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A Boy with Apert's Syndrome

Original Max Bridel drawing No. 506, Property of The Johns Hopkins
University School of Medicine, Department of Art as Applied to Medicine.
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Foreword

We have long wanted a volume in this series on the subject of the
"odd-looking baby.” Proper counseling of parents faced with the birth of
an infant of this nature depends entirely upon the recognition of the cate-
gory into which he falls. Knowledge concerning babies with constellations
of congenital defects has grown tremendously within the last few years,
and not many of us have been able to keep abreast of it.

David W. Smith needs no introduction to those who have followed this
literature even superficially. We have recognized the outstanding qualities
which made him the logical choice to write this monograph ever since we
watched his brilliant, devoted work as Resident and Fellow in Endocrinol-
ogy in the Harriet Lane Home in the early 1950’s. Since then he has become
a Professor in Pediatrics at the University of Washington School of Med-
icine. He has written a book which we think no one dealing with the new-
born can do without.

ALEXANDER J. ScHAFFER, M.D.
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INTRODUCTION

We ought not to set them aside with idle thoughts
or idle words about “curiosities” or "chances.” Not
one of them iz without meaning; not one that might
not become the beginning of excellent knowledge, if
only we could answer the question—why is it rare? or
being rare, why did it in this instance happen? — JaMmEes
Pacer, Lancet, 2:1017, 1882,

The guestions set forth by Paget are still ap-
plicable today. Every malformation represents
an inborn error in morphogenesis. Just as the
study of inborn metabolic errors has extended
our understanding of normal biochemistry, so
the accumulation of knowledge concerning de-
fects in morphogenesis may assist us in further
unraveling the story of structural development.

The major portion of this text is devoted to
patterns of malformation, but in addition vou
will find relevant chapters on morphogenesis
and genetics, as well as a chapter on the recog-
nition of minor anomalies including dermato-
glyphic alterations. It is hoped that the design
of the book will lend itself to practical elinical
application, as well as providing a basic text for
the education of those interested in a better
understanding of alterationz in morphogenesis.
Furthermore, many of the charts have been de-
veloped for direct use in the counseling of pa-
tients and parents.

Accurate diagnosis of a specific syndrome
among the 0.7 per cent of babies born with mul-
tiple malformations is a necessary prerequisite
to providing a prognostic evaluation and plan of
management for the affected infant, as well as
genetic counseling for the parents.

The following i1s the author’s approach to-
ward the evaluation of an individual with mul-
tiple defects:

I. Gather information. An outline of history
and physical evaluation is set forth in
Appendix A. Chapter Five presents some of
the minor defects which are valuable diag-
nostic clues in patterns of malformation.

II. Interpret the patient’s anomalies from the
viewpoint of developmental anatomy and
strive to answer the following questions:

A. Which anomaly in the individual repre-
sents the earliest defect in morphogene-
5187 A table for this purpose is found in
Chapter Three, Morphogenesis. From
such information one can determine that
the problem in development must have
existed prior fo a particular prenatal age
and any environmental factor after that
time could not be the cause of that mal-
formation.

B. Is a given defect primary or secondary?
Morphogenesis is a timely and sequential
process in which a defect of one structure
may compromise the formation of subse-
quent structures. An attempt should be
made to determine retrospectively the
primary anomalies. This approach will
tend to subdivide the multiple defect pa-
tients into two general categories:

1. Those having a single syndromic anom-
aly in which the pattern of anomalies
is the consequence of a single localized
defect which anteceded and was the
cause for the secondary anomalies.
Chapter One delineates some of the
single syndromic anomalies.

2. Those having muftiple primary defecis,
either within many areas of one sys-
tem or involving multiple systems, as
set forth in Chapter Two.

III. Attempt to arrive at a specific overall diag-
nosis, confirm when possible, and counsel
accordingly. When possible, counsel should
include the following: an understanding of
how the altered structures came to be the
way they are; the natural history of the con-
dition and what measures can be utilized to
assist the child: and the mode of etiology and
the genetic counsel (recurrence risks).
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Chapter One

SINGLE SYNDROMIC
MALFORMATIONS

resulting in secondary defects

A single localized defect in morphogenesis
can upset the subsequent development of other
structures and result in a syndrome of multiple
defects, especially when the initiating defect is
one that occurs early in morphogenesis. Thus
the structural consequences at birth may appear
far more extensive and profound than the single
early, initiating defect.

It is important to recognize such multiple
defect individuals as having a single primary
defect in morphogenesis. With the possible ex-
ception of the prechordal mesoderm defect (see
Fig. 7), chromosomal studies are not presently
indicated for individuals with a single primary
defect. Rarely, a single mutant gene or pair of
mutant genes may he implicated, and therefore
a review of the family history for a similar type
of defect i1s always indicated. With the exception
of androgenic hormones causing masculinization
of the external genitalia in the female fetus,
quinine and possibly chloroquine causing deaf-
ness, and tetracyclines causing defective tooth
development, no other environmental agent has
been clearly implicated as a cause for a single
malformation in an otherwise normal individual.
Judging from the more common single major
malformations, the predominant cause is poly-
genic factors with a low recurrence risk —about
5 per cent—for the same type of defect in sub-
sequent offspring of normal parents (see Chapter
Four),

For the following conditions, adequate re-
currence risk data are available only for cleft lip
and palate and for the meningomyelocele-anen-
cephaly-type defect —both about 5 per cent. For
the other conditions set forth in this chapter it
may simply be stated that they oceur sporadically
in a family, with unusual exceptions.

2

The following are some examples of patterns
of defect which appear to represent the conse-
quences of a single initiating malformation. The
unproved suppositions regarding developmental
pathology, illustrated at the end of the chapter,
are based on indirect evidenee, much of it sum-
marized by Willis' and by Gruenwald.*™

1. Cleft Lip and Palate — Primary Defeet
in Closure of Lip (Fig. 1)

By 35 days of age the lip is normally fused.
A failure of lip fusion may impair the subsequent
closure of the palatal shelves, which do not com-
pletely fuse until the eighth to ninth week. Thus
cleft palate is a frequent association with cleft
lip.

2. Pierre Robin Anomaly — Primary
Defect May Be Early Mandibular
Hypoplasia (see Fig. 5)

The Pierre Robin "syndrome™ consists of
small mandible, glossoptosis, and posterior cleft
of the palate. The single initiating defect may be
hypoplasia of the mandibular area prior to nine
weeks, allowing the tongue to be posteriorly
located and thereby impairing the closure of the
posterior palatal shelves which must "grow over”
the tongue to meet in the midline. The author
suggests that this be termed "Pierre Robin anom-
aly” rather than Pierre Robin syndrome. The
Pierre Robin anomaly is most commonly noted
in otherwise normal individuals, whosze prog-
nosis is very good if they survive the early period
of respiratory obstruction. Less commonly the
anomaly may be one feature in a multiple defect
syndrome such as the 18 trisomy syndrome. [t is
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A

Figure 1.

A, Normal face at 35 days of age, by which time the lip is fused. B, A spontaneous abortus of

35 days with unilateral hypoplasia of the lateral nasal swelling and incomplete closure of the lip on that side.

(Courtesy of Prof. G. Tondury, University of Zurich.

potentially quite misleading if all patients with
the Pierre Robin anomaly are linked together
under the Pierre Robin syndrome, thus including
those individuals with multiple primary defects
of diverse etiology and prognosis.

3. Meningomyelocele and Anencephaly —
Primary Defect in Neural Tube Closure
(Figs. 2 and 6)

The initiating malformation appears to be
a defect in closure of the neural groove to form
an intact neural tube, which is normally com-
pletely fused by 28 days. Anencephaly® repre-
sents a defect in closure at the anterior portion
of the neural groove. The secondary consequences
are as follows: (1) the unfused forebrain develops
partially and then tends to degenerate; (2) the
calvarium is incompletely developed; and (3) the
facial features and auricular development are
secondarily altered to a variable degree, includ-

ing cleft in the palate, frequent abnormality of

the cervical vertebrae, and occasional incom-
plete development of the anterior pituitary.

Defects of closure at the mid- o caudal neu-
ral groove can give rise to meningomyelocele’
and other secondary defects, as depicted in Fig-
ure 6. The early form of one such lesion is illus-
trated in Figure 2.

The recurrence risk for defects of neural tube
closure, about 5 per cent for parents who have
had one affected offspring, includes about an
equal risk for either anencephaly or meningo-
myelocele. This indicates that the risk is a gen-
eral one for defects of closure of the neural tube,
the presumed common basis for both meningo-
myelocele and anencephaly,

These anomalies of neural tube closure sel-
dom occur in patterns of multiple primary mal-
formation. In fact, the author i not aware of any
multiple defect syndrome in which anencephaly
or meningomyelocele is a usual feature.

4. Holoprosencephaly, Arhinencephaly,
Cebocephaly, Cyelopia— Primary Defect
in Anterior Mid-line Axis Mesoderm
(Prechordal Mesoderm) (see Fig. 7)

During the third week the prechordal meso-
derm migrates forward into the area anterior to
the notochord and is necessary in the develop-
ment of the mid-face as well as having an induc-
tive role in the morphogenesis of the forebrain.
The consequences of prechordal mesoderm defect
are varving degrees of deficit of midline facial
development, especially the median nasal process
ipremaxilla), and incomplete morphogenesis of
the forebrain."*® Cyclopia represents a severe
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deficit in early midline facial development such
that the eyes become fused, the olfactory placodes
are fused into a single tube-like proboscis above
the eye, and the ethmoid and other midline bony
structures are missing. With cyclopia there is
failure in the cleavage of the prosencephalon,
with grossly incomplete morphogenesis of the
forebrain. Less severe degrees of deficit result
in hypotelorism and varying degrees of inade-

SiNGLE SynproMIC MALFORMATIONS

Figure 2. Otherwise nor-
mal 28 day embrvo with incom-
plete closure of the posterior
neural groove (arrow). which
shows aberrant growth of cells
to the side in a transverse sec-
tion (lower). Had thiz embrvo
survived, it would presumably
have developed a meningomve-
locele, (From Lemire, R.: Anat
Record, 152:9. 1965.)

quate mid-facial and incomplete forebrain de-
velopment that are more common than cyclopia
and frequently include cleft lip and palate. The
important clinical point is that incomplete mid-
line facial development, such as hypotelorism
or absence of the philtrum or nasal septum, sug-
gests the possibility of a serious anomaly in brain
development and function.

This type of anomaly has been produced by
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a variety of teratogenic agents in animals" and
has occurred in sheep as a consequence of the
pregnant ewe ingesting the plant Veratrum cali-
fornicum between the fifth and fifteenth days of
gestation." There is no known environmental
teratogen associated with this defect in man.
The anomaly has been a frequent feature of the
13 trisomy syndrome and an occasional feature
of the short arm 18 deletion syndrome; for most
other cases the etiology has not been determined.

The prognosis for central nervous system
funetion in individuals with this tvpe of defect
is very poor, and the author recommends limita-
tion of medical assistance toward survival in
such patients.

5. Sirenomelia (Mermaid), Caudal
Regression Anomaly — Primary Defect in
Mid-posterior Axis Mesoderm'' " i(see
Fig. 8)

The most severe form of this defect, sireno-
melia or sympodia, is presumably the conse-
quence of a wedge-shaped early deficit of the
posterior axis mesoderm, allowing for fusion of
the early limb buds at their fibular margins with
absence or incomplete development of the inter-
vening caudal structures. The embryonic defect
apparently dates back to the primitive streak
stage during the third week, prior to develop-
ment of the allantois, for there is usually an
absence of allantoic vessels. The single umbilical
artery arises directly from the aorta, rather than
the usual two umbilical arteries arising from
the hypogastric vessels. This defect, occurring in
about one in 60,000 newborns, has a 2.7 : 1 male
sex preponderance. All degrees of severity are
observed, presumably dependent on the relative
length and width of the early caudal deficit. The
variable consequences are often called the caudal
regression syndrome.'* Conceivably, imperforate
anus might represent a minor degree of this type
of defect. It is important to appreciate that the fol-
lowing defects of the caudal axis may be present
in an individual with imperforate anus: lower
vertebral defects, 40 per cent; urological defects
other than fistulas, 19 per cent; genital anom-
alies, 17 per cent; and lower limb defect, 10 per
cent.

6. Potter’s Syndrome' " — Primary
Defect of Renal Agenesis or Other
Anomaly Leading to a Lack of Urine
Flow into the Amniotic Space (see Fig. 9)

Renal agenesis, which must have occurred
prior to 31 days, will secondarily limit the amount
of amniotic fluid and thereby result in further
anomalies during prenatal life. The renal agene-
sis may be the only primary defect, or it may be
one feature of a more extensive caudal axis anom-
aly (see condition 5). The anomaly occurs more
frequently in anatomical males, 17 of 20 in Pot-

5

ter's series,'' and this might be partially ex-
plained by the observations of Schlegel et al '
They noted masculinization of the external geni-
talia in an XX female with Potter's syndrome
and raised the possibility of the genital develop-
ment being secondary to limited androgen excre-
tion and degradation in this female with renal
agenesis.

7. Abdominal Muscle Deficieney, Renal
and Urinary Tract Dvsplasia, and
Cryptorchidism; the So-Called Triad
Syndrome — Possibly an Early Defect of
Mesoderm Contributing to Abdominal
Musculature, Renal Parenchyma,
Urinary Tract Musculature, and Idescent
of the Testicles' ' (see Fig. 10)

The remarkable similarity among affected
individuals with abdominal muscle deficiency
suggests that this "syndrome” may be the conse-
quence of a single localized defect in early meso-
derm which eventually contributes to the forma-
tion of the abdominal musculature, the urinary
tract musculature, the renal parenchyma, and
possibly the gubernaculum testis. The condition
oceurs predominantly in males who occasionally
have defects of the lower limbs as well. The prog-
nosis for these patients is mainly dependent on
the degree of renal insufficiency and complica-
tions arising from poor drainage of the urinary
tract. Abdominal binding will often improve
respiratory exchange and assist in the patient’s
having bowel movements. Some improvement in
abdominal muscle mass and function may occur
with age; because these patients are usually of
normal intelligence all supportive measures
seem indicated.

8. Exstrophy of Bladder' ** *'— Defect
in Development of Infraumbilical
Mesenchyme (Mesoderm) (zee Fig. 11)

Normally the bladder portion of the cloaca
and the overlying ectoderm are in direct contact
ithe cloacal membrane) until the infraumbilical
mesenchyme migrates into the area around the
sixth to seventh week, giving rise to the lower
abdominal wall, genital tubercles, and pubic
rami. A failure of the infraumbilical mesen-
chyme to invade the area allows for a breakdown
in the cloacal membrane, in similar fashion to
that which normally oceurs at the oral, anal and
urogenital areas where mesoderm does not inter-
cede between ectoderm and endoderm. Thus the
posterior bladder wall is exposed in conjunction
with defects in structures derived from the infra-
umbilical mesenchyme. ;

This anomaly, six times as likely to occur in
the male as in the female, continues to be a diffi-
cult one to correct, though encouraging results
have followed immediate postnatal primary
closure of both the bladder and the pubic rami.
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9, Exstrophy of Cloaca* =" — Early
Defect in Mesoderm Contributing to
Infraumhbilical Mesenchyme, Cloacal
Septum, and Lumbosacral Veriebrae
isee Fig. 12)

The remarkable similarity among other-
wise normal individuals with this bizarre type
of defect suggests a similar mode of develop-
mental pathology having its inception as a single
localized defect —theoretically in the early de-
velopment of the mesoderm which will later
contribute to the infraumbilical mesenchyme,
cloacal septum, and caudal vertebrae. The con-
sequences are (1) failure of cloacal septation,
with the persistence of a common cloaca into
which the ureters, ileum, and a rudimentary
hindgut open; (2} complete breakdown of the
cloacal membrane with exstrophy of the cloaca,
failure of fusion of the genital tubercles and
pubic rami, and often an omphalocele; and (3) in-
complete development of the lumbosacral verte-
brae with herniation of a groszly dilated central
canal of the spinal cord (hydromyelia), vielding
a soft, eystie, skin-covered mass aover the sacral
area—sometimes asymmetric in its positioning.

SINGLE SYynDroMIc MaLFORMATIONS

The rudimentary hindgut may contain two ap-
pendices, and there is no anal opening. The small
intestine may be relatively short. Cryptorchi-
dism is a usual finding in the male. Affected fe-
males have unfused miillerian elements with
completely bifid uterine horns and short, dupli-
cated, or atretic vagina. Most cases have a single
umbilical artery, and anomalies of the lower
limbs are occasionally present.

Surgical intervention has been carried
out.** * However, considering the overall prob-
lem of urinary and fecal incontinence plus the
incomplete genital development, the author con-
siders that a decision toward surgical partial
correction should be undertaken only after care-
ful consideration with the family.

10. Poland’s Anomaly — Possible Defect
in the Mesoderm Contributing to the
Pectoralis Major and Minor and the
Distal Limb on the Same Side (Fig. 3)

In 1841 Poland® reported unilateral absence
of the pectoralis minor and the sternal portion
of the pectoralis major in a deceased convict who

Figure 3. Poland's anomaly, The
absence of the pectoralis minor and the
sternal portion of the pectoralis major plus
the ipsilateral syndactyly of the hand are
the more usual features of this complex
anomaly. The bony thoracic anomaly and
the hypoplasia of the hand, as noted in
this otherwise normal boy, are more se-
vere expressions of this defect.
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also had cutaneous syndactyly of the hand on
the same side. This unique pattern of malforma-
tion has subsequently been noted in numerous
cases, and Clarkson®™ has estimated that 10 per
cent of patients with syndactyly of the hand
have Poland’s anomaly. It is generally a uni-
lateral sporadic occurrence in otherwise normal
individuals. This pattern of malformation may
include absence of the nipple and areola, rib
defects, and hypoplasia of the hand or even the
whaole arm on the affected side.

11. Amniotic Bands (Streeter’'s Bands)
Causing Constriction of Developing
Parts (Fig. 4)

Partial to complete ring-like constrictions
oceur as a rare anomaly of the limbs and very
rarely involve the head. At times fibrous-appear-
ing bands have been noted at the sites of con-
striction, sometimes having a broken strand
connected to the amnion proper. These bands,
when present, become necrotic after birth. There
has been much controversy over their origin.
Streeter® considered the primary lesion to be
within the developing limb mesenchyme, the
outer bands being a secondary phenomena. The
author agrees with the older interpretation of
Ballantyne® which ascribes the primary ab-
normality to the amnion, with amniotic strands
encircling fetal parts, especially the distal limbs.
These bands become constrictive with growth,
even to the point of amputation. Torpin® has
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summarized and extended the evidence which
indicates that the primary defect is an early
rupture of the amnion, with the chorion remain-
ing intact and amniotic bands occurring as a
secondary phenomenon. This anomaly is usually
a sporadic one in families and generally occurs
in an otherwise normal individual. A surgical
procedure, Z-plasty, may oceasionally be indi-
cated for a constrictive "ring.”

12. Athyrotie Hypothyroidism — Primary
Defect in Development of Thyroid
Gland® (see Fig. 13)

Severe hypothyroidism is seldom clinically
evident at the time of birth, indicating at least
partial prenatal protection of the fetus by ma-
ternal thyroid hormone. Postnatally, morpho-
genesis and function are grossly impaired as a
metabolic consequence of the lack of thyroid
hormone. Adequate thyroid hormone replace-
ment therapy, at least 3/4 grain of U.B.P. desic-
cated thyroid for the affected infant, will allow
for a complete return to physical normality for
age. However, the detrimental effect of the hypo-
thyroid state on morphogenesis and function of
the brain is irreparable. Therefore the earlier
a diagnosis is made and adequate thyroid hor-
mone therapy instituted, the better is the prog-
nosis for mental function.

Athyrotic hypothyroidism is usually a spo-
radic occurrence in an otherwise normal child.

Figure 4. Amniotic bands. Three different newborn infants with partial to complete amputations con-
sidered to be due to amniotic bands. A, Note the strand extending from the ring-like constricting band on the third
finger. B, Several fingers were surrounded by one band, resulting in this aberrant appearance by the time of birth.
C, Partial constriction of the ankle with altered form of the foot as a presumed secondary consequence, Note the

toe amputations as well.
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PIERRE ROBIN SYNDROME
A Primary Anomaly in Mandibular Development
Hypoplasia of Mandible Prior to 9 Weeks

POSTERIOR
DISPLACEMENT
OF TOMGUE

1D 2 S o

& ® Q)

Mormal - T weeks Mormal =9 weeks

POSTERIOR
CLEFT OF PALATE

Pierre Robin anomaly with upper respiratory Same patient at 13 months showing catch-up in
obstruction and failure to thrive in 3 week old mandibular growth. Patient thriving with normal
( weight, 4.91bs.) growth (weight, 14.8 |bs.).

Figure 5. (Photographs from Dennison, W. M.: Pediatrics, 36:336, 1965.)
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DEFECTS IN CLOSURE OF NEURAL TUBE

DORSAL VIEW OF NORMAL EMBRYO OF 23 DAYS
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{normally completely
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2. Incomplete development of
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calvarium /
3. Alteration in facies Neiralkdas el

+ /—auricl :
Juricie caudal fo lesion
Meningomyelocele Defect in
$piNOUs process

+/= Club foot
+/=Hydrocephalus
Spina bifida

Anencephaly

Meningomyelocele with partially epithelialized sac
Figure 6.
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PRIMARY DEFECT IN CAUDAL AXIS
Presumably Prior to 4th Week

VARIABLE ABSENCE
OF STRUCTURES DERIVED

FUSION OF
LOWER LIMBS

FROM CAUDAL AXIS
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Mewborn with sirenomelia, a severe caudal axis deficit

Figure 8.



SINGLE SYNDROMIC MALFORMATIONS

POTTER'S SYNDROME
The Consequences of Renal Agenesis
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CHAPTER ONE

THE TRIAD SYNDROME
Abdominal Muscle Deficiency, Renal and Urinary Tract Anomalies, and
Cryptorchidism

.
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Intermediate
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Somatopleurg | 91 23 days

x "'3‘.1
R Spl-:]n-:hﬁl:up|euro
-~
f:‘("
b
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CONTRIBUTING TO
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J mesoderm ’

Splanchnopleura

1

Myotome & Musculature of
Renal urefer, bladder
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Figure 10.
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14 SINGLE SYNDROMIC MALFORMATIONS

EXSTROPHY OF BLADDER

Urorectal
seplum  Gut

Infraumbilical
mesenchy me
Genital
tubercle

Cloacal
memprang 40 days

Genital
29 days tubercle

Infroumbilical mesoderm
fills in all of cloocal membrane
except urogenital floor.
Genital tubercles fuse

Failure of
infraumbilical mesoderm
to invade cloocal membrane

.

Breakdown of cloacal Incomplete fusion Separated pubic rami,
membrang exposing of genital tubercles, short lower abdominal wall,
posterior wall of blodder often with epispadias +/= inguinal hernioe

Elodder mucosa

Separated
pubic rami

Figure 11.



EXSTROPHY OF CLOACA
Defect in early mesoderm which will contribute to-
1. Urorectal septum
2. Infraumbilical mesenchyme
3. Lumbosacral somites

. Urorectal
septum

2. Cloacal
membraneg

Cloaca 29 DAYS

1 2. 3
FAILURE OF BREAKDOWN OF LUMBOSACRAL
CLOACAL SEPTATION CLOACAL MEMBRANE SPINA BIFIDA

Persistant cloaca

\_ Protrusion of dilated
Failure of

y central canal
Exstrophy fusion of

of spinal cord:
of clooca genital tubercles

Rudimentary hindgut : HYDROMYELIA
and pubic rami

with imperforate anus

+/- Omphalocele

Lumbo sacral

Omphalocele myelocele

ExsTrophied ¥
cloaca e

Infant with exstrophy of the cloaca
(prolapsed intestine). Note separation
of scrotal folds and genital tubercle.

Figure 12,

15




16 SINGLE SYNDROMIC MALFORMATIONS

ATHYROTIC HYPOTHYROIDISM
Defect in Development of Thyroid

H

Lack of thyroid harmaone

Slow growth : Irreqular
and maturation Sluggish mineralization
of secondary
ossification centers
Persistence of Physical Circulation
neonatal features, activity
umbilical hernia
Cool
extremities Stagnant
CYanosis
Delay in myelinization, Myxedema
permanent impairment
of central nervous \
system development
Enlarged Hoarse
muscle Eull cry
mass

subcutaneous
tissues

Athyrotic Patients

Age - 2 months L'Lgle -9 months ———  After 3 weeks of thyroid Age - 3 years, untreated
Height age -1 mo.  Height age - 2 months replacement Height age - 12 mo.
Bone age -birth  Bone age - birth Bone age - 3 months

Frgure 13,
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Chapter Two

DYSMORPHIC SYNDROMES

of multiple primary defects

Once it has been determined that an indi-
vidual has multiple primary areas of faulty
morphogenesis, the question is no longer an
anatomical one; rather, the question becomes
that of an overall diagnosis. Azide from Down's
syndrome, the recognized syndromes of multiple
primary defect are individually rare, but collec-
tively they are numerous and new ones are con-
tinuing to be reported. It is quite difficult for a
clinician to become personally acquainted with
many of them, and hence thiz chapter was de-
veloped to assist in the recognition of such
syndromes, as well as to provide a nucleus of
information about the natural history and eti-
ology of each disorder. References to other texts
which may be of further assistance regarding
such syndromes are listed at the end of this
chapter.

GENERAL COMMENTS CONCERNING
SPECIFIC DEFECTS AND PATTERNS
OF ANOMALY

Grrowth. The same etiology which results
in multiple defects in morphogenesis often has
an adverse effect on skeletal development and
may lead to hypoplasia of the whole individual.
Therefore shortness of stature is a frequent fea-
ture in many of these syndromes. When the small
size in a patient with multiple defects has been
of prenatal onset the clinician can be reassured
that it is not due to an endocrine abnormality,
and he can usually anticipate a continuation of
the slow rate of linear growth.

Central Nervous System Dysfunction. Be-
cause the development of the nervous system
is s0 prolonged and complex, it is not surprising
that mental deficiency, behavioral aberrations,
and neurological abnormalities are frequent fea-
tures in these syndromes. The overall pattern
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of central nervous system function tends to he
similar in individuals with the same multiple
defect syndrome. Hence one of the values in a
specific diagnosis is the enhanced ability to an-
ticipate future performance.

Nonspecificity of Individual Defects. With
rare exceptions a clinical diagnosis of one of
these syndromes cannot be made on the basis of
a single defect, as is evident in the tables at the
end of this chapter. Even a rare defect may be
a feature in several syndromes of variant eti-
ology. A specific diagnosis is usually dependent
on recognition of the overall pattern of anomalies,
and the detection of minor defects mayv be as
helpful as major anomalies in this regard. (See
Chapter Five.)

Variance in Expression.  Variance in extent
of abnormality (expression) among individuals
with the same etiological syndrome is a usual
phenomenon. Except for such nonspecific general
features as mental deficiency and small stature,
it is unusual to find a given anomaly in 100 per
cent of patients with the same etiological syn-
drome. For example, in full 21 trisomy Down’s
syndrome only mental deficiency is ubiquitous;
hypotonia is a frequent feature, but most of the
other individual clinical features are found in
less than 80 per cent of such patients. However,
a specific diagnosis of Down's syndrome can
generally be rendered, based on the total pattern
of anomalies.

Intraindividual variability in expression is
also frequent, with variance in the degree of
abnormality on the left versus the right side of
the individual.

Heterogeneity. Similar phenotypes (overall
physical similarity) may result from different
etiologies. Only by finer discrimination of the
phenotype or mode of etiology can such similar
entities be distinguished. For example, Marfan’s
syndrome and homocystinuria were initially dis-
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criminated on the basis of homoeystinuria, next
by a difference in mode of etiology (autosomal
dominant for Marfan’s syndrome and autosomal
recessive in homocystinuria), and finally by
closer scrutiny of the phenotype. As another
example, achondroplasia is frequently misdiag-
nosed among individuals who have chondrodys-
trophies which only superficially resemble true
achondroplasia. A diagnosis should be rendered
only when there is close resemblance in the over-
all pattern of malformation between the patient
and the disorder under consideration.

Etiology. Most of the syndromes herein set
forth have a genetic basis. Chapter Four provides
the background information relative to genetic
counseling for these conditions. Only three dis-
orders, the rubella syndrome, the thalidomide
gsyndrome (not included), and the aminopterin
syndrome, are known to be caused by environ-
mental teratogens.

Besides the following established syndromes,
roughly half the individuals with multiple de-
fects have conditions which have not yet been
recognized as a specific syndrome. A small per-
centage of such patients (8 per cent in Summitt's
study) have a structural chromosomal abnor-
mality. In such cases genetic counsel should be
withheld until it has been determined whether
either parent is a balanced translocation carrier
of the chromosomal abnermality. In the absence
of an evident chromosomal abnormality or famil-
ial data suggesting a particular mode of etiology,
it is generally impossible to state any accurate
risk of recurrence for unknown patterns of mul-
tiple malformation. It is presumptuous to inform
the parents that "this is a rare condition and
therefore unlikely to recur in your future chil-
dren.” Under these circumstaneces the author’s
present approach is to inform the parents that
the lowest recurrence risk is zero and the highest
risk with each pregnancy would be 25 per cent.
The latter figure is predicated on the possibil-
ity of recessive inheritance or a nondetectable
chromosomal abnormality from a balanced trans-
location carrier parent.

METHOD AND UTILITY OF
PRESENTATION OF THE SYNDROMES

Each symdrome has a listing of anomalies.
The main list consists of defects which occur in
at least 25 per cent and usually more than 50
per cent of patients. Sometimes the actual per-
centage or number is stated for each anomaly.
Below these are listed the occasional defects that
occur with a frequency of from 1 to 25 per cent,
most commonly 5 to 10 per cent. The occurrence
of these "occasional abnormalities” is of interest
and has been loosely ascribed to "developmental
noige.” In other words, an adverse influence that
usually causes a particular pattern of malforma-
tion may occasionally cause other anomalies as
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well. Possibly it is differences of genetic back-
ground, environment, or both that allow some
individuals to express these "occasional” anom-
alies. The important feature is that they are not
random for a particular syndrome. For example,
clinicians who have seen a large number of chil-
dren with Down's syndrome are not surprised
to see "another” Down's syndrome baby with
duodenal atresia, web neck, or tetralogy of Fallot.

The references listed for each syndrome have
been selected as those that give the best account
of that disorder, provide recent additional knowl-
edge, or represent the initial description.

A word of caution is indicated. This book
does not contain a number of syndromes, espe-
cially those reported after April, 1968. Further-
more, the conditions have been limited to those
which appear to be a concise entity, omitting
such questionable disease entities as Klippel-
Feil syndrome, Grieg’s syndrome, and the lissen-
cephaly syndrome.

All the syvndromes, including alternative
designations, are alphabetically listed with the
number for that disorder. This is done to facili-
tate the finding of a particular disorder. Follow-
ing the alphabetical listing are summary tables
that include the several "diagnostic manifesta-
tions,” which together are highly indicative of a
particular diagnosis; whether mental deficiency,
shortness of stature, or both are usual features;
and the genetic mode of etiology. These tables
are set forth for perspective and differential
diagnosis. The numbers listed in parentheses for
some syndromes are the numbers for other listed
conditions that merit special consideration in
the differential diagnosis for that syndrome; the
numbers following some subcategories refer to
other listed syndromes that may also have the
feature of that subcategory. The order of presen-
tation of the syndromes is based on physical
similarities, system or area involved, and—in
the case of chromosomal abnormalities — by mode
of etiology. These are summarized as follows:

A. Chromosomal abnormality syndromes

This is followed by a miscellaneous group which
has been arbitrarily subcategorized on the basis
of single features or groups of features that are
major components of the respective syndromes:

B. Unusually small stature with associated
defects

Senile-like appearance with associated
defects

Joint dysplasia with associated defects

Muscular disorders with associated de-
fects

Neurological disorders other than mental
deficiency with associated defects

Facial defects as predominant features

Oral-facial-digital associations of defects

Hematopoietic disorders with associated
defects

I = my



(Genital anomalies with associated de-
fects
Deafness with associated defects
Presumed metabolic aberrations affect-
ing morphogenesis; basic pathogenesis
unknown
M. Hamartoses: abnormal admixture of tis-
sue components as a feature
N. Ectodermal dysplasias: abnormal tissues
derived predominantly from embryonic
ectoderm

s

These are followed by the skeletal dysplasias.

Osteochondrodysplasias

Osteopetroses

Craniosynostoses

Other skeletal dysplasias, including
some with short metacarpal bones

Mucopolysaccharidoses

Connective tissue disorders

Hm RO

Lastly there are a group of miscellaneous syn-
dromes which, although they have features of
altered morphogenesis, are not generally thought
of as patterns of altered morphogenesis. They are
included here because they may enter into the
differential diagnostic consideration of syndromes
of malformation. This group could be deleted or
vastly extended to include such entities as the
lipidoses.

LI, Other miscellaneous syndromes .

Certain of the syndromes have been placed
out of context to a particular category. This was
done because of similarities to an adjacent syn-
drome, and these conditions have been labeled
(Insert) in the tables.

The tables at the end of this chapter list indi-
vidual anomalies and the syndromes in which
that defect is a usual or occasional feature. These
tables may assist the reader in finding the ap-
propriate syndromes with which to compare a
given patient with multiple defects.

ALPHABETICAL LISTING

OF SYNDROMES
Syndrome Nis,
Achondroplasia .. siea e sk st b LR
Acrocephalopoly syndar:t],. Iv e PN T E
Acrocephalosyndactyly ........oiveiiiiiieiiireisviennness 106

Adenoma Sebaceum .......co.ooovvvvieeeeisiriennene. B8

Albers-Schinberg Disease .. e ST )
Albright's Hereditary {l-;teﬂd:,'stmphy ................ 112
Aldrich S, T
Ammﬂpt&rm Inducm;l b veuen 109
Angiokeratoma Corporis Dll'l‘u*.um e e
Anhidrotic Ectodermal Dysplasia .......c.covvveeniennns Th
b g R R e e e e 106
Asphyxiating Thoracic sttruph:.r e |
Ataxia-Telangiectasia e e I e

D¥sMoRPHIC SYNDROMES

Syndrome

Nao.

Basal Cell Nevus 5. i e e R ]
Basan-Type Ectodermal D}raplama wanil s R A S
Beckwith's 5. . s T G0
Berardinelli’s S ol
Biemond's 3. ..... R e pi 35
Blepharophimogis ........ccccceviveveeniaiass 41
Bloom's S. . BAe b |
Hrﬂt‘h}dﬂflyly—”}b‘t-ﬂI;.MU‘:—GETEhE"HF Ataxia ..... 35
Brachydactyly-Spherophakia .. TiTe iy e ],
LTl R E T AT R T D ————— |l
Brailsl’nrd-h{urquin e e ey .. 114
Cardiac-Limb 5. . et |
Carpenter’s S, .. vt vet e s g e
Cartilage-Hair Hypaplasm B )
Cat-Eve 5. e &
Cerebral h:guntlsm P S P bt e sl T
Cerebro-Hepato- Ru:rmi ‘"-3 e A
Chediak-Higashi 5. et '
Chondrodystrophia La]m[‘mm Cung[—mla ........... a5
Chondroectodermal Dysplasia .. s Raoweid ber Aa R
Cleidocranial Diysostosis B, ... ...oooiisiesnreeiiesesssnss 104
Clouson-Type Ectodermal Dysplasia .. #21
Cockayne's 5. ...... et )
Coloboma of Ins-r’ma] Atl r:-ma—ﬂm.tll

Extra Chromosome ..........c.coeeeees 4
Conradi’s 8. a8
Cornelia De Lﬂ.nge S e )
Craniofacial Ihw'al;-r_rs]s L B
[‘ranmmeluphvbe.ul Dvsp]'lsm . 10
Cri-du-Chat S. . HETAR
Crouzon's 5. . R i
Cr vplnphlhsllmus"ﬂcmml Anumﬂ.i} Hatl 53
Diaphyseal Aclasis .. P T a7
Diastrophic Nanism ............co.en 89
Donohue’s 5. a7
Down's 8. . |
Dvhduttymmm, Famtha! oo U B RANIER. )
Dyseephalic Syndrome of F:anmis et e ot oo k]
Tiyschondrosteosie: ... o iln A s e e
Dyskeratosis Cnngﬁmla 5. .. T4
Ehlers-Danlos S, | 2R
Elliz-van Creveld ‘“-3 e HE
Enamel Hw.umplusm—(,mlv Hair 8. . . 83
Fabry's 5. et o )
Familial Dwurl"sm mth btlﬂ'Ju]nts R
Familial Dysautonomia .....ccovevvnieviiciiananmsmnennnie 18
Familial Neurovisceral LLpldnms e L Ly
Fanconi’s 5. of Pancytopenia and

Multiple Anomalies .. 49
Fibrodysplasia Dssuﬁcnns Cangemta e LT
Feinmesser-Type Ectodermal ]J} H]]I-Ethl.rl SR T
Focal Dermal H'.pcplasm R T2
Fraser 5. . 83
I'iEl.em,m—‘:nh{:.-ldun "'n- 32
Gardner’s 8. ....... T0
Generalized Ganglmsndus:s 115
Goldenhar’s 5. 40
Goltz's 5. T2
Hslllermunn Stre]ﬁ'ﬂ e e i e 1 [
Hidrotic Ectodermal Dyspiﬂalas e T T
Holt-Oram 3. . s TR al
Hamucystmurm i 124
Hunter's 8. . 118
Hurler's 8. . 116
Hutchinson- Gllﬁ:-rd S AR 19
Hyperca]cemta-]’eculla: Fnl:les—

Supravalvular Aortic Stenosis .......c.cccoeeveeeen.. 58
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Syndrome Na.

