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Foreword

I have always regarded the concurrence in 1964 of my first faculty appointment in Madison
with the appearance of the first edition of Gorlin’s magisterial Syndromes of the Head and Neck
as an especially happy event. Since then I have never been far from one of the subsequent
editions in office or clinic or any place else in the world where I have taught or consulted.
“The Syndromes. ...”, as it is known throughout the world, has become the most useful book in
clinical genetics, rivaled perhaps only by McKusick’s OMIM. The number of contributors to this
immensely useful volume is increasing with each edition; however, the judgment, experience,
and weight of authority that guarantee the book’s value still largely derive from Drs. Gorlin and
Cohen, undisputed leaders in the field of oral genetics and oral pathology.

In this edition, they drew on the enthusiasm, experience, and energy of Dr. Raoul Hennekam
from Amsterdam. Dr. Hennekam has a well-deserved world reputation as a clinical geneticist. He
will assume the helm in future editions.

The millennial date of this fourth edition is a propitious historical landmark, the year 2000
marking also the 200th anniversary of the science of morphology, the 100th of the rediscovery
of Mendel’s “laws,” and the completion of the human genome project. The shaping by Goethe
(1796) and Burdach (1800) of morphology as the science of the form, formation, transformation,
and malformation of living beings on the basis of historical and developmental considerations
dramatically changed the world view of biologists early in the 19th century. It led to the essen-
tial, indeed crucial, distinction between structural analogy and homology. Homology became,
in Darwin’s view, “the most interesting department” of morphology and “may almost be said
to be [the] very soul” of natural history. Thus, it was natural selection, not descent, that was
the radical innovation in thought in The Origin of Species. ... (1859). Let it be remembered
that much, perhaps most of morphology of the 19th century (including modern embryology, the
cell theory, pathology, cytology, the study of mitosis, meiosis and chromosomes, evolution, and
heredity—the inheritance of form) was the creation of physicians who frequently performed their
own autopsies and pathological studies (as do Drs. Gorlin and Cohen) and also studied a multi-
tude of malformed animals and fetuses. Craniofacial anomalies early became a major concern of
these physician morphologists who introduced terms still familiar to all of us, such as teratology,
otocephaly, anencephaly, and holoprosencephaly. Thus, it is no surprise that Drs. Gorlin, Cohen,
and Hennekam, continuing in this richly productive 200-year tradition of craniofacial morphol-
ogy, have provided some of the most authoritative discussions of these anomalies in the pages of
this book.

Mendel was a true child of his age, whose work was initially motivated by a search for the
cause of form, i.e., the inherited causes of development. Contrary to the views of many who
have not read his original paper of 1865 (1866), Mendel did have a word for what Johannsen
later (1909) called “the gene,” namely: “....die bildungsfidhigen Elemente....,” i.e., the form-
giving or morphogenetic elements present in haploid form in germ cells. The fact that these
elements segregated and freely recombined astounded and delighted him and led him far from
his original goal of wanting to understand the causal nature of development and of evolution.
It was not until the end of what in biological circles has sometimes been called the Mendelian
century that Mendel’s original goal was realized in the reunion of all of the branches of mor-
phology through the intermediacy of molecular technology, which at last made it possible to
determine the function of these segregating, form-giving elements under normal and abnormal
circumstances. And while “The Syndromes....” gives hundreds of examples of the abnormal
pleiotropic function of genes, including molecular data on many craniofacial syndromes, it must
be remembered that nothing can happen in development, whether normal or abnormal, that has
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not been made possible by evolution, and that far beyond even the “invention” of the neural
crest during the evolution of vertebrates, the beginnings of development are to be found in
those pre-Cambrian times, over 600 million years ago, that allowed the emergence of all living
metazoans.

This book, more than any other in clinical genetics over the last few decades, has shown
us the best results and also the limitations of nosology based on phenotype analysis. During
evolution development became severely constrained into a remarkably impoverished set of fi-
nal morphogenetic outcomes which, if abnormal, must all be highly heterogenous given the
ratio of tens of thousands of genes to only a handful of developmentally highly correlated parts
of the craniofacial region. The fact of inductive molecular parsimony, whereby the same gene
acts in different permutations with other transcription or growth factors at different times in
several embryonic primordia and perhaps even in later histogenesis of several tissues, explains
the phenomenon of pleiotropy that is ubiquitous in clinical morphology. This biologic fact or
hypothesis has to be considered in every genetic disorder and is addressed masterfully in
“The Syndromes....,” extending its value far beyond the head and neck into all parts of the
human body.

The highly successful application of molecular methods to a causal analysis of develop-
ment and the completion of the human genome sequencing project is expected to redress, at
last, the half-century imbalance between genotype and phenotype research—not opposing but
complementary scientific efforts—so as to give ever-increasing clarity to the phenomena of
heterogeneity, variability, homology, penetrance, and expressivity, issues addressed with ever-
increasing urgency in the successive editions of this book. The introduction of many new
molecular insights in the Fourth Edition is a harbinger of the future of clinical morphol-
ogy and a most valuable resource for all of its practitioners. For undertaking and continuing
this labor of love, biomedicine owes Drs. Gorlin, Cohen, and Hennekam a profound debt of
gratitude.

John M. Opitz, M.D.

