,

826–827
pulmonary stenosis in, 825
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Ventricular septal defects (VSD) (Contd.)
sonographic findings, 331–333

axial images, 332f
color Doppler images, 332f
long-axis view, 332f

subvalvular, 331
surgical treatment of, 334
treatment of newborn with, 333–334,

829
in trisomy 18, 915
in twin-to-twin transfusion syndrome,

824–825
Ventriculomegaly, 134

conditions associated with, 137
myelomeningocele, 154

differential diagnosis of, 136
long-term outcome of, 139
magnetic resonance imaging of, 7

Vermian agenesis, 104
Vesicoamniotic shunts, 47–48
Vesicoureteral reflux (VUR), 552
Vitamin K, 144
Vitamin K disorder, 681
Vitelline veins, 495
Voiding cystoureterography (VCUG), 529,

547, 552–553

W

Waardenburg syndrome, 120, 203, 228
Walker-Warburg syndrome, 105, 225t
Warfarin, 681
Werner mesomelic dysplasia, 513t
Weyers acrodental dysostosis, 648
Williams syndrome, 363
Wilms’ tumor, 797–801

antenatal natural history, 799
conditions associated with, 797–798

nephroblastomatosis, 798
Perlman syndrome, 798

conditions with increased risk for, 801t
differential diagnosis of, 798–799

hydronephrosis, 798
mesoblastic nephroma, 769, 798
multicystic dysplastic kidney, 798

fetal MRI of, 799f
genetics and recurrence risk for,

800–801
incidence of, 798
long-term outcome of, 800
in pregnancy, management for, 799
sonographic findings, 798, 799f
treatment of newborn with, 799–800

WS4 syndrome, 513t

X

Xiphopagus, 844
X-linked dilated cardiomyopathy, 401t
X-linked genetic disorders, 42
X-linked hydrocephalus, 139
X-linked mental retardation, 148
X-linked overgrowth syndrome, 210
XYY kayotype (47, XXY), 954–957

antenatal natural history, 955–956
definition of, 954
differential diagnosis of, 955
genetics and recurrence risk for, 957
incidence of, 955
karyotype, 955f
long-term outcome of, 956–957
in pregnancy, management for, 956
sonographic findings, 955
treatment of newborn with, 956

Y

Yemenite deaf-blind-hypopigmentation,
513t

Z

Zellweger syndrome, 680–681
ZIC2 gene, 127
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