Hypertelorism-Hypospadias 5. . L R
Hypohidrotic Ectodermal Dysplnam L TR e
H}fpophﬂsphalﬂﬂlﬂ A s S
Hypophosphatemic Rickets .. e
B el e e e T R
[nmntmemm Plgment:l ot ah kL L el T
Laurencehh{mn Bledl S bE A AT S
Leprechaunism .. B e e YT
Leri's Plennust-auﬁis i O S O T et
Lernyss s L e L S R L
Lip F:stulaaCIet‘t LlpS e )
Lipodystrophy and A.-:r::megalmd

Glganhsm R ; e L e .
Louiz-Bar 5. . s e Sk LS Lt B e e v U
Lowe's 5. e TR
Macmglmsla Dmphaiacele \'!Iacmmmm R
Maffucei’s S. . e e e, . ]
Male Turners.ﬂ e U TS i
Mandibulofacial Dvsustcsm e s R )
Marfan's 5.
Marmemnﬁjugren ‘i e R B R L |
Maroteaux-Lamy 5. ......c.cocevamaeeninvinanans et 117
Marshall 3. . P e L R
MeCune- ﬁlhrlg’ht ‘-1 e Nen Il TR Rl |
Menkes' 5. . G e
Metaphy:s«ea] D}mt%ls Janwn- l‘_yrp-e ok et cmiity O
Metaphys=eal D}'sustmals, Schmid- Type e e 1
Memtmphm Dwarfism . e LU
Mietens’ S. . R e e e
Mohr 5. A - A e i AR LT SCB | 7
Mﬁngnlasm ik T A e AR e
Mmr&Federmun 5 22
Morguio’s 8. . 119
Mumml}*-‘iamhandnwh Il‘i—lEI
Multiple Epiphyseal D}'splasm I L e  adt Los I
Multiple Exostoses . e e o R T S T
Myositis Ossificans {"nngemla TR e A LD
Myotonic Dystrophy .. e e R R N
| L i e e el ot o R (5 1]
Meurofbromatosis .. ... i BT
Noonan's 5. .. A S e R |
Oculo-Auviculo-Verteheal 8. ...........coooooerroerer, 40
Dculo-Cerebro-Renal 8. ...ccoovvvviiiiiiicniiiiiiniennnn,. 28
LTI [T 2 T e R ot P PR o
Oral-Facial-Digital S .....c..cccceviimnivniiinnrirnnnnenen.. 44
Osler's 5. | s R e [ |
Osteitis Flbrusa C:..'rstu:a -
Osteogenesis Imperfecta ...oovvvviiiciiiiiiiiniee.. 126
Osteopetrosis, SEVEIE ... ..ococveviiiiiineeiiiiarinnennana.. 102
Mo-Palato-Digital 5. ..o, 48
Pachyonychia Congenita .............c..ocovevvninna.. 84
Peculiar Facies-Hypercaleemia-

Suprmrnlvu]ar Acortic Btenosis .......oeveeevenrnnnnn. 09
PEH‘I‘.ZH]E'EI'I-HFJ S. . e el e e s B
Pili ant.l—Deafness.S P ety o A SRt St )|
Polyposes ........ FERC e T st BRI
Popliteal WehS e Ln S L
Prader-Willi S. . e e e S s T
Progeria ....... B e )
Progressive Ar'thmvuphthalmupathy

of Stickler .. : P e

21

Syndrome No.
Paeudoachondroplastic Form of

Spondyloepiphyseal Dysplasia ........................ 90
Pseudohypoparathyroidism . T 1)
Pseudoxanthoma Elasticum ............................. 128
Blogie Conpamital oo i i
Pyknodysostosis, Lamy-

| R S SR SO Sl S | (.
Pyle’s Disease .. SR e e T
Radial Aplabm Thmmh-ncvtupenw e e R (Y
Rieger's 5. .. . W ] g
Riley's 5. e e e e R R R S
Rllcy-Da}rS - O LR TR
Robinson- Typu Ectodermal Dusp]ama i DT
Rothmund 5. | P e et S o S L
Rubella 5. . i, e I N
Rubmstmn-TayI:-L ‘: B e o o ) [ |
Sanfilippo’s 8. .. RS e e e I 1T
Scheie's 3, | e e R I S R L |
E-ch“mhmansﬂ SR o o S
BN WA arE e e sl e e e
SllvclsS e e Mo i SERRER e T
Sjogren- Lnrsmn 'a o e Wi T
Smith-Lemli-Opitz S e ER e
Sp]‘lnﬁr1"|:r5:nhﬂk:|zt-Brzn:l'.j..nu:l:mr:l'.-'i;gr e .. 114
Spondyloepiphyseal D'ir'-];ilﬂ.bl.t!

Pseudoachondroplastic _....... Ederreagn
Spondyloepiphyseal Dvs.p]a::m J{ lmked ............ a1
Stanesco’s Dysostosis ..o TN .. 105
Steinert’s 5. e A R PR | |
Stickler’s Fmgressne Arthm—

nphthalmapath_v 5. P - R |
i 1 ] ] s 1 e R e A e e
Tayhi’s 3. . e
rﬂlﬂﬁ[{letlﬂ‘:lﬂ Heredﬂ.a.nr Hemurrhnyn weene 181
Thoracic Asphyxiant Dystrophy .. BB
TrescheprBolnsiSE o s en e
o ek s L e . ]
Turner-like 3. . R e e e e T [ )
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A. Chromosomal Abnormality Syndromes

1. DOWN'S SYNDROME

(21 Trisomy Syndrome)

Hypotonia, Flat Facies, Slanted Palpebral Fissures

Down's' report of 1866 on the ethnic classi-
fication of idiots stated that a "large number of
congenital idiots are typical Mongols,” and he
set forth the clinical description of Down’s syn-
drome. The textbook by Penrose and Smith* pro-
vides an excellent overall appraisal of this
disease which has an incidence of 1:660 new-
borns, making it the most common pattern of
malformation in man.

ABNORMALITIES

General. Hypotonia with tendency to keep
mouth open and protrude the tongue; dia-
stasis recti.

Hyperflexibility of joints.

Relatively small stature with awkward gait.

Central Nervous System. Mental deficiency
(100 per cent).

Craniofacial. Brachycephaly with relatively
flat occiput.

Thin cranium with late closure of fontanels.

Hypoplasia to aplasia of frontal sinuses.

Small nose with low nasal bridge.

Ears. Small, overfolding of angulated upper
helix; sometimes prominent; small or absent
earlobes.

Eyes. Upward slant to palpebral fissures.

Inner epicanthic folds.

Speckling of iris (Brushfield’s spots) with pe-
ripheral hypoplasia of iris.

Fine lens opacities by slit lamp examination
159 per cent).

Refractive error.

Dentition. Hypoplasia, irregular placement.

Neck. Appears short.

Hands. Relatively short metacarpals and pha-
langes.

Fifth finger: hypoplasia of mid-phalanx of fifth
finger (60 per cent) with clinodactyly (50 per
cent), a single crease (40 per cent), or both.

Simian crease (45 per cent).

Distal position of palmar axial triradius (84
per cent).

Ulnar loop dermal ridge pattern on all digits
(35 per cent).

Feel, Wide gap between first and second toes.
Plantar crease between first and second toes.
Open field dermal ridge patterning in hallucal

area of sole (50 per cent).

Pelvis. Hypoplasia with outward lateral flare of

iliac wings and shallow acetabular angle.

Heart. Anomaly in about 40 per cent; atrioven-
tricular communis, ventricular septal defect,
patent ductus arteriosus, auricular septal
defect, and ir?:errant subclavian artery, in
decreasing order of frequency.

Skin. Loose folds in posterior neck (infaney).

Cutis marmorata, especially in extremities

(43 per cent).
Dry hyperkeratotic skin (with time) in 75 per
cent.
Hair. Fine, soft, and often sparse; straight pubic

hair at adolescence.
(renitalia. Male: relatively small penis. Infer-
tile (100 per cent).

(MCCASIONAL ABNORMALITIES. Seizures
{less than 5 per cent); strabismus (33 per cent),
nystagmus (15 per cent), keratoconus (6 per cent),
cataract (1.3 per cent); low placement of ears;
web neck; two ossification centers in manubrium
sterni; funnel or pigeon breast; trachecesophageal
fistula, duodenal atresia; tetralogy of Fallot; in-
complete fusion of vertebral arches of lower
spine (37 per cent); only 11 ribs; eryptorchidism
(27 per cent from birth to nine years and 14 per
cent after 15 years); syndactyly of second and
third toes. The incidence of leukemia is about
1:95, or close to 1 per cent.

PRINCIPAL FEATURES IN NEWBORN.
The diagnosis can generally be made shortly
after birth, and therefore the following ten fea-
tures of Down’s syndrome in the newborn are
presented as set forth by Hall," who found at
least four of these abnormalities in all of 48 new-
borns with Down's syndrome, and six or more in
89 per cent of them.

Hypotonia 80%
Poor Moro reflex 85%
Hyperflexibility of joints 805
Excess skin on back of neck 80%
Flat facial profile 90%
Slanted palpebral fissures B0
Anomalous auricles 60%
Dysplasia of pelvis T0%
Dysplasia of mid-phalanx of fifth finger glgﬂ:xi
H

Simian crease

NATURAL HISTORY. Muscle tone tends to

improve with age, whereas the rate of develop-
{Text continted)
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mental progress slows with age. For example 23
per cent of a group of Down's syndrome chil-
dren under three years had a developmental
quotient above 50, whereas none of those in the
three to nine year group had intelligence quo-
tients above 50. Though the 1.Q. range is gen-
erally said to be 25 to 50 with an occasional
individual above 50, the mean 1.Q. for older
patients is 24. Fortunately, social performance
is usually beyond that expected for mental age,
averaging three and one third years above men-
tal age for the older individuals. Generally "good
babies”™ and happy children, they tend toward
mimicry, are friendly, have a good sense of
rhythm, and enjoy music. Mischievousness and
obstinacy may also be characteristics, and 13 per
cent have serious emotional problems. Coordina-
tion is often poor, and the voice tends to be rau-
cous.

Growth is relatively slow, and during the
first eight years secondary centers of ossification
are often late in development. However, during
later childhood the osseous maturation is more
"normal,” and final height is usually attained
around 15 vears of age. Adolescent sexual de-
velopment is usually somewhat less complete
than normal. The girls may menstruate and can
be fertile, whereas the males are considered in-
fertile.

The major cause for early mortality is con-
genital heart detects, and 44 per cent of those
with cardiac anomalies die in infancy. Lower
respiratory infections may pose a serious prob-
lem; however, between infancy and 40 years of
age the mortality rate is not much greater than
the normal. Low grade frequent problems are
chronic rhinitis, conjunctivitis, and periodontal
disease, none of which are easy to "cure.”

ETIOLOGY. Trisomy for all or a large part of
chromosome 21. The ecombined results of 11 un-
selected surveys totaling 784 cases showed the
following relative frequencies of particular types
of chromosomal alteration for Down's syndrome:*

94%
2.4%

Full 21 trisomy
21 Trisomy/normal mosaicism

34

Translocation cases (with about equal
oceurrence of DG and G/G

translocations) 3.3%

Faulty chromosome distribution leading to
Down's syndrome is more likely to occur at older
maternal age, as shown in the following figures
of incidence for Down’s syndrome for particular
maternal ages: 15 to 29 years, 1: 1500; 20 to 34
years, 1:800; 35 to 39 years, 1:270; 40 to 44
years, 1: 100, and over 45 years, 1:50.

Though the general likelihood for recurrence
of Down's syndrome is 1 per cent, the principal
problem in giving recurrence risk figures to
parents is first to determine whether the Down's
syndrome child is a translocation case with a
parent who is a translocation carrier and thereby
a relatively high risk for recurrence. The likeli-
hood of finding a translocation in the Down's
syndrome child of a mother under 30 years of
age is 6 per cent, and of such cases only one out
of three will be found to have a translocation
carrier parent. Therefore the estimated prob-
ability that either parent of a Down's syndrome
patient born of a mother under 30 vears is a G/D
or /G translocation carrier is 2 per cent versus
0.3 per cent when the Down's syndrome patient
is born of a mother over 30 years of age. Having
excluded a translocation carrier parent, the risk
for recurrence may be stated as less than 1 per
cent. The recurrence risk for the rare transloca-
tion carrier parent will depend on the type of
translocation and the sex of the parent.

REFERENCES

1. Down, J. L. H.: Observations on an ethnie classifica-
tion of idiots. Clinical Lecture Reports, London
Hospital, 3:259, 1866.

2, Penrose, L. 5., and Smith, G. F.: Down's Anomaly.
Boston, Little, Brown & Company, 1966.

3. Hall, B.. Mongolism in newborn infants. Clin.
Pediat., 5:4, 1966.

4. Richards, B. W_, Stewart, A., Sylvester, P. E_, and
Jasiewicz, V.: Cytogenetic survey of 225 patients
diagnosed clinically as mongols. J. Ment. Defic.
Hes,, 9:245, 1965,



DOWN'S SYNDROME

A, Young infant. Flat facies, straight hair; protrusion of tongue,;
single erease on inturned fifth finger.

B and €, Inner canthal folds, Speckling of iriz with lack of peri-
pheral patterning. Small auricles, prominent at right. "Fouting”
expression when crying. (From Smith, I, W.: J. Pediat., 70474,
19675.)

), Hypoplazia, mid-phalanx of fifth finger.

E. Shallow acetabular angle with small ilisc wings having the
shape of elephant ears.
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A. Chromosomal Abnormality Syndromes

2. XXXXY SYNDROME

Hypogenitalism, Limited Elbow Pronation, Low Dermal Ridge Count on Fingertips

Since the initial report of Fraccaro et al.! in
1980, at least 40 cases of the XXXXY aneuploidy
syndrome have been reported.

ABNORMALITIES. Frequencies based on

from 17 to 32 cases for each anomaly:*
Performance. Mental deficiency, intelligence

quotient of 19 to 57, mean L.Q. of 34 100%
Hypotonia, joint laxity, or both about
one
third
of
cases
Growth. Tendency to low birth weight,
shortness of stature, retarded
osseous maturation 53%
Craniofacial. Sclerotic cranial sutures 57%
Wide set eves 80%
Upward slant, palpebral fissures T9%
[nner epicanthic folds 82%
Strabismus 89%
Low nasal bridge; wide or upturned
nasal tip 95%
Mandibular prognathism 50%
Auricular anomaly (large, low set,
malformed) T0%
Neck. Short neck T2%
Thorax. Thick sternum T5%

Extremities. Limited pronation at elbow 95%
Radioulnar synostosis 42%
Clinodactyly of fifth finger 0%
Coxa valga 25%
Genu valga 50%
Pes planus T3%

Dermal ridge patterns” High frequency of low
arch pattern on fingertips, with mean total
ridge count of only 50, versus the average
male total ridge count of 144.

Genitalia. Small penis B0%
Small testes, hypoplastic tubules,
diminished Leydig cells 4%
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Cryptorchidism 28%
Hypoplastic scrotum 809
OCCASIONAL ABNORMALITIES. Obesity,

flat occiput, microcephaly, antimongoloid slant
to palpebral fissures, Brushfield speckled iris,
myopia, cleft palate, small peg-shaped teeth,
web neck (12 per cent), pectus excavatum, con-
genital heart defect (especially patent ductus
arteriosus), umbilical hernia, scoliosis, simian
creases, club foot, abnormal toes, wide gap be-
tween first and second toes, hypospadias, bifid
scrotum.

NATURAL HISTORY. Perinatal problems in
adaptation have been frequent; linear growth is
generally slow with moderately short final height
attainment. Infertility and inadequate viriliza-
tion may be anticipated.

ETIOLOGY. The XXXXY diagnosis may be
confirmed by the finding of as many as three sex
chromatin masses in interphase nuclei (buccal
smear) in a male who is found to have 49 chromo-
somes with three extra C group chromosomes.

COMMENT. Although some of the features
may initially suggest Down's syndrome, the
total pattern of anomalies is usually at variance
with this diagnosis.
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A, Six vear old with height age of five vears. (From Smith, . W.: J. Pediat., 70:476, 1967.)
B, Neonate, Note club feet and small genitalia. He had delayved tooth eruption and also had eczema.
C, Genitalia of patient shown in B. The small penis was revealed by pushing back the tissues.
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A. Chromosomal Abnormality Syndromes

3. 18§ TRISOMY SYNDROME

Clenched Hand, Short Sternum, Low Arch Dermal Ridge Patterning on Fingertips

This condition was first recognized as a
specific entity in 1960 by discovery of the extra
18 chromosome in babies with a particular pat-
tern of malformation (Edwards et al.,'! Patau et
al..? and Smith et al.?}. It is the second most com-
mon multiple malformation syndrome, with an
incidence of about 0.3 per 1000 newborn babies.
There has been a 3 : 1 preponderance of females
to males. Several good reviews set forth a full
appraisal of this syndrome.*?

More than 130 different abnormalities have
been noted in the literature on patients with the
18 trisomy syndrome, and therefore the listing of
abnormalities has been divided into those which
occur in 50 per cent or more of patients, in 10 to
50 per cent of patients, and less than 10 per cent
of patients.

ABNORMALITIES FOUND IN 50 PER
CENT OR MORE OF PATIENTS

freneral. Feeble fetal activity, weak cry.

Altered gestational timing; one third prema-
ture, one third postmature.

Polyhydramnios, small placenta, single um-
hilical artery.

Growth deficiency; mean hirth weight, 2340
gm.

Hypoplasia of skeletal musele, subcutaneous
and adipose tissue.

Mental deficiency, hypertonicity (after neo-
natal period).

Diminished response to sound.

Craniofacial. Prominent occiput, narrow bi-

frontal diameter.
Low set, malformed auricles.
Short palpebral fissures.
Small oral opening, narrow palatal arch.
Micrognathia.

Hands and Feel. Clenched hand, tendency for
overlapping of index finger over third, fifth
finger over fourth.

Absence of distal crease on fifth finger with or
without third and fourth fingers.

Low arch dermal ridge pattern on six or more
fingertips.

Hypoplasia of nails, especially on fifth finger
and toes,

Short hallux, frequently dorsiflexed.

Thorax. Sternum short, with reduced number of
oszification centers.

Small nipples.

Abdominal Wall. Inguinal or umbilical hernia

and/or diastasis recti.
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Pelvis and Hips. Small pelvis, limited hip ab-
duction.

Grenitalin. Cryptorchidism (male).

Skin. Redundancy, mild hirsutism of forehead
and back, prominent cutis marmoratum,

Cardiac. Ventricular septal defect, patent duc-

tus arteriosus.

ABNORMALITIES OCCURRING IN 10
TO 50 PER CENT OF CASES

Craniofacial. Wide fontanels, microcephaly,
hypoplasia of orbital ridges.

Inner epicanthic folds, ptosis of evelid, corneal
opacity.
Cleft lip, cleft palate, or both.

Hands and Feet. Ulnar or radial deviation of
hand, hypoplastic to absent thumb, simiam
crease.

Equinovarus, rocker-bottom feet, syndactyly of
second and third toes.

Thorax. Relatively broad, with or without wide-
spread nipples.

Grenitalia. Female: hypoplasia of labia major
with prominent clitoris.

Anus. Malposed or funnel-shaped anus.

Cardiac. Auricular septal defect, bicuspid aortic
and/or pulmonic valves, nodularity of vale
leaflets, pulmonic stenosis.

Lung. Malsegmentation to absence of right

lung.

Diaphragm. Muscle hypoplasia with or without
eventration.

Abdomen. Meckel’s diverticulum, heterotopic

pancreatic and/or splenic tissue,
Incomplete rotation of colon.
Renal.  Horseshoe defect, ectopic kidney, double
ureter.

ABNORMALITIES FOUND IN LESS
THAN 10 PER CENT OF CASES

Central Nervous Sysfem. Facial palsy, paucity
of myelination, microgyria, cerebellar hypo-
plasia, defect of corpus callosum, hydroceph-
alus, meningomyelocele.

Craniofocial. Wormian cranial bones, shallow
elongated sella. Slanted palpebral fissures,
hypertelorism, colobomata of iris, cataract,
microphthalmos, choanal atresia.

Hands. Syndactyly of third and fourth fingers,
polydactyly, short fifth metacarpals, ecto-
dactyly.

Other Skeletal. Radial aplasia. Incomplete os-
sification of clavicle. Hemivertebra#, fused



vertebrae, short neck, scoliosis, rib anomaly,
pectus, dislocated hip.

Genitalia. Male: hypospadias, bifid scrotum.

Female: bifid uterus, ovarian hypoplasia.

Cardiovascular. Anomalous coronary  artery,
transposition, tetralogy of Fallot, coarcta-
tion of aorta, dextrocardia, aberrant sub-
clavian artery, and intimal proliferation in
arteries with arteriosclerotic change and
medial calcification.

Abdominal. Pyloric stenosis, omphalocele, ex-
trahepatic biliary atresia, hypoplastic gall-
hladder, gallstones, imperforate anus.

Renal. Hydronephrosis, polveyvstic (small cysts).

Endocrine. Thyroid or adrenal hypoplasia.

Other. Hemangiomata, thymic hypoplasia,
tracheoesophageal fistula, thrombocyto-
penia.

NATURAL HISTORY. Babies with the 18 tri-
somy syndrome are usually feeble and have
limited capacity for survival. Resuscitation is
often performed at birth, and they may have ap-
neic episodes in the neonatal period. Poor suck-
ing capability may necessitate nasogastric tube
feeding, but even with optimal management they
fail to thrive. Thirty per cent die within the first
month and 50 per cent by two months; only 10
per cent survive the first year® as severely men-
tally defective individuals. Once the diagnosis
has been established, the author recommends
limitation of all medical means for prolongation
of life.

ETIOLOGY. Trisomy for all or a large part of
the number 18 chromosome. The great majority
of casez have full 18 trisomy, the result of faulty
chromosomal distribution, which is most likely
to occur at older maternal age; the mean mater-
nal age at birth of babies with this syndrome is

32 years. Translocation cases, the result of chro-
mosomal breakage, can only be excluded by
chromosomal studies, and when such a case is
found the parents should also have chromosomal
studies to determine whether one of them is a
balanced translocation earrier with high risk for
recurrence in future offspring. Though no ade-
quate studies or recurrence risk exist for full 18
trisomy cases, it seems safe to presume that the
recurrence risk would be even lower than the
1 per cent for full 21 trisomy syndrome cases.
This latter statement is predicated on the indi-
cation that most 18 trisomic individuals die in
embryonic or fetal life, as suggested by the chro-
mosomal findings in spontaneous abortuses.
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18 TRISOMY SYNDROME

Some Pathological Features

Ectopic pancreatic tizsue in dusdenum,
Meckels diverticulum.

Defects of muscle development in diaphragm.
Horseshoe fused kidneys with extra ureter,

Ll
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A, Note hypertonicity evident in clenched hands and crossed legs: short sternum (arrow marks lower end);
narrow pelvis,

B, Prominent occiput; low-set, slanted auricle.

2, Clenched hand with index finger overlyving third, hypoplasia of fifth fingernail, low arch dermal ridge con-
figuration on fingertip, and dorsiflexed short hallux.

i(From Smith, D. W.: Am. J. Obstet. & Gynec., 20:1055, 1964.)
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A. Chromosomal Abnormality Syndromes

4. 13 TRISOMY SYNDROME

(D1 Trisomy Svyndrome)

Defects of Eye, Nose, Lip, and Forebrain of Holoprosencephaly Type: Polydactyly:
Narrow Hyperconvex Fingernails; Skin Defects, Posterior Scalp

Apparently described by Bartholin in 1657,
this syndrome was not generally recognized until
its trisomic etiology was discovered by Patau et
al.® in 1960. The incidence is about one per 5000
births.

ABNORMALITIES FOUND IN 50 PER
CENT OR MORE OF PATIENTS
Central Nervous System. Holoprosencephaly
type defect with varving degrees of incom-
plete development of forebrain and olfactory
and optic nerves,
Minor motor seizures, often with hypsarrhyth-
mic EEG pattern.
Apneic spells in early infancy.
Severe mental defect.
Hearing. Apparent deafness (defects of organ
of Corti in the two cases studied).
Cranium. Moderate microcephaly with sloping
forehead.
Wide sagittal suture and fontanels,

Eyes. Microphthalmia, colobomata of iris, or

both.
Retinal dysplasia, often including islands of

cartilage.

Mouth. Cleft lip, cleft palate, or both.

Auricles. Abnormal helices with or without low
set ears,

Skin. Capillary hemangiomata, especially fore-

head.
Localized scalp defects in parieto-occipital area.
Loose skin, posterior neck.
Hands and Feet. Distal palmar axial triradii.
Simian crease.
Hyperconvex narrow fingernails.
Flexion of fingers with or without overlapping
and camptodactyly.
Polydactyly of hands and sometimes feet.
Posterior prominence of heel.
Other Skeletal. Thin posterior ribs with or
without missing rib.
Hypoplasia of pelvis with shallow acetabular
angle,
Cardiae. Abnormality in 80 per cent with
ventricular septal defect, patent ductus

arteriosus, auricular septal defect, and
dextroposition, in decreasing order of fre-
quency.
Genitalia. Male: cryptorchidism, abnormal scro-
tum.
Female: bicornuate uterus.
Hematolagical. Increased frequency of nuclear

projections in neutrophils.
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Unusual persistence of embryonic and/or fetal
type hemoglobin.
Other. Single umbilical artery.
Inguinal or umbilical hernia.

ABNORMALITIES FOUND IN LESS
THAN 50 PER CENT OF PATIENTS
Growth. Congenital hypoplasia, mean birth

weight, 2480 gm.

Central Nervous System. Hypertonia, hypo-
tonia, agenesis of corpus callosum, hydro-
cephalus, fusion of basal ganglia, cerebellar
hypoplasia, meningomyelocele.

Eyes. Shallow supraorbital ridges, slanting pal-
pebral fissures, absent eyebrows, hypotelo-
rism, hypertelorism, anophthalmos, cyclopia.

Nose, Mouth, and Mandible. Abzent philtrum,
narrow palate, cleft tongue, micrognathia.

Hands and Feef. Retrofiexible thumb, ulnar de-
viation at wrist, low arch digital dermal
ridge pattern, fibular S-shaped hallucal
dermal ridge pattern, syndactyly, cleft be-
tween first and second toes, hypoplastic toe-
nails, equinovarus, radial aplasia.

Cardiac. Anomalous venous return, overriding
aorta, pulmonary stenosis, hyvpoplastic aorta,
atretic mitral and/or aortic valves, bicuspid
aortic valve.

Abdominal. Omphalocele, heterotopic pancre-
atic or splenic tissue, incomplete rotation of
colon, Meckel's diverticulum.

Renal. Polycystic (31 per cent), hydronephrosis,
horseshoe kidney, duplicated ureters.

Genitalia. Hypospadias, duplication andfor
anomalous insertion of fallopian tubes, uter-
ine cysts, hypoplastic ovaries.

Other. Thrombocytopenia, situs inversus of
lungs, cysts of thymus, calcified pulmonary
arterioles, large gallbladder, radial aplasia,
flexion deformity of large joints, diaphrag-
matic defect.

NATURAL HISTORY. Forty-four per cent of
these babies die within the first month and 89 per
cent by six months; only 18 per cent survive the
first vear. Survivors have severe mental defects,
often seizures, and fail to thrive. Only one adult,
33 vears of age, has been detected. Because of the
high infant mortality, surgical or orthopedic cor-
rective procedures should be withheld in early
infancy to await the outcome of the first few
months. Furthermore, because of the severe
brain defect, it is the opinion of the author that



no medical means should be utilized to prolong
the life of individuals with this syndrome, as
should be self-evident from the accompanying
illustrations.

ETIOLOGY. Trisomy for all or a large part of
a specific D group (13-15) chromosome which is
tentatively referred to as number 13. Older ma-
ternal age has been a factor in the oceurrence of
this aneuploidy syndrome, the mean maternal
age being 30.9 years. Although no accurate
empiric recurrence risk data are presently avail-
able, it is presumed that the likelihood for recur-
rence is of very low magnitude for the full 13
trisomy cases. As with Down's syndrome, chro-
mosomal studies are indicated on 13 trisomy syn-
drome babies born of young mothers, in order to
detect the rare translocation patient having a
balanced translocation parent for whom the risk
for recurrence would be of major concern.

COMMENT. The defects of mid-face, eve, and
forebrain, which occur in variable degree as a
feature of this syndrome, appear to be the con-

sequence of a single defect in the early (three
weeks) development of the prechordal mesoderm,
which is not only necessary for morphogenesis of
the mid-face but exerts an inductive role on the
subsequent development of the prosencephalon,
the forepart of the brain. This type of defect has
been referred to as holoprosencephaly or arhinen-
cephaly and varies in severity from cyclopia, to
cebocephaly, to less severe forms.
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13 TRISOMY SYNDROME

13 Trisomy patient at six weeks (22 inches, 9 pounds) and again at two years (30 inches, 15 pounds).

Some Pathological Features

1. Lack of septation of forebrain (holoprosencephaly).
2. Dwsplastic retina with rosette formation.
3. Excess nuclear projections in polymorphonuclear leukocyte.
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A, Note sloping forehead, variable defect in facial development. (From Smith, D. W, et al.: J. Pediat., 62:326,
1963.)

B, Narrow hyperconvex fingernails, anomalous serotum, prominent heel, and posterior scalp lesions, i From
Smith, D, W.: Am. J. Obstet. & Gvnec., 90:1055, 1964.)
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A. Chromosomal Abnormality Syndromes

5. CHROMOSOME NUMBER 4 SHORT ARM
DELETION SYNDROME

Ocular Hypertelorism with Broad or Beaked Nose, Microcephaly and|or
Cranial Asymmetry, and Low Set, Simple Ear with Preauricular Dimple

After delineation of the cri-du-chat syn-
drome, oceasional patients with deletions of the
short arm of a B-group chromosome were found
who lacked the typical cry and some other fea-
tures of that condition. Autoradiographic labeling
studies revealed that the deficient chromosome
was a number 4 rather than a number 5, and the
detection of further cases with consistent clinical
findings have allowed the definition of the syn-
drome.

ABNORMALITIES (12 cases)

Growth. Marked growth deficiency, prenatal
onset.

Performance. Feeble fetal activity. Severe
mental deficiency; seizures.

Craniofacial. Strabismus, iris deformity, epi-
canthic folds; cleft lip and/or palate, down-
turned “fishlike” mouth, short upper lip.

Extremities. Hypoplastic dermal ridges, low
dermal ridge count. Simian creases.

Other. Hypospadias, cryptorchidism,
dimple or sinus.

sacral

OCCASIONAL ABNORMALITIES. Exoph-
thalmos, defect of the medial half of the eye-
brows, cardiac defect, metatarsus equinovarus,
absence of pubic rami, delayed bone age, pre-
cocious puberty, midline scalp defect.

NATURAL HISTORY. These children are pro-
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foundly mentally defective and tend to have
severe grand mal seizures. Those who survive
beyond early childhood have shown continued
slow growth, with a propensity for respiratory
infections. One boy with the syndrome experi-
enced precocious puberty.

ETIOLOGY. Partial deletion of the short arm
of chromosome 4. All cases reported to date have
been sporadic occurrences, and no parental car-
riers for the deletion have yet been detected.

COMMENT. Although chromosome analysis
may be misleading because of difficulties in dis-
criminating between chromosomes number 4
and 5, this condition can be distinguished from
the cri-du-chat syndrome on clinical grounds.
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A to C, Two week old, 11 month old, and two and three fourths vear old. (From Wolf, U., and Reinwein, H.;
Ztschr. Mur Kinderh,, 98:235, 1967.)

D), Five and three fourths vear old with height age of ten months, and intelligence quotient of less than 20

E. Seven year old with height age of three and one half yvears: performance age of less than six months.

F, Relatively simple form of ear with cutaneous pit

G, B group of chromosomes from patient shown in E
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A. Chromosomal Abnormality Syndromes

6. CRI-DU-CHAT SYNDROME

(Partial Deletion of the Short Arm of Chromosome Number 5)

Cat-Like Cry in Infancy, Microcephaly, Anti-Mongoloid Slant of the Palpebral Fissures

Lejeune et al.! first deseribed this condition
in 1963 in patients with a similar pattern of mal-
formation who had a partial deletion of the short
arm of one of the B group chromosomes. In 1964,
German® demonstrated by autoradiographic
studies that this was chromosome number 5.
Further reports have raised to about 30 the num-
ber of cases described.

ABNORMALITIES
General. Low birth weight (less than
2.5 kg.) T2%
Slow growth 100%
Cat-like cry 100%%
Performance. Mental deficiency 1005
Hypotonia T8%
Craniofacial. Microcephaly 100%
Round face 68%
Hypertelorism 94%
Epicanthic folds B5%
Downward slanting of the palpebral
fissures 81%
Strabismus 61%
Low set andfor poorly formed ears 58%
Heart. Congenital heart disease
ivariable in type) 30%
Hands. Simian crease 81%
Distal axial triradius 40%
OCCASIONAL ABNORMALITIES. Cleft lip

and cleft palate, preauricular skin tag, facial
asymmetry, bifid uvula, short neck, short meta-
carpals, clinodactyly, inguinal hernia, cryp-
torchidism, absent kidney and spleen, and
hemivertebra.

NATURAL HISTORY. The majority of the re-
ported cases have been young, and thus it is diffi-
cult to depict the natural history of this disease
at the present time. The mewing cry, ascribed
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to abnormal laryngeal development, becomes
legs pronounced with increasing age of the pa-
tient, thus making the diagnosis more difficult
in older patients.

ETIOLOGY. The underlying chromosomal ab-
erration, partial deletion of the short arm of
chromosome number 5, has appeared as a fresh
phenomenon in the vast majority of the cases,
which have been, therefore, sporadic occurrences
within the families. In two cases an inherited
translocation has been reported: one by Lejeune
et al., in which the patient’s mother had a bal-
anced 5/D translocation; and the other by Lau-
rent and Robert” who studied a sibship with
three affected brothers whose normal-appearing
mother also had a deletion of the short arm of
chromosome number 5, her missing piece of
number 5 presumably being translocated to an
unknown recipient chromosome.
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. L1
A, Nine month old with height age of 5 months; birth length 18 inches. Note the delay in dentition.
B, Three and five sixths yvear old, height age of one and one half years. Note the inner epicanthal fold and
relatively small cranium with narrow forehead.

(From Smith, D W.: J, Pediat., 7(:475, 1967.)
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A. Chromosomal Abnormality Syndromes

7. LONG ARM 18 DELETION SYNDROME

Mid-Facial Hypoplasia, Prominent Antihelix, Whorl Digital Pattern

Discovered by DeGrouchy et al. in 1964, this
genetic imbalance syndrome has been docu-
mented in more than 24 cases,” and a recogniz-
able pattern of malformation has emerged.

ABNORMALITIES©
fxrowth. Small stature.
Performance. Mental deficiency with hypo-
tonia, poor coordination, nystagmus, con-
ductive deafness.
Craniofacial. Microcephaly.
Mid-facial hypoplasia with deep set eyes.
Carp-shaped mouth, narrow palate.

Ears. Prominent antihelix, antitragus, or both.
Marrow or atretric external canal.

Limbs. Long hands, tapering fingers and short
first metacarpal with proximal thumb.

High frequency whorl digital pattern, distal
axial triradius, simian crease.

Abnormal toe placement.

Vertical talus with or without talipes equino-
VAarus.

Genitalia. Female: hypoplastic labia minora.

Male: eryptorchidism with or without small
scrotum and penis.

Other. Eczema (6 of 24).

Skin dimples over acromion, knuckles.
Cardiac defect.

ABNORMALITIES OF UNCERTAIN
FREQUENCY

Eye. Inner epicanthic folds, slanted palpebral
fissures, ocular hypertelorism, microphthal-
mia, corneal abnormality, cataract, retinal
defect, abnormal optic disc.

a0

Ear. Atretic middle ear, low set ears.

Other. Cleft palate, widely spaced nipples, ex-
tra rib, horseshoe kidney, lipomata at lateral
border of feet.

NATURAL HISTORY. Severe mental defi-
ciency and growth deficiency, coupled with vari-
able visual and hearing problems, may leave
these individuals seriously handicapped. How-
ever, some patients with this deletion have not
been severely affected. For example, a ten year
old child studied by Wertelecki et al.® was not
obviously debilitated.
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A, Young infant. Note shape of mouth, midfacial hypoplasia,
and prominent antihelix. (Courtesy of E. Engel, Vanderbilt Uni-

versity.)

B, Infant. Note prominent antihelix and absence of external
auditory canal openings.

C, Note mild slant to palpebral fissures, strabismus, and facial
asymmetry,

I, Note mouth and micrognathia

E, Note prominent forehead in relation to hypoplasia of mid-
face.

(B to E courtesy of W. Wertelecki, National Cancer Institute -
NIH, P. 5. Gerald, Boston Children’s Hospital.)




A. Chromosomal Abnormality Syndromes

8. LONG ARM “21” DELETION SYNDROME

(Antimongolism)

Daownslanting Palpebral Fissure, Large Malformed External Ears, Micrognathia

One other case has been reported since Le-
jeune et al' described this condition in 1964,°
and a third case has been studied by German.?

ABNORMALITIES. Features found in at least
twa of the three patients:

Growth. Birth weight below 2.5 kg.

Performance. Apparent mental deficiency and
hypertonia.

Facies. Blepharochalasis (redundant eyvelids),
anti-mongoloid slanting of the palpebral fis-
sures, prominent nasal bridge, large ex-
ternal ear with wide external auditory canal,
and micrognathia.

Hands. Dysplastic nails, distal axial triradii.

Other. Hypospadias, pyloric stenosis, thrombo-
cvtopenia, retarded osseous maturation.

OCCASIONAL ABNORMALITIES. Found in
only one of the three patients: seizures; cata-
racts; absent helix, preauricular tags; cryptor-
chidism; agenesis of the left kidney; inguinal
hernia; hemivertebrae; syndactyly: increased
iliac index; eosinophilia; increased leukocyte
alkaline phosphatase.
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NATURAL HISTORY. Lejeune's' and Reis-
man's® patients were both young infants, and we
have no information regarding their further
clinical course.

ETIOLOGY. The partial deletion, presumahbly
of the long arm of the 21 chromosome, has been
of different extent in each of the cases, which
may account for some of the variability in pheno-
typic expression.

COMMENT. This syndrome appears to be a
distinct entity, although it will require further
definition before a clear pattern of malformation
can be set forth.

REFERENCES
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& . b S 3'.1'
Four day old. Note large ears, micrognathia, and malar hypoplasia with downslanting palpebral fissures.
(From Reizman, L. E.: Lancet, 7:394, 1966.)
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A. Chromosomal Abnormality Syndromes

9. COLOBOMA OF IRIS AND ANAL ATRESIA SYNDROME
—DUE TO SMALL EXTRA CHROMOSOME

(Cat-Eve Syndrome)

Coloboma of Iris, Downslanting Palpebral Fissures, Anal Atresia

This pattern of malformation and its chromo-
somal etiology were discovered by Schmid in
Zurich and Fraccaro in Pavia, and the condition
was briefly reported by Schachenmann et al.' in

1965.

ABNORMALITIES. Based on four cases, all
females.

Performance. Mild to moderate developmental

and/or mental deficiency (four).
Facies. Colobomata of iris (lower vertical)
{four).
Mild hypertelorism and slight downward slant
to palpebral fissures (four).
Preauricular fistula (twa).
Intestine. Anal atresia with rectovestibular fis-
tula (three).

OCCASIONAL ABNORMALITIES. Microph-
thalmos, dislocation of hip, unilateral renal
aplasia (one case each).

ETIOLOGY. All four patients had an abnor-
mally small acrocentric extra chromosome, about
half the size of a G group autosome. At least part
of the abnormal chromosome seems derived from
a 13-15 or a 21-22 chromosome because its short
arms bear satellites. Two of the patients were
a mother and her daughter, demonstrating that
reproduction can occur in this disorder allowing
for a dominant mode of inheritance.

REFERENCES
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Infant showing downslanting palpebral fissures, colobomata of iris, and preauricular pits. Arrow denoies
extra chromosome. (From Schmid, W.; J. de Géndét, Humaine, 16:89, 1967.)



A. Chromosomal Abnormality Syndromes

10. PENTA-X SYNDROME

Upward Slant to Palpebral Fissures, Patent Ductus Arteriosus,
Small Hands with Clinodactyly of Fifth Fingers

The first description of an individual with
XXXXX was by Kesaree and Wooley' in 1963.
Subsequently only one other case has been re-
ported.?

ABNOEMALITIES. Findings common to both
patients:
Severe mental deficiency.
Growth deficiency, especially postnatally.
Mild upward slant (mongoloid) to palpebral fis-
2Ures.
Small hands with mild clinodactyly of fifth
fingers.
Patent ductus arteriosus.

ANOMALIES FOUND IN ONE OF THE TWO
CASES. Colobomata of iris, hypertelorism,
inner canthal folds, low set ears, short neck,
simian creases, equinovarus, overlapping toes.

NATURAL HISTORY. One patient was pre-
maturely born. Both failed to thrive; one had
frequent vomiting and the other had frequent
respiratory infections.

COMMENT AND ETIOLOGY. Of interest is
the occurrence in these XXXXX individuals of
many of the nonspecific anomalies found in
Down’'s syndrome, a diagnosis which was ini-
tially considered in both patients. However, the
total pattern of malformation in each case differs
from the usual pattern of Down's syndrome. The
finding of as many as four sex chromatin bodies
in interphase nuclei in conjunction with three
extra C group chromosomes in metaphase prep-
arations establishes the presence of 5 X chromo-
SOIMes.