Pediatrics (Medical Genetics), Human Genetics,
Obstetrics and Gynecology, University of Utah,
Salt Lake City Utah

Foreword to Third Edition (1990)

Syndromologists, medical geneticists, and (even more so) other health workers have found it
increasingly difficult to keep up with the vigorous growth of knowledge about syndromes. The
distinguished teratologist Josef Warkany wrote “with the increasing interest in congenital mal-
formations a syndrome fever is spreading through many specialties, and it is difficult for editors
of medical journals and readers to separate spurious from durable and meaningful syndromes.”
That was in 1971 (Congenital Malformations: Notes and Comments). Thus, there is a need for
judicious sifting, organizing, and synthesis of the plethora of syndromic literature into meaningful
patterns. The first edition of this volume was welcomed by those who were even then beginning to
feel this need. Its breadth and depth reflected the encyclopedic knowledge and judgment of Robert
Gorlin, an extraordinary phenomenon. And it was by no means limited to the head and neck! To
keep up with the burgeoning growth of knowledge, the second edition added another extraordinary
repository of syndromic lore, in the form of Michael Cohen. In the present edition, the breadth and
depth of the syndrome data base have been further extended by the otolaryngologic knowledge
of L. Stefan Levin and by specific chapters from no fewer than 18 collaborators. The result is
a truly encyclopedic work, containing descriptions of the phenotypic spectrum, epidemiology,
mode of inheritance, and pathogenesis of nearly 700 syndromes. McKusick’s Catalogue has more
entries, since it covers all Mendelian disorders, not just syndromes, but this volume includes
non-Mendelian syndromes as well, and in far more depth. The several computer-aided syndrome-
diagnosis systems now available are useful as diagnostic aids, but do not provide as exhaustive
descriptions of phenotype or as critical analyses of the literature. This book will be welcomed as
an essential component of the knowledge base for the clinical geneticist and others confronted
with syndromes. It is an honor to be associated with it, even in this peripheral way. I am certainly
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looking forward to having it on my bookshelf, and hope that I will be able to persuade my students
to let me read it now and then!

F. Clarke Fraser, O.C., M.D., Ph.D., FRS(C)
Emeritus Professor of Medical Genetics
McGill Centre for Human Genetics, Montreal, Canada

Foreword to the Second Edition (1976)

The first edition of this book was the pioneering text for this segment of medicine. I vividly recall
the excitement upon first reading the book in 1964. At last!—here was a cohesive authoritative
text which portrayed the majority of syndromes which had been recognized at that time. Though
entitled Syndromes of the Head and Neck, it covered all known features of each disorder in a
nonspecialized and balanced manner, including the natural history, etiology, differential diagnosis,
and pertinent references for each disorder. The field of syndromology has expanded since that
time. The number of recognized disorders set forth in the book has more than doubled, and the
knowledge has been updated on the original syndromes. A third person, M. Michael Cohen, Jr.,
has been added to the authorship of this expanded work on syndromes. Thus, this second edition
is a most welcome addition for all those who work with, or are interested in, syndromes of
malformation. Many children and their parents will be the indirect beneficiaries of this text. For
our own patients, we sincerely thank the authors for this monumental work.

David W. Smith, M.D.*
Professor of Pediatrics, Dysmorphology Unit, Department of Pediatrics
University of Washington, School of Medicine, Seattle, Washington

Foreword to the First Edition (1964)

The authors of this monograph are keen observers and ardent students of disease in the best tra-
dition of Jonathan Hutchinson, Parkes Weber, and other clinicians of an earlier generation. Many
of the diseases on which they have concentrated their attention are rare, but for several reasons
no less important. Although these diseases occur infrequently, they constitute in the aggregate a
significant portion of medicine. Most of them are congenital malformations or disorders loosely
called constitutional; many of them are genetic either in the classic Mendelian sense or as chromo-
somal aberrations. It is a truism that this body of diseases has come to represent a main challenge
to medicine now that infectious and nutritional diseases are better understood and controlled.
That the disorder from which he suffers is rare is no consolation to its victim. The first step in the
understanding of these conditions must be an accurate and full clinical description.

The careful study of exceptional cases can contribute importantly to medicine and to biology
in general. Bateson, a famous early geneticist, said “Treasure your exceptions!” In 1657 William
Harvey, of blood circulation fame, eloquently expressed the usefulness of the study of rare diseases:

Nature is nowhere accustomed more openly to display her secret mysteries than in cases where she
shows traces of her workings apart from the beaten path; nor is there any better way to advance the
proper practice of medicine than to give our minds to the discovery of the usual law of Nature by careful
investigation of cases of rarer forms of disease. For it has been found, in almost all things, that what they
contain of useful or applicable nature is hardly perceived unless we are deprived of them, or they become
deranged in some way.

Professors Gorlin and Pindborg have done a valuable service to oral pathology and medicine
in general by collating their extensive personal experiences and the widely scattered reports of
the literature. With skill they have synthesized and interpreted. The fundamental relationship
between disorders separately reported, usually under diverse labels, has been carefully explored
and convincingly demonstrated in a number of instances. For this, all medicine is in debt of the
authors. Their monograph is a particularly valuable addition to the English-language medical

*Deceased
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Foreword

literature because they have mined much ore previously not available. With their linguistic prowess
they have been able to study in the original a considerable body of literature previously unknown
to most of us. Specialists such as ophthalmologists, dermatologists, and dentists have always been
in the enviable position of being able to study disease with simple clinical methods. Fortunately
many of these specialists, appreciating the relationship of systemic and constitutional disorders
to the manifestations which fall within their purview, have made worthwhile contributions to
pathology. With this monograph, Gorlin and Pindborg have joined this company. Their work will
be valued, not only by dentists, but by all the numerous medical specialists who are called on to
care for patients with these disorders.

Victor A. McKusick, M.D.

William Osler Professor of Medicine

Johns Hopkins University, School of Medicine
Physician-in-Chief, Johns Hopkins Hospital
Baltimore, Maryland



Preface

A number of the chapters have been reviewed by individuals who have far greater expertise
than any of the editors. To these individuals, generous with their time, we express our profound
indebtedness. We truly appreciate the effort and expertise that they have lent to improve the
text.

Alphabetically, they include: Mary Ahrens, Judith Allanson, Susan Berry, Beth Ann Bloom,
David M. Brown, Suzanne G. Cassidy, Vazken Der Kaloustian, Charis Eng, Vickie Matthias
Hagen, Judith G. Hall, Betsy Hirsch, Ioannis Koutlas, Bonnie LeRoy, Brian Michalowicz,
Maximilian Muenke, John M. Opitz, Mary Ella Pierpont, Andrew Read, Nathaniel Robin, Karol
Rubin, Heddie O. Sedano, Karel Vrticka, Matthew Warman, and Chester B. Whitley. We are pro-
foundly indebted to the staff of the Biomedical Library of the University of Minnesota. Among
these, Delbert Reed is the consummate librarian. He has never failed to exhibit unbridled en-
thusiasm for any literature search, however hopeless. In Amsterdam, the same job was done by
Hannelore De Groot, who always succeeded in finding the publications immediately. We are hon-
ored that John Opitz has agreed to write the Foreword to this edition. For continuity with earlier
editions, we are reprinting the Forewords from the first edition (Victor A. McKusick), the second
edition (David W. Smith), and the third edition (F. Clarke Fraser).

This fourth edition of Syndromes of the Head and Neck was written at a point when each new
weekly or monthly publication presented us with additional molecular information. It was also
written at a time when a spate of new syndromes appeared each month. We tried to be as catholic
in our approach as possible, the limiting factor being that the facies must be unusual—hence the
title that is so well known that change of the name was not deemed wise. It took approximately
five years of almost full-time labor to bring this edition to fruition. Based on our experience, it
would have been better to have started the fourth edition upon completing the third, and it is our
sincere hope, because of the burgeoning of material, that Raoul Hennekam who will assume the
helm for further editions will be able to assign each chapter to a different author who will update
the material monthly. We have added new material up to June 2001.

Although we have tried to group syndromes into useful categories, many conditions have facets
that span several categories and assignment may appear arbitrary. We have added another chapter:
Syndromes Involving the Eye, and have, in part, reassigned some entities to it.

An attempt was made in this edition to address the molecular aspects of the syndromes, if
known. In many cases, gene mapping has been accomplished, but the nature of many of the genes
has not yet been precisely determined.

Syndrome delineation has burgeoned. The 1964 edition contained 580 pages, the 1990 edition
had about 1000 pages. The present edition has about 1275 pages. In 1972, we tabulated 72
syndromes of orofacial clefting. Within the confines of these pages, we have tallied over 350 such
syndromes.

Our personal desire for a one-volume text was accomplished by altering typographic style,
removing redundant illustrations, and deleting orthodontic measurements in the Appendix. Raoul
Hennekam has vastly improved the index, and we have added sections on helpful web sites and
computer database systems.

Production of this edition was made smooth by Jeffrey House, Nancy Wolitzer, and Susan
Hannan of Oxford University Press. Their suggestions and respect for our opinions have made
the task so much easier.

This edition and the second edition of Hereditary Hearing Loss and Its Syndromes were made
possible by the unlimited generosity of Guilan Norouzi.

xiii
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Preface

For the past one and one-half decades, one of us (RJG) has been fortunate to have the editorial
assistance of Carol Bauer Rose. In part she was hired because of her experience in many aspects
of book production. Very few know what it is like to devote five years of intense effort toward
developing a text without major flaws—at least grammatical ones. Carol has agonized about
semicolons and clear phraseology. The scientific errors are ours. We are also grateful to Ruth E.
MacLean and Belinda Leeuwenhage for their editorial help on this text.

Minneapolis R.J.G
Halifax M. M.C
Amsterdam R.C.M. H
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Chapter 1
Deformations and Disruptions

Craniofacial deformations

Congenital deformations of the head and neck are common, and most
resolve spontaneously within the first few days of postnatal life. When
they do not, further evaluation may be necessary to plan therapeutic
interventions (1,2,4,5,9) that may prevent long-term consequences. The
distinction between deformations and malformations and its implications
are discussed elsewhere (6,8,9).

Approximately 2% of infants are born with extrinsically caused de-
formations that usually arise during late fetal life from intrauterine con-
straint. Approximately 30% of deformed infants have two or more de-
formations. Deformed infants tend to show catch-up growth toward their
genetic potential during the first few postnatal months after release from
the intrauterine constraining environment (8). Table 1-1 indicates some
of the known causes, both extrinsic and intrinsic, of deformations. Defor-
mations considered here include nasal, auricular, and mandibular defor-
mities, torticollis, nonsynostotic plagiocephaly, craniosynostosis caused
by intrauterine constraint, and abnormal fetal presentations, which may
result in craniofacial deformation.

Nasal deformation. Deformation of the nose may be associated with
face presentation, transverse lie, oligohydramnios, or severe fetal crowd-
ing. In most instances, the nose will be compressed and/or deviated
(Fig. 1-1), which may make it appear short. Occasionally the nasal carti-
lage is dislocated from the vomerine ridge, resulting in nasal asymmetry
with slanting of the columella. The naris on the side toward the dislocated
cartilaginous septum will appear small (9).

Auricular deformation. Overfolding of the superior rim of the helix
and other alterations in the cartilaginous auricle are frequently caused by
fetal constraint. The ear may be flattened against the head by oligohy-
dramnios, and prolonged pressure against the auricle may result in over-
growth. Enlarged, flattened ears have frequently been associated with
renal agenesis as part of Potter sequence. When one ear is exposed to
more pressure than the other, they may be asymmetric. Occasionally,
with prolonged breech presentation, particularly when associated with

Table 1-1. Causes of deformations®

Extrinsic
Mechanical
Unstretched uterine and abdominal muscles
Small maternal size
Amnionic tear
Unusual implantation site
Uterine leiomyomas
Unicornuate uterus
Bicornuate uterus
Twin fetuses

Intrinsic

Malformational
Spina bifida
Other central nervous system malformations
Bilateral renal agenesis
Severe hypoplastic kidneys
Severe polycystic kidneys
Urethral atresia

Functional
Neurologic disturbances
Muscular disturbances
Connective tissue defects

“From MM Cohen Jr, The Child with Multiple Birth Defects, 2"¢ ed, Oxford University
Press, New York, 1997.

tilted head position in utero, the lower auricle may be lifted by pressure
from the shoulder (2).