The maternal ages at birth of the two pa-
tients were 42 years and 22 years respectively.

REFERENCES

1. Kesaree, N., and Wooley, P. V.: A phenotypic female
with 49 chromosomes, presumably XXXXX, A
case report. J. Pediat., 63:1099, 1963,

2. Brody, J., Fitzgerald, M. G., and Spiers, A. S.: A fe.
male child with five X chromosomes. J. Pediat.,
70:105, 1967.

Two and one third yvear old with height age of 18
months and a performance level of about one year. A
patent ductus arteriosus had been repaired. The hands
were small with incurved fifth fingers, and the ears
were slightly low in placement. (From Brody, J., et al.:
J. Pediat., 70:105, 1967.)
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A. Chromosomal Abnormality Syndromes

11. XO SYNDROME

(Turner’s Syndrome)

Short Female, Broad Chest with Wide Spacing of Nipples,
Congenital Lymphedema or Its Residua

An association between small stature and
defective ovarian development had been noted
as early as 1922 by Rossle,! who classified the
disorder under "sexagen dwarfism.” A more ex-
panded syndrome of small stature, sexual in-
fantilism, webbed neck, and cubitus valgus in
seven females was described by Turner® in 1938,
The discovery of the chromosomal basis for the
syndrome led to a more concise and expanded ap-
preciation of the clinical phenotype of the XO
syndrome, generally called Turner’s syndrome.

Chromosomal studies of spontaneous abor-
tuses have clearly shown that the majority of
X0 individuals die in the first few prenatal
months. The precise reason for this early mor-
tality has not been elucidated. At birth the in-
cidence of sex chromatin negative females,
presumably XO individuals, is 0.4 of 1000 fe-
males, or about 1:5000 newborns. Obviously
this does not include many of the X0O/XX mosaics
or individuals with only a partial deletion of
one X, who might be sex chromatin positive.

ABNORMALITIES. The following list of ab-
normalities, with the approximate precentage
for each anomaly, includes those of the full mono-
somic XO syndrome. Patients with only a part
of the cells X0 (XX/X0 mosaics, XY/X0 mosaics
with varying degrees of male type genitalia),
or in whom only a part of one X is missing (X-
isochromosome X or X-deleted X), generally have
a lesser degree of malformation and seldom have
such features as congenital lymphedema, web
neck, or coarctation of the aorta. The most con-
sistent features for the entire group are small
stature and gonadal dysgenesis. Because the
latter feature is not evident during childhood,
a chromosomal study is indicated in any girl
with short stature of unknown cause whose clin-
ical phenotype is not incompatible with the XO
syndrome.
Growth, Small stature, often evident by birth
(100 per cent).
Gonad. Ovarian dysgenesis with hypoplasia to
absence of germinal elements (90+ per cent).
Lymph Vessels. Transient congenital lymphe-
dema with residual puffiness over the dor-
sum of the fingers and toes (B0+ per eent).
Thorax. Broad chest with widely spaced nipples
which may be hypoplastic, inverted, or both
(80+ per cent); often mild pectus excavatum.

Auricles. Anomalous auricles, most commonly
prominent (80+ per cent).

Facies. Narrow maxilla (palate) (80+ per cent).
Relatively small mandible (70+ per cent).
Inner canthal folds (40+ per cent).

Neck. Low posterior hairline, appearance of

short neck (80+ per cent).
Webbed posterior neck (50 per cent).

Extremities. Cubitus valgus or other anomaly
of elbow (70+ per cent).

Knee anomalies such as medial tibial exostosis
(60+ per cent).

Short fourth metacarpal, metatarsal, or both
(504 per cent).

Other Skeletal. Bone dysplasia with coarse tra-
becular pattern, most evident at metaphys-
eal ends of long bones (50+ per cent).

Nails. Narrow, hyperconvex and/or deep set
nails (70+ per cent).

Skin. Excessive pigmented nevi (50+ per cent).
Distal palmar axial triradii (204 per cent).
Loose skin, especially about the neck in in-

fancy (? per cent).

Renal. Most commonly horseshoe kidney, dou-
ble or cleft renal pelvis, and minor altera-
tions (60+ per cent).

Cardiac. Cardiac defect (20+ per cent), of which
70 per cent are coarctation of aorta.

CNS. Perceptive hearing impairment (50+ per
cent).

OCCASIONAL ABNORMALITIES

Skeletal. Abnormal angulation of radius to
carpal bones, short mid-phalanx of fifth
finger, short third to fifth metacarpals and/or
metatarsals, scoliosis, kyphosis, spina bifida,
vertebral fusion, cervical rib, abnormal sella
turecica.

Eyes. Ptosis (16 per cent), strabismus, blue
sclerae, cataract.

NS, Mental retardation, about 10 per cent.
Mean intelligence quotient about 95.

Other. Hemangiomata, rarely of the intestine.
Idiopathic hypertension.

NATURAL HISTORY. The congenital lym-
phedema usually recedes in early infancy, leav-
ing only puffiness over the dorsum of the fingers
and toes, although rarely there may be recrudes-
cence of the lymphedema with estrogen replace-
ment therapy. At birth the skin tends to be loose,

i Text continued)
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especially in the posterior neck where excess
skin may persist as the pterygium colli. Small
size is often evident at birth, the mean birth
weight being 2900 gm. Linear growth proceeds
at about half to three fourths the usual rate,
there is usually no adolescent growth spurt, and
final height of 50 to 60 inches with a mean of 55
inches is achieved at a usual age despite the
roentgen evidence of "retarded osseous matura-
tion.” The relative stature of X0 individuals is
still influenced by the genetic background, the
tallest sets of parents having the tallest XO
children.

An occasional patient with the X0 syndrome
may show evidence of estrogen production at
adolescence, although this is generally transient;
one XO individual was fertile. Generally cyclic
estrogen replacement therapy is indicated, be-
ginning at the appropriate psychological time
for each individual. At some time between eight
vears and adolescence they should be told that
the ovaries are incompletely developed and they
should plan on adopting children and taking
"the same kind of medicine the ovary makes” at
adolescence.

The actual incidence of early mortality due
to congenital heart defect is unknown because
there is no large series of cases diagnosed from
birth. The types of renal anomalies that occur
generally pose no problem to health, which is
generally good. Enhancement of physical ap-
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pearance by plastic surgery for prominent inner
canthal folds, protruding auricles, and especially
forr web neck should be given serious considera-
tion prior to school age. The major psychological
problem is usually the adaptation to shortness
of stature, for which there is no effective treat-
ment at present.

At the present time we do not have adequate
information on longevity and cause of death be-
yvond the age of childhood for individuals with
the X0 syndrome,

ETIOLOGY. Faulty chromosomal distribution
leading to XO individual with 45 chromosomes.
The paternal sex chromosome is more likely the
one to be missing, as indicated by studies for
X-linked gene expressions in the XO individuals
and their parents. There has been no significant
older maternal age factor for this aneuploidy
syndrome. It is generally a sporadic event in a
family, although there are as vet no adequate
data on risk for recurrence.
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X0 S5YNDROME

A to C, One month old. Note lvmphedema, prominent ears, and loose folds of skin in posterior neck with low
hair line.

|
i D, Same girl at two years and at four yvears, with height ages of 17 months and three years respectively
i #, Low posterior hair line and residual lateral neck weh.
F. Marrow, hyperconvex, deep-set fingernails; residual puffiness.
i (A to C, E, and F from Lemli, L., and Smith, D. W.: J. Pediat., 63:577, 1963.)
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12. TURNER-LIKE SYNDROME

(Male Turner's Syndrome Without Chromosome Abnormality, Noonan’s Syndrome)

Webbing of the Neck, Pectus Excavatum, Cryptorchidism, Pulmonic Stenosis

Kobilinsky' reported in 1883 a 20 year old
male with webbing of the neck, incomplete fold-
ing of the ears, and low posterior hairline, but
no mention was made of other physical findings.
The first complete description appears to be that
of Weissenberg® in 1928, Several reports during
the recent vears have raised the number of pub-
lished cases to about 80.

ABNORMALITIES
Grrowth. Short stature B6%
Performance. Mental retardation 43%
Facies. Epicanthic folds 30%
Low set and/or abnormal auricles 30%
Neck. Low posterior hairline 40%
Web neck T4%
Thorax. Shield chest 36%
Pectus excavatum 50%
Other Skeletal. Cubitus valgus 51%
Abnormalities of vertebral column™ 41%
Heart. Congenital heart disease
(pulmonic stenosis, septal defects) 48
Genitalia. Small penis 40%
Cryptorchidism 63%
Small testes, without cryptorchidism 25%

OCCASIONAL ABNORMALITIES. Ptosis of
the eyelids, hypertelorism; nerve deafness; high
arched palate; hypoplastic nipples; edema of the
dorsum of the hands and feet; simian creases;
unusual woolly-like consistency of the hair.

NATURAL HISTORY. The natural history of

this condition has not been adequately deline-
ated. There iz no apparent propensity to any
special type of illness. The degree of mental re-
tardation is seldom severe, and the social per-
formance is usually better than anticipated from
the intelligence quotient.

The reported findings from testicular bi-
opsies are difficult to interpret in terms of

Abnormal curvature or abnormal vertebrae e.g.,
spina bifida oceulta, hemivertebrae).
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function because most have been performed in
prepubertal or undescended testes.

ETIOLOGY. Unknown. Usually a sporadic oc-
currence within families. Nora® has observed this
pattern of malformation in three families with
a vertical mode of dominant inheritance, and
Migeon® has reported a similar syndrome in
siblings whose parents were normal. Perhaps
closer scrutiny will reveal several clinical en-
tities within the rather loose designation, Turner-
like syndrome.

The most likely condition to be confused
with this syndrome is the XO/XY mosaicism.
The incomplete development of the penis, which
many XO/XY individuals have, is helpful in the
differential diagnosis.

COMMENT. General differences between this
syndrome and the XO Turner's syndrome are
clinically evident. Patients with the Turner-like
syndrome are more likely to have mental re-
tardation, a serious degree of pectus excavatum,
and congenital heart disease is not only a more
common feature but is also of different type than
in the X0 syndrome.
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A, Twelve vear old with height age of seven yvears. Mental deficiency but a
very affable personality. Cardiac defect., Cryptorchidism. (From Smith, I, W,
J. Pediat,, 70473, 1967.)

B. Nine year old; height age at ten and one half vears was five and two thirds
years. Cardiac defect. (From Ferrier, P. E.: Pediatrics, 40:575, 1967.)
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B. Unusually Small Stature with Associated Defects

13. CORNELIA DE LANGE SYNDROME

Synophrys of Eyebrows, Thin Downturning Upper Lip, Micromelia

The syndrome was originally described in
1933 by Cornelia de Lange,! and although sev-
eral reports appeared in the following years in
the European literature, it was not until 1963
that it came into more general recognition. About
120 cases have been reported.

ABNORMALITIES
Growth. Shortness of stature of
prenatal onset 100%
Retarded osseous maturation 0%

Performance. Mental retardation and
sluggish physical activity 100%
Initial hypertonicity 1009
Low pitched weak cry 100%
Cranium. Microbrachycephaly 93%
Eyes. Bushy eyebrows and synophrys 999
Long, curly eyelashes 100%
Noge. Small nose, anteverted nostrils 1009
Mouth. Characteristic lips and mouth® 100%
High arched palate 50%
Mandible. Micrognathia 97%
Spurs in the anterior angle of the
mandible, prominent symphysis 66%
Skin. Hirsutism 97%
Cutis marmorata and perioral
“ecyanosis” 64%
Hypoplastic nipples and umbilicus U7
Hands and Arms. Micromelia BA%
Phocomelia and oligodactyly 30%
Clinodactyly of fifth fingers 69%
Simian crease B4%
Proximal implantation of thumbs 81%
Flexion contracture of elbows B4%
Feef. Micromelia 99%
Syndactyly of second and third toes Bl%
Male Genitalin. Hypoplasia 4/17
Undescended testes 15/26

OCCASIONAL ANOMALIES. Myopia, astig-
matism, optic atrophy, coloboma of the optic
nerve, proptosis, choanal atresia, low set ears,
cleft palate, congenital heart defect, hiatus her-
nia, duplication of gut, malrotation of colon,
brachyesophagus, pyloric stenosis, inguinal her-
nia, small labia majora, radial hypoplasia, short
first metacarpal and absent second to third inter-
digital triradius.

*Thin lips with small midline beak of the upper
and corresponding notch in the lower lip; downward
curving of the angle of the mouth,
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NATURAL HISTORY AND MANAGEMENT.
These patients show a marked retardation of
growth, evident by the time of birth, and as a
rule they fail to thrive. Their intellectual per-
formance is usually severely limited. Episodes
of aspiration in infancy, and increased suscepti-
bility to infections appear to constitute the major
hazard for survival in these patients. Although
no adequate mortality statistics are available,

it is apparently unusual for such patients to at-
tain adulthood.

ETIOLOGY AND RECURRENCE RISK. Un-
known,

The etiology is uncertain, but the fact that
the syndrome is such a homogeneous one, and
that the vast majority of the cases are sporadic,
makes the hypothesis of its being determined
by a single gene mutation very appealing. Be-
cause none of these patients have reproduced,
this possibility cannot be substantiated.

Chromosomal aberrations of different types
have been occasionally found in patients with the
Cornelia de Lange syndrome, but they have not
been consistent enough to be considered as its
mode of determination. However, a small dele-
tion, undetectable with our present laboratory
techniques remains a possibility. Another possi-
bility is etiologic heterogeneity, there being more
than one mode of cause for this pattern of mal-
formation.

COMMENT. The different functional abnor-
malities that have been reported in some pa-
tients, e.g., endocrine, hematologic, immunologic,
represent another indication of the widespread
effect of this condition in the patient.
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A, Neonate with small hands and feet,

B, Three month old with newborn length.

C, Five and one half vear old with height age of two years and severe defect of right distal limb,
D, Similar facies of four affected individuals.

tFrom Ptacek, L. .J., et al.: J. Pediat., &3:1000, 1963.)
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B. Unusually Small Stature with Associated Defects

14. RUBINSTEIN-TAYBI SYNDROME

Broad Thumbs and Toes, Slanted Palpebral Fissures, Hypoplastic Maxilla

Rubinstein and Taybi set forth this clinical
entity in 1963.' More than 24 cases have been
reported,” ™ and Rubinstein is aware of 112 cases.

ABNORMALITIES
Grrowth. Short stature TO%

Retarded osseous maturation a4%
Performanece. 1.Q. 17 to 86,

EEG abnormality 60%
Cranium. Small B4%
Facies. Palpebral fissures slant

downwanrd 100%:

Mazxilla hypoplastic with narrow

palate 100%
Beaked nose with nasal septum
extending below alae 68%

Epicanthic folds 62%

Strabismus T9%

Refractive error 8%

Auricles low set and/or malformed B4%
Hands and Feet. Broad thumbs

with radial angulation and
broad toes 100%
Other fingers and toes broad BT
Excess dermal ridge patterning
in thenar and first interdigital
areas of palm® 50%
Pelvis. Low acetabular angle,
flare to ilia ?
Genifalia. Cryptorchidism 100%
Skin. Nevus lammeus 54%

OCCASIONAL ABNORMALITIES

Skeletal. Prominent forehead, large anterior
fontanel, large foramen magnum, parietal
foramina, micrognathia, sternal anomalies,
unfused arch of first cervical vertebra and
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other vertebral anomalies, scoliosis, syn-
dactyly, polydactyly, clinodactyly of fifth
finger.

Other. Cataract, coloboma, ptosis of eyelid,
long eyelashes and hypertrichosis, simian
crease, distal axial triradius, cardiac anom-
aly, renal anomaly, angulated penis, ky-
phoscoliosis, seizures, absence of corpus
callosum,

NATURAL HISTORY. Respiratory infections
and feeding difficulties are frequent problems in
infancy. The degree of mental deficiency is vari-
able, the most usual intelligence quotient being
in the 40 to 50 range.

ETIOLOGY. Unknown. All cases have been a
sporadic occurrence in the family with the ex-
ception of two siblings reported by Johnson.?
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A, Three and one half vear old. Height age of two vears. 1@, 45. Slight downslant to palpebral fissures.
B, Hand and foot on patient shown in A.

C, Change in facies from birth to several vears of age. Note broad thumb at birth

[, Change in facies from three and one half to 14 years.

(C and D are gratefully acknowledged to J. Rubinstein, Cincinnati.)
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B. Unusually Small Stature with Associated Defects

15. SILVER'S SYNDROME

Short Stature of Prenatal Onset, Skeletal Asymmetry, Small Incurced Fifth Finger

This pattern of malformation was initially
described by Silver' in 1959, and he later sum-
marized the findings in 29 patients.”

ABNORMALITIES. Based on 29 cases.*

GGrowth and Skeletal. Small
stature, prenatal onset 93%
Immature osseous development 55%
Asymmetry, most commonly of
extremities THS
Short and/or incurved fifth finger T6%
Facies. Turned down corners of
mouth 62%
Triangular facies 52%
Skin. Café-au-lait spots 45%

OCCASIONAL ABNORMALITIES. Altered
pattern of sexual maturation in at least 34 per
cent; syndactyly in 38 per cent; mental deficiency,
dislocation of hips, dislocation of radius and ulna
at the elbow, hypospadias.

NATURAL HISTORY. The patients generally

have a consistently slow pace of growth. Because
no adults have been reported, it is not possible
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to state final height attainment. The altered
patterns of sexual development observed by Sil-
ver have been (1) early advent of gonadotropin,
(2) sexual precocity out of accordance with level
of osseous maturation, and (3) premature onset
of only certain features of adolescence such as
estrinization of vaginal mucosa.

ETIOLOGY. Unknown. All cases described to
date have been sporadic, with the exception of
one family known to Dr. Silver in which the
mother of a patient is short of stature, has café-
au-lait spots, and had precocious adolescence.
The observation raised the question of whether
this disorder is due to a single mutant gene with
most cases representing fresh mutations.
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A, Six month old; height age, two months. Asymmetric leg length. (From Smith, D. W.: J. Pediat., 70:483,
1967, )

B, Three and three fourths year old; height age, one and one half vears, Note slight facial asymmetry.

C, Six year old with height age of two vears. Note clinodactyly of fifth fingers. (Courtesy of J. Aase, Uni-
versity of Washington. )
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B. Unusually Small Stature with Associated Defects

16. BLOOM’S SYNDROME

Short Stature, Malar Hypoplasia, Telangiectatic Erythema of the Face

Since Bloom’s original description in 1954,
about 20 cases of this disorder have been re-
ported.

ABNORMALITIES. Prenatal onset of short-
ness of stature and facial telangiectatic erythema
which involves the butterfly area and is exacer-
bated by exposure to sunlight. Dolichocephaly
with malar hypoplasia with or without a small
nose.

OCCASIONAL ABNORMALITIES. Telangi-
ectatic erythema of the dorsa of the hands and
forearms. Absence of upper lateral incisors.
Prominent ears. Café-au-lait spots, ichthyotic
skin, hypertrichosis, pilonidal eyst, sacral dim-
ple. Syndactyly, polydactyly, clinodactyly of
fifth finger, short lower extremity, club foot,
Propensity to develop lyvmphoreticular malig-
nancy.

NATURAL HISTORY. These patients show a
consistently slow pace of growth. Feeding prob-
lems are frequent during infancy., The facial
erythema is very seldom present at birth, usu-
ally appearing during infancy following exposure
to sunlight; it may excoriate, but improves after
childhood. These are pleasant children with nor-
mal intelligence.

Malignancy has been the major known cause
of death. Three patients are known to have died
of leukemia, and another is reported to have a
solid malignant tumor, out of 23 cases studied.
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Of interest is the in vitro tendency to chro-
mosomal breakage and rearrangements found in
cultured leukocytes and fibroblasts from all pa-
tients studied and, to a lesser extent, in some of
their parents.

GENETICS. Autosomal recessive, with the
majority of individuals being of Ukrainian Jew-
ish ancestry. The excess of affected males to fe-
males is unexplained.

COMMENT. The relation of the in vitro chro-
mosomal breakage and the development of malig-
nancies is not well understood at present. The
same type of chromosomal breakage has been
observed in Fanconi’s pancytopenia syndrome,
in which there is also an increased frequency of
leukemia among affected individuals and close
relatives.

REFERENCES

1. Bloom, ID.; Congenital telangiectatic erythema re-
resembling lupus ervthematosus in dwarfs. Am.
J. Dis. Children, 88:754, 1954,

2, Bloom, I}.: The syndrome of congenital telangiectatic
ervthema and stunted growth. J. Pediat., 68;103,
1966,

3. Sawitzky, A., Bloom, D., and German, J.: Chromo-
somal breakage and acute leukemia in congen-
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Four and one half vear old. Height age, two and one half years.
Died of leukemia at 13 and one half yvears. (Courtesy of D. Bloom,

M.D.)
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B. Unusually Small Stature with Associated Defects

17. SECKEL'S SYNDROME

Severe Short Stature, Microcephaly, Prominent Nose

Reported by Mann and Russell’ in 1959, this
condition was extensively studied by Seckel in
1960.*

ABNORMALITIES

Grrowth. Prenatal onset of marked growth defi-
clency.

{"N5. Mental deficiency.

Craninm. Microcephaly with premature synos-
tosis.
Facies. Hypoplasia with prominent nose.

Awricle. Low set, malformed, or both; especially
lack of lobule.

Upper Extremity. Clinodactyly of fifth finger,
simian crease, absence of some phalangeal
epiphyses, hypoplasia- of proximal radius.

Lower Extremities. Dislocation of hip. hypo-
plasia of proximal fibula, gap between first
and second toes.

Thorax. Only 11 ribs.

frenifalin. Cryptorchidism (male).

OCCASIONAL ABNORMALITIES. Facial
asymmetry, strabismus, partial anodontia,
enamel hypoplasia, sparse hair, scoliosis, club
foot, pes planus, hypoplastic external genitalia.

NATURAL HISTORY. Gestational timing may
be prolonged. Birth length, 13.5 to 17 inches;
birth weight, 1 to 4.3 pounds. Final height, about
3 to 3Y%: feet. Moderate to severe mental defi-
ciency, though early motor progress may be near
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normal. The cerebrum is small with a simple
primitive convolutional pattern resembling that
of a chimpanzee. Though they tend to be friendly
and pleasant, these patients are often hyper-
kinetic and easily distracted. Poor joint develop-
ment and support may be evident by dislocations
of the hip, elbow, or both, and by later develop-
ment of scoliosis, kyphosis, or both. Survival to
an age of 75 vears has been recorded.

ETIOLOGY. Probable autosomal recessive.

COMMENT. This pair of mutant genes pre-
sumably retards the pace of mitosis, leading to
congenital hypoplasia with a continued slow pace
of growth.

REFERENCES

1. Mann, T. P., and Russell, A.: Study of a microcephalic
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a2:1024, 1959,
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I1l., Charles C Thomas, 1960, p. 241.

3. Harper, R. (&, Orti, E., and Baker, R, K.: Bird-headed
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70:799, 1967.

4. McKusick, V. A., Mahloudji, M., Abbott, M. H.,
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A, Fourteen month old: height age. two months. B, Five vear old; height age, 19 months. (From Seckel, H. B. G.:
Bird-Headed Dwarfs. Springfield, [11., Charles C Thomas, 18960.)
C, Mentally deficient brother (six year old) and sister (three vear old) with height ages of 11 months and four
months rezpectively. (From Harper, R. G., et al.: J. Pediat., 70:7989, 1967.)
—
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B. Unusually Small Stature with Associated Defects

18. HALLERMAN-STREIFF SYNDROME

(Oculomandibulodvyscephaly with Hypotrichosis)

Microphthalmia, Small Pinched Nose, Hypotrichosis

The first report was by Audry,' who described
an incomplete case in 1893. Hallerman, in 1948,
and Streiff, in 1950, independently described
three cases, recognizing this syndrome as a sepa-
rate entity. In 1958 Francois® collected all the
previously published cases and emphasized the
cardinal features of the condition. About 50 cases
have been reported in the literature.

ABNORMALITIES

Growth. Proportionate small stature.

Craniofacial. Brachycephaly with frontal and
parietal bossing, thin calvarium, and de-
layed ossification of the sutures.

Malar hypoplasia; micrognathia, with hypo-
plasia of the rami and anterior displacement
of the temporomandibular joint.

Bilateral microphthalmia; congenital cata-
racts, total or incomplete, which may resorb
spontaneously.

Nose thin, small, and pointed, with hypoplasia
of the cartilage, becoming parrot-like with
age.

Microstomia, narrow and high arched palate.

Dentition: hypoplasia of the teeth and/or mal-
implantation, neonatal teeth and partial an-
odontia.

Atrophy of the skin, most prominent over the
nose and sutural areas of the scalp; thin and
light hair, with hypotrichosis, especially of
the scalp, eyebrows, and eyelashes.

OCCASIONAL ABNORMALITIES. Secapho-
cephaly, microcephaly, platybasia, shallow sella
turcica, absence of the mandibular condyles,
double cutaneous chin. Blue sclerae, nystagmus,
strabismus, upward slant to palpebral fissures,
optic disc coloboma, and various chorioretinal
pigment alterations. Syndactyly, winging of the
scapulae, lordosis, scoliosis, spina bifida, funnel
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chest. Mental retardation. Hypogenitalism, cryp-
torchidism in the male.

NATURAL HISTORY. Because the majority of
the literature pertains to the ocular defect, there
are insufficient data upon which to base the
natural history in terms of the growth defect or
mortality in infants. During early infancy, they
may have feeding and respiratory problems, even
necessitating tracheostomy. Respiratory infec-
tions may contribute to the cause of death. The
peculiar physiognomy and shortness of stature
may impair their psychological adjustment,
though the major handicap is the ocular defect,
which usually culminates in blindness despite
surgery. The vast majority of the reported pa-
tients have been of normal intelligence, but
motor and mental deficit have been noted in
some,

ETIOLOGY. Until Guyard et al.* reported an
apparently affected father and daughter, the
etiology was undetermined. Now the most likely
hypothesis is that of a single mutant gene (domi-
nant), most cases representing fresh mutations.

REFERENCES
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mandibulo-oculo-facialis. (Hallerman-Streiff syn-
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4. Guyard, M., Perdriel, G., and Ceruti, F.: Sur deux
cas de syndrome dyscéphalizue a téte d'oiseau.
Bull. Soe. Ophth. France, 52:443, 1962,




Left, Two and one half month old with height age of one month.
Right, Same patient at ten months showing changes in facies.
(From Smith, D. W.: J. Pediat., 7481, 1967.)
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C. Senile-Like Appearance with Associated Defects

19. PROGERIA

(Hutchinson-Gilford Syndrome)

Alopecia, Atrophy of Subcutaneous Fat, Skeletal Hypoplasia and Dysplasia

The following entry was recorded in the St
James Gazette in 1754; "March 19, 1754 died in
Glamorganshire of mere old age and a gradual
decay of nature at seventeen years and two
months, Hopkins Hopkins, the little Welshman,
lately shown in London. He never weighed more
than 17 pounds but for three vears past no more
than twelve. The parents have still 6 children
left, all of whom in no way differ from other chil-
dren except one girl of twelve years of age, who
weighs 18 pounds and bears upon her all the
marks of old age, and in all respects resembles
her brother at that age.” Whether or not this
description was of progeria remains unknown.

In 1886 Hutchinson' described the “congen-
ital absence of hair and mammary glands with
atrophic condition of the skin and its appendages
in a boy whose mother had been almost bald from
alopecia areata from the age of six.” Later Gil-
ford* studied this boy and another patient with a
remarkably similar phenotype and he termed
the condition progeria, meaning premature ag-
ing. Since then, only about 40 cases have been
recorded.

ABNORMALITIES. These include the devel-

opment of the following conditions.

Alopecia. Onset birth to 18 months with de-
generation of hair follicles.

Thin Skin. Onset early to midinfancy, also
smooth tongue and thin intestinal epithe-
lium have been noted.

Hypoplasia of Nails. Onset in infancy, nails
may be brittle, curved, yellowish.

Loss of Subcutaneous Fat (Including Ear Lob-
ule). Onset in infancy, last areas of adipose
atrophy are cheeks and pubic area.

Periarticular Fibrosis. Onset at one to two
vears, stiff, or partially flexed prominent
joints, or both; leads to "horse-riding” stance.

Skeletal Hypoplasia, Dysplasia, and Degenera-
tion. Deficient growth, which becomes evi-
dent from six to 18 months; subsequent
growth rate one-half to one-third normal
rate or less; skeletal hypoplasia most ob-
vious in facial hypoplasia with micrognathia,
slim tubular bones and ribs with small tho-
racic cage, and thin calvarium with marked
delay in ossification of fontanels: skeletal
dysplasia evident in coxa valga and tendency
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toward ovoid vertebral bodies; skeletal de-
generation evident in loss of bone in clavicle
and distal phalanges.

Dentition. Delayed eruption with first decidu-
ous tooth ten months to two and one-half
vears and marked delay in permanent den-
tition; crowding of teeth.

Atherosclerosis. As early as five vears, onset
of generalized atherosclerosis, especially evi-
dent in coronary arteries, aorta, and mesen-
teric arteries; at later age may have cardiac
murmur, left ventricular hypertrophy.

Metabolic Alterations. Mild to moderate eleva-
tion of serum cholesterol.

OCCASIONAL ABNORMALITIES. Sclero-
derma, irregular brownish-vellow skin pigmenta-
tion, perceptive hearing deficit, congenital or
acquired cataract, absent breast and nipples,
relatively large thymus and lymphoid and retic-
ular hyperplasia, elevated serum lipoproteins,
aminoaciduria.

NATURAL HISTORY. Though the onset of
disease manifestations is usually stated as one
to two vears, there may be subtle indicators of
disease within the first year. The average birth
weight for 17 cases was a relatively low 2.7 kg.
One patient whose scalp was shaved at six weeks
had no regrowth of hair; also delayed eruption of
teeth is a common feature. The deficit of growth
becomes severe after one year of age and eventual
stature seldom exceeds that of a five year old.
Because of the loss of fat, skeletal hypoplasia,
and relative muscle hypoplasia, the weight is
usually less than is expected for the height. The
tendency to fatigue easily is a factor that might
limit full participation in childhood activities.
The life span is shortened by the early advent
of relentless arterial atheromatosis and the usual
cause of death is coronary occlusion. The life
expectancy for 13 cases was seven to 27 years
with an average of 14.2 years. Since intelligence
and brain development do not appear to be im-
paired, children with progeria should be allowed
as normal a social life as possible.

At the present time there is no effective ther-
apy; however, the cosmetic use of a wig is recom-
mended.

i Text continted)



12 years 17 years

A to D, Gilford's original patient. (From Gilford, H.: Practitioner, 73:188, 1904.) ¢
E to I, Three vear old showing loss of outer clavicle, distal phalanges, and straight femur. ( From Macleod, W.:
Brit. J. Iiaiiinl., 39:224, 1966.)



ETIOLOGY. The character of this disease and
the striking similarity between affected patients
iz suggestive of a genetic mode of determination.
The occurrence of this condition in two siblings
of first cousin parentage is indicative of auto-
somal recessive inheritance;® however, the lack
of other reports of sibship occurrence, except for
Hopkins Hopkins (see historical introduction),
or consanguinity leaves the question of trans-
mission unresolved.

COMMENT. This condition might be classified
as an abiotrophic disease since tissues that ini-
tially were fairly well developed have undergone
hypoplastic, atrophic, or degenerative change,
resulting in the multiple defects. The total clin-
ical picture is different in many ways from the
normal process of senile aging and the term pro-
geria therefore seems inappropriate.
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C. Senile-Like Appearance with Associated Defects

20. WERNER'S SYNDROME

Late Childhood to Early Adult Onset of Cataract, Thin Skin with
Thick Fibrous Subcutaneous Tissue, Gray Sparse Hair

The subject of Werner's doctoral thesis in
1904,' this disease is usually not diagnosed until
yvoung adult life. More than 125 cases have been
recorded.

ABNORMALITIES
{rrowth. Short stature; mean stature of affected
males, 61 inches; females, 57.5 inches.
Deterioration. Loss of subcutaneous fat:; slim
spindly extremities with small hands and
feet; pinched facies with beak nose.
Thick fibrous subcutaneous tissue with thin
dermis.
Osteoporosis, atherosclerosis with calcification.
Muscle hypoplasia with patchy areas of fibro-
sis.
Gray sparse hair, premature balding.
Cataract, retinal degeneration.
Premature loss of teeth.
Hypogonadism, reduced fertility.
High pitched voice, fibrous thickening in sub-
mucosal tissues.
Liver atrophy.
Adult-type diabetes (44 per cent).

OCCASIONAL ABNORMALITIES. Propen-
sity toward malignancy (10 per cent), especially
sarcoma, Mild hyperthyroidism. Adrenal atrophy.
"'."z]livular sclerosis. Hyperkeratosis of palms and
soles,
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NATURAL HISTORY. Often noted to be slim
with a slow rate of growth in latter childhood,
these individuals have no adolescent growth
gpurt and reach their final height at ten to 18
years, usually around 13 years. Gray hair de-
velops at around 20 vears, and cataract about 25
yvears; and old age appearance is evident by 30
to 40 yvears, with the mean age of survival being
47 years. Calcification occurs not only in the
atheromatous vessels but in the thick subcutan-
eous tissues as well.

ETIOLOGY. Autosomal recessive. Epstein et
al® noted a decreased rate of cell division plus
a limited total number of mitetic divisions per
cell in cultured fibroblasts from a patient with
Werner's syndrome, thereby suggesting a basic
defect in cell life capacity resulting in severe
disease which resembles, but is not the same as,

aging.
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Forty-eight year old woman with Werner’s syndrome. (From Epstein, C. J., et al.: Medicine, 45:177, 1966.)
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(. Senile-Like Appearance with Associated Defects

21. COCKAYNE'S SYNDROME

Senile-Like Changes Beginning in Infancy, Retinal Degeneration and
Impaired Hearing, Photosensitivity of Thin Skin

Cockayne' reported this disorder in siblings
in 1946. Subsequently more than 16 other cases
have been documented.

ABNORMALITIES' *

Growth. Growth deficiency with loss of adipose
by mid to late infancy.

Performance. Mental deficiency with unsteady
gait; sometimes tremor.

Moderate deafness.-

Craniofacial. Salt and pepper retinal pigmenta-
tion, optic atrophy.

Relatively small cranium with thick calva-
rium, loss of facial adipose with slender nose,
moderately sunken eves, and thin skin
which is photosensitive. Carious teeth.

Extremities. Cool hands and feet, sometimes
cyanotic.

Mild to moderate joint limitation.

Trurk. Relatively short, with biconvex flatten-
ing of vertebrae and tendency toward dorsal
kyphosis.

Other. Hepatomegaly. Ohno and Hirooka® dis-
covered albuminuria with hyalinization of
glomeruli, atrophy of tubules, and intersti-
tial fibrosis in renal biopsies from three af-
fected individuals.

OCCASIONAL ABNORMALITIES. Intra-

cranial calcification, small sella turcica, cataract,
nystagmus, decreased sweating and tearing,
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some "marble” epiphyses in digits, asymmetrical
fingers, short second toes, infolding of iliac crest,
cryptorchidism. Graying of sparse hair.

NATURAL HISTORY. Growth and develop-
ment proceed at a more normal rate in early
infancy, and it is not until two to four vears of
age that the pattern of defect is clearly evident.
The personality and behavior tend to be similar
to the normal for mental age, which is defective.
Photosensitivity of skin may lead to problems on
exposure to sunlight.

INHERITANCE. Autosomal recessive.
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Left, Six and five sixths vear old. Height age, 16 monthz, (From Windmiller, J.: Am. J. Dis. Children, 705204,
1963.)

Right, Fourteen and one half vear old. Height age, three and one half vears. Bone age, 16 vears. (Courtesy of
R. M. Blizzard. From Wilkins, L.: Diagno=iz and Treatment of Endocrine Disorders in Childhood and Adolescence,
drd ed. Springfield, 111., Charles C Thomas, 1965, )
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D. Joint Dysplasia with Associated Defects

22, FAMILIAL DWARFISM AND STIFF JOINTS

(Moore-Federman Syndrome)
Short Stature of Childhood Onset, Stiff Joints, Hyperopia

Moore and Federman' described this pattern
of altered connective tissue development in six
individuals in three generations of one family
in 1965. They recognized the similarity of their
patients to those with Leri’s syndrome of “famil-
ial pleonosteosis”;® however, it is not presently
possible to be certain whether they represent the
same entity.

ABNORMALITIES. Based on six cases.'

Growth. Short stature, onset in childhood.

Joints. Limited motility at elbow, knee, wrist,
and fingers, especially at thickened distal
phalangeal joints.

Skin. Taut and somewhat thickened over joints.
Eye. Hyperopia (five).
Other. Asthma (four), hoarse voice (three),

hepatomegaly (three).

NATURAL HISTORY. Apparently normal at
birth; slow growth and joint stiffness noted by
thl'ee to five years, with gradual progression and
eventual inability to clench the hand completely.
The span tends to be less than height; adult
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height varied from 54 to 57 inches. Other than
slightly widened phalangeal metaphyses and
diminished height of vertebrae, no alteration
in bony form was noted. Glaucoma, cataract, and
retinal detachment developed in one adult and
may represent a serious threat to vision in later
life. Asthma, especially in association with re-
spiratory infections, was a frequent feature in
later childhood (after five years).

ETIOLOGY. Autosomal dominant.
COMMENT. Studies for abnormal mucopoly-
saccharide or amino acid excretion have been
negative in this disorder.

REFERENCES
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A, Sixteen year old girl with normal girl of similar age,
B, Father of affected girl in A, showing short stature and stiff joints. (From
Moore, W. T., and Federman, D). D.: Arch. Int. Med.. 175:398. 1965.)
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). Joint Dysplasia with Associated Defects

23. LERI'S PLEONOSTEOSIS

Broad Thumb, Joint Limitation, Upward Slant to Palpebral Fissures

Leri' described this disease in 1922, Though
many instances have been reported in the French
literature, it has received little recognition in
the English literature.

ABNORMALITIES®*
Joints and Fibrous Tissues.
thickened joint contractures,
hands.
Thick palms and soles.
Skeletal. Broad thumbs and great toes with
short “spade-like” hand.
Posterior neural arches increased in height.
Large paranasal sinuses.
Facies. Mild upward slant to palpebral fissures.

Postnatal onset of
especially

NATURAL HISTORY. The joint limitations

apparently begin in childhood and can progress
into adult life.

ETIOLOGY. Autosomal dominant with full
penetrance and varying expressivity.

REFERENCES
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Tissue, 3rd ed. 5t. Louis, C. V. Moshy Co., 1966,
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Forty vear old male with Leri's pleonozteosis

A, Multiple nodules on deformed fingers.

B, Short and relatively broad deformed metacarpals and phalanges

C, Large paranasal sinuses.

D, Increased height of posterior neural arches of cervical vertebrae.

(From Rukavina, J. G.. et al.: J. Bone Joint Surg., 41-4:397, 1959.) 5.3



Ib. Joint Dysplasia with Associated Defects

24, STICKLER'S SYNDROME

(Progressive Arthro-Ophthalmopathy)
Joint Pain and Stiffness. Myopia, Deafness

Stickler et al.' reported the initial observa-
tions in 1965 on affected individuals in five gen-
erations of one family, and later published
additional findings.*

ABNORMALITIES
Eye. Progressive myopia (8 to 18 diopters),
frequently leading to retinal detachment
during first decade. Secondary glaucoma and
blindness may develop.
Ear. Sensorineural deafness.
Joints. Bony enlargement with irregular ar-
ticular surface.
Pain and stiffness; may be swollen and red,
may have crepitation.
Severe arthropathy by third to fourth decade.
Spine. Mildly flattened vertebral bodies with
irregular epiphyseal surfaces and narrow
intervertebral area.
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Kyphosis and, less commonly, scoliosis.