Mandibular deformation. Micrognathia may result from limitation
of mandibular growth caused by late gestational constraint, which com-
presses the chin against the chest. With prolonged compression, there
may be a pressure indentation on the superior aspect of the anterior tho-
rax. Marked compression may also lead to pressure necrosis along the
edges of the anterior neck creases (Fig. 1-2). Such necrosis may extend

Fig. 1-1. Craniofacial deformations. Com-
pression of the face, particularly the nose,
from prolonged transverse presentation with
the head retroflexed and the face compressed
against the lateral wall of the uterus. (From JM
Graham Jr, Smith’s Recognizable Patterns of
Human Deformation, 2™ ed, W.B. Saunders,
Philadelphia, 1988.)
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Fig. 1-2. Craniofacial deformations. Extensive compression from persistent
leakage of amnionic fluid documented by ultrasound from 17 weeks gestation
to birth. (A) Marked mandibular deformity at 3 days of age. Note necrosis
along neck creases (which healed with scarring). (B) Extensive mandibular

deeply enough into the dermis to result in scarring. When micrognathia
occurs on a deformational basis (rather than on a hypoplastic, malforma-
tional basis), there is usually catch-up growth postnatally once the fetus
is no longer in the constraining intrauterine environment (6,9).

When mandibular compression is asymmetric, it can produce
mandibular asymmetry. Most commonly, this results from the shoulder
being thrust up under the mandible with prolonged breech or oblique
presentations. A prominent sulcus impression may occur along the neck
from shoulder compression (6,9).

Torticollis. Congenital torticollis usually occurs together with an
obliquely shaped plagiocephalic head and mandibular asymmetry. Of-
ten this results from the head being caught askew prenatally. Muscular
torticollis may result from constraint on one side of the neck causing
ischemia to the central portion of the sternocleidomastoid muscle fol-
lowed by secondary fibrosis. A fusiform fibrous mass may sometimes
be palpable within the muscle, a sternocleidomastoid “knot” or “tumor.”
Asymmetric shortening of one sternocleidomastoid muscle may lead to
aberrant head posture. With persistent torticollis and resultant head pos-
ture, craniofacial deformation may be progressive (4,5,9).

Torticollis-caused plagiocephaly. When persistent sternocleido-
mastoid torticollis or asymmetric cervical vertebral anomalies result in
the head resting in an asymmetric position, oblique molding results in the
head being rhomboid shaped, with frontal prominence on the preferred
side together with contralateral prominence of the occiput (Fig. 1-3).
With marked cranial distortion, the eyes and ears may be asymmet-
rically placed and the mandible may be asymmetrically deformed.
If torticollis remains uncorrected, plagiocephaly may be progressive
(4,5,9).

Deformation-induced craniosynostosis and plagiocephaly.
Fetal head constraint has been implicated as an important cause for some
instances of sagittal, coronal, and metopic craniostenosis. In such in-
stances, craniosynostosis is not associated with other malformations and
the condition is not familial. With deformational synostosis, fetal head
constraint results in lack of growth stretch across the suture, enhancing li-
ability toward synostosis (7,9,11-13,15). Experimental evidence for this
interpretation was provided by Koskinen-Moffett (16), who produced
prenatal synostosis of the coronal and squamosal sutures in mouse pups

Cc

deformation still evident at 3 weeks of age. (C) Partial resolution of mandibu-
lar deformity by 2.5 years of age. (From JM Graham Jr, Smith’s Recogniz-
able Patterns of Human Deformation, 2" ed, W.B. Saunders, Philadelphia,
1988.)

by closing the uterine cervix with a surgical clip to delay birth for several
days, which crowded the fetuses.

Plagiocephaly is etiologically and pathogenetically heterogeneous.
Well-known types include synostotic anterior plagiocephaly (unilateral
coronal synostosis), synostotic posterior plagiocephaly (unilateral lamb-
doid synostosis), deformational anterior plagiocephaly, and deforma-
tional posterior plagiocephaly. Of these, deformational plagiocephaly
is common and lambdoid synostosis is rare. Deformational posterior pla-
giocephaly has increased dramatically since the 1992 recommendation of
the American Academy of Pediatrics for supine infant sleeping to reduce
the risk of sudden infant death syndrome. Unfortunately, deformational
posterior plagiocephaly has sometimes been diagnostically confused
with lambdoid synostosis, resulting in unnecessary surgery when helmet

Fig. 1-3. Craniofacial deformations. Four and one-half month-old infant
with persistent head turn to the left caused by cervical and thoracic verte-
bral anomalies. Note resultant marked plagiocephaly. (From JM Graham
Jr, Smith’s Recognizable Patterns of Human Deformation, 2 ed, W.B.
Saunders, Philadelphia, 1988.)
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therapy would have been effective if introduced early enough. Surgery
may be indicated in nonresponders to helmet therapy and in those who
are still asymmetric after 1 year of age. Differentiation of deformational
vs. synostotic plagiocephaly has been discussed extensively by Cohen
and MacLean (7).

Abnormal fetal presentation. A vertex presentation is most com-
mon and transient molding of the head occurs in the birth canal. With
prolonged engagement, normal vertex birth molding may be accentuated
(Fig. 1-4). The prognosis for a complete return to normal form in such
instances is excellent (9).

With prolonged pressure on the vertex region, particularly with a first-
born infant, a large fetus, or a small mother, diminished mineraliza-
tion of the cranium may result. Mild vertex craniotabes occurs in 2% of
neonates, with more extensive cranial softening occurring less frequently
(Fig. 1-5). The presence of normal cranial bone along the sides of the
calvaria helps distinguish craniotabes from defective calvarial mineral-
ization resulting from inherited metabolic or connective tissue disorders
such as hypophosphatasia or osteogenesis imperfecta. Vertex craniotabes,
resulting from late fetal head constraint, usually resolves spontaneously
within the first few postnatal months (10).

Breech presentation is the most common abnormal fetal presentation,
occurring in 6% of all pregnancies; one-third of all deformations oc-
cur in breech babies (3). In Dunn’s series (8), 32% of all deformations
in newborns were associated with breech presentation. Genu recurva-
tum (100%), hip dislocation (50%), postural scoliosis (42%), mandibular
asymmetry (20%—-25%), torticollis (20%—25%), and talipes equinovarus
(20%—25%) are all related to breech presentation.

Prolonged breech presentation may give rise to unusual molding of the
fetal head, resulting in dolichocephaly with a prominent occipital shelf
(14) (Fig. 1-6). Vaginal delivery of a breech fetus with hyperextended
head is associated with significant morbidity and mortality (1). Serious
consequences include trauma to the spinal cord or brachial plexus, com-
pression of the vertebral artery with cerebral ischemia, or severance of
the pituitary stalk with consequent hypopituitarism. Thus, the current
trend is toward cesarean delivery of fetuses with breech presentation.

Transverse lie is less frequent than breech presentation, occurring once
in every 300-600 deliveries. It is more common in multiparous women,
and it results in problems similar to those associated with breech presen-
tation. Thus, unresolved transverse presentation is also an indication for
cesarean delivery. Lateral constraint of the fetus may flatten the face, limit

Fig. 1-4. Craniofacial deformations. (A) Ex-
tensive vertex molding at birth. (B) Self-
resolution by 2-3 months of age. (From JM
Graham Jr, Smith’s Recognizable Patterns of
Human Deformation, 2™ ed, W.B. Saunders,
Philadelphia, 1988.)

mandibular growth, and cause cephalic retroflexion and truncal scolio-
sis with positional foot deformities. Figure 1-1 demonstrates remarkable
facial compression associated with prolonged transverse lie. Such com-
pression is usually only temporary.

Face and brow presentations (Fig. 1-7) may also temporally compress
the presenting part. Face presentations occur about once in 500 births and

Fig. 1-5. Craniofacial deformations. Prolonged vertex presentation at least
4 weeks prior to delivery. Large area of craniotabes represented by cross hatch-
ing. Self-resolution by 2 months of age. (From JM Graham Jr, Smith’s Recog-
nizable Patterns of Human Deformation, 2" ed, W.B. Saunders, Philadelphia,
1988.)
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Fig. 1-6. Craniofacial deformations. Prolonged breech presentation result-
ing in prominent occipital shelf. Resultant equinovarus foot deformities
treated by taping. (From JM Graham Jr, Smith’s Recognizable Patterns of
Human Deformation, 2" ed, W.B. Saunders, Philadelphia, 1988.)

Fig. 1-7. Craniofacial deformations. Prolonged face presentation during the
last 2 months of gestation. (A) Nasal and mandibular compression. (B) Partial
self-resolution by 6 weeks of age. (From JM Graham Jr, Smith’s Recogniz-
able Patterns of Human Deformation, 2™ ed, W.B. Saunders, Philadelphia,
1988.)

-

brow presentations are even less common. Only anterior positions can be
delivered vaginally because of the inability of the neck to further extend
in the posterior position. Compression of the mandible may temporarily
restrict its growth, and compression of the neck against the pubic ra-
mus during vaginal delivery may cause fracture of the trachea or larynx.
Thus, cesarean section should be given consideration in this situation. It
should also be noted that 90% of babies born in face or brow presentation
are infants with major malformations, with anencephaly being the most
common. For otherwise normal infants with facial features such as those
shown in Figure 1-7, the prognosis for complete return to normal form
is excellent.
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Potter sequence (oligohydramnios sequence)

Potter sequence is characterized by compression deformities of the face
and limbs (Fig. 1-8A), pulmonary hypoplasia, wrinkled skin, and growth
restriction resulting from any pathologic condition that leads to oligohy-
dramnios (42,95,151), such as bilateral renal agenesis (110,113), cystic
dysplasia (10), severe polycystic kidneys (43,60,103,114), urinary tract
obstruction (4,79), or amnionic leakage (20,79,150). In addition to di-
verse renal pathology, more extensive malformations may occur in some
instances (35), the severe caudal axis defect sirenomelia (Figs. 1-8B-D)
being the most extreme example (15,29,37,52,77,80,103,122,143,
146,158). Several unusual experiments of nature have been recorded in
which the extrarenal features of Potter sequence are not manifest (4,79,
94,150) (Fig. 1-9).

Originally described by Potter (113-116) in association with bilat-
eral renal agenesis, Potter sequence is now known to be extremely
heterogeneous, both etiologically and pathogenetically. The term “Pot-
ter sequence” or “oligohydramnios sequence” best describes the condi-
tion, with other terms, such as “Potter syndrome” (44,45,84,89,110,129,
165,167) (the condition is not a true syndrome sui generis, but may occur
as a component part of many different syndromes or may occur non-
syndromically), “bilateral renal agenesis™ (48,113-115,124,148) (too re-
strictive), and “renofacial dysplasia” (18,52,58,60,64,105,106,156) (not
specific enough), now being obsolete.
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With Potter sequence, malformations of the genitourinary tract, lum-
bosacral spine, and lower intestinal tract are common (35) and constitute,
in Opitz’s terminology (107), a developmental field defect. Duncan et al
(38) noted the frequent association of miillerian duct anomalies, renal
agenesis, and cervical and thoracic vertebral anomalies, and coined the
term “MURCS association.”

Extensive reviews have been carried out by Curry et al (35), who
analyzed 80 cases, Schmidt et al (140), who studied 23 families, and
Roodhooft et al (126) and Al Saadi et al (3), who studied 41 and 21
families, respectively. Approximately 80% of Potter sequence cases are
nonsyndromic (35), with the remaining 20% occurring in many different
syndromes and associations. They may be chromosomal, autosomal
dominant, autosomal recessive, X-linked, teratogenic, disruptive, or of
unknown origin. They have been reviewed extensively by Gorlin et al (54)
and Van Allen (155) and in many specific articles (2,9,11,12,13,21,25,
29-31,33-36,40,41,44,45,49,53,54,57,63,65,68-70,73,75,76,78,83-85,
88,93,98-101,111,112,118,128-130,133,134,138,141,142,145,147,153,
154,163-166) (Table 1-2).