OCCASIONAL
tion of hip.

ABNORMALITY. Subluxa-

ETIOLOGY. Autosomal dominant, complete
penetrance.
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A and B, Child and adolescent, members of a large affected kindred. (From Stickler, G. B., et al., Mayo Clin.
Proc,, 40:433, 1965.)



25. LAURENCE-MOON-BIEDL SYNDROME

Retinal Pigmentation, QObesity, Polydactyly

The variable manifestations of this syn-
drome were initially described by Laurence and
Moon in 1865, and the clinical phenotype was
further delineated and popularized by Bardet
and Biedl in the 1920's. Subsequently more than
300 cases have been reported.

PRINCIPAL ABNORMALITIES

Obesity B3%
Mental deficiency B0%
Polydactyly, syndactyly, or both T5%
Retinitis pigmentosa BET
Genital hypoplasia, hypogonadism,

or both BO%

OTHER DEFECTS. Renal defect (including a
chronic glomerulonephritis type of lesion) and
nerve deafness are features observed in this syn-
drome; however, their incidence is unknown.
Occasional defects include nystagmus, strabis-
mus, diabetes insipidus, elinodactyly of the fifth
finger, cardiac defect, hypospadias, and anal
atresia. Moderate shortness of stature may also
he a feature.

NATURAL HISTORY. The natural history of
this condition is poorly outlined in the literature.
The mental deficiency is usually mild to mod-
erate, and the retinal degeneration generally
results in problems of night vision during child-
hood, even by three years of age. There may also
be neurological evidence of spinocerebellar de-
generation or cranial nerve palsy. Apparently
the obesity does not become a problem until early
childhood. Hypogonadism has been described as
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primary germinal hypoplasia and also as hypo-
gonadotropic in type. It is important to ap-
preciate that many of the patients undergo a
spontaneous adolescent change.

ETIOLOGY. The finding of a high incidence
(27 per cent) of parental consanguinity and the
multiple sib involvement are indicative of auto-
somal recessive mode of inheritance. An occa-
sional parent or collateral relative may show
a partial expression, suggesting that the hetero-
zygote may sometimes show abnormality.

COMMENT. The extent of abnormality may
vary considerably between affected siblings, and
it may be impossible to make the diagnosis of
Laurence-Moon-Biedl syndrome in an isolated
case demonstrating only a part of the syndrome,
especially only mental retardation, obesity, and
genital hypoplasia.
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Ten year old male with retinal pigmentation

ind renal insufficiency. Obezity from birth, 1.6, 52.
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E. Muscular Disorders with Associated Defects

26. PRADER-WILLI SYNDROME

Hypotonia, Obesity, Small Hands and Feet

Prader, Labhart, and Willi' reported this
pattern of abnormality in nine children in 1956,
and subsequently over 30 casesz have been re-
corded.* *

ABNORMALITIES

Small Stature. May be small at birth, occasion-
ally normal stature until later childhood.

Obesity. Onset from infancy to six years.

Mental Deficiency. Intelligence quotient 20 to
80, most commonly 40 to 60,

Hypotonia. Severe in early infancy.

Strabismus.

Small Hands and Feet.
shoes at 23 vears.

One patient wore size 3

Small Penis and Cryptorchidism. Frequent
hypogonadism.
Dental Caries. Freguent; may have enamel

hypoplasia.

abetic  flucose  Tolerance KResponse.  Fre-
quent; may only be evident with hydrocorti-
sone provocation,

OCCASIONAL ABNORMALITIES. Micro-
cephaly, clinodactyly, syndactyly, hypoplasia
of auricular cartilage.

NATURAL HISTORY. The mother may have
noted feeble fetal activity. The hypotonia is most
severe in early infancy when there may be re-
spiratory and feeding problems, not uncommonly
necessitating tube feeding. The degree of mental
deficiency may appear to be greater in infancy
than at a later age because of the severity of the
hypotonia hindering developmental performance.
Regarding behavior, these patients have been
noted to be cheerful and good natured. Birth
weight tends to be low, and failure to thrive is
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frequent in early infancy with obesity presenting
as a later feature, especially over the lower ab-
domen, buttocks, and thighs.

The reason for a diabetic glucose tolerance
response is unknown. The condition may pro-
gress to diabetes mellitus after the first ten years
of life. Such patients differ from the usual child-
hood diabetes mellitus in that the diabetic state
is not labile, there is no ketosis, and insulin is
generally not required.

ETIOLOGY. Unknown. All cases have been
sporadie. If the Prader-Willi syndrome is always
due to the same etiology, one possibility is a
single mutant gene which represents a fresh
mutation in each instance. Because affected in-
dividuals generally do not reproduce, this hy-
pothesis will be difficult to substantiate. The
present excess of reported males to females may
be due to the ascertainment bias of the hypo-
genitalism in the male.
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A, Same patient as neonate, at one and five sixths yvears, and at two and five sixths years (height age, two
and one third years; developmental guotient, 60).

B, Same patient at five monthz and at four and one sixth vears, at which time height age was three and
one sixth years, developmental quotient waz 50, and response to an oral glucose load was abnormal.

C, Nine and one half year old with height age of seven and one half years and mental age of five years.

1[‘.11111'!:,&-!:}' of Prof, A, Prader, Univerzity Kinderspital, Zurich.}
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27. LARSEN'S SYNDROME

Multiple Joint Dislocation, Flat Facies, Short Fingernails

Larsen, Schottstaedt, and Bost' described
six sporadic cases of this condition in 1950, and
the author has been unable to discover any sub-

sequent reports.

ABNORMALITIES. Based on six cases.
Facies. Flat, with depressed nasal bridge and

prominent forehead.
Joints. Dislocations of elbows, hips, and knees.
Hands. Spatulate thumbs, short nails, short-

ened metacarpals.
Feet. Equinovalgus or varus,

OCCASIONAL ABNORMALITIES. Cleft pal-
ate, abnormal segmentation of vertebrae.
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NATURAL HISTORY. Inadeguate informa-

tion. Mentally normal.

ETIOLOGY. Unknown. All six cases sporadic.

REFERENCE

1. Larsen, L. J., Schottstaedt, E. R., and Bost, F. C.:
Multiple congenital dislocations associated with
characteristic facial abnormality. J. Pediat.,
37:574, 1950,




A to D, Two week old with dislocations of elbow,
hip, and knee; altered hand positioning and short
metacarpals; and flat facies.

E and F, Featurez from patients described by
Larson et al.; J. Pediat., 37:574, 1950
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E. Muscular Disorders with Assm:hited Defects

28. CEREBRO-HEPATO-RENAL SYNDROME

Hypotonia, High Forehead with Flat Facies, Hepatomegaly

Bowen et al.! and Smith et al.* independently
reported siblings with this pattern of malforma-
tion in 1964 and 1965, and Passarge and McAd-
ams® further delineated the syndrome in five
ziblings, bringing the number of reported cases
to nine.

ABNORMALITIES

freneral. Growth deficiency; mean birth weight,
3300 gm. Hypotonia.

Craniofacial. High forehead with shallow su-
praorbital ridges and flat facies. Inner epi-
canthic folds. Mild upslanting of palpebral
fissures,

Liver. Hepatomegaly with dysgenesis, includ-
ing cirrhotic change.

Kidney. Albuminuria. Small cysts, chiefly of
glomeruli.

Cardiac. Patent ductus arteriosus,
without septal defect.

Brain. Macrogyria and polymicrogyria noted;
also incomplete myelinization and sudano-
philic leukodystrophy, mainly in astrocytes.

with or

OCCASIONAL ABNORMALITIES. Open me-
topic suture, early closure of sagittal suture,
abnormal auricles, cataract, glaucoma, partial
simian crease, camptodactyly of third and fourth
fingers, cubitus valgus, equinovarus, inability to
fully extend knee, deep sacral dimple, hypo-
spadias, cryptorchidism, hypertrophied pvlorus.

NATURAL HISTORY. Most of these babies

were born in the breech presentation. They failed
to thrive. Four developed persisting icterus and
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four had bloody stools, possibly related to hypo-
prothrombinemia. All died from one day to six
months after birth. It has not been possible to
accurately determine whether mental deficiency
is a feature, but judging from both early per-
formance and autopsy findings serious mental
deficiency would be likely.

ETIOLOGY. Presumed autosomal recessive on
the basis of occurrence in siblings of both sexes
born to normal parents. No definite consanguin-
ity in the three families.

COMMENT. Several of these babies were mis-
takenly identified initially as having Down's
syndrome. Chromosomal studies have been nor-
mal.

Opitz' has discovered evidence of excess iron
storage in several babies with this syndrome.
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Affected siblings at one day of age (left) and post-mortem at ten weeks of age iright). Note camptodactyly of
third, fourth and fifth fingers. (From Smith, D. W, et al.: J. Pediat., 67:617, 1965.)
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E. Muscular Disorders with Associated Defects

29. OCULO-CEREBRO-RENAL SYNDROME OF LOWE

Hypotonia, Cataract, Renal Tubular Dysfunction

Lowe et al.! recognized this disease in 1952;
subsequently more than 50 cases have been re-
ported.

ABNORMALITIES

freneral. Hypotonia and joint hypermotility,
with diminished to absent deep tendon re-
flexes and muscle hypoplasia with fatty in-
filtration.

Hyperactivity. Mental deficiency, moderate to
severe with diffuse EEG abnormality. Post-
natal growth deficiency.

Eye. Cortical cataract with or without glau-
COITE.

Renal and Bone. Renal tubular dysfunction
with limited ammonium production and
hyperchloremic acidosis, phosphaturia tend-
ing toward hypophosphatemia, and general-
ized aminoaciduria. Albuminuria. Moderate
to severe osteoporosis and sometimes rickets.
There is also organic aciduria of unknown
cause.

Gonad. Cryptorchidism.

OCCASIONAL ABNORMALITIES. Seizures.
Pectus excavatum. Craniosynostosis. Dental
cysts. Fracture.
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NATURAL HISTORY. Failure to thrive. Both
growth rate and bone mineralization may im-
prove by administration of sodium-potassium
citrate in adequate gquantity to correct the aci-
dosis. The prognosis for survival with such treat-
ment is not known. However, the prognosis for
brain function is poor.

ETIOLOGY. X-linked, with many of the het-
erozygote females showing fine lenticular opa-
cities by slit lamp examination and occasionally
a frank cataract.
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E. Muscular Disorders with Associated Defects

30. RIEGER’S SYNDROME

Iris Dysplasia, Hypodontia, Myotonic Dystrophy

Rieger' described this association of anom-
alies in 1935. All the reported subsequent cases
have been from Europe.

ABNOBRMALITIES®®

Eye. Dysplasia of iris including hypoplasia,
mesenchymal tissue filling in the angle of
the anterior chamber, and aberrant sy-
nechiae of iris.

Teeth. Hypodontia, partial anodontia, or both.

Neuarological. Mpyotonic dystrophy.

OCCASIONAL ABNORMALITIES. Eye:
glaucoma, microcornea, corneal opacity, ectopia
lentis, aniridia, optic atrophy. Mental deficiency.

ETIOLOGY. Autozomal dominant with rather
wide variance in expression. Because of this vari-
ability it is difficult to know whether all cases
described as Rieger's syndrome are the same eti-

ological entity. However, families such as one
with affected individuals in five generations indi-
cate that there is at least one specific disease
entity.

COMMENT. Iris dysplasia of the type noted hy
Rieger has been reported as a dominantly in-
herited anomaly without any other defect.”
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E. Muscular Disorders with Associated Defects

31. STEINERT'S SYNDROME

(Myotonic Dystrophy)

Myotonia with Muscle Atrophy, Cataract, Hypogonadism

The text by Caughey and Myrianthopoulos'
presents the manifold abnormalities that may
occur as features of this single mutant gene.
Many hundreds of cases have been documented.

ABNORMALITIES !

Muscle Degeneration. Myotonia (difficulty in
relaxing a contracted muscle), often best
appreciated in the hand or jaw. Degeneration
of swollen muscle cells giving way to thin
and atrophic muscle fibers.

Cataract. Cataract, often only evident as "myo-
tonic dust” by slit lamp inspection.

Gonadal Insufficiency. Testicular atrophy (80
per cent) in males. Amenorrhea, dysmenor-
rhea, ovarian cyst in females.

Scalp. Premature frontal recession, especially
in males.

Cardiac. Conduction defects with arrhythmias.

OCCASIONAL ABNORMALITIES. Hypo-
tonia in infancy, mental deficiency, microcephaly,
club foot, clinodactyly, hernia, kyphoscoliosis,
hyperostotic cranial bones, atrophic thin skin,
macular abnormality, blepharitis, keratitis sicca,
goiter, thyroid adenomata, diabetes mellitus.

NATURAL HISTORY. The age of onset is
stated as eight to 47 yvears, with an average of 27
vears.! Initial signs of the disease are variable.
Myotonia may be so mild as to be detected only
when specifically tested for. Muscle wasting and
weakness, occasionally asymmetrical, most often
involve the facial and temporal muscles, vielding
the expressionless “myopathic facies.” Other in-
volved muscles are the anterior cervical and
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those of the arms, thighs, and anterior lower leg,
with progression from proximal to distal. Ptosis
of the eyelids is frequent and pseudohypertrophy
is an occasional feature. One of the most sensitive
early indications of muscle dysfunction is the
roentgen evidence of partial retention of radio-
paque material in the pharynx after swallowing.
Mental deterioration may also be a feature. There
is increasing debility with death, usually by the
fifth or sixth decade, as a consequence of pneu-
monia, cardiac failure, or intercurrent illness.
Pruzanski® and Calderon' both emphasize
disease manifestations in pre-adolescent life.
Some patients have been hypotonie and "floppy”™
with apparent mental defect during infancy.

ETIOLOGY. Autosomal dominant with wide
variability in degree and extent of expression.
One important guestion is whether the maternal
environment of an affected pregnant woman may
have an adverse effect on fetal development,
especially of the central nervous system.
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Fourteen year old with relatively immaobile facies, scoliosis, and 1.Q). performance of 58,



E. Muscular Disorders with Associated Defects

32. FREEMAN-SHELDON SYNDROME

Mask-Like “Whistling”" Facies, Hypoplastic Alae Nasi, Club Feet

This disorder was described in two patients

by Freeman and Sheldon' in 1938; the author

was able to find only two other reported cases.*

ABNORMALITIES. Based on four cases.! ™

Facies. Full forehead and mask-like facies with
small mouth giving a "whistling” appear-
ance.

Deep set eves, broad nasal bridge, epicanthus,
small nose, hypoplastic alae nasi, long phil-
trum.

H-shaped cutaneous dimpling on chin.

High palate, small tongue, limited palatal
movement with nasal speech.

Extremities. Ulnar deviation of hands, thick
skin over flexor surface of proximal pha-
langes.

Equinovarus with contracted toes.

OCCASIONAL ABNORMALITIES. Blepha-
rophimosis, ptosis, strabismus, subcutaneous
ridge across lower forehead, small stature, low
birth weight, scolinsis.
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NATURAL HISTORY. Vomiting and swallow-
ing difficulty may lead to failure to thrive in
infancy. Eventual intelligence is said to be in the
normal range.

ETIOLOGY. Sporadic, with the exception of
one of Freeman’s original patients who has sub-
sequently had a child with identical deformities,*
indicating a dominant mode of inheritance.
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A, Five and one half year old girl. Note crease pattern in chin,
B, Older boy. Note the retraction of the alae nasi,
(From Burian, F.; Brit. J. Plast. Surg., I6:140, 1963.)
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E. Muscular Disorders with Associated Defects

33. SCHWARTZ'S SYNDROME

Muyotonia, Blepharophimaosis. Joint Limitation

Schwartz and Jampel' described a brother
and sister with this condition in 1962, and later
Aberfeld et al? reported further observations on
the same patients.

ABNORMALITIES. Based on two cases.
Growth. Small stature, one with prenatal onset.
Muscle. Myotonia with sad, fixed facies.
Hypoplasia with atrophy and small muscle
fibers.
Joint. Limitation in hips, wrist, fingers, toes,
and spine.
Equinovarus (one patient).
fizseons. Vertical shortness of vertebrae with
short neck.
Fragmentation and flattening of femoral epiph-
VEes.
Pectus carinatum.
Larynx. Small with high pitched voice.
Eye. Blepharophimosis, myopia.
Long eyelashes in irregular rows.
Other. Low hairline, low set ears, small tes-
ticles,
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NATURAL HISTORY. Onset of progressive
myotonia, muscle wasting, and orthopedic prob-
lems during infancy with slow linear growth.

ETIOLOGY. Autosomal recessive considered
the most likely mode of etiology.

COMMENT. This disease appears to be a spe-
cific disorder of connective tissue in which de-
terioration occurs during infancy and childhood.

REFERENCES
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ized myopathy. Arch. Ophth. £8:52, 1962,

2. Aberfeld, D). C., Hinterbuchner, L. P., and Schneider,
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Six year old male with height age of three and one half vears. A female sibling had the same disorder and the
parents appeared normal. (From Schwartz, O, and Jampel, R. S.: Arch. Ophth., 68:52, 1962.)
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F. Neurological Disorders Other Than Mental Deficiency with Associated Defects

34. MARINESCO-SJOGREN SYNDROME

Cerebellar Ataxia, Hypotonia, Cataracts

This condition was described by Marinesco
et al.' in 1931 and further delineated by Sjigren®
in 1947. Only about 50 cases have been reported.

ABNORMALITIES'

Growth. Mild to moderate growth deficiency.

Performance. Moderate to severe mental de-
ficiency with cerebellar ataxia, weakness
with or without hypotonia, and tendency to-
ward nystagmus and dysarthria.

Eye. Cataracts, usually evident from early life.

OCCASIONAL ABNORMALITIES.
mus, development of kyphoscoliosis.

Strabis-
ETIOLOGY. Autosomal recessive with high in-
cidence of parental consanguinity.

COMMENT. Todorov's pathelogical studies in-
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dicated a degenerative process, most severe in
the cortical areas of the cerebellum.’
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F. Neurological Disorders Other Than Mental Deficiency with Associated Defects

35. BIEMOND’S SYNDROME

Shart Third and Fourth Metacarpals, Ataxia

A syndrome of brachydactyly, with short REFERENCE
fourth metacarpal and third metatarsal bones,

associated with ataxia and nystagmus was re- 1. Biemond, A.: Brachydactylie, nystagmus en cere-
ported by Biemond in 1934 as occurring in four bellaire ataxie als familiair syndroom. Nederl.

generations of a family. Presumed autosomal T. Geneesk., 75:1423, 1934,

dominant with lack of expression in at least two
heterozygotes.
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F. Neurological Disorders Other Than Mental Deficiency with Associated Defects

36. ATAXIA-TELANGIECTASIA

(Louis-Bar Syndrome)

Ataxia, Telangiectasia, Lymphopenia and Immune Deficit

Though this dizease was initially described
by Louis-Bar in 1941, it has only recently re-
ceived broader recognition, with well over 100
cases having been reported since 1958.

ABNORMALITIES
zrowth. Deficiency. variable in age of onset.

C'NS. Progressive ataxia and other evidence of

degeneration of CNS function.

Skin and Conjunctiva. Telangiectasia in bulbar
conjunctiva and later over bridge of nose,
auricles, elsewhere.

Respiratory. Catarrh, frequent respiratory in-
fections; bronchiectasis may develop.

Immune System.  Deficiency in cellular immun-
ity .with thymic hypoplasia, hypoplasia of
tonsil and adenoid lvmphoid tissue, lympho-
penia, and often low to absent gamma 1-A
globulin in the serum.

OCCASIONAL FEATURES

Skin and Hair. Areas of altered skin or hair
pigmentation, including café-au-lait spots.

Sclerodermatous changes.

Lymphoreticular System. Malignancy, includ-
ing leukemia, sarcoma, and Hodgkin's dis-
ease,

(ronad.  Sexual immaturity. Ovarian dysgermi-
noma or hypoplasia.

NATURAL HISTORY. Growth deficiency,
though it may be prenatal in onset, more com-
monly becomes evident in latter infancy or in
childhood. Progressive ataxia usually develops
during infancy and is usually accompanied by
features of choreoathetosis, and by dysrhythmic
speech, drooling, aberrant ocular movements
such as fixation nystagmus, a stooped posture
pluz dull sad facies, and occasionally seizures.
Instability, suggesting vestibular deficit, often
becomes so severe that ambulation is no longer
possible in later childhood. These children are
usually affable and pleasant despite their pro-
gressive handicap. Mental deficiency, though
difficult to assess, is considered a feature in about
50 per cent of cases, especially in later stages of
this fatal disease. The immune deficiency prob-
ably contributes to the frequent respiratory
infections and bronchiectasis; however, the per-
sistent catarrh and the progressive generalized
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bronchiectasis are relatively unresponsive to
antibiotic management, and there may be a basic
problem in the mucous membranes besides the
cellular immune deficit. Death is usually a con-
sequence of lung infection, neurological deficit.,
or both. Affected patients seldom survive later
childhood, and the oldest survivor was 30 vears.
ETIOLOGY. Autosomal recessive.

COMMENT. The general hypoplasia of the
whole individual and immune deficit with abio-
trophic features of deterioration in the central
nervous system, skin, and respiratory tract indi-
cate the severe pleiotrophic effect of this pair of
mutant genes. No common cellular metabolic
defect has yvet been detected; however, it is of
interest to note certain common features between
Fanconi’s syndrome, Bloom’s syndrome, and
ataxia-telangiectasia. In each of these disorders
there is generalized growth deficiency, skin dis-
order, and a propensity to develop lymphore-
ticular malignancy, plus a high frequency of
chromosomal breakage in cultured leukocytes®
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Nine and one half year old. Height age, eight years. (From Smith, D. W.: J. Pediat., 70:487, 1967.)
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F. Neurological Disorders Other Than Mental Deficiency with Associated Defects

37. SJOGREN-LARSSON SYNDROME

Ichthyosis, Mental Deficiency, Spasticity

Sjigren and Larsson' reported this entity in
28 Swedish individuals in 1957, and others with
the same condition have been recognized sub-
sequently *?

ABNOEMALITIES
Central Nervous System.
1.Q., 30 to 60 or less.
Spasticity, most pronounced in lower extrem-
ities,
Skin. Ichthyosis (see natural history).
frrowth. Short stature.

Mental retardation;

OCCASIONAL ABNORMALITIES. Pigmen-
tary retinal degeneration (30 per cent), seizures,
diminished sweating except face and dorsum of
hands, hypoplasia of teeth, enamel hypoplasia,
hypertelorism, kyphosis.

NATURAL HISTORY. Erythema of skin in
early infancy with scaling and hyperkeratosis
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in most areas except face. Lichenification with
exaggerated skin markings most evident in
axillae and folds of neck. The mental defect usu-
ally includes speech problems of dysarthria,
monosyllables, or no speech. The electroenceph-
alogram may show slow paroxysmal activity.

ETIOLOGY. Autosomal recessive. Sjogren and
Larsson tentatively traced all the Swedish cases
back to one heterozygote 600 years ago.

REFERENCES

1. Sjogren, T., and Larsson, T.. Oligophrenia in com-
bination with congenital ichthyosis and spastic
disorders. Acta Psychiat., 32:85uppl. 113:1, 1957,

2. Zaleski, W. A.: Congenital ichthyosis, mental re-
tardation and spasticity (Sjogren-Larsson syn-
drome). Canad. Med. Ass. J., 86:951, 1962,

3. Selmanowitz, V. J., and Porter, M. J.: The Sjigren-
Larsson syndrome. Am. J. Med,, 42:412, 1967.




A, Six vear old. Note shght changes in skin and spacing of teeth.
8, Fourteen year old, showing thickened, ridged skin in axillary area.
(From Selmanowitz, V. J., and Forter, M. J.: Am. J. Med., 42:412, 1967.)
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F. Neurological Disorders Other Than Mental"Deficiency with Associated Defects

38. MENKES" SYNDROME

Progressive Cerehral Deterioration with Seizures, Twisted and Fractured Hair

Menkes et al.' described five related male in-
fants with this dizsease in 1962. Subsequently, at
least three other families with affected males
have been reported.”

ABNORMALITIES

Grrowth. Deficiency, sometimes small at birth.

Central Nervous System. Severe degenerative
process in cerebral cortex with gliosis and
atrophy. Profound and progressive neuro-
logical deficit from one to two months with
hypertonia, irritability, seizures, and feeding
difficulties.

Hair. Sparse stubby white hair that, by mag-
nified inspection, shows twisting and partial
breaking.

Skin. Occasionally thick and relatively dry.

NATURAL HISTORY. Progressive deteriora-
tion beginning in early infancy with death in
infancy or as late as three vears. O'Brien and
Sampson' have found decreased brain polyun-
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saturated glycerophosphatids, but the nature of
the underlying metabolic defect is unknown.

ETIOLOGY. X-linked recessive.

REFERENCES

1. Menkes, J. H., Alter, M., Steigler, G. K., Weakley,
). K., and Sung, J. H.: A sex-linked recessive dis-
order with retardation of growth, peculiar hair,
and focal cerebral and cerebellar degeneration.
Pediatrics, 29:764, 1962,

2. Breg, P. F.: Sex-linked neurodegenerative dizeases
agséﬂ;iated with monilethrix, Pediatrics, 36:417,
1 5

3. Aguilar, M. J., Chadwick, D. L., Okuyama, K., and
Kamoshita, S.: Kinky hair disease. I. Clinical
and pathological features. J. Neuropath. Exp.
Meurol., 25:507, 1966.

4. O'Brien, J. 8., and Sampson, E. L.: Kinky hair dis-
ease. II. Biochemical studies. .JJ. Neuropath. Exp.
MNeurol., 25:523, 1966,
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2 months— 2.6 kg, Scalp hair = 100

iFrom Menkes, J. H., ot al.: Pediatrics, 29:764, 1962.)
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. Faecial Defeets as Predominant Features

39. TREACHER COLLINS SYNDROME

(Mandibulofacial Dvsostosis, Franceschetti-Klein Syndrome)

Malar Hypoplasia with Downslanting Palpebral Fissures, Defect of Lower Lid,
Malformation of External Ear

Although Thomson' reported the first case
in 1846, the syndrome has been associated with
Treacher Collins, who described two cases in
1900. Franceschetti, Zwahlen, and Klein made
extensive reports on this condition and called it
mandibulofacial dysostosis (1940°z). More than
250 cases have been reported.

ABNORMALITIES
Antimongoloid slanting palpebral
fissures 899%
Malar hypoplasia 81%
Mandibular hypoplasia TB%
Lower lid coloboma 69%
Partial to total absence of lower
evelashes 53%
Malformation of auricles TT%
External ear canal defect 365
Conductive deafness 405
Projection of scalp hair onto lateral
cheek 26%
OCCASIONAL ABNORMALITIES. Colo-

boma of the upper lid. Microphthalmia. Macro-
stomia, microstomia, choanal atresia. Cleft pal-
ate. Blind fistulas and skin tags between auricle
and angle of the mouth. Absence of the parotid
gland. Congenital heart defect, cervical vertebral
anomalies, malformation of the extremities,
cryptorchidism. Mental deficiency has been re-
ported in only 5 per cent of the cases.

NATURAL HISTORY. As the great majority
of these patients are of normal intelligence, the
early recognition of deafness and its correction
with hearing aids or surgery, when possible, are
of great importance for development.
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The growth of the facial bones during in-
fancy and childhood results in some cosmetic
improvement which may be enhanced by plastic
surgery.

ETIOLOGY. Autosomal dominant with 60 per
cent of the cases representing presumed fresh
mutations. Analysis of affected families shows a
regular autosomal dominant inheritance with
almost 100 per cent of penetrance. An excess of
affected offspring from affected females and of
normal offspring from affected males has been
found. There is wide variability in expression
but moderate similarity within a given sibship.

COMMENT. The wide variance in expression
which allows for different clinical forms of the
condition has led to erroneous interpretations of
some cases, which have been described as sepa-
rate entities. Franceschetti and Klein have em-
phasized this phenotypic variability.

REFERENCES

1. Thomson, A.: Notice of several cases of malforma-
tion of the external ear, together with experi-
ments on the state of hearing in such persons.
Month. J. Med. Sci., 7:420, 1846.

2. Treacher Collins, E.;: Case with symmetrical con-
genital notches in the outer part of each lower
lid and defective development of the malar bones.
Trans. Ophth. See. UK., 20:190, 1900.

3. Franceschetti, A.. and Klein, D.: The mandibulo-
facial dysostosis, a new hereditary syndrome.
Copenhagen, E. Munksgaard, 1949,

4. Rovin, S., Dachi, S. F., Borenstein, D. B., and Cotter,
W. B.: Mandibulofacial dysostosis, a familial
study of five generations. J. Pediat., 85:215, 1964,



A, Six vear old. Note the hair extending onto the lat
cheek.

B, Pre-adolescent girl. Note the defect of lower evelid and
malar hyvpoplasia,

C', Same as B, post-adolescent. Note the improvement in n
dible and plastic surgery to auricle.
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(3. Facial Defecis as Predominant Features

40. GOLDENHAR’'S SYNDROME

(Oculo-Auriculo-Vertebral Syndrome)

Malformed External Ear, Epibulbar Lipodermaoid andlor Dermoid, Malar Hypoplasia

Originally noted by Von Arlt' in 1845, this
condition was set forth as a distinct entity by
Goldenhar® in 1952. More than 40 cases have
been reported.

ABNORMALITIES

Eye. Epibulbar conjunctival lipodermoid and/or
dermoid.

Cleft of upper eyelid (60 per cent).

Ear. Incomplete external auricle, often with
conductive deafness.

Pre-auricular cutaneous and cartilaginous ap-
pendages.

Face. Hypoplasia of zygomatic arches with lack
of malar prominence and variable downward
slant to palpebral fissures.

Mandibular hypoplasia (60 per cent).
Macrostomia (40 per cent).

Vertebral. Occipitalization of atlas.

Cervical and occasionally thoracic or lumbar
defects, usually subelinical.

(dher. Dental malocclusion.

OCCASIONAL ABNORMALITIES. Mental
deficiency (10 to 15 per cent), frontal bossing,
ocular hypertelorism, microphthalmos, cleft of
lower eyelid, hypoplasia or aplasia or colobomata
of iris, cataract, hypoplasia, cleft and/or cutane-
ous appendages of external nares, fibrous band
from corner of mouth to tragus area of auricle,
bifid tongue, cleft lip with or without palate, nar-
row palate, aplasia of parts of mandible, low hair-
line, rib anomalies, umbilical and/or inguinal
hernia.
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NATURAL HISTORY. Conductive deafness is
a major concern if both external auditory canals
are incompletely developed, in which case hear-
ing aids should be utilized from early infancy.
Plastic surgery is usually indicated for the au-
ricles, and occasionally an external canal can be
created. Reconstructive surgery may be indicated
in the zygomatic area, mandible, or both, after
there has been an adequate opportunity to assess
the degree of spontaneous improvement during
early childhood. Dental care for crowding of teeth
i3 usually necessary. All these measures are
thoroughly indicated because these individuals
usually have normal potential for intelligence
and are healthy.

ETIOLOGY. Unknown. 7 Autosomal recessive,
but most reported cases have been a sporadic oc-
currence in the family.

REFERENCES

1. Von Arlt, F.: Klinische Darstellung der Krankheiten
des Auges. Vol. 3, Wien, 1845, p. 376; cited by
Van Duyse.

2. Goldenhar, M.: Associations malformatives de 'oeil
et de 'oreille. J. de Génét. Humaine, [:243, 1952,

3. Gorlin, R. J., and Pindborg, .J. J.: Oculo-auriculo-
vertebral dysplasia. In Syndromes of the Head
and Neck. New York, MeGraw-Hill Co., 1964,
p. 419,

4. Dumars, K., and Charles, M. A.: Oculo-auriculo-
vertebral dysplasia—Goldenhar’s  syndrome.
Rocky Mountain Med. J., 65:44, 1968,
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Two and one half year old. A laryngeal cyst was excised at four months of age. She has a 40 to 50 decibel
hearing deficit by air conduction but normal reception by bone conduction. Note the epibulbar lipodermoids.
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;. Facial Defects as Predominant Features

41. FAMILIAL BLEPHAROPHIMOSIS

Inner Canthal Fold, Lateral Displacement of Inner Canthi, Ptosis

This entity, predominantly a dysplasia of
the eyelids, was apparently first described by
Vignes' in 1889 and recently brought to medical
attention again by Sacrez et al.* and Johnson.?

ABNORMALITIES

Epes. Inverted inner canthal fold between up-
per and lower lid, short palpebral fissures
with lateral displacement of inner canthi,
low nasal bridge and ptosis of eyelids.

OTHER ABNORMALITIES. Possible general
hypotonia, strabismus, nystagmus.

NATURAL HISTORY. Plastic surgery is indi-
cated both for cosmetic reasons and for improve-
ment of ocular function.

ETIOLOGY. Autosomal dominant, apparently
with complete penetrance.
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COMMENT. The facial appearance may ini-
tially suggest a condition with associated mental
retardation; however, the affected individuals
are not generally mentally deficient. Sacrez et
al.* reported [.Q.'s from 75 to 100, with a mean
value of 86.

REFERENCES

1. Vignes: Epicanthus héréditaire. Rev. Gén. Ophth.
(Paris), 5:438, 1889,

2. Sacrez, R., Francfort, J., Juif, J. G., and de Grouchy,
J.: Le blépharophimosis compliqué familial.
Etude des membres de la famille Ble. Ann.
Pediat., 10:493, 1963.

3. Johnson, C. C.: Surgical repair of the syndrome of
epicanthus inversus, blepharophimosis and pto-
giz. Arch. Ophth., 71:510, 1964.
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Mother and infant daughter, with insert of the mother as a child, prior to surgical repair.
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G. Facial Defects as Predominant Features

42, LOWER LIP FISTULAS WITH OR WITHOUT
CLEFT LIP, CLEFT PALATE, OR BOTH

Over 150 cases of mid or lower lip fistulas
have been reported, and the association with
clefts of lip and palate has been noted.': * The
lower lip fistula tract leads to embedded mucous
glands, sometimes with acini. They may be found
as an isolated anomaly or, in some families, are
inherited in a dominant fashion with variable
expression for cleft lip, cleft palate, or both.
Among such families Van der Woude® found that
57 per cent of those with lip fistula had cleft lip,
cleft palate, or both. It is important to appreciate
that commissural pits at the corners of the mouth
are fairly common (0.2 per cent) and bear no such
relationship with cleft lip and palate.
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Surgical removal of the fistulas is recom-
mended, because they may have a watery mucous
discharge that can be embarrassing to the indi-
vidual.

REFERENCES

1. Gorlin, R. J., and Pindborg, J. J.: Syndromes of the
Head and Neck. New York, McGraw-Hill Book
Co., 1963, p. 113.

2. Van der Woude, A.: Fistula labii inferioris congenita
and its association with cleft lip and palate. Am.
J. Human Genet., 6:244, 1954,



Father and his two sonz showing lip pits (denoted by arrows for the father), with cleft lip expression in the
infant son,
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43. POPLITEAL WEB SYNDROME

Popliteal Web, Cleft Palate, Lower Lip Pits

This disorder was first reported by Trelat' in
1869; about 30 cases have been recorded.

ABNORMALITIES
Oral. Cleft palate with or without cleft lip.
Salivary lower lip pits.
Extremities. Popliteal web, in extreme form
from heel to ischium.
Toenail dysplasia.

OCCASIONAL ABNORMALITIES. Oral
frenula, cutaneous webs between eyelids, inter-
crural pterygium, svndactyly of fingers or toes,
hypoplasia or aplasia of digits, fusion of distal
interphalangeal joints, valgus deformity of feet,
pyramidal form to skin over hallux, hypoplasia
of tibia, bifid or absent patella, posterior disloca-
tion of fibulae, low acetabular angle, spina bifida
occulta, other wvertebral anomalies, scoliosis,
eryptorchidism, bifid secrotum, hypoplastic labia
majora, ambiguous external genitalia, inguinal
hernia, abnormal scalp hair, mental retardation
(two cases).

NATURAL HISTORY. There isusually adense
fibrous cord in the posterior portion of the pop-
liteal pterygium, and extreme care must be
exercised in the surgical repair because this
cord may contain the tibial nerve. There may be
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associated defects of muscle in the lower extrem-
ities, with limitation of function despite repair
of the pterygium. Other webbing across the eye-
lids or in the mouth may require excision. The
palate tends to be short, such that, even with
repair of the cleft, function is impaired. Intelli-
gence is usually normal, these individuals are
otherwise healthy, and cosmetic and orthopedic
corrective procedures are merited.

ETIOLOGY. Of 23 pedigrees there have been
seven with more than one sibling affected, and
in four instances a parent showed partial ex-
pression, usually cleft palate with or without
cleft lip and lip pits. The question remains open
as to whether this disease is autosomal recessive
with partial expression in an occasional hetero-
zvgote, or whether it is a single gene autosomal
dominant with wide variance in expression.

REFERENCES

1. Trelat, U.: Sur un viee conformation trés-rarve de la
levre-inferiure. J, Med. Chir. Prat., 40:442, 1869.

2. Wolff, J.: Ueber einen Fall von angeborener Flug-
hautbildung. Arch. Klin. Chir., 38:66, 1889.

3. Hecht, F., and Jarvinen, J. M.: Heritable dysmorphic
svndrome with normal intelligence. J. Pediat.,
70:927 . 1967,




A, Infant with popliteal web. Note rod-like taut core.

B, Boy with lower lip pits (arrows).

', Toenail dyvsplasia, a variable feature.

iFrom Hecht, F., and Jarvinen, J. M.: J. Pediat., F0:927, 1967.)
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H. Oral-Facial-Digital Associations of Defects

44. ORAL-FACIAL-DIGITAL (OFD) SYNDROME

Ovral Frenula and Clefts, Hypoplasia of Alae Nasi, Digital Asymmetry

Papillon-Leage and Psaume' set this condi-
tion forth as a clinical entity in 1954.

ABNORMALITIES
Oral. Webbing between buccal mucous mem-
brane and alveolar ridge.

Partial clefts in mid-upper lip, tongue, alveolar
ridges (at area of lateral incisors which may
be missing), between premaxilla and lateral
hard palate, with or without irregular com-
plete cleft of soft palate.

Facial. Hypoplasia of alar cartilages, short phil-
trum, lateral placement of inner canthi.
Digital. Asymmetrical shortening of digits with
clinodactyly with or without syndactyly.

Secalp. Dry rough hair and dry scalp.

CNS. Variable; mental deficiency with average
intelligence quotient of 70.

Cranium. Increased naso-sella-basion angle at
base of cranium.

OCCASIONAL ABNORMALITIES

Oral. Enamel hypoplasia, supernumerary teeth,
hamartoma of tongue, fistula in lower lip.

Facial. Frontal bossing, malar hypoplasia.

Digital. Polydactyly.

Skeletal. Nonprogressive metaphyseal rarefac-
tion.

CNS. Trembling, hydrocephalus.

Hair. Alopecia.

Far. Milia on skin of auricle during infancy.
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NATURAL HISTORY. Management is di-
rected toward plastic surgical correction of oral
clefts and dental care, including dentures when
indicated. Psychometric evaluation is merited,
because about hall the reported patients have
mental deficiency.

ETIOLOGY. Dominant mutant gene with a
lethal effect in the XY male. The ratio of female
to male offspring of affected women has been 2 : 1,
and no affected woman has been known to have
a son with the OFD syndrome. Therefore the risk
for the OFD mother having an affected offspring
is one in three. Present data do not allow for a
distinction between an X-linked gene, lethal in
the hemizygote, and an autosomal mutant which
is an early lethal in the male.