The complex and variable renal pathology found with Potter sequence
has been reviewed by Bernstein and associates (9—11). In 80 retrospec-
tively ascertained cases, Curry et al (35) found bilateral renal agenesis in
approximately 21%, cystic dysplasia in approximately 48%, obstructive
uropathy in approximately 25%, and other forms of renal pathology in
the remaining 6%.

The prevalence of bilateral renal agenesis has been reported to vary
from 1 in 3000 to 1 in 9000 births, predominating in males by a ratio
of 2:1 or 3:1. The prevalence of unilateral renal agenesis at necropsy
varies from 1 in 600 to 1 in 1000 (4,27,47,77,110,116,157). Genetic
evidence is accumulating to indicate that bilateral renal agenesis and
cystic dysplasia should be nosologically grouped together. In several
documented instances, bilateral renal agenesis has been observed in one
sib and cystic dysplasia with or without unilateral renal agenesis has
been found in the other sib (22,27,35,61). Affected sibs with either bi-
lateral renal agenesis or cystic dysplasia have been observed on numer-
ous occasions (7,20,22,23,32,61,89,94,96,97,102,109,124,126,127,132,
135-137,161,162). Autosomal dominant inheritance with reduced pen-
etrance and variable expressivity is consistent with affected families in
which a parent with unilateral renal agenesis has children with either
unilateral or bilateral renal agenesis (12,16,20,23,59,82,103,134,168);
Buchta et al (20) called the condition “hereditary renal adysplasia.” In
some of the affected families, second- and third-degree relatives as well as
first-degree relatives of probands with bilateral renal agenesis had unilat-
eral renal agenesis (12,23,67,82,97). Roodhooft et al (126) ultrasonically
investigated the parents and siblings of 41 probands with bilateral renal
agenesis and/or cystic dysplasia and found renal abnormalities in 9%.
McPherson et al (97) suggested that hereditary renal adysplasia was more

Fig. 1-8. Potter sequence. (A) Potter sequence
with compressed facial appearance and limb
positioning deformities. (B) Sirenomelia, a se-
vere caudal axis malformation sequence in
which kidneys and genitals are missing. Note
Potter facies and upper limb deformities. (C, D)
Another example of sirenomelia. (A from DW
Smith, Recognizable Patterns of Human Mal-
formation, 3" ed, W.B. Saunders, Philadel-
phia, 1982. B courtesy of the Warren Anatom-
ical Museum, Harvard University. Montage
from MM Cohen Jr, The Child with Multiple
Birth Defects, 2" ed, Oxford University Press,
New York, 1997.)

common than previously supposed and may account for most recurrences
of bilateral renal agenesis, even when the parents are normal. They cal-
culated penetrance to be between 50% and 90%. Offspring and affected
or obligate heterozygotes have an empiric risk for bilateral severe in-
volvement of 15%—-20%. Other manifestations of the gene may include
cryptorchidism in males and miillerian duct abnormalities in females
(12,20,23,136).

Al Saadi et al (3) obtained family histories and performed renal ul-
trasonography on parents and sibs of 21 probands with renal dysplasia.
Among the probands were 16 bilateral and 5 unilateral cases. Specifi-
cally excluded from this study were cases of bilateral renal agenesis and
known syndromes, both chromosomal and nonchromosomal, with renal
dysplasia. Empiric recurrence risk calculated from this family study was
only 2.1%. Al Saadi et al (3) concluded that multicystic and aplastic types
of renal dysplasia are usually sporadic and only rarely familial in contrast
to other types of renal dysplasia identified in the literature as familial.

Obstructive uropathy as a cause of Potter sequence is also complex
because of clinical and pathologic heterogeneity. Several possible sites
for obstruction exist, particularly in the male. The marked male prepon-
derance for obstructive uropathy is related to the more complex develop-
ment of the male urethra (108). Clinical variation extends from early fetal
lethality to survival with minimal morbidity. Recurrence of prune belly
secondary to obstructive uropathy has most frequently involved affected
brothers (19,51,56,82,123,159). Three affected sibs—two males and one
female—have been reported in one instance (50). Affected male cousins
(1,51) and three pairs of discordant monozygotic twins (71) have also
been observed.

Family studies of probands with vesicoureteral reflux or duplication
of the collecting system have shown that affected sibs have the same
abnormality as the proband in 26%—-34% of cases with reflux (39,72) and
in 19% of cases with ureteral duplication (160). Twenty-three percent of
parents with children who had ureteral duplication had similar findings
(5,160). Finally, six pairs of twins and three pairs of sibs with posterior
urethral valves were reviewed by Livne et al (87). Their data suggested
that obstructive urinary tract abnormalities may result from an autosomal
dominant gene with reduced penetrance.

Prenatal and perinatal factors. Amnion nodosum, breech presenta-
tion (40%), intrauterine death (25%), and antepartum hemorrhage (15%)
have been found in a large series. Cesarean delivery is required in about
10% of cases. About half the infants are small for date of birth. Respira-
tory insufficiency is common (6,116,121).

Renal pathology. Renal pathology is quite variable. Bilateral renal
agenesis is a valid diagnosis only when no renal tissue is found on gross
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Fig. 1-9. Potter sequence. Oligohydramnios has different causes and, except
under unusual circumstances, leads to facial and limb deformities of Potter
sequence. Normally, small amounts of amnionic fluid cross the amnion as a
transudate, but most amnionic fluid results from fetal urination. (A) Amnionic
tear with chronic leakage of fluid leading to oligohydramnios, Potter facies,
and limb positioning defects. Both kidneys are present and urination is normal.
(B) Bilateral renal agenesis. (C) Monozygotic twins with separate amnions.
Fetus on the left has kidneys, and enough fetal urine is contributed to amnionic
fluid to protect fetus from deformities of Potter sequence. (D) Monozygotic
twins sharing common amnionic sac. Note that although the fetus on the
right has sirenomelia, Potter deformities are not present because the fetus on
the left provides enough urine in amnionic fluid to protect the co-twin from
deformities of Potter sequence. (E) Fetus has bilateral renal agenesis and
therefore does not contribute fetal urine to amnionic fluid. Potter sequence
based on neurologic swallowing deficit; amniotic fluid crossing the amnion
remains external to the fetus, protecting it from extrinsic, deforming forces.
(From MM Cohen Jr, The Child with Multiple Birth Defects, 20 ed. Oxford
University Press, New York, 2000.)

histopathologic examination. In such instances, the renal arteries and
ureters are also absent and the bladder is hypoplastic, rudimentary, or
absent (11).