REFERENCES

1. Papillon-Léage, Mme., and Psaume, J.: Une malfor-
mation héréditaire de la mugqueuse buccale:
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2. Gorlin, R. J., and Psaume, J.: Orodigitofacial dysos-
tosis —a new syndrome. J. Pediat., 61:520, 1962,

3. Gorlin, R, J., and Pindborg, J. J.: Syndromes of the
Head and Neck., New York, McGraw-Hill Book
Co., 1964, p. 438.

4. Doege, T. C., Thuline, H. C., Priest, J. H., Norby,
. E., and Bryant, J. 5.: Studies of a family with
the oral-facial-digital syndrome. New England
J. Med., 271:1073, 1964,
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A, Young infant of a normal mother,

B, Irregular clefts in alveolar ridge, palate, and tongue.

C, Short third finger; partial syndactyly of third and fourth fingers
[, Seventeen vear old davghter of affected mother.
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H. Oral-Facial-Digital Associations of Defects

45. MOHR SYNDROME

Cleft Tongue, Conductive Deafness, Partial Reduplication of Hallux

Mohr!' deseribed this pattern in several male
siblings in 1941, and recently Rimoin and Edger-
ton® reported an affected brother and sister.

ABNORMALITIES
General. Mild shortness of stature.
Conductive deafness due apparently to defect
of incus.
Facies and Mouth. Low nasal bridge with lat-
eral displacement of inner canthi.
Broad nasal tip, sometimes slightly bifid.
Midline partial cleft of lip.
Hypertrophy of usual frenula.
Midline cleft of tongue, nodules on tongue.
Flare to alveolar ridge.
Hypoplasia of zygomatic arch, maxilla, and
body of mandible.
Extremities. Partial reduplication of hallux,
first metatarsal, cuneiform, and cuboid.
Relatively short hands with clinodactyly of
fifth finger.
Metaphyseal flaring and irregularity.

OCCASIONAL ABNORMALITIES. Wormian

122

cranial bones, missing central incisors, cleft
palate, pectus excavatum, scoliosis.

NATURAL HISTORY. These patients appar-
ently have normal intelligence, and plastic sur-
gery is indicated for the clefts, frenula, and
partial reduplication of the hallux. A surgical
attempt to reconstruct the auditory ossicles was
unsuccessful in one case.

ETIOLOGY. Presumed autosomal recessive.
COMMENT. This condition may easily be con-
fused with the oral-facial-digital syndrome.

REFERENCES

1. Mohr, ©. L.. A hereditary sublethal syndrome
in man. Skr. Norske Vidensk. Akad., 1. Mat.
Naturv. Klasse, 14:3, 1841.

2. Himoin, D. L., and Edgerton, M. T.: Genetic and
elinieal heterogeneity in the oral-facial-digital
syndromes. J. Pediat., 71:84, 1967,



A to C, Note the alterations in the upper lip and the aberrant first metatarsal bone, (From Rimoin, D. L.,
and Edgerton, M. T.: J. Pediat., ¥1:94, 1967.)
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H. Oral-Facial-Digital Associations of Defecis

46. MIETENS  SYNDROME

Corneal Opacity, Narrow Nose, Flexion Contracture at Elbow

In 1966, Mietens and Weber' recorded this
pattern of malformation in four of six siblings
born of normal unrelated parents.

ABNORMALITIES
General. Dull mentality, with intelligence gquo-
tients of 70 to 81.
Small stature (prenatal onset in at least one
instance).
Facies. Corneal opacity, horizontal and rota-
tory nystagmus and strabismus.
Narrow nose with hypoplasia of alae nasi.
Extremities. Short forearms and dislocation of
proximal radius with flexion contracture at

elbow.

OCCASIONAL ABNORMALITIES. Pes val-
gus, inability to fully extend knee, dislocation of
hip, pectus excavatum, arterial aneurysm.

NATURAL HISTORY. Because ofthe impaired
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vision plus the limitation of funetion of the arms,
it is difficult to know whether the 70 to 80 intel-
ligence quotients are a valid indicator of mental
defect or not. Vascular anomalies may be a seri-
ous feature in this syndrome. The older girl (il-
lustration) died from rupture of an aneurysm of
the right anterior cerebral artery.”

ETIOLOGY. Undetermined. ? Autosomal re-
cessive,

REFERENCES

1. Mietens, C., and Weber, H.: A syndrome character-
ized by corneal opacity, nystagmus, flexion con-
tracture of the elbows, growth failure, and
mental retardation. J. Pediat., 69:624, 1966,

2. Mietens, C.: Personal communication.



~ Affected siblings. Note the hypoplasia of the alae nasi and the position of the dislocated elbows. (From Mietens,
C., and Weber, H.: J. Pediat., 69:624, 1966.)
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H. Oral-Facial-Digital Associations of Defects

47. OCULODENTODIGITAL SYNDROME

Microphthalmos, Enamel Hypoplasia, Camptodactyly of Fifth Fingers

Originally described in 1920 by Lohmann,’'
this pattern was more fully characterized by
Gorlin, Meskin, and St. Geme® in 1963. Only 12
cases have been reported.

ABNORMALITIES. Based on 12 cases,

Eye. Microphthalmos, microcornea, fine porous
1ris.

Nose. Thin, hypoplastic alae nasi with small
nares.

Teeth. Enamel hypoplasia.

Hands and Feef. Syndactyly of fourth and fifth
fingers, third and fourth toes. Camptodac-
tyly of fifth fingers. Mid-phalangeal hypo-
plasia or aplasia of one or more fingers, toes.

Hair. Fine, dry, and/or sparse and slow grow-
ng.

Other Skeletal. Broad tubular bones and man-
dible with wide alveolar ridge.

OCCASIONAL ABNORMALITIES. Small

palpebral fissures, epicanthic folds, glaucoma,
partial anodontia, microdontia, premature loss
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of teeth, cleft lip and palate, conductive hearing
impairment, cubitus valgus, hip dislocation,
osteopetrosis, poor posture.

NATURAL HISTORY.
tion. Mentally normal.

Inadequate informa-

ETIOLOGY. Present evidence indicates auto-
somal dominant with variable expressivity.

REFERENCES

1. Lohmann, W.: Beitrag zur Kenntnis des reinen
Mikrophthalmus. Arch. Augenh., 86:136, 1920.

. Gorlin, R. J., Meskin, L. H., and St. Geme, J. W.:
Oculodentodigital dvsplasia. J. Pediat., 63:69,
1963.
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oculodentodigitaliz.” Arch, Ophth., 71:187, 1964.

. Eidelman, E., Chosack, A., and Wagner, M. L.: Oro-
digitofacial dysostosis and oculodentodigital
dysplasia. Two distinct syndromes with some
similarities. Oral Surg., 23:311, 1967.
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Twelve vear old. Note the microcornea, small eyves, hypoplasia of the alae nasi, camptodactyly, repaired
syndactyly of the fourth and fifth fingers, and bony abnormalities. (From Gorlin, R. J., et al.: J. Pediat., £3:69,
1963.)



H. Oral-Facial-Digital Associations of Defects

48. OTO-PALATO-DIGITAL SYNDROME

(Tavbi's Syndrome)

Deafness, Cleft Palate, Broad Distal Digits

Three siblings were described by Taybi' in
1962, and a fourth case was reported by Dudding,
Gorlin, and Langer.*

ABNORMALITIES. Based on four cases,

Performance. Mild mental deficiency; 1.GQ., 75
to 90.

Grrowth. Small stature, all below tenth per-
centile for age.

Hearing. Moderate conductive deafness.

Cranium. Frontal and occipital prominence
with thick frontal hone and thick base of
skull having a steep naso-basal angulation.

Absence of frontal and sphenoid sinuses,

Facies. Facial bone hypoplasia and hypertelo-
rism with small nose and mouth.

Mouth. Partial anodontia, impacted teeth, or
both. Cleft soft palate, small tonsils.

Mid-Skeletal. Small trunk, pectus excavatum,
failure of neural arch fusion, small iliac
crests.

Extremities. Limited elbow extension, inward

bowing tibiae. Short broad distal phalanges
of thumbs and toes, to a lesser extent for
other digits. Fusion of hamate and capitate.
Accessory ossification center at the base of
the second metatarsal.

OCCASIONAL ABNORMALITIES. Delayed
closure of anterior fontanel, hip dislocation,
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limited knee flexion, syndactyly of toes, hallucal
nail dystrophy.

NATURAL HISTORY. Speech development is
retarded on the basis of hearing impairment,
mental deficiency, or both.

ETIOLOGY. Familial, the three cases of Taybi'
being male siblings. Autosomal dominant or
X-linked inheritance is suggested by a family
observed by Aase’ to have three affected male
siblings and a partial expression in their mother.
However, Gorlin' has observed sibship occur-
rence, including an affected female of normal
parentage, and considers autosomal recessive
inheritance most likely. It will require more
information to resolve this question.

REFERENCES

1. Taybi, H.: Generalized skeletal dysplasia with mul-
tiple anomalies. Am. J. Roentgenol., 88:450,
1962

. Dudding, B. A., Gorlin, R. J., and Langer, L. O.: The
oto-palato-digital syndrome. A new symptom-
complex consisting of deafness, dwarfism, eleft
palate, characteristic facies, and a generalized
bone dysplasia. Am. J. Dis. Children, 113:214,
1967,

. Aase, J.: Personal communication.

. Gorlin, R.: Personal communication.

B

F

R TIELD LI o

-




A to O, Note irregular length and form of distal phalanges, especially thumb. (From Dudding, B. A., Gorlin,
R. J., and Langer, L. O.: Am. J. Dis. Children, 11.3:214, 1967.)
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I. Hematopoietic Disorders with Associated Defects

49, FANCONI'S SYNDROME OF PANCYTOPENIA
AND MULTIPLE ANOMALIES

Hypoplasia of Radial Side of Distal Upper Extremity, Hyperpigmentation,

Pancytopenia

Since Fanconi’s' original description of three
affected siblings in 1927, over 160 case have been
reported.

ABNORMALITIES. Percentage of patients
noted to have each defect.”

Small stature 56‘}::'
Small cranium 43%
Hypoplasia to aplasia of thumb T8%

Pancytopenia: because marrow failure has
generally been an essential prerequisite to
the diagnosis, it is difficult to know its true
incidence:; however, it is presumably a usual
feature.

Splenic hypoplasia is a frequent autopsy find-
ing.

Brownish pigmentation of skin iz a frequent
feature.

Small penis, small testes, and/or cryptorchi-
dism are found in 44 per cent of males.

OCCASIONAL ABNORMALITIES. Mental
deficiency (20+ per cent), ptosis of eyelid, strabis-
mus, nystagmus, microphthalmos, auricular
anomaly, deafness, osteoporosis, aplasia of radius
(15 per cent), duplication of thumb, broad base of
proximal phalanges, hypoplasia to aplasia of first
metacarpal, diminished carpal centers, syndac-
tyly, dislocation of hip, congenital heart defect,
hyvpospadias, and leunkemia (acute monocytic).

NATURAL HISTORY. The majority of pa-
tients are relatively small at birth. Respiratory
infections may be a frequent problem. The un-
even brownish pigmentation of the skin tends to
increase with age, being most evident in the ano-
genital area, groin, axilla, and trunk. Develop-
ment of bleeding, pallor and/or recurring infec-
tion usually appears between five and ten years
of age, although pancytopenia may occur in in-
fancy or as late as the third decade. There are
nests of hematopoiesis in the generally hypoplas-
tic marrow. Some erythrocytes are macrocytic,
there iz a high percentage of fetal hemoglobin,
and the red cell life span is shortened. The leuko-
penia is predominantly granulocytopenia. Pre-
viously the survival following discovery of
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pancytopenia was seldom more than two years,
although recently combined therapy with testos-
terone and hydrocortisone analogue has ex-
tended the survival period.

ETIOLOGY. The frequent occurrence of af-
fected siblings plus the finding of consanguinity
in 20 per cent of the familial cases is indicative
of autosomal recessive determination. The find-
ings of greater than 25 per cent affected siblings
and the 2:1 incidence of affected males to fe-
males are presently unexplained. However, the
ascertainment bias tends toward detection of
families with multiple affected offspring, espe-
cially for this condition in which there may be
rather wide variance in expression between af-
fected siblings. What is needed is an assessment
of the frequency and sex of affected individuals
born after the oldest propositus. An occasional
parent may have malformation (one case), slight
pancytopenia (one case), or neutropenia; leu-
kemia was found in an otherwise normal relative
in four of 48 affected families,® all possible
heterozygote manifestations.

COMMENT. A curious and consistent finding
has been undue fragility of the chromosomes of
in vitro cultured lymphoeytes from patients with
this syndrome,' a finding which may be related
to the propensity to develop leukemia. Chromo-
somal breaks, gaps, and rearrangements were
not a frequent feature of in vivo cells such as
those obtained from the marrow.’

REFERENCES

1. Fanconi, G_: Die familiire Panmyelopathie. Schweiz.
Med, Wschr,, 94:1309, 1964,

2. Nilsson, L., R.; Chronic pancytopenia with multiple
congenital abnormalities (Fanconi's anaemial
Acta Paediat., 49:518, 1960,

3. Garriga, 5., and Crosby, W. H.: The incidence of
leukemia in families of patients with hypoplasia
of the marrow. Blood, 74: 1008, 1959,

4. Schmid, W. K., Scharer, K., Baumann, T., and Fan-
coni, (i.: Chromosomenbruchigkeit bei der famili-
iiren Panmyelopathie (Typus Fanconi). Schweiz.
Med. Wachr., 85:1461, 1965,



+ Pigmentation (brown) of skin
t Short stature
+ Small eranium
+ Mental retardation
+ Strabismus
+ Abnormal ears
f Abnormal thumbs
t Renal anomaly
+ Hypoplasia of marrow, with time
Seven vear old with a height age of three and one half years who
has the anomalies listed above, The pedigree notes two affected siblings

and one otherwise normal brother who died of leukemia during infancy.
{From Smith, D. W.: .J. Pediat., 70:478, 1967.)
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I. Hematopoietic Disorders with Associated Defects

50. RADIAL APLASIA-THROMBOCYTOPENIA

Gross, Groh, and Weippl' described this
entity in siblings in 1956; subsequently over 20
cases have been reported. Shaw and Oliver® and
others have clearly distinguished this disorder
from Fanconi's pancytopenia with associated
malformations.

ABNORMALITIES

Hematological. Most severe in early infancy.

Thrombocytopenia with absence or hypoplasia
of megakaryocytes (absent in 66 per cent, de-
creased in 12 per cent, inactive in 12 per
cent).

“"Leukemoid” granulocytosis in 62 per cent of
cases, especially during bleeding episodes,
Eosinophilia in 53 per cent.

Anemia, often out of proportion to apparent
hlood loss.

Absence or Hypoplasia of Radius. Usually bi-
lateral; often with associated ulnar hypo-
plasia and defects of the hand, legs, and/or
feet.

OCCASIONAL ABNORMALITIES. About 25
per cent have a congenital heart defect. Small
stature, genu varum, renal anomaly, and spina
bifida have been noted in at least two cases, and
individual cases have been reported with brachy-
cephaly, strabismus, micrognathia, syndactyly,
short humerus, hypoplastic shoulder girdle, dis-
location of the hip, talipes foot deformity and
Meckel's diverticulum. One patient developed
leukemia, indicating that this unstable hemato-
logical disorder may predispose toward develop-
ment of leukemia,
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NATURAL HISTORY. About 40 per cent of
the patients have expired, usually as a result
of hemorrhage during early infancy. With ad-
vancing age the severity of the hematological
disorder usually becomes less profound, and
therefore vigorous early management is indi-
cated. Hydrocortisone analogue therapy, though
it may lessen the likelihood of hemorrhage, has
not had a consistently beneficial effect on the
thrombocytopenia.

ETIOLOGY. There have been three reports of
affected siblings, the sex incidence is about equal,
and autosomal recessive mode of determination
i1s considered likely, though parental consan-
guinity has not been reported. Of interest is the
fact that an uncle of one patient died of leukemia.
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A, Bame patient as infant and yvoung baoy. _ .
£, Young infant with serious bleeding and hepatosplenomegaly, Patient also had a cardiac defect.
iCourtesy of J. M. Opitz, University of Wisconsin, and R. Hunter, University of Washington.)
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51. HOLT-ORAM SYNDROME

(Cardiac-Limb Syndrome)

Upper Limb Defect, Cardiac Anomaly, Narrow Shoulders

This syndrome of skeletal and cardiovas-
cular abnormality was first described by Holt and
Oram in 1960."

ABNORMALITIES

Skeletal. Hypoplasia and proximal placement
of the thumb is the most common defect, but
hypoplasia of the radius and even phoco-
melia may occur.

Hypoplasia of the clavicles with narrow shoul-
ders.

Cardiovascular.  Auricular septal defect, some-
times with arrhythmia, and wventricular
septal defect have been the most common
defects, and about one third of the patients
have had other types of congenital heart
defects.

OCCASIONAL ABNORMALITIES. Absent
pectoralis major muscle. Small scapulae. Tri-
phalangeal thumb. Skin tag over lower sternum,.
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ETIOLOGY. Autosomal dominant with vari-
able expression, tending to be more severe in
the female.
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A, Finger-like thumb (to right) in an infant with the Holt-Oram syndrome. (From M. Feingold, Tufts Medical
Sechool.)

B, Fifteen year old with auricular septal defect. Note severe forearm hypoplasia, absence of thumbs, and
altered shoulder girdle.
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J. Genital Anomalies with Associated Defects

52. SMITH-LEMLI-OPITZ SYNDROME

Anteverted Nostrils andlor Ptosis of Eyelid, Syndactyly of Second and Third Toes,
Hypospadias and Cryptorchidism in Male

Four patients with this disorder were de-
cribed by Smith et al.' in 1964, and subsequently
at least nine further cases have been docu-
mented.*™*

ABNORMALITIES. Based on 13 cases.

Growth. Moderately small at birth with sub-
sequent failure to thrive.

Performance. Moderate to severe mental defi-
ciency with variable altered muscle tone.
Craniofacial. Microcephaly with relative sca-
phocephaly, auricles slanted or low set,
ptosis of evelids, inner epicanthic folds,
strabismus, broad nasal tip with anteverted
nostrils, broad maxillary alveolar ridges,

micrognathia.

Extremities. Simian crease, high frequency of
digital whorl dermal ridge patterning, syn-
dactyly of second and third toes.

(renitalia. Male: cryptorchidism, hypospadias,
mild to severe.

Other Abnormalities. Observed in one or two
cases but not evaluated in most cases. EEG
abnormality, dysplasia epiphysealis punc-
tata, acrocvanosis of hands and feet, hypo-
plasia of thymus, cleft palate, polydactyly,
vertical talus.

OCCASIONALABNORMALITIES. Broad na-
sal bridge, clenched hand with index finger over-
lying third, asymmetrical short finger, distal
palmar axial triradius, metatarsus adductus, dis-
located hip, deep sacral dimple, pit anterior to
anus, wide-spread nipples, cardiac defect, in-
guinal hernia, pyloric stenosis, dilated renal
calyees,

NATURAL HISTORY. Feeding difficulty and
vomiting have been frequent problems in early
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infancy, and seven of the 13 patients have died
at from two to 14 months of age, with the sur-
vivors ranging in age from 18 months to 11 years.
Death appeared related to pneumonia in five of
the seven patients, one of whom had a hemor-
rhagic necrotizing pneumonia with varicella,
suggesting an increased susceptibility to serious
infection. Irritable behavior with shrill scream-
ing may pose a problem during infancy.

ETIOLOGY. 7 Autosomal recessive, based on
sibship oceurrence and normal parents. No con-
sanguinity noted. The prevalence of affected
males versus females (11 of 13) may simply be
related to the ascertainment bias of the genital
anomaly.
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A to D A, Young infant raised as female. B, Ten month old; height age six months. C, Older infant, I}, Five
vear old; height age, 18 months. Note ptosis, nasal configuration, and wide secondary alveolar ridge.

E, Lateral view of patient A. Note prominent mid-forehead (glabella), micrognathia.

¥, Clenched hand (patient A), a variable feature,

(7, Simian crease and distal palmar axial triradius (arrow).

H, Unusual appearance of syndactyly of the second and third toes in three of four patients.

(B, C.D G and H from Smith, D. W., et al.: J. Pediat., 84:210, 1964.)
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J. Genital Anomalies with Associated Defects

53. FRASER SYNDROME

Cryptophthalmos.” Defect of Auricle, Genital Anomaly

The association of multiple other malforma-
tions in patients with the rare anomaly of cryp-
tophthalmos had been appreciated' prior to 1962,
when a rather distinctive syndrome found in two
sets of siblings was set forth by Fraser.® Subse-
quently two similar cases have been reported,®
but the syndrome needs further definition and
the following represents a preliminary depiction
of this condition.

PATTERN OF ABNORMALITY. The most
consistent features have been the following:

Eyes. Cryptophthalmos.
FEars. Auricular defect.
Genitalia. Male: hypospadias, cryptorchidism.

Female: bicornuate uterus, vaginal atresia.

INCONSISTENT FEATURES. Flat nasal
bridge, hypertelorism, lacrimal duct defect,
palatal defect, partial mid-facial cleft, atresia of
external ear canal, defect of middle ear, laryn-
geal stenosis or atresia, widely spaced nipples,
syndactyly, renal anomaly, umbilical anomaly,
anal atresia.

*Cryptophthalmos (hidden eve) fundamentally
means absence of the palpebral fissure but usually in-
cludes varying absence of eyelashes and eyebrows and
defects of the eye, especially the anterior part.
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NATURAL HISTORY. Two of the four pa-
tients reported by Fraser® were stillborn. As yet
no clear statement as to survival or mental re-
tardation can be set forth. Because the defect of
eyelid development is frequently accompanied
by ocular anomaly, the likelihood of achieving
adequate visual perception is small.

ETIOLOGY. Preliminary evidence favors auto-
somal recessive mode of etiology, as indicated by
occurrence in siblings, parental consanguinity
in one case, and absence of evident chromosomal
abnormality in at least two cases.® !
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A genetic male with cryptophthalmos, malformed ears with atresia of external auditory canals, aberrant
umbilicus, and incomplete development of external genitalia, (Courtesy of 3. P. Gupta, University of Lucknow.)
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J. Genital Anomalies with Associated Defects

54. HYPERTELORISM-HYPOSPADIAS SYNDROME

(Opitz Syndrome)

Hypertelorism, Hypospadias

Opitz, Summitt, and Smith'* recently re-
ported this dominantly inherited condition in
three families in which affected males usually
have apparent ocular hypertelorism and hypo-
spadias, whereas affected females have only
hypertelorism, there being no opportunity for
expression of the penile malformation in the
female.

ABNORMALITIES. Apparent ocular hyperte-
lorism in both sexes; varying degrees of hypo-
spadias in the male.

Less Consistent Features in Affected Individuals.
Mild to moderate mental deficiency, inguinal
hernia, eryptorchidism, anomaly of external
ear, cardiac defect.
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ETIOLOGY. ? Autosomal dominant with sex
limitation for penile malformation. One probable
instance of male-to-male transmission tenta-
tively excludes X-linked inheritance.
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An affected mother (mild hypertelorism) and two of her affected boys who show hypertelorism and also have
hypospadias. (From the B. O. family pedigree of Opitz et al ¥
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K. Deafness with Associated Defects

55. WAARDENBURG'S SYNDROME

Lateral Displacement of Medial Canthi, Partial Albinism, Deafness

Waardenburg' set forth this pattern of mal-
formation in 1951, He found this syndrome in 1.4
per cent of congenitally deaf children and from
these data estimated the incidence to be about
1:42,000 in Holland.

ABNORMALITIES
Lateral displacement of median canthi ~ 99%
Broad and high nasal bridge T8%
Medial hyperplasia, eyvebrows 45%
Partial albinism 37%
Deafness 205
DCCASIONAL ABNORMALITIES. Flattened

alae nasi, rounded tip of nose, full lips with ac-
centuated "cupid’s bow” to upper lip, cleft lip and
palate, limb defect.

NATURAL HISTORY. The partial albinism is
most commonly expressed as a white forelock
and/or isochromic pale blue eves with hypoplastic
iral stroma; however, it may be present as hetero-
chromia of the iris, areas of viteligo on the skin,
patches of white hair other than the forelock,
and/or mottled peripheral pigmentation of the
retina. The white forelock may be present at
birth only to become pigmented early in life; the
hair may become prematurely gray or white.
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Congenital deafness is the most serious fea-
ture and if present is usually bilateral and se-
vere, The defect appears to be in the organ of
Corti with atrophic changes in the spiral gan-
glion and nerve.

ETIOLOGY. Autosomal dominant. Five of the
16 propositi of Waardenburg were considered to
represent fresh mutations, a calculated mutation
rate of 0.4 x 107 per gamete.

COMMENT. The association of dominantly in-
herited albinism and deafness was noted in cats
as early as 1769 and subsequently in the horse
and several types of dog.
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J. Human Genet., 3:195, 1951.

2. DiGeorge, A. M., Olmsted, R. W., and Harley, R. D..
Waardenburg’s syndrome. J. Pediat.,, 57:648,
19640,



A, Mother and daughter. Note the izochromic hight
iriz. (From Partington, M. W.: Arch. Dis. Childhood,
J4:154, 1959, )

B, Ten year old with congenital deafness. Note prom-
inent nasal root, small alae naszi. (From DiGeorge, A. M.:
J. Pediat., 57:649, 1960.)

', Brothers, only one of whom has deafness, Note the
lack of a white forelock.

D, Four month old infant who had a white forelock
at hirth which iz now pigmented. Note heterochromia of
irises, lateral placement of inner canthi, and small alag
nasi.
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K. Deafness with Associated Defects

56. RUBELLA SYNDROME

Deafness, Cataract, Patent Ductus Arteriosus

Gregg' first called attention in 1941 to the
permanent residua of fetal rubella acquired from
the mother during the first trimester of gestation.
Culture of the viral agent during the severe 1964
epidemic resulted in an appreciation of the "ex-
panded rubella syndrome” as the consequence of
widespread chronic disease.

ABNORMALITIES. Fetal death may occur.
The following are tissues affected and consequent
abnormalities noted in the 1964 epidemic.

The asterisks (*) indicate permanent re-
sidua.

Abnormality
Growth deficiency
"Mental deficiency,

Tissue
General hypoplasia
Central nervous

system microcephaly
Cochlea *Deafness
Lens *Cataract

*Glaucoma, corneal
opacity, chorioretinitis
“Patent ductus arteriosus,
peripheral pulmonic

stenosis

Other parts of eye

Blood veszels

Myocardium *Septal defects,
myocardial disease
Early Infancy
Tissue Abnormalities
Marrow elements Thrombocytopenia,
anemia

Reticuloendothelial Hepatosplenomegaly

Liver Obstructive jaundice

Bone Osteolytic metaphyseal
lesions

Lung Interstitial pneumonia

OCCASIONAL ABNORMALITIES. Renal

disease, hemolytic anemia, large anterior

fontanel, late eruption of teeth, hypospadias,
cryptorchidism, meningocele, dermatoglyphic al-
terations.
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NATURAL HISTORY. The frequency of fetal
infection from mothers having rubella during
the first trimester is about 50 per cent. Cultures
for rubella virus in excretions were positive in
63 per cent of neonates with evidence of the
Rubella syndrome; 31 per cent of cultures were
still positive at five to seven months, 7 per cent
at ten to 13 months, and none past the age of
three years. However, rubella virus was re-
covered from a cataract removed from a two and
one half year old. Thus the disease is chronic
and although the neonate has prenatal anti-
bodies to the rubella agent, the intracellular
rubella virus may persist for a long period of
time.

The extent to which mental deficiency and
growth deficiency will persist as permanent
residua of the 1964 epidemic remains to be de-
termined. Certainly these features appear to be
more frequent residua in this epidemic than in
those of the past, in which deafness was the most
common residua of fetal rubella (31 per cent).

Prevention of maternal rubella via wide-
spread administration of attenuated rubella
vaccine is throughly merited. Beyond this, the
oceurrence of validated maternal rubella during
the first trimester of pregnancy merits serious
consideration toward early termination of that
pregnancy.

ETIOLOGY. Rubella virus.
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A, Newhorn, clinically sick with lethargy, petechiae, and hepatosplenomegaly. (From Smith, 0. W.:J. Pediat.,
7517, 1967.)

B, Osseous lesions in the femur of five day old baby. Note coarse trabecular pattern and subperiosteal rare-
faction.

C, Three and three fourths vear old with height age of two and three fourths years a nd mental deficiency.
The patient has cataracts, chorioretinitis, hearing impairment, and cryptorchidism—all the apparent residua
of congenital rubella.
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L. Presumed Metaholic Aberrations Affecting Morphogenesis

57. Leprechaunism

{Donohue’s Syndrome)

Prenatal Adipose Deficiency, Full Lips, Enlarged Phallus

This somewhat puzzling entity was initially
described as dysendocrinism by Donchue' in
1948. Later Donohue and Uchida® reported two
siblings under the term leprechaunism. Subse-
quently only seven other cases have documented,
and it is difficult to be sure that they all represent
the same entity.

ABNORMALITIES

GGrowth. Prenatal growth deficiency with re-
tarded osseous maturation and marked lack
of adipose tissue; mean birth weight, about
2.6 kg.

Facies. Small with prominent eves, wide nos-
trils, thick lips, large ears.

Endocrine. Large phallus, breast hyperplasia
in female, Leydig cell hyperplasia (male),
follicular development with cystic ovary, in-
creased pituitary gonadotropes, hyperplasia
of islets of Langerhans.

Other. Body and facial hirsuitism.

Apparent motor and mental retardation.
Iron deposition in liver,
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NATURAL HISTORY. Usually severe failure
to thrive and frequent infections with death in
early infancy. One patient survived to two and
one fourth years of age. Hypoglycemia occurs fol-
lowing prolonged fast. The basic defect in metahb-
olism is undetermined.

ETIOLOGY. Autosomal recessive inheritance
is implied by consanguinity and sibship occur-
rence.
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Six week old; birth weight, 3 pounds, 14 ounces. (From Donohue, W. L., and Uchida, [.; .J. Pediat., 45:505,
1954.)
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L. Presumed Metabolic Aberrations Affecting Morphogenesis

58. BERARDINELLI'S LIPODYSTROPHY SYNDROME

Lipoatrophy. Phallic Hypertrophy, Hepatomegaly and Hyperlipemia

Berardinelli' reported this unusual lipodys-
trophic syndrome in 1954. Although more than
20 cases have subsequently been recorded, the
metabolic defect responsible for this inborn
error of metabolism has not been determined.

ABNORMALITIES

Performance. Mental deficiency as a variable
feature.

trrowth. Accelerated growth and maturation,
enlargement of hands and feet, phallic en-
largement, hypertrophy of muscle with ex-
cesz glycogen, lack of adipose from early
life.

Skin. Coarse with hyperpigmentation, espe-
cially in axillae.

Hair. Hirsutism with curly scalp hair.

Vessels. Large superficial veins.

Liver. Hepatomegaly with excess neutral fat,
glycogen, and eventual cirrhosis.

Plasma. Hyperlipidemia (neutral fats). Insulin-
resistant nonketotic hyperglycemia may de-
velop.

OCCASIONAL ABNORMALITIES. Cardio-
megaly, corneal opacities, hyperproteinemia, hy-
perinsulinemia.

NATURAL HISTORY. The accelerated growth
and hyperlipidemia are most prominent in early
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childhood and hyperglycemia may develop in
later childhood. The oldest reported patient, 16
vears of age, was diabetic. Cirrhosis of the liver
with esophageal varices may become a fatal com-
plication.

COMMENT. Although the accelerated growth
and maturation plus the muscle hypertrophy and
enlargement of the phallus are suggestive of
androgen effect, neither androgens nor gonado-
tropins are elevated and the hirsutism does not
include pubic and axillary hair.

ETIOLOGY. Autosomal recessive as indicated
by sibship occurrence and parental consanguin-
ity.
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Boy of preadolescent age. Note the hypertrophied muscle and relative lack of subcutaneous fat. (Courtesy
of Central Wisconsin Colony and Training School.)
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L. Presumed Metabolic Aberrations Affecting Morphogenesis

59. INFANTILE HYPERCALCEMIA, PECULIAR
FACIES, SUPRAVALVULAR AORTIC STENOSIS

By 1958, certain infants with hypercalcemia
were noted to have a peculiar facies and mental
retardation,' subsequently supravalvular aortic
stenosis, and peripheral pulmonic stenosis were
also found in such patients.**

ABNORMALITIES. Varying features from the
following:

(rrowth. Short stature,
weight.

Performance.
severe,

Facies. Broad maxilla and mouth with full
prominent upper lip, anteverted small nose.

Tendency toward full forehead, hypertelorism,
inner epicanthic folds, small mandible, prom-
inent ears,

Vascular. Supravalvular aortic stenosis or hy-
poplasia and/or peripheral pulmonary artery
stenoses.

Skeletal. Osteosclerosis, most evident at base
of skull and metaphyses.

Dentition. Hypoplasia.

Metabolic. Hypercalcemia in infancy with
symptoms and signs such as hypotonia, con-
stipation, anorexia, vomiting, polyuria, poly-
dysplasia, renal insufficiency and vicarious
calcification.

sometimes low birth

Mental deficiency, moderate to

OCCASIONAL ABNORMALITIES. Raucous

voice, strabismus, craniosynostosis, partial ano-
dontia, elevated serum cholesterol.

NATURAL HISTORY. The hypercalcemia,
when detected, is generally only present in in-
fancy and may be suspected on the basis of failure
to thrive with hypotonia, anorexia, constipation,
or evidence of renal impairment and slow devel-
opmental progress. Therapeutic or spontaneous
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resolution of the hypercaleemia will be accom-
panied by improvement in these symptoms, al-
though there may be permanent residua of men-
tal defect, renal insufficiency, or both. Whether
the peculiar facies and large vessel abnormalities
are the consequence of prolonged hypercalcemia
in early life remains to be determined. The pro-
duction of aortic endothelial abnormalities in
voung animals rendered hypercalcemic has
heightened the suspicion that the vascular de-
fects are secondary to hypercalcemia.

ETIOLOGY. Unknown. All cases have been
sporadic. As mentioned previously, the major
question is whether all signs and symptoms are
the consequence of hypercalcemia in early life
or whether the same adverse factor which leads
to peculiar facies and the vessel anomalies also
enhances the likelihood for hypercalcemia in
infancy.
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2 weeks 6 months 4 years
Height age — 2% yr.

A, Facial appearance from the mother's photos of a boy with aortic stenozis, unusual facies, and relatively
slow developmental progress. The serum calcium is presently normal; unknown during infancy,

B, Four and one half month old with severe hypercalecemia whose height age was four months at seven months
of age when the baby died. Necropsy showed nonspecific fibrous thickening in the intima of the acrtic valve.
(From Joseph, M. C., and Parrott, D.; Arch. Dis. Childhood, 33:385, 1958.)

. Seventeen year old mentally deficient boy of short stature who has evidence of supravalvular aoriic stenosis.
(Courtesy of A. Reichert, Rainier State Training School, Buckley, Wazhington, )



L. Presumed Metabolic Aberrations Affecting Morphogenesis

60. WIEDEMANN-BECKWITH SYNDROME

Macroglossia, Omphalocele, Macrosomia, Cytomegaly of Fetal Adrenal

Wiedemann' and Beckwith et al®* reported
this distinet clinical entity in 1964, and numer-
ous cases have subsequently been recognized.

ABNORMALITIES
Performance. Unknown incidence of mild to
moderate mental deficiency; may be normal.

Growth. Macrosomia with large muscle mass
and thick subcutaneous tissue.
Craniofacial. Macroglossia.
Prominent eves with relative infraorbital hy-
poplasia.
Capillary nevus flammeus, central forehead
and eyelids.

Metopic ridge, central forehead.

Prominent occiput.

Malocclusion with tendency to mandibular
prognathizm.

Unusual linear fissures in lobule of external
ear.

Hyperplasia and Dysplasia. Large kidneys with

renal medullary dysplasia.

Pancreatic hyperplasia, including excess of
islets.

Fetal adrenocortical cytomegaly —a consistent
feature.

Interstitial cell hyperplasia, gonads.

Pituitary amphophil hyperplasia.

Other. Neonatal polveyvthemia,

Hypoglycemia in early infancy (about one third
to one half of cases).

Omphalocele or other umbilical anomaly.

Posterior diaphragmatic eventration,

Cryptorchidism.

OCCASIONAL ABNORMALITIES. Hepato-
megaly, mild microcephaly, skeletal asymmetry,
adrenal carcinoma, Wilms' tumor, clitoromegaly,
large ovaries, hyperplastic uterus and bladder,
bicornuate uterus.

NATURAL HISTORY. Hydramnios and a rela-
tively high incidence of prematurity provide
further indication of the rather profound pre-
natal alterations. Severe problems of neonatal
adaptation may occur, with apnea, cyanosis, and
seizures as symptoms. Repair of an omphalocele
is obviously indicated, but preoperative studies
should be carried out to determine if the neonate
has this syndrome, which accounted for at least
11.7 per cent of the cases of omphalocele re-
viewed by Irving® The large tongue may par-
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tially occlude respiration and lead to feeding
difficulties. Placing the baby on its side or face
down may help respiration, and a large soft
nipple may facilitate feeding. Detection and
treatment of hypoglycemia in any newborn with
features of this syndrome are critical. The hypo-
glycemia is responsive to hydrocortisone analogue
therapy, which is usually required for only one
to four months. Polycythemia might also merit
therapeutic intervention during the early neo-
natal period. Cautious follow-up for the detection
of abdominal tumor is indicated, and pneumonia
has been a frequent enough complication during
infancy to warrant concern toward its early de-
tection and treatment. All these measures are
indicated because affected individuals who sur-
vive infancy generally are healthy and all six
(of 11) surviving children in Irving's® study were
considered mentally normal at four to eight and
one half vears of age; however, Beckwith has
noted mild to moderate mental deficiency in sur-
VIVOTS.

Early postnatal growth may be slow, but
thereafter macrosomia is the rule with growth
around the ninetieth percentile and advanced
skeletal maturation. Growth may allow adequate
oral room for the large tongue. Partial glossec-
tomy was performed in two of Irving's® six sur-
viving cases with good results. The prognosis
bevond childhood is presently unknown.

ETIOLOGY. Autosomal recessive inheritance
is suspected by the occurrence in siblings*™
although more data is necessary.

COMMENT. The search for the primary factor
in the pathogenesis of this bizarre syndrome is
of basic interest as well as of potential impor-
tance toward the treatment of these patients.
Extensive endocrine and metabolic studies are
indicated in individuals with this syndrome, es-
pecially looking for abnormal adrenocortical
steroids in early infancy. The placenta should be
studied and part of it frozen on any such patient,
because no placental studies have yet been car-
ried out in this disorder.
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(Text continued)
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A, Newborn infant who became hypoglycemic. Note clitoromegaly.
B, Six month old large infant. Note scar of repaired omphalocele.
C, Unusual linear creases in the lobulus of the ear.

D and E, Kidney (2, left) and pancreas (E, lower) of patient compared to normal.

F and G, Fetal adrenal cytomegaly (above) compared to normal and renal medullary dysplasia (G). (From
Beckwith, J. B.®

H, Similar facial appearance of five surviving childven from four to eight years of age, who tend to be large
for age with advanced skeletal maturation.