In renal cystic dysplasia, abnormal renal organization may result from
arrested development. Pathologic changes include primitive ducts, nests
of cartilage, and primitive glomerular and tubular structures with aberrant
relationships to one another. Kidneys may be enlarged, of normal size,
or reduced in size. When involvement is unilateral, the other kidney is
absent. Various abnormalities of the renal arteries, ureters, and bladder
are common (10,11).

In infantile polycystic kidney disease, both kidneys are greatly en-
larged with minute cysts on the surface. Medullary ductal dilatation is
characteristic, and hepatic lesions with an increased number of portal bile
ducts are observed (9).

Hypoplastic kidneys are distinguished from cystic dysplasia. The
kidneys are extremely small but structurally normal with normal dif-
ferentiation (35).

With intrauterine obstructive uropathy, the kidneys may be large and
cystic, but may also be small, cystic, and dysplastic when destruction
is a significant factor. Obstruction may occur in the distal urethra or the
prostatic urethra. Atresia of the ureters is noted less commonly at the level
of the bladder or the posterior urethral valves. Massive urinary ascites
with distended abdomen may occur on occasion (35).

Medullary dysplasia is uncommon, but, when present, is reported to
be accompanied by abnormalities of cortical tubular differentiation (35).

When Potter sequence results from amnionic leakage, both kidneys
are normal (151).

Craniofacial features. A prominent semicircular skin fold extends
from the inner canthus onto the cheek. When this fold is absent, some
functioning kidney tissue may be present. Ocular hypertelorism has
been observed. The nose may be blunted, with a turned-down nasal tip.
A prominent crease is often present on the chin. The ears are low-set,
posteriorly angulated, large, and floppy with cartilaginous deficiency.
Micrognathia has been observed in most cases. Cleft lip and/or palate
have been noted in a few instances (110,113-115).

Skin. The skin is very dry, loose, and wrinkled, giving a prematurely
senile appearance (43,48,114). Markedly hypoplastic nails have been ob-
served in some instances (35). Less commonly, neck webbing may be
noted (35). Prune belly may be observed in some instances and does not
necessarily correlate with the pathologic diagnosis of obstructive uropa-
thy, nor does lack of abdominal wall distention exclude the presence of
urinary tract obstruction. The wrinkled, prune-like appearance is found
only in those without abdominal distention. Variable degrees of abdom-
inal distention with abdominal muscle deficiency may be observed (35).

Skeletal and limb anomalies. Large fontanels and wide sutures
have been observed in some instances (35). Flexion contractures at the
knees and hips, spade-like hands, genu varum, and talipes equinovarus
are common (106,114). Other findings are quite variable and may in-
clude hyperextensibility of the knees and other joints, camptodactyly,
hypoplastic arm, hypoplastic leg, especially with obstructive uropathy,
thoracic hemivertebrae, ischial and sacral aplasia or hypoplasia, other ver-
tebral anomalies, and sirenomelia (1,4,24,35,46,55,66,86,104,106,108,
114-116,120,152).

Pathogenetic hypotheses about sirenomelia are particularly well re-
viewed by Stevenson et al (146). Their study indicated that sirenomelia
and its commonly associated defects are produced by a vascular steal
that diverts blood flow and nutrients from caudal structures of the em-
bryo to the placenta. Arteries below the level of the steal vessel are
underdeveloped and tissues dependent on them for nutrient supply fail
to develop, become arrested in some incomplete stage of development,
or are malformed. Thus, the single lower extremity in sirenomelia arises
from failure of the lower limb bud field to be cleaved into two lateral
masses by an intervening allantois.

Genital anomalies. Abnormalities may include cryptorchidism
(33% of affected males and 100% of affected males with prune belly), go-
nadal hypoplasia, absent ductus deferens, absent seminal vesicles, recto-
vaginal fistula, absent uterus, bicornuate uterus, unicornuate uterus,
blind-ended vagina, absent vagina, and masculinization of the ex-
ternal genitalia with 46,XX karyotype (4,12,20,26,35,91,115,116,124,
134,137).

Lungs. The lungs are hypoplastic with primitive or absent alveoli
(67,114,116).

Gastrointestinal system. Imperforate anus, esophageal atresia,
duodenal atresia, malrotation, Meckel diverticulum, and omphalocele
have been observed (3,35,162).

Cardiovascular anomalies. Reported congenital heart defects in-
clude atrial septal defect, ventricular septal defect, patent ductus arte-
riosus, hypoplastic left ventricle, pulmonic stenosis, tetralogy of Fallot,
pulmonary atresia, abnormal tricuspid valve, coarctation of the aorta, and
single umbilical artery (3,35,162).



Table 1-2. Syndromes in which Potter sequence has been reported

Syndromes Renal pathology References

Chromosomal
46, XX, —3, +der(3)t(3;11)(p25;q13.2)mat Hypoplastic kidney Curry et al (35)
Deletion short arm 4 Bilateral renal agenesis Mikelsaar et al (100)
Deletion short arm 5 Bilateral renal agenesis Egli and Stalder (40)
Duplication long arm 6 Unilateral renal agenesis, unilateral cystic dysplasia Curry et al (35)
Trisomy 7 Cystic dysplasia, enlarged kidneys Pflueger et al (111)
Trisomy 8 Cystic dysplasia, enlarged kidneys Juberg et al (73)
Trisomy 9 Other Curry et al (35)
Trisomy 13 Cystic dysplasia, small kidneys Gilbert and Opitz (53)
Deletion long arm 15 Cystic dysplasia, small kidneys Clark (30)
Monosomy 16 mosaic Obstructive uropathy Harley et al (65)
Trisomy 18 Obstructive uropathy Frydman et al (49)
Duplication short arm 20 Cystic dysplasia, small kidneys
Trisomy 21 Bilateral renal agenesis Egli and Stalder (40)
Duplication long arm 22 Bilateral renal agenesis, obstructive uropathy Egli and Stalder (40)

Turner syndrome
XYY
Familial marker chromosome

Autosomal dominant
Adult type polycystic kidney disease
Anal, ear, renal, and radial anomalies
Beckwith-Wiedemann syndrome
Branchio-oto-renal syndrome

EEC syndrome
Miillerian duct and renal anomalies

Autosomal recessive

Abnormal renal tubular differentiation,
microcephaly, and joint hypermobility

Acrorenal mandibular syndrome

Bilateral renal agenesis, lens prolapse, and
cataracts

Cerebro-oculo-facio-skeletal syndrome

Cryptophthalmos syndrome

Cystic dysplasia, CNS malformations,
and liver abnormalities
Elejalde syndrome
Familial renal tubular dysgenesis
Glutaric aciduria, type II
Infantile polycystic kidney disease
Meckel syndrome
Medullary dysplasia and cerebral dysgenesis
Mesomelic dysplasia
Prune belly, pulmonic stenosis, retardation,
and hearing deficit
Renal cystic dysplasia and cerebellar dysgenesis
Renal dysplasia and asplenia
Renal, genital, and middle ear anomalies
Saldino-Noonan syndrome
Smith-Lemli-Opitz syndrome, type 11
Thymic aplasia, growth retardation, fetal death

X-linked
Lenz microphthalmia syndrome

Teratogenic
Diabetes mellitus

Thalidomide

Disruptive
Amnion rupture sequence

Unknown genesis

Agnathia, tracheoesophageal fistula, duodenal
atresia, and renal agenesis

Congenital cystic adenomatoid malformation
and bilateral renal agenesis

Ear anomalies, cataracts, and cystic dysplasia

Renal agenesis, cardiac anomalies, and skeletal
defects

Renal dysplasia, mesomelia, and radiohumeral
Synostosis

Renal dysplasia, pancreatic fibrosis, meconium
ileus, and situs inversus

Renal hypoplasia and ectrodactyly

Cystic dysplasia, small kidneys, obstructive uropathy

Cystic dysplasia, small kidneys
Bilateral renal agenesis

Other
Obstructive uropathy, other
Obstructive uropathy

Bilateral renal agenesis, cystic dysplasia, small kidneys

Obstructive uropathy
Renal agenesis

Obstructive uropathy

Bilateral renal agenesis
Bilateral renal agenesis

Bilateral renal agenesis
Bilateral renal agenesis

Cystic dysplasia, small kidneys

Cystic dysplasia, enlarged kidneys

Other

Cystic dysplasia, enlarged or small kidneys
Other

Cystic dysplasia, enlarged kidneys

Other

Other

Obstructive uropathy

Cystic dysplasia, small kidneys

Cystic dysplasia enlarged or small kidneys
Bilateral renal agenesis

Cystic dysplasia, enlarged kidneys

Renal agenesis, cystic dysplasia

Other

Bilateral renal agenesis

Bilateral renal agenesis or cystic dysplasia with
small kidneys or obstructive uropathy
Bilateral renal agenesis or obstructive
uropathy or other pathology

Normal kidneys

Bilateral renal agenesis
Bilateral renal agenesis

Cystic dysplasia, small kidneys
Bilateral renal agenesis

Cystic dysplasia, small kidneys
Cystic dysplasia, small kidneys

Renal hypoplasia

Lubinsky et al (92); Wolf et al (164)

Coté et al (33); Machin (93); Sutherland et al (148)

Ferrandez and Schmid (44)

Proesmans et al (119); Shokeir (142)

Kurnit et al (85)

Knight et al (78)

Fitch and Srolovitz (46); Melnick et al (99);
Carmi et al (25)

Ivarrson et al (70)

Biedel et al (12); Schimke and King (134)

Allanson et al (2)

Halal et al (63)
Biedner (13)

Preus et al (118)

Burn and Marwood (21); Codere et al (31);
Kahler et al (75)

Miranda et al (101)

Elejalde et al (41)
Saunders et al (133)
Kahler et al (76)

Bernstein (9)

Mecke and Passarge (98)
Bernstein and Kissane (11)
Rutledge et al (128)
Lockhart et al (88)

Kornguth et al (83)

Crawford (34)

Schmidt et al (138); Winter et al (163)
Spranger et al (145); Saldino and Noonan (130)

Curry et al (36)
Shepard et al (141)

Hoefnagel et al (68)

Grix et al (57)

Pliess (112)

See amnion rupture sequence section

Saito et al (129)
Krous et al (84)

Wright et al (165)
Holzgreve et al (69)

Ulbright et al (155)
Yoshikawa et al (166)

Fitch and Lachance (45)

VATER association Bilateral renal agenesis or cystic dysplasia with small

kidneys or obstructive uropathy, or other pathology

Uehling et al (154)

7
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Other findings. Other findings may include brain malformations,
diaphragmatic hernia, asplenia, polysplenia, adrenal hypoplasia, and ac-
cessory adrenal glands (3,35).

Diagnosis, differential diagnosis, and laboratory aids. Because
of the heterogeneous causes of Potter sequence, diagnosis and recur-
rence risk counseling should be based on (a) careful clinical examination,
(b) complete autopsy with special attention to renal histopathology,
(c) chromosome analysis, (d) family history, and (e) renal ultrasound
examination for parents of infants with renal agenesis and/or cystic dys-
plasia and more distant relatives if indicated by history or by demonstrated
parental involvement based on ultrasound. Prenatal ultrasonography has
identified oligohydramnios (35), renal agenesis and/or cystic dysplasia
(8,28,37,62,74,125,139,140), and obstructive uropathy (17,131,144).

Syndromes with Potter sequence are listed in Table 1-2. The associ-
ation of ear anomalies with genitourinary defects independent of Potter
sequence has been discussed by several authors (14,90,149,155).
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