(C and H from Irving, 1. M.: J. Pediat. Surg., 2:499, 1967.)
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L. Presumed Metabolic Aberrations Affecting Morphogenesis

61. CEREBRAL GIGANTISM

(Sotos” Syndrome)

Large Size, Large Hands and Feet, Poor Coordination

Sotos et al.' described five such patients in
1964, and 23 further cases have subsequently
been reported.

ABNORMALITIES. Based on 22 cases.!™*

Performance. Dull mentality, nonprogressive;
1.Q.'s, 18 to 91, with mean about 60. Poor
coordination.

Growth. Excessive size, evident at birth. Large
hands, feet, and cranium with moderate
prognathism. Advanced ossepus maturation
commensurate with height age.

Other. Relatively thick subcutaneous tissues,
sometimes giving coarse facies with full lips.
Mild dilation of ventricular system. Oecca-
sional nonspecific EEG abnormality, sei-
ZUres,

NATURAL HISTORY. Full term birth length
has varied from 51 to 63.5 cm., usually 52 to 54
cm. Growth is especially rapid in the first three
or four yvears, and final height may not be exces-
sive. Neonatal problems have been frequent, but
thereafter general health has been good. The
excessive size with dull mentality and poor co-
ordination leads to problems of social adjust-
ment,

ETIOLOGY. Unknown. All cases have been
sporadic in the family, and the syndrome has

154

been reported in one concordant set of identical
twins.* No consistent endocrine or other meta-
holic abnormality has been detected, and it is
difficult to be certain whether all cases have a
common etiology or not. The most plausible hy-
pothesis is a single mutant gene, all cases to
date representing fresh mutations. XYY chromo-
somal abnormality should be considered in males
with this pattern of abnormality, at least until
the early childhood features of the XYY consti-
tution have been clarified.
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A, Eight and one half month old infant with
height age of 21 month: and borderline mental
deficiency. (From Sotes, J. F.. et al.: New Eng-
land J. Med., 277:109, 1964.)

B, Twenty five month old with height age of

three and one third yvears and 1.GQ. of 70

(, Eleven vear old with height of 5 feet, 8
inches and 1.Q. of 70. (B and C are from Hook, E.,
and BRevnolds, J. W.: J. Pediat., 70:900, 1967.)




Hamartoses

Syndromes in Which Hamartomata Are a Prominent Feature

Hamartosis implies an organizational defect
leading to an abnormal admixture of tissues,
often with a tumor-like excess of one or more
components of the tissue. Included in this cate-
gory are such features as hemangiomata, melano-
mata, irregular skin pigmentation, fibromata,
lipomata, osteomata, dental tumors, and adeno-
mata. There are also some strange tissue admix-
tures which create nosological confusion because
the histology of the lesions does not conform to
a pathological standard. For example the “ad-
enoma sebaceum” lesions in tuberous sclerosis
are not adenoma of sebaceous glands. The very
name tuberous sclerosis— potato-like lesions
with sclerosis in the brain — emphasizes the noso-
logical problems.

The instability of eoordinated growth of par-
ticular tissues, a feature of many hamartomata,
may allow for local growth toward a tumor, or
even metastasis beyond the local site. One ad-
vantage in recognizing some of the following
patterns of malformation is the enhanced capa-
bility of anticipating future problems by knowing
the natural history of the disorder. For example,
malignant change of a colonic polyp in Gardner’s
syndrome is sufficiently frequent to justify re-
section of the colon by the age of 12 in a child
who iz recognized as having this syndrome with
colonic polyps. However, in another syndrome
with intestinal polyposis—the Peutz-Jeghers
syndrome —the natural history indicates that
intestinal malignancy is a rare occurrence, an
important fact because the intestinal polyps ex-
cised from patients with the Peutz-Jeghers syn-
drome may be interpreted by the pathologist as
potentially malignant.

The "occasional abnormalities” in some of

the following syndromes may be "occasional
tumors.” The physician should be on guard for
the occasional rhabdomyoma in tuberous scle-
rosis, the ovarian tumor in Gardner’s syndrome,
and the medulloblastoma in the basal cell nevus
syndrome.

Hamartomatous lesions are a feature of
many syndromes other than those which follow.
For example, multiple exostoses represent a ham-
artomatous process in the diaphyseal portion of
the bone, and this condition carries a small but
distinct risk toward the development of osteosar-
coma. Melanomata are a frequent feature in
X0 Turner’s syndrome. Adrenal carcinoma and
Wilms' tumor are occasional complications for
individuals with the Wiedemann-Beckwith syn-
drome. A looser association, in terms of being a
distinet syndrome, has been noted in the occur-
rence of Wilms' tumor in individuals with hemi-
hypertrophy, aniridia, or both. These types of
cases emphasize the close relationship which
may exist between malformation and neoplasia.
The same mutant gene which gives rise to an
altered facies in the basal cell nevus syndrome
also affects the growth stability of certain cells,
allowing for nevi as a usual feature and basal
cell carcinoma from such lesions as an occasional
feature.

Finally, there would appear to be little value
in persisting with the use of the term "phacoma-
toses” for some of the following conditions. The
original "phacomatoses” —Sturge-Weber syn-
drome, tuberous sclerosis, and neurofibromatosis
—may now be viewed as separable entities, clin-
ically distinet from each other, with no apparent
etiological relationship.

M. Hamartoses

62. STURGE-WEBER SYNDROME

Flat Facial Hemangiomata, Meningeal Hemangiomata with Seizures

ABNORMALITIES!®

Facial. Pink to purplish-red nonelevated cu-
taneous hemangiomata, most commonly in
a trigeminal facial distribution, sometimes
involving the choroid of the eye with second-
ary buphthalmos, glaucoma.
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Meninges and Central Nervous System. He-
mangiomata of arachnoid and pia, especially
in occipital and temporal areas with second-
ary cerebral cortical atrophy, sclerosis, and
"double-contour” convolutional ealcification.
Seizures, paresis, mental deficiency.
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A, Affected child who has had grand mal seizures.

B, Note the fine mineralization ileft), which tends to reflect the convolutional pattern of the brain.

OCCASIONAL ABNORMALITIES. Heman-
giomatosis in nonfacial areas, eentral nervous
system, other tissues. Cavernous hemangiomata.
Colobomata of iris, coarctation, abnormal ex-
ternal ears.

NATURAL HISTORY. The surface cutaneous
hemangiomata are usually present at birth and
seldom progress. Seizures most commonly hegin
between two months and seven months of age
and are grand mal in type, often asymmetrical.
The degree of central nervous system involve-
ment is variable, with 30 per cent having paresis
and 56 per cent having seizures; not all patients
are mentally deficient. Cerebral calcification is
usually not evident by X-ray until latter infancy,
the earliest being in a patient 13 months of age.

Medical anticonvulsant treatment is of

limited wvalue, and occasionally partial extirpa-
tion of affected meninges, brain tissue, or both
may be merited in unilateral cases as a measure
to control the seizures.

ETIOLOGY. Unknown. Sporadic, with rare ex-
ceptions. Occasionally other family members
may have hemangiomata of a lesser degree.
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63. VON HIPPEL-LINDAU SYNDROME

Retinal Angiomata, Cerebellar Hemangioblastoma

Lindau,' in 1926, recognized this association
of angiomatous retina (von Hippel's disease) and
angiomatous tumors of the cerebellum and other
parts of the central nervous system.

ABNORMALITIES

Eye. Angioma, often peripheral, with “"beaded”
artery leading into it and tortuous dilated
vein from it.

Cerebellum. Hemangioblastoma, sometimes
with cyst, most commonly in cortical area
of cerebellum, occasionally in spinal cord
or elsewhere in brain. May caleify.

OCCASIONAL ABNORMALITIES. Heman-
giomata of face, adrenal, lung, liver; multiple
cysts of pancreas, kidney; hypernephromata of
kidney; pheochromocytoma.

NATURAL HISTORY. Retinal lesions usually
not apparent till around 25 years of age with
subsequent visual impairment. Cerebellar signs
may appear in third decade.

ETIOLOGY. Autosomal dominant with vary-
ing expression,
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64. RILEY'S SYNDROME

Macrocephaly, Pseudopapilledema, Hemangiomata

Riley and Smith' described this pattern of
abnormality in a woman and four of her seven
offepring in 1960, Pneumoencephalography dis-
closed no evidence of hydrocephalus.

ABNORMALITIES

Macrocephaly. The head circumference at birth
was 40 and 41 em. in two of the affected.

Pseudopapilledema,

Hemangiomata. Cutaneous and subcutaneous
masses appearing from birth to five vears
of age.
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Note: Three of the five affected individuals had
repeated respiratory infections and X-ray
evidence of pulmonary fibrosis.

ETIOLOGY. Presumed autosomal dominant.

REFERENCE
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drome. Pediatrics, 26:293, 1960,



RILEY'S SYNDROME

iy !
Five vear old with 57 em. head circumference (6 cm. above the mean for age) and brownish-purple skin
nodules on abdominal wall. (From Riley, H. D., Jr., and Smith, W. R.: Pediatrics, 26:293, 1960.)
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65. MAFFUCCI'S SYNDROME

Cavernous Hemangiomata, Enchondromatosis

This association of hamartomata was noted
by Maffucci in 1881, and subsequently in excess
of 60 cases have been documented.

ABNORMALITIES

Hemangiomata., Often cavernous in type, tend-
ing to be in similar locale to bone lesions.
Phlebectasia, phleboliths, or both may also
be a feature.

Endchondromata. Nodular growths in meta-
physeal or diaphyseal portion of long bones,
sometimes phalanges, and occasionally man-
dible.

OCCASIONAL ABNORMALITIES

Tumors. Brain tumor, ovarian teratoma, lym-
phangioma, angiosarcoma, pancreatic adeno-
carcinoma.

Skin Pigment.
tation.

Viteligo, areas of hyperpigmen-

NATURAL HISTORY. The tumors usually be-
come evident in childhood. The enchondromata
may grow to a deforming size but are usually
static after adolescence, although there is a 19
per cent incidence of chondrosarcoma.

ETIOLOGY. Unknown. All cases have been
sporadic.
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66. TUBEROUS SCLEROSIS

(Adenoma Sebaceum)

Hamartomatous Skin Nodules, Seizures, Phakomata, Bone Lesions

Von Recklinghausen is said to have de-
scribed this disease over 100 years ago, but
Bourneville' is usually given credit for its recog-
nition in 1880. Hamartomatous lesions develop
in many tissues, especially the skin and brain.
About 0.5 per cent of severely mentally defective
individuals have this condition.

ABNORMALITIES

Brain and Eye. Glioma-angioma lesions in
cortex and white matter with seizures (93
per cent) and mental deficiency (62 per cent)
ag apparent consequences. Roentgenographic
evidence of intracranial mineralization (51
per cent), most commonly in basal ganglia
or adjacent area. Phakomata, similar retinal
lesions, in 53 per cent.
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Skin. Fibrous-angiomatous lesions (83 per
cent), varying in color from flesh to pink
to yvellow to brown, develop in nasolabial
fold, cheeks, and elsewhere. Areas of altered
pigmentation.

Bone. Cyst-like areas in phalanges (66 per
cent) and elsewhere, with areas of periosteal
thickening, vielding X-ray evidence of "scle-
rosis,” palpable irregularity, or both.

Kidney. Mixed rhabdomyomatous lesions at
autopsy (80 per cent).

OCCASIONAL ABNORMALITIES. Other
hamartomata: cutaneous fibromata (especially
subungual), lipomata, angiomata, nevi, shagreen
patches (goose-flesh-like). Rhabdomyomata and

{Text continued)




TUBEROUS SCLEROSIS

A, Two vear old with early pink to red nodular and flat skin lesions and seizures
B, Girl with mental deficiency and seizures

C, Young woman with mental deficiency and zeizures, on Dilantin therapy

(8 and C' courtesy of L. Dobbs, Rainier State Training School, Washington.
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angiomata of heart, cystic changes in lung, ham-
artomata of liver and pancreas.

NATURAL HISTORY. Hamartomata usually
become evident in early childhood and may in-
crease at adolescence. Malignant transformation
may occur, and about 6 per cent of patients de-
velop a brain tumor. The seizures, which also
tend to develop in early childhood, may initially
be myoclonic and later grand mal in type and are
difficult to control. EEG abnormality is found in
87 per cent of patients and may be of the grossly
disorganized hypsarrhythmic pattern. The sei-
zures and mental defect seem to be related to
the extent of hamartomatous change in the brain.
For those with mental deficiency 100 per cent
have seizures, 88 per cent by five years of age,
whereas of those without serious mental defi-
ciency 69 per cent have seizures, 44 per cent by
five years of age.

An unknown percentage of patients die prior
to 20 vears of age as the consequence of status
epilepticus, general debility, pneumonia, or
tumor. However, it should be appreciated that
there 1s wide variahility in expression of the dis-
ease; all patients with skin lesions do not de-
velop seizures, mental deficiency, or both, and
the earlier-noted pattern of abnormality is biased
toward the more severe cases.

ETIOLOGY. Autosomal dominant with at least
25 to H0 per cent of cases representing a fresh
mutation.

COMMENT. The reader will note that the term
"adenoma sebaceum” is not utilized, and this is
because the skin lesions do not directly involve
the sebaceous glands. Actually the term tuberous
sclerosis (potato-like sclerotic lesions) pertains
only to the brain lesions and is a poor eponym for
this disease. Such eponyms are indicative of the
difficulty in applying descriptive names to these
admixed hamartomatous areas of faulty tissue
morphogenesis,
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67. NEUROFIBROMATOSIS

Multiple Neurofibromata, Café au Lait Spots, with or Without Bone Lesions

Von Recklinghausen' described this disease
in 1882, Crowe et al.* estimated the incidence at
one in 3000 individuals.

ABNORMALITIES

Skin. Areas of hyper- or hypopigmentation with
café au lait spots in 94 per cent, roughly
three fourths of affected individuals having
six or more spots measuring 1.5 em. or
greater in size, most commonly on trunk.
Axillary "freckling” may occur.

Subcutaneous. Dysplastic tumors consisting of
connective tissue, neurolemma cells, and/or
mast cells; occurring along nerves, in sub-
cutaneous tissues, and sometimes in eye
and/or meninges.
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OCCASIONAL ABNORMALITIES

Skeletal. Scoliosis, hypoplastic bowing of lower
leg with pseudoarthrosis at birth, osseous
lesions with localized osteosclerosis, rib
fusion, spina bifida, absence of patella, dis-
location of radius and ulna, local overgrowth,
and scalloping of vertebral bodies with de-
formed pedicles.

Hamarfomata. Cutaneous nevi, lipomata, angi-
omata,

Neurofibromata in kidneyv, stomach, heart,
tongue,

Fibrosing alveolitis of lung.
Endocrine. Acromegaly, sexual precocity.
Other. Mental deficiency (10 per cent), seizures
{12 per cent), syndactyly, glaucoma, corneal
opacity.
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A, Café au lait, ovaloid, irregular and minute pigmentary spots on the trunk of one child and back of another.
B, Pseudofracture of distal tibia and fibula. Hypertrophy of toe, in relation to the hamartomatous process in
that area.

NATURAL HISTORY. Often evident in early
childhood; 47 per cent of patients develop some
neurologic impairment, sometimes secondary to
nerve compression as with blindness due to optic
nerve pressure. Malignant change oceurs in 5 to
10 per cent of cases, most commonly in males.

ETIOLOGY. Autosomal dominant with high
penetrance but wide variability in expression.
About 50 per cent of patients have a fresh gene
mutation, and Crowe et al.* caleculated the muta-
tion rate per gamete per generation to be 1 x 10,
the highest known for the human.
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68. McCUNE-ALBRIGHT SYNDROME

(Osteitis Fibrosa Cystica)

Polyostotic Fibrous Dysplasia, Irregular Skin Pigmentation, Sexual Precocity

McCune' and Albright et al.® described this
condition in 1935 and 1936 respectively. More
than 100 cases have been reported. The relative
frequency of diagnosis in females vs. males is
L

ABNORMALITIES

RBone. Multiple areas of fibrous dysplasia, most
commonly in long bones and pelvis; may also
include facial bones causing facial asym-
metry. May result in deformity, increased
thickness of bone, or both.

Skin. Irregular brown pigmentation, most com-
monly over sacrum, buttocks, upper spine;
unilateral in about 50 per cent of cases.

Endocrine. Precocious menarche in female,
occasional sexual precocity in male. Occa-
sional instances of basophilic adenoma, acro-
megaly, hyperthyroidism, hypercalcemia, di-
abetes mellitus.

NATURAL HISTORY. The pigmentation is
usually evident in infancy, and the bone dys-
plasia may progress during childhood, resulting
in deformity, fracture, or both, most eommonly
in the upper femur. Thickening of bone in the
calvarium can lead to cranial nerve compression
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with such serious consequences as blindness or
deafness. The sexual precocity in the female is
often unusual in charaecter, with menstruation
prior to breast or pubic hair development. The
accelerated maturation coincident with sexual
precocity may result in early attainment of full
stature such that adult height can be relatively
short.

ETIOLOGY. The cases have been sporadic oc-
currences in the families, and the etiology is
undetermined.
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A, Irregular café au lait pigmentation over lower back. B, Dense thick bone at the base of the skull. From an
older girl who had her menarche at the age of four and one half vears,
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69. PEUTZ-JEGHERS SYNDROME

Mucocutaneous Pigmentation, Benign Intestinal Polyposis

In 1896 Hutchinson' described the pigmen-
tary changes in an individual who later died
with intussusception. Peutz® clearly set forth
the disease in 1921, and Jeghers et al* further
established this disease entity in 1949, More
than 180 cases have been documented.

ABNORMALITIES

Pigmentation. Vertical bands of epidermal pig-
ment presenting as blue-gray or brownish
spots in lips, buceal mucous membrane, peri-
oral area, and sometimes digits and else-
where.

Polyposis. Hamartomatous benign polyps in
jejunum, sometimes in other mucous secret-
ing intestinal mucosa, and occasionally in
nasopharynx, bladder, bronchial mucosa.

Other Tumors. Rare (three cases) granulosa
cell tumor of ovary.

NATURAL HISTORY. The pigmentary spots
appear from infancy through early childhood
and tend to fade in the adult. Seventy per cent
of patients have some gastrointestinal problem
by age 20 years, most commonly colicky abdom-
inal pain (60 per cent), intestinal bleeding (25
per cent), or both. Intussusception, which may
spontaneously recede, is the most serious com-
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plication, and iron deficiency anemia may result
from chronic blood loss. There is no apparent
danger of malignant transformation in the
polyps, even though histological evaluation of
a polyp may suggest a malignancy. Clubbing of
the fingers may occasionally occur in this disease.

ETIOLOGY. Autosomal dominant with a high
degree of penetrance.
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Spotty pigmentation of lips and periorbital area in a child with intestinal polyps. (From Sheward, .J. D.: Brit.
Med. J., I:921, 1862.)
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70. GARDNER’S SYNDROME

Polyposis of Colon, Epidermal Cysts, Osteomas

Gardner and Richards' set forth a complete
evaluation of this disease in 1953. The hamar-
tomatous lesions generally do not become evi-
dent until latter childhood.

ABNORMALITIES

Intestine. Adenomatous polyps of colon, rec-
tum, and occasionally stomach and small
imtestine.

Skin. Epidermal inclusion and/or sebaceous
cysts, especially on back, scalp, face. Some-
times fibromas, invasive desmoid, or both,

Bone. Osteomata of ealvarium, mandible, face,
elsewhere, leading to bone deformation, cor-
tical thickening.

OCCASIONAL ABNORMALITIES. Other
hamartomata, including odontoma, leiomyoma,
lipoma, trichoepithelioma, neurofibroma, thy-
roid earcinoma. Scoliosis.

NATURAL HISTORY. Hamartomata usually
become evident between ten and 20 vears of age;

thereafter there is grave danger of malignant
change in the colonic adenomata, at least 45 per
cent of individuals developing carcinoma. The
risk is of sufficient magnitude to warrant pro-
phylactic colectomy. Mesenteric fibromatosis and
severe adhesions represent potential postopera-
tive problems.

ETIOLOGY. Autosomal dominant with high
degree of penetrance.
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71. BASAL CELL NEVUS (CARCINOMA) SYNDROME

Basal Cell Nevi, Broad Facies, Rib Anomalies

Though this condition had been previously
described, it was not until 1951 that the broad
extent of this pattern of altered morphogenesis
was set forth by Binkley and Johnson.! Sub-
sequently more than 150 cases have been re-
ported.® *

ABNORMALITIES
Performance. Mild mental deficiency, aberrant
behavior.
Craniofacial. Frontoparietal bossing.
Broad face, mild prognathism.
Dental. Odontogenic cysts of mandible, occa-
sionally maxilla.
Misshapen and/or carious teeth.
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Hands. Short metacarpals, especially the fourth.
Thorax. Ribs bifid, synostotic, and/or partially
missing.
Skin. Basal cell nevi over neck, upper arms,
trunk and face, prone to become carcinomata.
Punctate minute pits on palms and soles.
Milia, especially facial.
Ectopic Caleification. Falx cerebri, falx cere-
bellum.
Ovary. Development of caleified ovarian fi-
broma.

OCCASIONAL ABNORMALITIES. Internal
strabismus, cataract, coloboma of iris, glaucoma,
chalazion, inner canthal folds, hypertelorism;



0
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BASAL CELL NEYUS SYNDROME

Fifteen year old. Note mineralization in falx cerebri. (From Ferrier, P. E., and Hinrichs, W. L.: Am. J. Dis.

Children, 113:538, 1967.)

bony bridging of sella turcica, scoliosis, cervical
and/or thoracic vertebral fusion, arachnodactyly;

hydrocephalus, small genitalia, hypogonadism,

eryptorchidism. Medulloblastoma, fibromas, lip-
omas or neurofibromas of skin,

NATURAL HISTORY. The basal cell nevi nod-
ules gradually appear during childhood with
increase at adolescence. Un the face the nevi
may be papillomatous and are likely to occur
around the lids. Malignant change is particularly
likely after the second decade. The jaw cysts
enlarge, especially in latter childhood, and may
recur following curettage. A constant vigil must

be maintained for malignant transformation of

the nevi or other tumors that are a common fea-
ture of this syndrome.

2 Gorlin, R. J., Vickers, R. A., Kellen, E.,

3. Ferrier, P. E.,

ETIOLOGY.
trance.

Autozomal dominant, full pene-
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72. GOLTZ'S SYNDROME

Poikiloderma with Focal Dermal Hypoplasia, Syndactyly, Dental Anomalies

This mesoectodermal disorder was well rec-
ognized as a concise entity by Goltz et al' in
1962, although well described cases had been
reported prior to that time. At least 17 cases
have been documented.

ABNORMALITIES' =
Skin. Linear areas of hypoplasia with altered
pigmentation, telangiectasis, lipomatous

nodules projecting through localized areas
of skin atrophy.
Angiofibromatous nodules around lips and
anus.
Nails. Dystrophic nails, narrow and/or hypo-
plastie.
Teeth. Hypoplasia of teeth, enamel hypoplasia,
late eruption, and/or irregular placement.
Extremities. Syndactylism of fingers and/or
toes, especially third and fourth fingers.
Eyes. Strabismus, coloboma, and/or microph-
thalmos.

OCCASIONAL ABNORMALITIES. Moderate
short stature, joint hypermotility, mental re-
tardation, microcephaly, bulbar angiofibroma of
eye, partial alopecia, congenital heart defects,
hernia, skeletal asymmetry, scoliosis, hypoplasia
or aplasia of elavicle, failure of pubic bone fusion,
polydactyly, adactyly, hypoplasia of digit, cleft
hand.

NATURAL HISTORY. The skin lesions are
usually present at birth, although the skin lipo-
mata and the lip and anal papillomata may de-
velop later. No effective therapy is known except
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plastic surgery for the syndactyly and removal
of papillomata when indicated.

ETIOLOGY. Wodniansky' reported partial ex-
pression in the mother and sibling of a patient.
All other cases have been sporadic. Only one
affected male has been reported. The present
hypothesis is that this is a single gene effect,
usually lethal in the male, and most cases repre-
sent fresh mutations, a similar situation to
incontinentia pigmenti. There are many simi-
larities between incontinentia pigmenti and
Goltz's syndrome, and it is tempting to consider
the possibility that both diseases represent
genetic alterations of a similar system.
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A, Eleven year old girl.

B, Late eruption of teeth with dental hypoplasia and malformation.

C, Mote the syndactyly of the left hand and foot. :

D, Thigh, showing irregular areas of altered pigmentation and of fatty herniation through loci of focal dermal
hypoplasia (arrow).
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73. INCONTINENTIA PIGMENTI

Irregular Pigmented Skin Lesions with or Without Dental Anomaly, Patchy Alopecia

Bardach' originally described the condition
in twin sisters in 1925, and soon thereafter
Blach® set forth the term incontinentia pigmenti
to depict the unusual skin lesions. More than
200 cases have been described, of which less than
5 per cent have been males.

ABNORMALITIES

Skin. Most consistent feature. Vesiculation,
verrucous changes, atrophy, irregular gray-
brown pigmentation in fleck, whorl or spi-
dery form, especially on trunk and extrem-
ities.

Teeth. Thirty per cent have hypodontia, de-
layed eruption, and/or conical form.

Hair. Twenty per cent have atrophic patchy
alopecia.

Central Nervous Syztem. About one third have
mental deficiency, microcephaly, spasticity,
and/or seizures.

Eye. About 20 per cent have strabismus, retinal
dysplasia, uveitis, keratitis, cataract, retro-
lental dysplasia, andfor blue sclerae.

Osseous. About 20 per cent have hemiverte-
brae, extra rib, syndactyly, hemiatrophy,
and/or short arms and legs.

OCCASIONAL ABNORMALITIES. Nail dys-
trophy, breast hypoplasia, short stature.

NATURAL HISTORY. Skin lesions are gener-
ally present in early infancy and tend to progress
from inflammatory or vesicular to pigmented and
may fade in childhood. General eosinophilia is
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often present in infancy and the vesicles contain
eosinophils, About half the patients show other
features, the most serious being the central
nervous system abnormalities.

ETIOLOGY. Family studies indicate the effect
of a single mutant gene, most likely a lethal in
affected males becausze the ratio of females to
males in affected sibships iz 2:1 with half the
females affected. Whether the gene is autosomal
or X-linked remains to be determined.

COMMENT. Palmgren,' who cultured herpes
simplex virus from the vesicular fluid of a pa-
tient, has raised the guestion of whether this
viral agent may contribute to the expression of
this genetically determined disease.
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A, Early lesions in the young infant shown in B.

C, Older mentally deficient infant with reticular pig-
mentation.

D, Mentally deficient woman with spasticity and
peeudogliomatous retinal detachment, showing advanced
skin pigmentary change.

E, Minor abnormalities of dentition in an affected girl.

(A to E courtesy of J. M. Opitz, University of Wis-
consin. )

F, Reticular pigmentation in a three vear old mentally
deficient girl.
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74. DYSKERATOSIS CONGENITA SYNDROME

Hyperpigmentation of Skin, Leukoplakia, Nail Dystrophy, Pancytopenia

Cole originally described this condition in
1930 and recently summarized the findings. Only
13 cases have been reported.' ™

ABNORMALITIES. Although hyperpigmenta-

tion of the skin may be present from birth, most

of the abnormalities become apparent between
five and 15 vears of age. Growth deficit is men-
tioned, but poorly documented.

Skin. Irregular reticular brownish-gray pig-
mentation with patchy atrophic areas of
hypopigmentation.

Hyperkeratosis and hyperhidrosis of palms
and soles.
May have bullae, telangiectasis.

Mucous Membranes. Premalignant leukoplakia
may be found on lips, mouth, anus, urethra,
conjunctiva.

Eyes. Blepharitis, ectropion, and nasolacrimal
obstruction with excessive tearing.

Nails. Dystrophy which may progress to ab-
sence of nail.

Teeth. Carious, malaligned.

Hair. Tends to be sparse and fine, occasionally
premature graying,

Hematological. Pancytopenia.

Bone. Coarse trabeculation (osteoporosis?) is
mentioned, possibly with relative fragility.

Gonad. Testicular hypoplasia.

Other. Partial stenosis of esophagus with dys-
phagia.

Mental deficiency was noted in two cases.
Hepatic cirrhosis has been detected in at least
Wi cases.

NATURAL HISTORY. The problem in affected

tissues tends to become more severe with age,
and most patients die before the fourth decade
as a consequence of either pancytopenia or malig-
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nant transformation in mucous membranes,
When present, leukoplakic lesions should be
excised as representing premalignant change.

ETIOLOGY. Autosomal recessive determina-
tion is implied by a 50 per cent incidence of pa-
rental consanguinity and occurrence of affected
siblings in three families. Only two of the 13 pa-
tients have been females, a finding which is
presently unexplained.

COMMENT. The dermatological term dyskera-
tosis congenita obviously depicts only one feature
of this abiotrophic type of disease with hamar-
tomatous features in which the affected indi-
vidual develop hypoplasia and dysplasia in the
skin, mucous membranes, marrow, and other
tissues. The sibling of one patient and the niece
of another patient died of leukemia, the latter
case raising the question of whether there may
be an increased likelihood of leukemia in the
heterozygote carrying this mutant gene.

Considering the total pattern of abnormal-
ity, dyskeratosis congenita is clearly a different
entity from Fanconi’s syndrome of pancytopenia
with congenital malformations.
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Eight vear old patient showing reticulated skin pigmentation (A4), smooth tongue without leukoplakia as
yet (B), and nail hypoplasia to aplasia (C and D). (Courtesy of K. Georgouras, Svdney, Australia
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75. ROTHMUND SYNDROME

(Poikiloderma Congenita)

Development of Poikiloderma, Cataract with or Without Other Ectodermal Dysplasia

This condition was first described in 1868 by
Rothmund,! a Munich ophthalmologist, who dis-
covered multiple cases among an inbred group
of people living in the nearby Alps. Over 25 cases
have been reported.

ABNORMALITIES. Wide variance in expres-

sion, the most usual features being the following:

Skin. Irregular erythema progressing to telan-
giectasia, scarring, irregular pigmentation
and depigmentation, atrophy.

Eyes. Juvenile zonular cataract, occasionally
corneal dystrophy.

OCCASIONAL ABNORMALITIES

Skeletal. Small stature, small hands and feet,
osteoporosis and/or areas of eystic or sclerotic
change.

Facial. Small saddle nose.

Teeth. Microdontia and occasional anodontia.

Nails. Small, dystrophic.

Hair. Sparse, prematurely gray; occasionally
alopecia.

Other Skin. Hyperkeratosis of palms and soles.

Other. Mental deficiency, hypogenitalism.

NATURAL HISTORY. Changes in the skin
are usually evident between three months and
one yvear of age, and the progression toward ir-
regular "marbled” hypoplasia, termed poikilo-
derma, is mainly noted in the first few years.
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Cataract most commonly becomes evident be-
tween two and seven vears of age, and the princi-
pal problems for affected individuals are skin dif-
ficulties, sometimes photosensitivity; visual im-
pairment requiring surgical intervention; and
physical appearance, depending on the extent to
which stature, hair, teeth, and/or nails are af-
fected.

ETIOLOGY. Autosomal recessive with 70 per
cent of affected individuals being female, an un-
explained disparity which might not be of sig-
nificance because the number of reported cases is
small.
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A, Fifteen month old. (From Braun, W., and
Unger, C.: Dermat. Wochens., 151:1189, 1965.)

B, Two and one half vear old. Note absence of lashes
and mature cataract.

C. Patient shown in B. Note severe nail dysplasia.
7 and C from Wahl, J. W., et al.: Am. J. Ophth., 60:7232,
1965).

I, Five year old. (From Rook, A. J., et al.: Acta
Dermatovener, J9:392, 1958, )
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76. HYPOHIDROTIC ECTODERMAL DYSPLASIA

Defeet in Sweating, Alopecia, Hypodontia

Thurman' described this entity in 1848, In
1875, Charles Darwin® set forth the following
concise commentary about this disease: "1 may
give an analogous case, communicated to me by
Mr. W. Wedderhorn of a Hindoo family in Scinde,
in which ten men, in the course of four genera-
tions, were furnished, in both jaws taken to-
gether, with only four small and weak incisor
teeth and with eight posterior molars. The men
thus affected have very little hair on the body,
and became bald early in life. They also suffer
much during hot weather from excessive dryness
of the skin. It is remarkable that no instance has
pecurred of a daughter being thus affected.” In
1929, Weech® clearly separated this condition
from other clinical problems having ectodermal
dysplasia as a feature. Over 130 cases had been
reported by 1956.

ABNORMALITIES

Skin. Thin and hypoplastic with decreased pig-
ment and tendency toward papular changes
on face and thin, wrinkled eyelids.

Skin Appendages. Hair: fine, dry, and hypo-

chromic; sparse to absent.

Sweat glands: hypoplasia to absence of eccrine
glands, apocrine glands more normally rep-
resented.

Sebaceous glands: hypoplasia to absence.

Mucous Membranes. Hypoplasia with absence
of mucous glands in oral and nasal mem-
branes. Mucous glands may also be absent
from bronchial mucosa.

Teeth. Hypodontia to adontia. Anterior teeth
tend to be conical in shape.

Craniofacial. Low nasal bridge, small nose
with hypoplastic alae nasi, full forehead,
prominent supraorbital ridges. Prominent
lips.

OCCASIONAL ABNORMALITIES. Hoarse
voice, hypoplasia to absence of mammary glands
and/or nipples, absence of tears, mild to moderate
nail dystrophy, eczematous change in skin, asth-
matic symptoms,

NATURAL HISTORY. Hyperthermia as a con-
sequence of inadequate sweating is not only a
serious threat to life, but may be the cause of
mental deficiency, which is an occasional feature
of this disease. Living in a cool climate and cool-
ing by water when overheated are important
measures. The hypoplasia of mucous membranes
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plug thin nares may require frequent irrigation
of the nares to limit the severity of purulent
rhinitis. Otitis media and lung infection may
also be consequences of the mucous membrane
defect. Early roentgen evaluation may reveal
the extent of dental deficit, and artificial dentures
are usually necessary. Though often hairless at
birth, some hair may develop. For cosmetic pur-
poses a wig may merit consideration.

ETIOLOGY. X-linked. Previous reports indi-
cated that about 10 per cent of presumed hetero-
zygous females show some overt expression.
Utilizing direct visualization of dermal ridge
sweat pores, Frias and Smith™ noted a diminished
frequency of sweat pores in five of six hetero-
zygous mothers of affected males, the latter
having an absence of sweat pores. Therefore the
majority of heterozygous females show some
expression for the disease,

COMMENT. This disease can usually be read-
ily distinguished from other disorders having
features of ectodermal dysplasia on the basis of
the defect of sweat glands, craniofacial anomaly
(when expressed), and the lesser likelihood of
concomitant nail dystrophy in hypohidrotic
ectodermal dysplasia.
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A, Young infant; diagnosis made after hyperthermic episode. Same boy at two years of age. )

B, Older boy. The hypoplasia of the skin contributes to the prominent appearance of the lips. Note the mid-
facial hypoplaszia.

', Hypoplasia of alveolar ridge in two yvear old, Hypoplastic conical incisors.

[, Partial expression in a female.
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77. MARSHALL'S TYPE OF ECTODERMAL DYSPLASIA

Mid-Facial Hypoplasia, Cataract, Deafness

In 1958 Marshall' described seven family
members in three generations with a specific
type of ectodermal dysplasia.

ABNORMALITIES
Fuacies. Low nasal bridge with short depressed
NOse,
Hypoplasia of maxilla and prominent upper
teeth.
Thick lips.
Teeth. Mild deformity.

Eyes. Congenital or juvenile cataracts, myopia.
Hearing. Partial deafness (about 50 per cent
deficit).

Sweal Glands.
cent deficith.

Mild hypohidrosis (about 25 per

NATURAL HISTORY. The cataracts may
spontaneously resorb, leading to glaucoma and/or
lens dislocation. The mild degree of hypohidrosis
generally does not constitute a problem.

ETIOLOGY. Apparently autosomal dominant.

REFERENCE

1. Marshall, D.: Ectodermal dysplasia. Report of kin-
dred with ocular abnormalities and hearing de-
fect. Am. J. Ophth., 45:143, 1958, (N.B., Thizs iz
in the supplement to the April iszue.)

Thirteen year old. (From Marshall, D.: Am. J. Ophth., 45:143, 1958.)
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78. ROBINSON-TYPE ECTODERMAL DYSPLASIA

Peg-Shaped Teeth, Nail Dystrophy, Deafness

Rohinson et al.! described five affected indi-
viduals in three generations of a family.

ABNORMALITIES. May have:

Teeth. Pegged shape, partial anodontia.
Nails. Hypoplasia, dystrophy.

Hearing. Moderate sensorineural deafness.

OCCASIONAL ABNORMALITIES. Syndac-
tyly, polydactyly. Note: some of the patients had
elevated values for sweat electrolytes.

ETIOLOGY. Autosomal dominant.

REFERENCE

1. Robinson, G. C., Miller, J. K., and Bensimon, J. K.:
Familial ectodermal dysplasia with sensori-
neural deafness and other anomalies. Pediatrics,

J0:797, 1962.
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79. FEINMESSER-TYPE ECTODERMAL DYSPLASIA

Deafness and Nail Dystrophy

In 1961 Feinmesser and Zelig' described
this condition in two siblings of consanguineous
parentage.

ABNORMALITIES
Nails. Rudimentary.
Hearing. Nerve deafness.

ETIOLOGY. ? Autosomal recessive.

REFERENCE
1. Feinmesser, M., and Zelig, 5.: Congenital deafness

with onychodystrophy. Arch. Otolaryng., 74:507,
18961.
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§0. PILI TORTI AND DEAFNESS

Bjirnstad' noted the association of twisted
hair (pili torti) and sensorineural deafness in
1965, five of eight patients with the hair anomaly
having deafness from an early age. Further cases
have been recognized subsequently. The hair is
grooved and flattened at irregular intervals,
twisted, and breaks off with ease. The hearing
loss, apparently due to cochlear defect, may be
profound, and Bjirnstad noted a relationship be-
tween the degree of hair anomaly and the sever-
ity of deafness. The family data suggest an auto-

somal recessive mode of inheritance for this
disorder,

REFERENCES

1. Bjirnstad, R.: Pili torti and sensori-neural loss of
hearing. Proceedings, 17th Meeting, Northern
Dermatological Society. Copenhagen, May, 1965,

2 Robinzon, G. C.. and Johnson, M. M.: Pili torti and
sengorineural hearing loss. J. Pediat., 70621,

1967.
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81. CLOUSTON-TYPE ECTODERMAL DYSPLASIA

Nail Dystrophy, Dyskeratotic Palms and Soles, Hair Hypoplasia

Clouston in 1939 described 119 individuals
in a French-Canadian family, and over 200 in-
stances have been reported.

ABNORMALITIES. Most usual features:

Skin. Thick dyskeratotic palms and soles.
Hyperpigmentation over knuckles, elbows,
axillae, areolae, and pubic area.

Hair. Hypoplasia to alopecia (61 per cent).
Nuils. Hypoplasia to aplasia, dysplasia.
FEyes. Strabismus,

OCCASIONAL ABNORMALITIES. Cataract,

dull mentality, short stature.

ETIOLOGY. Autosomal dominant.

REFERENCES

1. Clouston, H. R.: The major forms of hereditary ecto-
dermal dysplasia (with an autopsy and biopsies
on the anhidrotic typel. Canad. Med. Assn. J.,
41, 1939,

2. Wilkey, W. I, and Stevenson, G. H.: A family with
inherited ectodermal dystrophy. Canad. Med.
Aszsn. J., 53:226, 1945,

3. Joachim, H.: Hereditary dystrophy of the hair and
n;i[s in six generations. Ann. Int. Med., 10:400,
1836,

N. Ectodermal Dysplasias

82. BASAN-TYPE ECTODERMAL DYSPLASIA

Skin Hypoplasia— Nail Dystrophy

Basan' described this condition in a family

in 1965.

ABNORMALITIES

Skin. Hypoplasia with smooth palms and soles.
Nails. Thin and fragile.
Other. Simian creases.

ETIOLOGY. Autosomal dominant.

REFERENCE

1. Basan, M_: Ektodermale Dyvsplazie. Fehlendes Papil-
larmuster, Nagelverinderungen und Vierfinger-
furche. Arch. Klin. Exp. Derm., 222:546, 1965.
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§3. ENAMEL HYPOPLASIA AND CURLY HAIR

Enamel Hypoplasia, Curly Hair, with or Without Nail Dystrophy

Robinson, Miller, and Worth' described this

dominantly inherited condition in six family

members in 1966,
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ABNORMALITIES
Teeth. Severe enamel hypoplasia, microdontia.
Hair. Dry, thick, and tightly curled.




ENAMEL HYPOPLASIA AND CURLY HAIR

A and B, Eleven yvear old boy. (From Robinson, G, C., et al.: Pediatrics, 37:498, 1966.)

Nails. Variable flatness, peeling, and fragility.

NATURAL HISTORY. The teeth tend to be-

come worn down, dental abscesses are frequent,

and most patients require dentures by adult age.

ETIOLOGY. Apparently autosomal dominant.

REFERENCE

1. Robinson, G. C., Miller, J. R., and Worth, H. M.
Hereditary enamel hypoplasia. Its association
with characteristic hair structure. Pediatrics,
A7:498, 1966,
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84. PACHYONYCHIA CONGENITA

Thick Nails, Hyperkeratosis, Foot Blisters

Pachyonychia congenita is an ectodermal
dysplasia described by Jadassohn and Lewan-
dowsky' in which there is excessive keratin and
occasionally extra teeth.

ABNORMALITIES

Nail. Progressive thickening of anterior half

Skin. Patchy to complete hyperkeratosis of
palms and soles, callosities of feet which
blister easily, and keratosis pilaris with
tiny cutaneous horny excrescences.

Epidermal cysts filled with loose keratin on

face, neck, and upper chest.

Mucous Membranes. Leukokeratosis of mouth
and tongue.

Teeth. Erupted teeth at birth, lost by four to
six months.

OCCASIONAL ABNORMALITIES. Corneal
thickening, cataracts, thickening of tympanic
membrane, hyperhidrosis. Hair dry and sparse.
Osteomata, intestinal diverticuli.

NATURAL HISTORY. The complications are
obvious. Usually the nails are grossly thickened
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by one year of age. Complete surgical removal of
the nails is sometimes merited, although any
matrix left behind will reform abnormal nails.

ETIOLOGY. Autosomal dominant, with wide
variability in expression. Predominantly found
in Slavs and Jews of Slavonic origin. The basic
mechanism of the disease is unknown: however,
vacuolization of the cytoplasm of nail matrix cells
may be of significance.

REFERENCES

1. Jadassohn, J., and Lewandowsky, F.: Pachyonychia
congenita, keratosis disseminata circumseripta
(folliculosis): tylomata; leukokeratosis linguae.
Ikonographia Dermatologica, Tab., 6:29, 1906.

2. Joseph, H. L.: Pachyonychia congenita. Arch. Derm.,
S:584, 1964,

3. Soderquist, N. A, and Reed, W. B.: Pachyonychia
congenita with epidermal cysts and other con-
genital dyskeratoses. Arch. Derm., 97:31, 1968,

4. Butterworth, T., and Strean, L. P.: Clinical Geno-

dermatology. Baltimore, Williams and Wilkins
Co., 1962, p. 64.




Negro infant showing altered nails, cutaneous hyperkeratoses at knee, and leukokeratotic lesions on tongue
and lateral palate,
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85. ACHONDROPLASIA

Short Limbs, Low Nasal Bridge, Caudal Narrowing of Spinal Canal

The most common chondrodysplasia, true
achondroplasia occurs with a frequency of about
one in 10,000,

ABNORMALITIES

Growth. Small stature.

Craniofacial. Megacephaly,
magnum.

Short eranial base with early spheno-occipital
closure,

Low nasal bridge with prominent forehead.

Mild mid-facial hypoplasia with narrow nasal
passages.

Skeletal. Small cuboid shaped vertebral bodies
with short pedicles and progressive narrow-
ing of lumbar interpedicular distance.

Lumbar lordosis, mild thoracolumbar kyphosis
with anterior beaking of first and/or second
lumbar vertebrae.

Small iliac wings with narrow greater sciatic
notch.

Short tubular bones, metaphyseal flare with
ball and socket arrangement of epiphysis to
metaphysis.

Short trident hand, fingers being similar in
length, with short proximal and mid-pha-
langes.

Short femoral neck, incomplete extension of
elbow.

Other. Mild hypotonia. Early motor progress is
often slow, although eventual intelligence
iz usually normal.

small foramen

OCCASIONAL COMPLICATIONS. Hydro-
cephalus secondary to a narrow foramen mag-
num may occur, as may cord compression
secondary to bony compression or later disc
herniation.
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NATURAL HISTORY. The physician should
be alert to detect any neurological complications
due to bony or disc compression. Osteoarthritis is
not a usual feature in the adult.

ETIOLOGY. Autosomal dominant, about 90
per cent of the cases representing a fresh muta-
tion. Older paternal age has been a contributing
factor in the fresh achondroplasia mutations,
which have been estimated to occur once per
12,000 births.”

COMMENT. Histologic evaluation at the epi-
physeal line discloses shorter cartilage columns
which lack the usual linear arrangement, and
some cartilage cells appear to be undergoing a
mucinoid degeneration.

REFERENCES

1. Caffey, J.: Pediatric X-Ray Diagnosis. 5th ed. Chi-
cago, Year Book Medical Publishers, 1967,
p. B19.

2. Maroteaux, P., and Lamy, M.: Achondroplasia in
man and animals, Clin. Orthoped., 33:91, 1964.

3. Shepard, T. H., and Graham, B.: The congenitally
malformed. XIII. Achondroplastic dwarfism: di-
agnoziz and management. Northwest Med., 66:
451, 1967.

*{, Cohen, M. E., Rosenthal, A. D., and Matson, D, D.;
Neurological abnormalities in achondroplastic
children. J. Pediat., 71:367, 1967.

. Morch, E. T.: Achondroplasia is always hereditary
and iz inherited dominantly. J. Hered., 31:439,
18940,
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A, One yvear old with height age of four months. (From Smith, D, W.: J. Pediat., 70:504, 1967.)
B, Four yvear old with height age of 20 months.

C, Short "trident” hand with short metacarpals and phalanges,

0, Caudal narrowing of spinal canal (pedicles marked) with short pedicles (upper right).
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86. METATROPHIC DWARFISM

Small Thorax, Thoracic Kyphoscoliosis, Metaphyseal Flaring

Maroteaux, Spranger, and Wiedemann' set
this entity forth with five cases of their own and
12 unrecognized cases from the literature.

ABNORMALITIES." Small stature, severe.
Skeletal. Early platyspondyly with progressive
kyphosis and scoliosis evident in infaney.

Narrow thorax with short ribs.

Short limbs with metaphyseal flaring and epi-
physeal irregularity with hyperplastic tro-
chanters.

Small malformed pelvis.

Partial flexion at knee and hip.
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NATURAL HISTORY. Often evident at birth,
the vertebral changes are severe during infancy.

ETIOLOGY. ? Autosomal recessive.
REFERENCES

1. Maroteaux, P., Spranger, J., and Wiedemann, H. R.:
Der metatropische Zwergwuchs. Arch. Kinderh.,
I73:211, 1966,

2. Fleury, J., de Menibus, C. H., and Hazard, E.: Un
eas singulier de dystrophie ostéo-chondrale con-
génitale (nanisme métatropique de Maroteaux).
Ann. Pédiat., 13:453, 1966,




A, A two vear old.
£, A 16 year old,
{Courtesy of P. Maroteaux, Hopital des Enfants-Malades, Paris.)
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87. THORACIC ASPHYXIANT DYSTROPHY

(Jeune’s Syndrome, Infantile Thoracic Dystrophy)

Small Thorax, Postnatal Onset of Short Limbs, Limited Elbow Extension

Described by Jeune et al.' in 1955, this dis-
order usually leads to early death as a conse-
quence of the small thorax. More than 20 cases
have been reported.

ABNORMALITIES
(rrowth. Small stature.
Skeletal. Short ribs with irregular costochon-
dral juncture and small thoracic cage.
Irregular epiphyses and metaphyses with rela-
tively short limbs.
Ulnae and fibulae relatively short, limited
elbow extension,
[liac wings hypoplastic.

OCCASIONAL ABNORMALITIES. Polydac-
tyly, noteching of distal end of metacarpal and
metatarsal bones, lacunar skull, chronic nephri-
tis.

NATURAL HISTORY. Early death is usually
the consequence of asphyxia with or without
pneumonia. Those who survive usually have pro-
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gressive improvement in the relative growth of
the thoracic cage and may have only mild to
moderate shortness of stature. Chronic nephritis
is a potential feature of the syndrome.

Autopsy has revealed disordered growth at
the costochondral juncture with hyperplastic
proliferating cartilage and poor progression of
enchondral mineralization.

ETIOLOGY. Presumed autosomal recessive.

REFERENCES

1. Jeune, M., Beraud, C., and Carron, R.: Dystrophie
thoracique asphyxiante de caractére familial,
Arch. Frang. Pédiat., 12:886, 1955.

2. Pirnar, T., and Neuhauser, E. B. D.: Asphyxiating
thoracic dystrophy of the newborn, Am. J. Roent-
penol., 98:358, 1966,

3. Hanissian, A. 5., Riggs, W. W., and Thomas, D. A.;
Infantile thoracic dystrophy —a variant of Ellis-
van Creveld syndrome. J. Pediat., 71:855, 1967,




A, Four month old. Note short ribs, high position of clavicles.

B and €, Right lower extremity at one month and ten months of age showing improvement in leng bones
and pelvis, though fibula remains relatively short.

{From Hamizssian, A. 5., et al.: J. Pediat., 71:855, 1967.)
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88. ELLIS-VAN CREVELD SYNDROME

(Chondroectodermal Dysplasia)

Short Distal Extremities, Polydactyly, Nail Hypoplasia

Ellis and van Creveld' set forth this entity
in 1940. About 40 cases were reported by 1964
when McKusick et al? added 52 cases from an
inbred Amish population.

ABNORMALITIES

Growth. Small stature of prenatal onset.

Skeletal. Disproportionate irregularly short ex-
tremities.

Polydactyly of fingers, occasionally of toes.

Fusion of hamate and capitate.

Small thorax.

Hypoplasia of upper lateral tibia with knock
knee.

Neails. Hypoplastic.

Teeth. Neonatal teeth, partial anodontia, small
teeth, and/or delayed eruption.

Mouth. Short upper lip bound by frenula to al-
veolar ridge, defects in alveolar ridge with
accessory frenula.

Cardiac. About one half of patients have a
cardiac defect, most commonly a septal de-
fect.

MCCASIONAL ABNORMALITIES. Mental
retardation, scant or fine hair, cryptorchidism,
epispadias, talipes equinovalgus.
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NATURAL HISTORY. About half the patients
die in early infancy as a consequence of cardio-
respiratory problems. The majority of survivors
are of normal intelligence. Eventual stature is in
the range of 43 to 60 inches. There is usually
some limitation in hand funetion such as inabil-
ity to form a clenched fist. Dental problems are
frequent.

ETIOLOGY. Autosomal recessive.

REFERENCES

1. Ellis, B. W. B., and van Creveld, S.: A syndrome
characterized by ectodermal dysplasia, polydac-
tvly, chondro-dysplasia and congenital morbus
cordis. Report of three cases. Arch. Dis. Child-
hood, 15:65, 1940,

2. McKusick, V. A., Egeland, J. A., Eldridge, R., and
Krusen, D. E.: Dwarfism in the Amish. The Ellis-
van Creveld syndrome. Bull. Hopkins Hosp.,
115:306, 1964.

3. Feingold, M., Jankoski, J., Johnson, C., Darling,
. B., Kreidberg, M. B., Wilson, D., Cohen, M. M_,
and Gellis, S. 5.: Ellis-van Creveld syndrome.
Clin. Pediat., 5:431, 1966,




A, Six week old. Note the hypoplasia of the alveolar ridge with frenula and an aberrant tooth. The patient
iz now doing well at several vears of age.

B, Five month old. Mote the small thorax. The patient expired as a consequence of a congenital heart defect
plus the small thorax, (Courtesy of Professor H. Willi, Kantonsspital, Zurich. )
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89. DIASTROPHIC NANISM”®

Short Tubular Bones ( Especially First Metacarpal), Joint Limitation with Club Foot,
and Hypertrophied Auricular Cartilage

The 1960 report of Lamy and Maroteaux'
concerning three cases of their own and 11 sim-
ilar cases from the literature established this
pattern of malformation as a distinct entity. It
is now being recognized with increasing fre-
guency.

ABNORMALITIES

(rrowth. Short stature of prenatal onset.

Limbs. Varus club foot plus limitation of flex-
ion at proximal phalangeal joints and of
extension at elbow, with or without disloca-
tion of hip or knee with weight bearing.

Tubular bones short and thick with develop-

ment of broad metaphyses and flattened
irregular epiphyses that are late in mineral-
izing. First metacarpal unduly small with
proximal thumb.

Spine. Development of scoliosis with or without
kyphosis.

Pinna. Soft cystic masses in auricle develop
into hypertrophic cartilage.

OCCASIONAL ABNORMALITIES. Thick
pectinate strands at root of iris, cleft palate (one
fourth), micrognathia, lateral displacement of
patellae, subluxation of cervical vertebrae, hy-
perelasticity of skin, cryptorchidism.

NATURAL HISTORY. Two affected infants
with cleft palate and micrognathia, similar in
this respect to those with the Pierre Robin mal-
formation, died of respiratory obstruction.” Re-
ports of affected young infants have been too few

*Diastrophic = crooked: nanism = small stature.
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to indicate the frequency of this complication.
General health is usually good and the patients
have normal intelligence. Unfortunately the
varus club foot and the scoliosis that develop
have been rather resistant to corrective ortho-
pedic measures and the functional problem is
augmented by the limitation in joint motility.
When present, the unusual defect of hypertro-
phied auricular cartilage may eventually give
way to ossification.

ETIOLOGY. Autosomal recessive. The lack of
consanguinity suggests that this syndrome may
not be extremely rare.

COMMENT. Diastrophic dwarfism can readily
be distinguished from other chondrodystrophies
and from arthrogryposis multiplex congenita by
physical examination alone.

REFERENCES

1. Lamy, M., and Maroteaux, P.: Le nanisme diastro-
phique. Presse Méd., 68:1977, 1960.

2. Stover, C. N., Hayes, J. T., and Holt, J. F.: Dia-
strophic dwarfism. Am. J. Roentgenol., 85:914,
1963,

3. Rubin, P.: Dynamic Classification of Bone Dyspla-
sias. Chicago, Year Book Medical Publishers,
1964, p. 410.

. Langer, L. 0.: Diastrophic dwarfism in early in-
fancy. Am. J. Roentgenol., 93:399, 1965.

5. Salle, B., Picot, C., Vauzelle, J. L., Deffrenne, P.,
Monnet, P., Francois, R, and Robert, J. M.: Le
nanisme diastrophique. A propos de trois obser-
vations chez le nouveau-né. Pédiatrie, 21:311,
1966,
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A, Diastrophic nanism in four month old, Note
small first metacarpal.

B, One month old. Note cystic swelling of ear.
(From Langer, L. O.; Am, J. Radiol., 93399, 1965.)

', Twenty one month old. Note hypertrophy of
ear and position of thumbs. (From Smith, ). W.:
J. Pediat., 70:502, 1967.)
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90. PSEUDOACHONDROPLASTIC FORM OF
SPONDYLOEPIPHYSEAL DYSPLASIA

Small Irregular Epiphyses, Irregular Mushroomed Metaphyses,
Flattening andfor Anterior Beaking of Vertebrae,
with Normal Craniofacial Appearance

Maroteaux and Lamy' described three indi-
viduals with this pattern of altered bone morpho-
genesis in 1963, and subsequently at least four
additional cases have been published.*™

ABNORMALITIES

Growth. Apparently postnatal onset of growth
deficiency.

Metaphyses. Irregular, mushroomed.

Epiphyses. Small, irregular or “fragmented.”

Diaphyses. Short, bowing, especially in lower
extremities.

Vertebrae. Variable degrees of flattening, ante-
rior tongue shaped, and short pedicles. Lum-
bar lordosis and kyphosis.

Ribs. Tend to be spatulate.

OCCASIONAL ABNORMALITIES. Pelvis:
short sacroiliac notch, flaring of iliac crests.

NATURAL HISTORY. The patients have been
described as "normal™ at birth, with small size
and waddling gait becoming evident between six
months and four years of age and final height
attainment in the range of 3 to 3Y%: feet. Bowed
lower extremities with waddling gait and scoli-
osis are the prineipal orthopedic problems, and
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there may be some limitation in joint motility.
Intelligence is normal.

ETIOLOGY. Apparently autosomal dominant,
Ford et al.* having reported a father and his two
affected offspring. Most of the cases have been
sporadic and presumably represent fresh muta-
tions.

COMMENT. The postnatal onset and normal
craniofacial appearance readily differentiate
this entity from true achondroplasia.

REFERENCES

1. Maroteaux, P., and Lamy, M.: Les formes pseudo-
achondroplasiques des dysplasies spondylo-
épiphysaires. Presse Méd., 67:383, 1959,

2. Ford, N., Bilverman, F. N., and Kozlowski, K.
Spondylo-epiphyseal dysplasia (pseudoachondro-
plastic tvpe). Am. J. Roentgenol., 86:462, 1961,

3. Rubin, P.: Achondroplasia versus pseudoachondro-
plasia. Radiol. Clin. North America, 1:621, 1963,

4. Lindseth, R. E., Danigelis, J. A., Murray, D. G., and
Wray, J. B.. Spondylo-epiphyseal dysplasia
(pseudoachondroplastic type). Case report with
pathologic and metabolic investigations. Am. J,
Dis. Children, 7 73:721, 1967.




A, Eight year old with height age of three vears.

B, Mildly spatulate ribs: scoliosis.

', Flattened irrepular vertebral bodies. hypoplastic abnormal iliac wings, and short tubular bones with
irregular “ball-in-socket” epiphyses in relation to metaphyses.

{(From Lindseth, R. E.. et al.; Am. J. Dis. Children, £13:721, 1967.)
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91. X-LINKED SPONDYLOEPIPHYSEAL DYSPLASIA

Flattened Vertebrae of Mid-Childhood, Small Hliac Wings, Short Femoral Neck

This disorder was recognized in 1939 by
Jacobsen,'

ABNORMALITIES. Onset between five and
ten yvears of age.
Growth. Short stature; final height, 52 to 62
inches.
Spine. Flattened vertebrae with central hump.
Kyphosis, mild scoliosis.
Pelris. Small iliac wings.
Limbs. Short femoral neck.
Mild epiphyseal irregularity with flattening
of femoral head.
Joints. Eventual hip pain and stiffness, back
pain.
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ETIOLOGY. X-linked recessive.
REFERENCES

1. Jacobsen, A. W.: Hereditary ostecchondrodystrophia
deformans. A family with twenty members af-
fected in five generations. JAM.A., 7113:121,
1939,

2. Maroteaux, P., Lamy, M., and Bernard, J.: La dys-
plasie spondylo-epiphysaire tardive. Description
clinigque et radiologique. Presse Meéd., 65:1205,
1957.

3. Langer, L. O.: Spondyloepiphyseal dysplasia tarda.
Hereditary chondrodysplasia with characteristic
vertebral configuration in the adult. Radiology,
82:833, 1964,
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A, Twelve yvear old. Note shortening of trunk due to flattened vertebrae, each of which has a central "hump”
in the area of its epiphyses. (Courtesy of P. Maroteaux, Hospital for Sick Infants, Paris.)

B, Fifteen vear old. (From Jacobsen, A, W.: JJAMA., 173:121, 1939.)

C, Pedigree of which patient shown in B is a member, showing evidence of X-linked recessive inheritance.
iCourtesy of B. Bannaman, Buffalo General Hospital.)
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92. MULTIPLE EPIPHYSEAL DYSPLASIA

Small Irregular Epiphyses, Pain and Stiffness in Hips, Short Stature

This condition was described by Fairbank'
in 1947 and is often difficult to diagnose with
assurance.

ABNORMALITIES
Gsrowth. Mild to moderate shortness of stature.
Limbs. Late ossifying, small, irregular, mot-
tled epiphyses with eventual osteoarthritis
in many large joints, especially in hips.
Short femoral neck.
Mild metaphyseal flare.
Shortness of metacarpals and phalanges.
Spine. Blunted, slightly ovaloid vertebral
bodies.

NATURAL HISTORY. Pain and stiffness in
joints, particularly the hips, may be a complaint
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as early as five years, but usually not until 30
to 35 years.

ETIOLOGY. Autosomal dominant with wide
variability in expression.

REFERENCES

I. Fairbank, T.. Dysplasia epiphysealis multiplex.
Brit. J. Surg,, 34:225, 1947,

2. Maudsley, R. H.: Dysplasia epiphysialis multiplex.
A report of fourteen cases in three families. J.
Bone Joint Surg., 375:228, 1955.

3. Hoefnagel, D., Sycamore, L, K., Russell, S. W., and
Bucknall, W. E.: Hereditary multiple epiphysial
dysplasia. Ann. Human Genet., 30:201, 1967.




A, Five vear old with height age of two and one half vears. Patient had occasional aching in legs.

H, Same patient at eight and one half vears; height age, four and one half vears, He now has ankle and hip
diseombort, :

C. Affected mother of patient shown in A and B. She is short of stature and has hip discomfort.

D, Late and irregular mineralization of epiphyses which may be small or aberrant in shape, or both.
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93. METAPHYSEAL DYSOSTOSIS, JANSEN-TYPE

Wide Irregular Metaphyses, Flexion Joint Deformity, Small Thorax

Since Jansen' described this severe type of
metaphyseal dysostosis, only a few similar cases
have been recorded, as reviewed by Rubin.®

ABNORMALITIES
Growth. Severe short stature.
Facies. Small, immature in appearance, with
prominent eyes,
Skeletal and Joint. Gross irregular cyst-like
areas due to lack of metaphyseal ossification.
Pelvis similarly affected.
Small thoracic cage.
Flexion deformities of joints, especially at knee
and hip, vielding a squatting stance.

NATURAL HISTORY. Evident at birth or in
early infancy. The defective growth and joint dys-
function are severe. Mental deficiency is men-
tioned, but not well documented.

REFERENCES

1. Jansen, M.: Uber atypische Chondrodystrophie
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0. Osteochondrodysplasias

94. METAPHYSEAL DYSOSTOSIS, SCHMID-TYPE

Since the initial description by Schmid' in
1949, several large pedigrees of affected indi-
viduals have been reported.* *

ABNORMALITIES
Grrowth. Mild to moderate shortness of stature.
Skeletal. Splaying of broad irregular metaphy-
BeS.

Tibial bowing, especially at ankle.

Waddling gait with coxa vara.

Flare to lower rib cage.

Mild limitation in full extension of fingers.

NATURAL HISTORY. Pain in legs during
childhood. Symptomatic and radiographic im-
provement beginning as early as three vears of
age with orthopedic measures only indicated for
unusual degrees of deformity.
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ETIOLOGY. Autosomal dominant with vari-
able expression. Biopsy discloses cartilage hypo-
plasia.

REFERENCES
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E. C., and Rosevear, J. W.: Familial bone disease
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3. Rosenbloom, A. L., and Smith, ). W.: The natural
history of metaphyseal dysostosis. J. Pediat.,
66:857, 1965.




METAPHYSEAL DYSOSTOSIS, SCHMID-TYPE

Affected brothers showing bowing of legs, mild changes in thorax, and metaphyseal alterations. (From
Rosenbloom, A. L., and Smith, D. W.: J. Pediat., 66:857, 1965.)

203



0. Osteochondrodysplasias

95. CARTILAGE-HAIR HYPOPLASIA

Mild Bowing of Legs, Wide Irregular Metaphyses, Fine Sparse Hair

Discovered by McKusick et al.' among an
inbred Amish population, this condition has sub-
sequently been detected in non-Amish indi-
viduals.

ABNORMALITIES
frrowth. Small stature; adult height, 42 to 58
inches.
Skeletal. Irregular scalloped metaphyses. Rela-
tively short limbs, mild bowing of legs.
Short tibia in relation to fibula.
Short hands, fingernails, toenails.
Decreased height of vertebrae.
Incomplete extension of elbow.
Mild flaring of lower rib cage with prominent
sternum.
Lumbar lordosis, small pelvic inlet.
Hair. Fine, sparse, light, relatively fragile.
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Other. Loose jointed “limp” hands and feet.
Intestinal malabsorption in early childhood.

OCCASIONAL ABNORMALITIES. Severeor
fatal response to varicella.

NATURAL HISTORY. The early history is
often indicative of an intestinal malabsorption
problem, which tends to improve with time. Bi-
opsy of the metaphyseal area reveals diminished
cartilage cells forming poorly organized columns.

ETIOLOGY. Autosomal recessive,
REFERENCE

1. McKusick, V. A., Eldridge, K., Hostetler, J. A., Ru-
angwit, IJ., and Egeland, .J. A.: Dwarfism in the
Amish. [I. Cartilage-hair hypoplasia. Bull. Hop-
kins Hosp., 116:285, 1965,




mﬁ_F;'l‘-’i‘ and one half year old; height age, 18 months. (From McKusick, V. A_, et al.: Bull. Hopkins Hosp., 116:285,
5.
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96. X-LINKED HYPOPHOSPHATEMIC RICKETS

(Vitamin D Resistant Rickets)

Hypophosphatemia; Rickets, Unresponsive to Usual Dosage of Vitamin D

ABNORMALITIES' !

Metabolic. Hypophosphatemia with diminished
renal tubular reabsorption of phosphorus,
questionably diminished absorption of phos-
phorus and calcium from the gastrointes-
tinal tract, and diminished rate of new bone
formation.® Roentgen evidence of rickets, un-
responsive to physiological amounts of vita-
min D.

Skeletal. Rickets. Bowing of lower limbs with
weight bearing, slow growth, shortness of
stature, waddling gait, coxa vara.

OCCASIONAL ABNORMALITIES

Dental® Large pulp chamber with enamel hypo-
plasia.

Gingival and periapical infection.
Delayed eruption of dentition.

Skelefal. Craniosynostosis, dolichocephaly, sco-
liosis, pseudo-fractures, bony protuberances
at the site of major muscle attachments in
the adult.

NATURAL HISTORY. Harrison' has empha-
sized that growth is normal in early infancy until
the serum phosphorus falls to low values around
six months. Although large amounts of vitamin
D) can improve the X-ray appearance of the bone
and limit the amount of deformity, the serum
phosphorus usually remains subnormal and the
patients continue to grow at a slow pace. The
danger of vitamin D in large dosage is potentially
a more harmful one than the untreated disease,
and therefore such therapy should only be uti-
lized when the serum calcium can be monitored
every two to four weeks; normal growth should
not be anticipated as a response. Possibly a
moderate dosage of vitamin D with excess oral
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phosphate may be a more efficacious mode of
management.

ETIOLOGY. X-linked dominant in terms of
hypophosphatemia with lesser severity in af-
fected females." DeLuca et al.® administered trit-
iated vitamin I); to two patients and two controls
and found a longer half-life of the tritiated D, in
the hypophosphatemic rickets patients, who had
a 20-fold greater amount of aqueous soluble me-
tabolites of D, in the serum than did the con-
trols. These data, although inconclusive, suggest
an abnormality in degradation of vitamin D in
this disorder.
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Seven year old with height age of four and one half years. Serum phosphorus, 2.2 mg. per 100 ml.

207



0. Osteochondrodysplasias

97. MULTIPLE EXOSTOSES

{Diaphyseal Aclasis, External Chondromatosis)

Diaphyseal Outgrowths Leading to Limb Deformity, with or Without Short Metacarpals

More than 1000 cases have been reported.’

ABNORMALITIES'*

Skeletal. Diaphyseal juxtaepiphyseal out-
growths develop, capped by hyaline carti-
lage, and tend to grow away from the joint,
leading to deformity. Though often present
at birth, they are usually not appreciated
until early childhood. They are most promi-
nent at ends of long bones, especially at the
knee, with variable involvement of pelvis,
scapulae, ribs, and vertebrae. Involved bone
may be relatively short, especially the ulna,
with consequent bowing of the forearm.
Shortness of stature is a variable feature.

OCCASIONAL ABNORMALITY. Enchondro-
mata.
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NATURAL HISTORY. New outgrowths and
enlargement of old exostoses may oceur through
the age of adolescence. Thereafter no further
growth takes place, although there is a 5 to 11
per cent incidence of sarcoma from such lesions
in the adult, a risk that does not pertain to child-
hoaod.

ETIOLOGY. Autosomal dominant, with 62 per
cent of cases being familial.

REFERENCES

1. Solomon, L: Hereditary multiple exostosis. Am. J.
Human Genet., 16:351, 1964.
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sias. Chicago, Year Book Medical Publishers,
1964, p. 297,




Six year old. Outgrowthz from proximal tibia and fibula, less prominently from radius and ulna. Note the
short mid-phalanx of the fifth finger and the irrepular mid-phalanx of the index finger
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98. CONRADI'S DISEASE

(Chondrodystrophia Caleificans Congenita)

Transient Punctate Mineralization in Developing Cartilage,
Short Proximal Long Bones, Joint Contractures

Though described by Conradi' in 1914, this
digease has only received broader recognition in
the past ten years with more than 115 cases
having been reported.

PATTERN OF ABNORMALITY. Shortness
of stature is a frequent feature, often evident
by birth. Mental deficiency is a variable feature,
noted in about half of survivors. (ther adverse
effects on skeletal morphogenesis are asym-
metrical vertebral bodies with or without
scoliosis; asymmetrical hypoplasia of meta-
carpals, metatarsals, and phalanges; large ante-
rior fontanel, craniosynostosis, hypertelorism,
micrognathia; syndactyly, polydactyly, clubfoot,
dislocation of hip. Congenital heart defect,
hernia, and muscle fibrosis are occasional
leatures.

NATURAL HISTORY. Failure to thrive and
infectious epizodes, especially pneumonia, limit
survival in the more severely affected infants.
The punctate areas of mineralization, which his-
tologically occur in foci or mucoid degeneration
within the hyaline cartilage, spontaneously re-
solve during infancy, with epiphyseal mineral-
ization occurring in a near-normal fashion.
Spontaneous improvement in joint motility may
also occur, and skeletal growth proceeds at an
improved rate. Thus the "active” phase of this
disease occurs predominantly in prenatal life
through infancy, and surviving patients are left
with residua from this period of altered morpho-
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genesis. As noted, about half the survivors are
left with a residua of mental deficiency.

ETIOLOGY. Autosomal recessive. Frequency
of parental consanguinity between 12 per cent
and 33 per cent. Rather wide variance in ex-
pression. Recent evidence indicates that the
milder cases may be a separable autosomal
dominant disorder.

COMMENT. Probably the alterations in de-
velopment of bone, joints, lens, and skin in this
disease all share a common mode of patho-
genesis.
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A, Seven week old who was 52 cm. in length at five weeks of age
(Courtesy of (. D). Ford. )

B to I, Seven month old with slow growth., Note relatively short
femur and humerus plus punctate mineralization in epiphyses and joint
ares. (Courtesy of R. A. Hadley, University of Nebraska.)
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99. HYPOPHOSPHATASIA

Bow Legs with Irregular Metaphyseal Rarefaction, Early Loss of Deciduous Teeth,
FLate Closure of Fontanels with or Without Craniosynostosis

Rathbun' recognized this disease in 1948,
and numerous cases have been documented sub-
sequently.

ABNORMALITIES.
severity.

Grrowth. Deficiency, variable in degree,

Cranium. Variance from poorly mineralized
globular cranium to late closure of wide
fontanels with tendency toward craniosyn-
oslosis.

Other Skeletal. Varying features include hypo-
plastic fragile bone of varying density with
irregular lack of metaphyseal mineraliza-
tion, bowed lower extremities with overlying
cutaneous dimpling, and short ribs with
rachitic rosary and small thoracic cage. Less
severely affected patients may have ir-
regular, rachitic appearing incomplete meta-
physeal mineralization with bowing of the
lower extremities and awkward gait.

Dentition. Defective dentin and  cementum
with tendency toward premature loss of
teeth.

There is wide variance in

NATURAL HISTORY. Those patients who
have the severe type of prenatal defect generally
die of respiratory insufficiency during early in-
fancy. Patients with moderately severe cases
tend to have early failure to thrive, hypotonia,
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irritability and occasionally seizures, anemia
and/or hypercalcemia, and nephrocalcinosis. The
hypercalcemia may be responsive to hydrocor-
tisone analogue therapy. About 50 per cent of
the patients die in early infancy. The survivors
and those who are more mildly affected may have
bone pain, dental problems, and occasionally
a fracture; but the osseous abnormalities tend
toward improvement with time.

ETIOLOGY. Autosomal recessive. The homo-
zygote has a severe deficiency of tissue and serum
alkaline phosphatase and an excessive urinary
excretion of phosphoethanolamine. The hetero-
zygote may have a low value for serum alkaline
phosphatase.
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100. KENNY'S SYNDROME

Short Stature, Slim Medullary Cavcity, Transient Hypocalcemia, Myopia

Kenny and Linarelli' recently described this
entity in a mother and her son.

ABNORMALITIES

GGrowth. Short stature of prenatal onset; the
affected woman was 48 inches tall.

Skeleton. Inner cortical thickening of bone with
slim medullary cavities.

Late ossification of anterior fontanel.

Eye. Myopia.

Metabolic. Transient hypocalcemia during
early infancy in the boy and following sur-
gery in his mother.
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ETIOLOGY. Presumed autosomal dominant.

REFERENCES

1. Kenny, F. M., and Linarelli, L.: Dwarfism and cor-
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genol., 100:1, 1967.



. o P b ki n's Hospital
Three and one half vear old with height age of 16 months, (Courtesy of F. M. Kenny, Children's I
of Pittsburgh.)
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101. PYLE'S DISEASE

(Craniometaphyseal Dysplasia)

Bony Wedge over Bridge of Nose, Splayed Metaphyses, Knock Knee

Smith and Jones' recorded a skeleton from
an archaic Nubian civilization with features
resembling those of Pyle's disease. Much later
Pyle* set forth this entity, and close to 50 cases
have been reported.

ABNORMALITIES

Growth. Normal to tall stature.

Craniofacial. Thick, with dense base, cranial
vault, facial bones, and mandible. Absence
of pneumatization.

Unusual thick bony wedge over bridge of nose
and supraorbital area with hypertelorism
and relatively small nose. Proptosis of eyes.

Compression of foramina with cranial nerve
deficits, headache, and narrow nasal pas-
sages with rhinitis.

Dentition. Poor teeth.

Skeletal. Metaphyseal Erlenmeyer splaying
with thin cortices and indistinct trabeculae.
Knock knee. Wide medial half of clavicles
and broad ribs. Loss of normal spinal curva-
ture with mild flattening of vertebral bodies.

NATURAL HISTORY. The disease is evident
from infancy, and these individuals may have
serious problems from compression of the brain
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and cranial nerves. They are of normal intelli-
gence. Early in life there may be a striking lack
of ossification in the metaphyses.

ETIOLOGY. Both an autosomal recessive and
a clearly autosomal dominant type have been
described, and at present it is not possible to
clearly distinguish between these from a clinical
standpoint. The problem in bone morphogenesis
is thought to be one of osteoclasis, with defective
reabsorption and remodeling of secondary spon-
giosa.
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i

Eleven year old girl with Pyle’s diseaze, inherited az an autosomal dominant. The hyperostosis is already
causing the fullness noted in the area of the nasal bridge. Hearing loss began at age nine vears. The long bones
show the Erlenmeyer flask shape at the metaphyseal area, (Courtesy of [). L. Rimoin, Washington University.
5t. Louis. )
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102. SEVERE OSTEOPETROSIS
(Albers-Schinberg Disease)

Dense, Thick, Fragile Bone; Secondary Pancytopenia, Cranial Nerve Compression

More than 50 cases of this lethal disorder
have been reported since the initial description
by Albers-Schénberg' in 1907.

ABNORMALITIES

Skeleton. Thick, dense, fragile bone with mod-
eling alterations such as obtuse mandibular
angle, partial aplasia of distal phalanges,
straight femora, blocky "bone within a bone”
metacarpals, and macrocephaly with frontal
bossing. Marrow compression leads to pancy-
topenia, and compression of cranial foramina
may lead to cranial nerve palsies, blindness,
and/or hydrocephalus.

Metabolic. Serum calcium may be low and
serum phosphorus elevated.

NATURAL HISTORY. Usually evident at

birth with subsequent severe complications and
death in infancy or early childhood.
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ETIOLOGY. Autosomal recessive. There ap-
pears to be defective reabsorption of immature
bone. The guestion has been raised as to whether
this disease may represent an abnormality in
thyrocalcitonin metabolism, a question which
merits close study.

REFERENCES

1. Albers-Schinberg, H.: Eine bisher nicht beschrie-
bene Allgemeinekrankung des Skelettes im
Rintgenbilde. Fortschr. Roentgenstr., I1:261,
1907,
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Eight month old. The sclerotic skeleton shows the "bone within a bone” (endobone) appearance, vertical
striationg at the metaphyseal-diaphyseal juncture, and broad metaphyses,
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103. PYKNODYSOSTOSIS OF MAROTEAUX AND LAMY

Osteosclerosis, Short Distal Phalanges, Delayed Closure of Fontanels

Though cleidocranial dysostosis associated
with osteosclerosis and bone fragility had been
recognized prior to 1962,' this condition was not
well clarified until Maroteaux and Lamy® de-
scribed it under the eponym of pyknodysostosis
(pyknos = dense).

ABNORMALITIES

rrowth. Small stature.

Skeletal. Osteosclerosis with tendency toward
transverse fracture.

Craniofacial. Frontal and occipital prominence,
delayed closure of sutures, wormian bones,
lack of frontal sinus. Facial hypoplasia with
prominent nose and narrow grooved palate.
Obtuse angle to mandible, which may be
small,

Teeth. Irregular permanent teeth with or with-
out partial anodontia, delayed eruption.

Claviele. Dysplasia to loss of acromion end.

Digits. Acro-osteolytic dysplasia of distal pha-
langes, especially of index finger. Wrinkled
skin over dorsum of distal fingers. Flattened
nails.

DCCASIONAL ABNOREMALITIES.
retardation (six of 32).

Mental
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NATURAL HISTORY. About two thirds of
the patients have had fractures, most commonly
in the lower extremity, including metatarsals,
mandible, and clavicle. There may be a progres-
sive loss in the distal phalanges and outer clav-
icle and persistent open fontanels, especially the
posterior. Special dental care is often indicated.

ETIOLOGY. Consanguinity in seven of 32
families' and sibship occurrence from unaffected
parents are indicative of an autosomal recessive
determination. However, Shuler® discovered the
syndrome in a maternal uncle of an affected male
and therefore raised the question of x-linked re-
cessive In that family.
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A, Ten year old with height age of eight and one hall’ vears.

B, Patient shown in A. Note the open fontanel and lambdoid suture, absence of frontal sinus or mastoid air
cells, obtuse angle of mandible, and delay in eruption of permanent dentition

C, Seven and one half year old with height age of four and one half vears, Note the generally dense bone and
partial loss of several distal phalanges. (From Shuler, 5. E.: Arch. Diz, Childhood, 38:620, 18963.)
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104. CLEIDOCRANIAL DYSOSTOSIS

Defect of Clavicle, Late Ossification of Cranial Sutures, Delayed Eruption of Teeth

A possible example of this rather generalized
dysplasia of osseous and dental tissues was de-
tected in the skull of a Neanderthal man.' The
more obvious features of the defect in clavicle and
cranium prompted Marie and Sainton® to utilize
the term cleidocranial dysostosis for this condi-
tion: however, the more generalized dvsplasia of
bone and teeth has been emphasized, and the
term cleidocranial dysostosis only depicts a por-
tion of the abnormal development. Well over 500
cases have been reported.

ABNORMALITIES. The following are fre-
quent but not constant features:

Growth. Mild to moderate shortness of stature.

Craniofacial. Brachycephaly with bossing of
frontal, parietal, and occipital bones; late
mineralization of sutures; late or incomplete
development of accessory sinuses and mas-
toid air cells; wormian bones; small sphenoid
bones.

Mid-facial hypoplasia with low nasal bridge,
narrow high-arched palate.

Dentition. Late eruption of dentition, especially
the permanent teeth, which are often ab-
normal with aplasia, malformed roots, re-
tention cysts, enamel hypoplasia, and super-
numerary teeth.

Clavicle. Partial to complete aplasia of clavicle
with associated muscle defects.

Hands. Hand anomalies including asymmet-
rical length of fingers with long second meta-
carpal, short and tapering distal phalanges
with or without dewncurving nails, acces-
sory proximal metacarpal epiphyses which
fuse in childhood, and altered rate of carpal
ossification.

Other Skeletal. Delayed mineralization of pubic
bone, narrow pelvis, broad femoral head with
short femoral neck, with or without coxa
vara.

OCCASIONAL ABNORMALITIES. Cervical
rib, small scapulae, scoliosis, kyphosis, flat ace-
tabulae, osteosclerosis, inereased bone fragility,
deafness, cleft palate.
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ETIOLOGY. Autosomal dominant with wide
variability in expression, but usually showing
penetrance. About one-third of the cases repre-
sent fresh mutations.

NATURAL HISTORY. Though stature is often
reduced, mentality is usually normal. Hearing
should be assessed and dental problems should
be anticipated. Removal of deciduous teeth does
not seem to hasten the eruption of permanent
teeth, and the permanent teeth may be difficult
to extract because of malformed roots. Narrow
pelvis may necessitate cesarian section for de-
livery of the pregnant female with this condition.

COMMENT. Emphasis should be placed on the
rather generalized effect of this mutant gene on
the rate and form of development of osseous and
dental tissue. The degree of variance in expres-
sion includes a lack of defective clavicular de-
velopment. Many of the radiological signs such
as metacarpal pseudoepiphyses and late mineral-
ization of pubic ramus depend on the age of the
patient.
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Seven yvears old

A, Three and one half vear old: height age, two and one half vears. (From Smith, D. W.: J. Pediat., 70:500,
1967.)

B, Absent clavicles,

', Poorly mineralized cranial sutures.

D, Hypoplasia of ilia, wide-spread pubic rami.

E. Mandible showing delay in eruption of permanent teeth.
(C and E courtesy of R. Scherz, Madigan General Hospital, Washington. )
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105. STANESCO’S DYSOSTOSIS SYNDROME

Thick Cortical Bone, Brachycephalic Thin Skull,
Relatively Short Upper Arm, Proportionately Short Fingers

Stanesco et al.! studied seven of 11 affected
individuals in three generations of one family
and reported this condition in 1963. This altera-
tion in bone morphogenesis bears many simi-
larities to the Maroteaux and Lamy type of
pyknodysostosis, but differs in several clinical
points and in its genetic mode of determination.

ABNORMALITIES. Based on seven cases.'

frrowth. Small stature.

Craniofacial and Dental. Brachycephalic thin
skull, often with depressions at frontoparie-
tal sutures.

Lack of pneumatization in frontal and sphe-
noid bone. Shallow orbits with prominent
eyes. Narrow maxilla. Small mandible with
obtuse angle. Crowded teeth, sometimes
small; enamel hypoplasia.

Long Bones. Dense with thick cortices. Rela-
tive shortness, especially of upper arm and
hand.

OCCASIONAL ABNORMALITIES.  Flat-

tened roof of palate, sacralization of S-1, exos-
toses, fractures.
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NATURAL HISTORY. These individuals have
been of normal intelligence, with no problems in
sexual development or reproduction. The bone
tends to become more dense with age. Only one
of the 11 affected members of the family was
known to have had a fracture.

ETIOLOGY. Autosomal dominant with almost
complete expression in all affected individuals.

COMMENT. The lack of defect in the distal
phalanges in this disorder appears to be one of
the easiest clinical points in distinguishing this
disease from the type of pyknodysostosis de-
scribed by Maroteaux and Lamy.

REFERENCE
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A to C: A, Nine year old; height age three yvears. B, Sixteen year old; height age, 10 years. C, Adult with height
of 4 feet, 7 inches.

I3, Humerus, showing thick, dense cortices.

E, Adult cranium, relatively dense with shallow sella and obtuse mandibular angle.

F, Adult hand showing minor alterations, but no osteslyziz of distal phalanges such as is found in pyknodys-
ostosis,

{From Stanesco, V., et al.: Rev. Franc. Endocr, Chn., 4:219, 1963.)
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(). Craniosynostoses

106. APERT'S SYNDROME

(Acrocephalosyndactyly)

Irregular Craniosynostosis, Midfacial Hypoplasia, Syndactyly,
and Broad Distal Phalanx of Thumb and Big Toe

The condition was reported by Wheaton' in
1894, in 1906 Apert* summarized nine cases, and
in 1920 Park and Powers' published an excep-
tional essay on this entity. By 1960 Blank' noted
the recording of 150 cases.

ABNORMALITIES
Performance. Severe mental deficiency may be
present, but normal intelligence has also
been observed and the incidence of mental
defect is not known.
Craniofacies. Short anterior-posterior diameter
with high full forehead and flat occiput.
[rregular craniosynostosis, especially of coro-
nal suture; often late closure of fontanels.
Flat facies, supraorbital horizontal groove,
shallow orbits, hypertelorism, strabismus,
downslanting of palpebral fissures, small
nose, and maxillary hypoplasia.

Narrow palate with median groove with or
without cleft palate or bifid uvula.

Limbs. Osseous or cutaneous syndactyly, or
both, varying from total fusion to partial
fusion; most commonly with complete fusion
of second, third, and fourth fingers. Distal
phalanges of the thumbs are often broad and
malformed. Fingers may be short. Cutaneous
syndactyly of all toes with or without osseous
syndactyly. Distal hallux may be broad and
malformed.

OCCASIONAL ABNORMALITIES. Other
skeletal malformations may include short hu-
merus, synostosis of radius and humerus, and
limitation of joint motility.

Other malformations besides the skeletal sys-
tem have occurred more frequently than expected
and include esophageal atresia, pyloric stenosis,
ectopic anus, pulmonary aplasia, atrophy of pul-
monary arteries, anomalous tracheal cartilage,
pulmonic stenosis overriding aorta, ventricular
septal defect, endocardial fibroelastosis, poly-
cystic kidney, hydronephrosis, and bicornuate
uterus.

NATURAL HISTORY. There are no adequate
data on the long-term follow-up of patients. Early
surgery for craniosynostosis, however, would
seem indicated when the condition is of sufficient
magnitude to give rise to increased intracranial
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pressure (coronal plus one or more other suture).
Though there can be mental deficiency in pa-
tients who have no evidence of increased intra-
cranial pressure, mental defect iz an irregular
occurrence. There should be vigorous early man-
agement of the syndrome while waiting to de-
termine whether the infant will be mentally
retarded. When the thumb is immobilized, early
surgery to allow for a pincer grasp is indicated,
with later attempts at further improvement of
hand function.

ETIOLOGY. Autosomal dominant inheritance
is indicated with the vast majority of cases repre-
senting a fresh mutation.

One factor in the sporadic cases has been
older paternal age; the average paternal age at
the birth of an infant with Apert's syndrome is
37 years. Older paternal age has also been
observed as a factor in sporadic cases of achon-
droplasia and Marfan’s syndrome, two other dis-
orders that are due to a single altered gene.

The recurrence risk for the unaffected par-
ents of a child with Apert’s syndrome is neg-
ligible, whereas the recurrence risk for the
offspring of the affected individual is 50 per cent.

COMMENT. The osseous developmental pa-
thology appears to be irregular bridging between
the early islands of mesenchymal blastema that
will become bone, especially in the distal ex-
tremities and cranium. This irregular organiza-
tion presumably has begun before the sixth week
of prenatal life. Indications of hypoplasia and
abnormal shape of bone are also evident and the
mutant gene may adversely affect the organiza-
tion of other tissues. This is evident in the ir-
regular occurrence of mental deficiency and the
greater than expected concurrence of a number
of nonskeletal malformations. Therefore, every
newborn suspected of having Apert's syndrome
deserves a complete evaluation for other mal-
formations.
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A and B, A bov, drawn by the late M. Briidel.
', Two year old girl, her hand (D), foot (E), and x-rav of the hand (F).
€7, The cranium of an infant with Apert’s svndrome, showing the irrepular synostosis of the coronal suture

and the aberrant development in the frontal bone.
{4, B, and & from Park E. A., and Powers, G. F.; Am. .J. Dis. Children, 20:235, 1920.)

4. Blank, C. E.: Apert’s syndrome (a type of acroceph-

2. Apert, E.: De I'Acrocéphalosyndactylie. Bull. Soc. .
Med., 23:1310, 1906, alosyndactyly) observations on British series of
3. Park, E. A., and Powers, G. F.: Acrocephaly and thirty-nine cases, Ann. Hum. Genet., 24:151,
14960,

scaphocephaly with symmetrically distributed
malformations of the extremities. A study of the 5 Weech, A. A Combined acrocephaly and syndac-
so-called " Acrocephalosyndactylism.” Am. J. Dis. tylism oecurring in mother and daughter. A case
Children, 20:235, 1920, report. Bull. Hopkins Hosp., 40:73, 1927.
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(). Craniosynostoses

107. CARPENTER'S SYNDROME

Acrocephaly, Polydactyly and Syndactyly of Feet,
Lateral Displacement of Inner Canthi

Although Carpenter' described this condi-
tion in 1901, it was not firmly established as an
entity until Temtamy's® report in 1966. Some of
the cases reported in the literature had been
mistakenly identified as Apert’s syndrome or the
Laurence-Moon-Biedl syndrome.

PATTERN OF MALFORMATION. Based on

12 cases.

Mental retardation Qof 9
Obesity 12 of 12
Acrocephaly 12 of 12
Lateral displacement of inner

canthi and/or inner canthal

folds 11 of 11
Brachysyndactyly of hands with

clinodactyly 12 of 12
Preaxial polydactyly of feet with

syndactyly 12 of 12
Hypogenitalism, eryptorchidism Sof 8

Other less consistently observed or reported
features include low-set auricles, congenital
heart defect (patent ductus, ventricular septal
defect, pulmonic stenosis, transposition), duplica-
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tion of second phalanx of thumb, metatarsus
varus, flat acetabulum, flare to pelvis, coxa valga,
genu valgum, lateral displacement of patellae,
pilonidal dimple, accessory spleen, abdominal
hernias, and generalized aminoaciduria.

ETIOLOGY. The occurrence of this syndrome
in both male and female siblings of unaffected
parents suggests autosomal recessive inherit-
ance. No chromosomal abnormality was detected
by Temtamy.*

COMMENT. Presently there are inadequate
data upon which to base a natural history for
this condition.
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of the skull and other congenital abnormalities.
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A to U, Newborn, necropsy photos. (Courtesy of A. W. Bauer, Group Health Cooperative, Seattle.)
D and E, Three vear old. (From Temtamy, S. A.: J. Pediat., 68:111, 1966, )
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(). Craniosynostoses

108. CRANIOFACIAL DYSOSTOSIS OF CROUZON

Shallow Orbits, Premature Craniosynostosis, Maxillary Hypoplasia

Originally described in 1912 by Crouzon' in
a mother and her daughter, this condition usu-
ally has an adverse effect on craniofacial de-
velopment alone.

ABNORMALITIES
Craniofacial. Ocular proptosis due to shallow
orbits, with or without divergent strabismus,
hypertelorism.
Hypoplasia of maxilla with or without curved
parrot-like nose, inverted V shape to palate.
Craniosynostosis, especially of coronal, lamb-
doidal, and sagittal sutures with palpable
ridging. Short anterior-posterior and wide
lateral dimensions of the cranium may occur
with increased intracranial pressure, lead-
ing to digital markings on the inner table of
the cranium with or without optic nerve al-
teration and mental deficiency.

OCCASIONAL ABNORMALITIES. Peg-
shaped widely spaced teeth, partial anodontia,
large tongue, deviation of nasal septum, atresia
of auditory meatus, deafness. Triangular shape
to optic foramina.

NATURAL HISTORY. The degree of cranio-
synostosis as well as the age of onset is variable.
One infant is described who showed no roent-
genographic evidence of craniosynostosis at four
months but complete closure by 11 months of
age. Surgical morcellation procedures to allow
for more normal brain development are indicated
at an early age when there is increased intra-
cranial pressure. Bertelsen® considers synostosis
of the coronal suture alone adequate indication
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for early surgical intervention, because pre-
mature closure of this suture appears to be espe-
cially deleterious to subsequent enlargement of
the cranium. Otherwise, the indications are usu-
ally cosmetic and the decision toward surgery
is usually mitigated by the severity of the aber-
rant shape plus the competency of the surgeon
who will perform the procedure.

Although craniosynostosis limits the growth
of the brain, the cranium can undergo some fur-
ther enlargement even when all sutures are
fused at an early age.® This limited growth is
apparently from subperiosteal bone growth.

ETIOLOGY. Autosomal dominant with wvari-
able expression, shallow orbits being the most
consistent feature. About one quarter of the re-
ported cases have had a negative family history
and may represent fresh mutations.
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D /8
The mother of the patient shown in E is shown as a young infant (A4), at ene year of age (B), and at three years
of age (). No surgical procedure was performed, and I? shows the mother as an adult of normal intelligence with

her affected son who had rather severe synostosis of the coronal suture leading to the short cranium. A surgical
morcellation procedure was performed on the son's suture, (Courtesy of R, Luce, Group Health Clinie, Seattle.)
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R. Other Skeletal Dysplasias

109. AMINOPTERIN-INDUCED SYNDROME

Cranial Dysplasia, Broad Nasal Bridge, Low Set Ears

The folic acid antagonist, aminopterin, has
occasionally been utilized as an abortifacient
during the first trimester of pregnancy. Thiersch'
first noted abnormal morphogenesis in three
abortuses and one full-term offspring of mothers
who received aminopterin from four to nine weeks
following the presumed time of conception. Sub-
sequently four other cases have been published
and reviewed by Milunsky et al.* They reported
the birth of a malformed infant, following ma-
ternal ingestion of methotrexate, a methyl de-
rivative of aminopterin. The four mothers took 12
to 29 mg. of the folic acid antagonist from four
to ten weeks after the presumed time of concep-
tion and the gestational duration ranged from
22 to 40 weeks. There was a similar pattern of
malformation in these four babies. It consisted
of cranial dysplasia, foot anomalies and other
less consistent defects, and was predominantly a
pattern of skeletal dysplasia.

ABNORMALITIES. Four babies (the number
affected is in parentheses).*

Craniofacial. Severe hypoplasia of frontal bone
{three), parietal bones (two), temporal or
occipital bones (one each), wide fontanels
(two), and synostosis of lambdoid (two) or
coronal sutures (one). Broad nasal bridge
{three), prominent eves (two), micrognathia
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(three), and cleft palate and low set ears
{three), with maxillary hypoplasia and epi-
canthal folds noted in one.

Feet. Talipes equinovarus (two), hypodactyly
{one), and synostosis (one).

OTHER ABNORMALITIES (ONE EACH).
Congenital hypoplastic small size, dislocation of
hip, retarded ossification of pubis and ischium,
rib anomalies, short thumbs, partial syndactyly
of third and fourth fingers, single crease on fifth
finger, dextroposition of the heart, and hypo-
tonia.

NATURAL HISTORY. Only one affected indi-
vidual survived past 12 days of age.® This baby
appeared normal in mental and motor develop-
ment at 15 months of age, though growth was
less than the third percentile for age.
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42 weeks” gestation 1280 gm.
(From Warkany et al. : Am. J. Dis. Child., 97:274, 1959.)
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R. Other Skeletal Dysplasias

110. NAIL-PATELLA SYNDROME

(Hereditary Osteo-Onychodysplasia)

Nail Dysplasia, Patella Hypoplasia, Hiac Spurs

Little’s' report in 1897, limited to a presenta-
tion of patellar defect, is usually credited as the
initial description of this syndrome, whereas this
pattern includes multiple other dysplasias of
osseous as well as nonosseous mesenchymal tis-
sues. More than 200 cases have ben reported.

ABNORMALITIES. Relative frequency of ex-
pression as percentages.

Nail. Hypoplasia, splitting, most
commonly of thumbnail Q8%

Knee. Hypoplastic to absent patella,
hypoplasia of lateral femoral

condyle and small head of fibula 92%
Elbow. Hypoplastic capitellum,

small head of radius 905
Hium. Spur in mid-posterior ilinum,

71 per cent palpable 81%
Scapula. Hypoplasia, convex thick

outer border 44%
Iris. Dark, “clover-leaf” pigmentation

at inner margin 46%
Renal. Proteinuria with or without

hematuria, casts, renal

insufficiency 43%

Other Frequent Features. Absence of dorsal
distal phalangeal joints, delayed ossification
of secondary centers of ossification, valgus of
femoral neck, elub foot.

OCCASIONAL AENORMALITIES

Skeletal. Prominent outer clavicle, malformed
sternum, spina bifida, scoliosis, enlarged
ulnar styloid process, clinodactyly of fifth
finger.

Eye. Keratoconus, microcornea, microphakia,
cataract, ptosis.

Muscle. Aplasia of pectoralis minor, biceps,
triceps, quadriceps.

Central Nervous System.
ficiency, psychosis.

Oeecasional mental de-

NATURAL HISTORY. Patients may have
problems owing to limitation of joint motility,
dislocation, or both, especially at the elbow and
knee where osteoarthritis may eventually limit
function. Children should be closely followed for
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scoliosis. Evidence of renal abnormality may
suggest chronic glomerulonephritis, as may the
renal histology, but at necropsy the finding of
a reticular distribution of interstitial fibrosis
may prove to be a more specific renal lesion in
this disorder. Renal failure is apparently rare
prior to the fourth decade.

ETIOLOGY. Autosomal dominant, always
showing some expression. Studies have demon-
strated close linkage with the genetic deter-
minants of ABO blood group substances. A closer
correlation for the extent of nail dysplasia has
been found among affected siblings than between
affected parent and offspring. This evidence im-
plies a strong effect of the normal allele (always
derived from the unaffected parent) on the ex-
pression of the mutant allele for the nail-patella
syndrome.

COMMENT. The osseous abnormality consists
of specific regions of hypoplasia such as the lat-
eral knee and elbow, and other specific regions
of hyperplasia such as the iliac spurs. The latter
defect, as yet unknown in any animal or in other
diseases of man, appears to be pathognomonic
as an expression of this mutant gene.
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L o

Adolescent male showing nail hypoplasia, most evident for thumbs, and displacement of small patellae
(Courtesy of J. M. Opitz, University of Wizconsin. )
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R. Other Skeletal Dysplasias

111. DYSCHONDROSTEOSIS OF LERI-WEILL

Short Forearms with Madelung Deformity, with or Without Short Lower Leg

Leri and Weill' described this condition in
1929, and more than 30 cases have been reported
subsequently. Most patients previously cate-
gorized as having Madelung’s deformity are ex-
amples of this entity.

ABNORMALITIES

Growth. Variable, moderate shortness of stat-
ure.

Extremities. Short forearm with bowing of
radius, widened gap between radius and
ulna and altered osseous alignment at wrist.
May have partial dislocation of ulna at wrist,
elbow, or both, with limitation of movement.
Short lower leg.

OCCASIONAL ABNORMALITIES. Short
hands and feet with metaphyseal flaring in meta-
carpal and metatarsal bones, curvature of tibia,
exostoses from proximal tibia and/or fibula, ab-
normal femoral neck, coxa wvalga, abnormal
tuberosity of humerus.
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NATURAL HISTORY. Becker' has noted as-
sociated paramyotonia in affected individuals in
one family; it remains to be determined whether
or not this is a frequent feature. Otherwise the
only usual problems are moderate shortness of
stature and limitation of joint mobility at the
wrist, elbow, or both.

ETIOLOGY. Autosomal dominant with an ex-
cess of affected females in the recorded cases.
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Seven and five twelfths vears.

Height age: Five and one half vears.

(From Lamy and Maroteaux: Les chondrodystrophies génolypiques.
caise, 1960,

Pariz, L'Expansion Scientifique

Fran-
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R. Other Skeletal Dysplasias

112. ALBRIGHT'S HEREDITARY OSTEODYSTROPHY

(Pseudohypoparathyroidism; Pseudopseudohypoparathyroidism)

Short Metacarpal, Rounded Facies, with or Without Hypocalcemia
andlor Vicarious Mineralization

Albright' described this condition in 1942
and referred to it as pseudohypoparathyroidism
because of hypocalcemia and hyperphosphatemia
that were unresponsive to parathormone. Sub-
sequently patients were detected with a com-
parable phenotype but with normocalcemia,
even in the same family as a patient with hypo-
calcemia. The term pseudopseudohypoparathy-
roidism was utilized to designate such instances.
Because it is now obvious that hypocalcemia is
a variable expression in this hereditable disease,
the term Albright's hereditary osteodystrophy
seems preferable. More than 100 cases have been
reported.

ABNORMALITIES

Growth. Small stature; final height, 54 inches
to 5 feet; occasionally taller. Obesity, mod-
erate.

Performance. Mental deficiency, intelligence
quotient of 20 to 99, mean 1.Q). about 60; oc-
casionally normal.

Facies. Rounded, low nasal bridge.

Dentition. Delayed dental eruption, aplasia,
and/or enamel hypoplasia.

Extremities. Short metacarpals and metatar-
sals, especially the fourth and fifth.

Extra Skeletal Caleification. Areas of mineral-
izlatinn in subcutaneous tissues, basal gan-
glia.

Calcium and Phosphorus. Hypocalcemia and
hyperphosphatemia.

OCCASIONAL ABNORMALITIES. Distal
palmar axial triradii, osteochondromata, thick
calvarium, short ulna, epiphyseal dysplasia,
genu valgum, hypothyroidism, hypogonadism
with or without gonadal dysgenesis, peripheral
lenticular opacities.
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NATURAL HISTORY. Hypocalcemia, when
present, usually becomes evident in childhood,
seizures being the most common presenting
symptom. Cautious vitamin D therapy in dosage
of 25,000 to 100,000 units per day may be neces-
sary; however, the therapy should be discon-
tinued every few vears to reassess the situation,
because spontaneous amelioration of the hypo-
calcemia may occur with time.

GENETICS. The family data are indicative of
a single mutant gene giving rise to this syn-
drome. The findings of a 2 : 1 female to male sex
incidence have favored an X-linked dominant
mode of determination, but autosomal dominant
with more severe expression in females also
seems a possibility, especially considering two
instances of male to male transmission.®
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Five vear old with height age of three and one half vears and bone age of five vears. Hypocaleemia and hyper-
phosphatemia were first detected at one vear of age.
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R. Other Skeletal Dysplasias

113. BRACHYDACTYLY, TYPE E

Short Metacarpals (Third and Fifth), Brachydactyly, Mild to Moderate Short Stature

McKusick and Milch' described a domi-
nantly inherited syndrome consisting of mod-
erate shortness of stature and brachydactyly
with unusually small third and fifth metacarpal
bones. X-linked inheritance was excluded by two
instances of male to male transmission. The lack
of mental retardation, hypocalcemia, or vicarious
mineralization in any affected individual tended
to exclude the diagnosis of Albright's hereditary
osteodystrophy. Similar phenotypic and genetic
findings are set forth in at least two reports
on “pseudopseudohypoparathyroidism™-* which
leads to some confusion in the literature on Al-
bright’s hereditary osteodystrophy. Obviously

shortness of the third and fifth metacarpals is
not pathognomonic for any specific disease.
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R. Other Skeletal Dvyvsplasias

114. WEILL-MARCHESANI SYNDROME

(Brachvdactyly-Spherophakia)

Brachydactyly, Small Spherical Lens, Short Stature

More than 18 instances of this condition
have been described since the initial recognition
by Weill in 1932 and the broader description by
Marchesani in 1939,

ABNORMALITIES

Growth. Small stature.

Craniofacial. Broad skull, small shallow orbits,
mild maxillary hypoplasia with narrow
palate.

Eye. Small spherical lens, myopia with or with-
out glaucoma, ectopia lentis in half of cases,
blindness in one third,

Teeth. Malformed and malaligned.

Limbs. Brachydactyly with broad metacarpals
and phalanges, with or without late ossifica-
tion of epiphyses.

OCCASIONAL ABNORMALITY. Cardiac
anomaly.

NATURAL HISTORY. The mean age of recog-
nition of an ocular problem in this disorder is 7.5
vears, the youngest recorded age being nine
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months. Dilatation of the pupil is often necessary
to appreciate the lens defect. Intelligence is usu-
ally not affected.

ETIOLOGY. Unknown: either autosomal dom-
inant with variable expression or autosomal re-
cessive with partial expression in heterozygotes.
More than one etiological entity may be repre-
sented. More studies of affected families are
merited.
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WEILL-MARCHESANI SYNDROME

Nine year old with height age of five and one half years. Small lens and myopia. (From Zabriskie, J., and
Reisman, M.: J, Pediat., 52:158, 1958.)
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S. Mucopolysaccharidoses

115. GENERALIZED GANGLIOSIDOSIS

(Caffev’s Pseudo-Hurler's Syndrome, Familial Neurovisceral Lipidosis)

Coarse Facies, Joint Limitation and Kyphosis in Early Infancy

In 1951, Caffey’ described two neonates who
had many of the features of Hurler's syndrome,
but of prenatal onset. Landing et al? reported
pathological studies in similar cases showing
foamy histiocytes in liver and spleen, swollen
neurons, and vacuoles in the glomerular epi-
thelium. They interpreted the storage material
as a glycolipid and set forth the name "familial
neurovisceral lipidosis,” which was changed to
"generalized gangliosidosis” by O'Brien et al?®
on the basis of finding elevated levels of ganglio-
side in liver, spleen, and brain tissue from such
a patient. Finally Scott et al.’ identified muco-
polysaccharide in the glomerular epithelium
from a patient and suggested that the disease
belongs in the group of mucopolysaccharidoses.

ABNORMALITIES®

Growth. Growth deficiency with relatively low
birth weight and severe postnatal deficit in
growth.

Performance. Severe early defect in develop-
mental performance with hypotonia, poor
coordination, and later spasticity. Neuronal
lipidosis with swollen neurons at necropsy.

Orofacial. Coarse features with low nasal
bridge, broad nose, flaring alae nasi, frontal
bossing, hypertrophied alveolar ridges with
prominent maxilla and mild macroglossia.
Hirsutism.

Eyes. Cherry-red macular spot in about one
half of patients.

Skelefal. Moderate joint limitation with thick
wrists and development of claw hand. Early
roentgenograms show poorly mineralized,
coarsely trabeculated long bones with medul-
lary mid-shaft broadening and a "cloak” of
subperiosteal new bone formation, especially
evident in the humerus. Some metaphyseal
cupping and epiphyseal irregularity are usu-
ally present. With time the bones appear
more like those of Hurler's syndrome, in-
cluding kyphosis with anterior bullet wedg-
ing of vertebrae. Ribs are thick, legs may be
bowed, and club foot may be present.

Viscera. Variable hepatomegaly with some
foamy histiocytes. Vacuolization in glomer-
ular epithelial cells containing swollen ly-
S0B0MEeSs.

Leukocytes. Vacuolization within eytoplasm of
leukocytes and foam cells in marrow.
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Urinary Excretion. Mucopolysaccharide nor-
mal or slightly elevated.

NATURAL HISTORY. Severe developmental
lag, feeding problems with failure to thrive, and
frequent infections usually culminate in death
during early infancy. Deterioration of cerebral
function is rapid if the patient survives the first
vear, leading to a decerebrate status with sei-
zures and death prior to two years of age. The
mean age of survival for 17 patients was 13.5
months, with a range from 3.5 to 25 months. No
form of therapy other than life-supportive tube-
feeding and antibiotic management of infections
has been effective. Considering the natural his-
tory of this disorder, the author favors discussion
with the parents followed by the withholding of
life-supportive medical treatment if this course
of management is acceptable to the parents.

ETIOLOGY. Autosomal recessive. O'Brien®
has detected a severe deficit (one twentieth of
normal) of the lysosomal enzyme galactosidase
in liver from these patients. The presumed
developmental pathology of the disease is as
follows: (1) inability to cleave the terminal galac-
tose from ganglioside and mucopolysaccharide,
(2) accumulation of these products within lyso-
somes where they would normally be degraded,
and (3) the storage disease.
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Two week old with x-rays of the arm, leg, and thoracolumbar vertebrae. Note the coarse facies, hype irophied

alveolar ridges, broad wrists, periosteal cloaking with thin cortices, altered shape of head of humerus and femur,
and hypoplastic vertebrae. (From Scott, R., et al.; J. Pediat., 71:357, 1967.)
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S. Mucopolysaccharidoses

116. HURLER'S SYNDROME

(Mucopolysaccharidosis 1)

Coarse Facies, Stiff Joints, Mental Deterioration, Cloudy Cornea by One to Two Years

Hurler' set forth this entity in 1919, two
years after the Hunter syndrome was described.
O’Brien* has recently attributed the cellular
accumulation of mucopolysaccharide and gan-
glioside to the diminished (one fifth of normal)
degradative lysosomal enzyme pB-galactosidase
found in these patients.

ABNORMALITIES.**
vears of age.

Growth. Deficiency, becoming severe.

Performance. Mental regression toward severe
apathetic deficiency.

Craniofacial and Eye. Scaphocephalic cranial
enlargement, coarse facies with full lips,
flared nostrils, low nasal bridge and tend-
ency toward hypertelorism.

Cloudy corneas, retinal pigmentation.

Mouth. Hypertrophied alveolar ridge and gum
with small malaligned teeth. Enlarged
tongue.

Skeletal and Joints. Diaphyseal broadening of
short misshapen bones and joint limitation
vield the claw hand and other joint deform-
ities. Flaring of the rib cage. Kyphosis and
thoracolumbar gibbus secondary to anterior
vertebral wedging.

Cardiae. Murmurs; cardiac failure may be due
to intimal thickening in the coronary wves-
sels or the cardiac valves.

Other. Hirsutism, hepatosplenomegaly, ingui-
nal hernia, dislocation of hip, mucoid rhi-
nitis, deafness,

Urinary Excretion.
aran sulfate.

Onset by one to two

Dermatan sulfate and hep-
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OCCASIONAL ABNORMALITIES. Hydro-
cephalus, presumably due to meningeal involve-
ment.

NATURAL HISTORY. Growth during the first
year may actually be more rapid than usual with
subsequent deterioration. Subtle changes in the
facies with development of a gibbus, cloudy cor-
nea, and slowing in developmental progress may
be evident prior to one year. The mental de-
terioration is severe. Death usually occurs in
childhood secondary to respiratory or cardiac
complications, and survival past ten years of age
is unusual.

ETIOLOGY. Autosomal recessive. The asymp-
tomatic carriers may be recognized by abnormal
lvsosomal accumulation of mucopolysaccharide
in their cultured fibroblast cells, a phenomenon
which is more striking in the homozygote.
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A, Two year old who sat at one year and walked at
21 months. Height age at six months was ten months;
at one vear, 16 months; and at two vears, two vears.

B, Broad irregular bone, especially at metaphyses
Thoracic and lumbar vertebrae are short with anterior
wedring,

C. Five vear old with height age of three vears




5. Mucopolvsaccharidoses

117 MAROTEAUX-LAMY SYNDROME

(Mucopolysaccharidosis VI)

Coarse Facies, Stiff Joints, Cloudy Cornea in Infancy. Without Mental Deterioration

Maroteaux et al.' recognized this disorder as
being distinct from Hurler's syndrome, in that
mental deterioration did nof occur during early
childhood and the only mucopolysaccharide found
in the urine was dermatan sulfate. However,
Fallis et al? reported heparan sulfate as well as
dermatan sulfate in the urine of such a patient.

ABNORMALITIES. Onset by one to three

vears of age.

(rrowth. Deficiency, usually evident between

two and three years.

Craniofacial. Coarse facies with large nose and

thick lips.
Eye. Fine corneal opacity.
Skeletal and Joints. Mild stiffness of joints.
Metaphyses slightly broad and irregular.
Epiphyseal irregularity, especially femoral epi-
physis.

Vertebrae flattened with anterior wedging of
T-12 and L-1.

Ribs broad.

Sella turcica elongated.

Lumbar kyphosis, genu valgum.

Other. Umbilical hernia.
Hepatosplenomegaly.

Varyving degrees of deafness.
Cytoplasmic granules in leukocytes.
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NATURAL HISTORY. The age of onset of
growth deficiency is usually a little later than
in Hurler's disease; the extent of skeletal broad-
ening, joint limitation, hepatosplenomegaly, and
corneal opacification is generally less than with
Hurler's disease, and cerebral deterioration has
not been noted during childhood. The data on
prognosis after ten years of age are presently in-
adequate.

ETIOLOGY. Presumed autosomal recessive.
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A to C, Eighteen month old; height age, 16 months. (Courtesy of R. Summitt, University of Tennessee.)
D to F, Older boy, short of stature, with normal intellipence. (Courtesy of P. Maroteaux, Hipital des Enfants-
Malades, Paris.)



8. Mucopolysaccharidoses

118. HUNTER'S SYNDROME

(Mucopolysaccharidosis 11)

Coarse .Fm'ie.-::, Growth Deficiency, Stiff Joints by Two to Four Years, Clear Cornea

Hunter' described this condition in 1917 in
two brothers.

ABENORMALITIES.>* Onset around two to
four years.

Growth. Growth deficiency.

Performance. Mental deficiency.

Facies. Coarsening of facial features, full lips.

Joint and Skeletal. Stiff partial contracture of
joints, claw hand. Broadening of bone.

Other. Hepatosplenomegaly, hypertrichosis, in-
guinal hernias, mucoid nasal discharge, pro-
gressive deafness.

Urinary Excretion. Dermatan sulfate and hep-
aran sulfate.

OCCASIONAL ABNORMALITIES. Diar-
rhea, nodular skin lesions over scapular area and
on arms, kyphosis, pes cavus, osteoarthritis of
head of femur, retinal pigmentation, congestive
heart failure, coronary occlusion.

IMPORTANT NEGATIVES IN CONTRAST
TO HURLER'S SYNDROME. (1) Clear cor-
neas. (2) No gibbus. (3) No affected females.

NATURAL HISTORY. Gradual decline in
growth rate and mental development from two to
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six vears, often reaching a plateau in mental
capabilities around six years. These patients tend
to be more noisy and obstreperous than those
with the Hurler syndrome. Cardiac complica-
tions not uncommonly lead to death prior to 20
vears; however, survival to 60 years has been
recorded.

ETIOLOGY. X-linked, with no overt expression
in the heterozygous female who may be recog-
nized by the fact that cultured fibroblasts show
cytoplasmic accumulation of mucopolysaccha-
ride, though to a lesser extent than those of the
hemizygous male.
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A

A, Nine and one half year old with height age of seven and two thirds vears. (Courtesy of A. C. Crocker,
Boston Children's Hospital. )
B, Thirteen and one half year old with height age of seven vears
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8. Mucopolysaccharidoses

119. MORQUIO'S SYNDROME

{(Mucopolysaccharidosis IV)

Onset at One to Three Years of Age, Mild Coarse Facies,
Severe Kyphosis and Knock Knee, Late Cloudy Cornea

Mistakenly interpreted by Osler' in 1898,
this condition was described by Morquio® in 1929;
it was only recently recognized as a mucopoly-
saccharidosis.”

ABNORMALITIES. Onset between one and
three vears.

frroupth. Severe limitation with cessation by
latter childhood.

Craniofacial. Mild coarsening of facial features
with broad mouth and short nose.

Eye. Cloudy cornea, usually after five to ten
vears of age.

Skeletal and Joint. Marked platyspondyly with
vertebrae changing to ovaloid, ovaloid with
anterior projection, to flattened form with
short neck and trunk plus kyphoscoliosis.

Early flaring of rib cage progressing to bulging
sternum.

Short curved long bones with irregular tubula-
tion, widened metaphyses, abnormal femoral
neck, flattening of femoral head, knock knee
with medial spur of tibial metaphysis, con-
ical bases of widened metacarpals, irregular
epiphyseal form, osteoporosis.

Joint laxity, most evident at wrist.

Mouth. Widely spaced teeth with thin enamel.

Cardiaec. Late onset of aortic regurgitation, fre-
quency unknown.
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Other. Hearing loss. Inguinal hernia.
Urinary Excretion. Keratosulfate.

NATURAL HISTORY. The earliest recognized
indication of the disease has been flaring of the
lower rib cage. Severe defect of vertebrae may
result in cord compression or respiratory insuf-
ficiency. These and cardiac complications usu-
ally result in death prior to 20 years, although
later survival has occurred. Mentality is usually
normal.

ETIOLOGY. Autosomal recessive.
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Left, three and one half years; height age, two and three fourths years. Center, same patient at seven years;
height age, two and three fourths years. Right, x-rays of patient at seven years. (From Robins, M. M., et al.:
J. Pediat., 62:881, 1963.)
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S. Mucopolysaccharidoses

120. SANFILIPPO’S SYNDROME

(Mucopolysaccharidosis 111)

Mild Coarse Facies, Mild Stiff Joints, Mental Deficiency

This disorder was recognized by Sanfilippo
et al.! in 1963; the excess mucopolysaccharide
urinary excretion is heparitin sulfate alone.
These individuals usually have clear corneas.

ABNORMALITIES. Onset in early childhood.

Growth. Mild to moderate shortness of stature.

Performance. Progressive mental deteriora-
tion, usually to idiocy in later childhood.

Facies. Mild coarsening of features.
Skeletal and Joint. Mild limitation of joint
motility.

Dense calvarium, thickened ribs, ovoid verte-
bral bodies, mild pelvic dysplasia.
Lymphocgtes. Toluidine blue metachromasia,
coarse and sparse granules.
Urinary Fxcretion. Heparitin sulfate,
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NATURAL HISTORY. Compatible with long
survival as a severely mentally defective strong
individual with little physical impairment.

ETIOLOGY. Autosomal recessive,
REFERENCES
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A seven vear old with the height age of five and three fourths yvears. His capabilities have been regressing
and his present intelligence quotient is about 50. A sibling is similarly affected. (Courtesy of R. Scott, University
of Washington Medieal School. )
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S. Mucopolysaccharidoses

121. SCHEIE'S SYNDROME

(Mucopolysaccharidosis V)

Eroad Mouth with Full Lips, Early Corneal Opacity, Normal Mentality

This disorder was originally described by
Scheie et al.! in 1962. Only a few cases have been
recognized, and there have been no necropsy
observations.

ABNORMALITIES." *

General. Little, if any, impairment of intelli-
gence.

Facies. Broad mouth with full lips by five to
eight years of age.

Cornea. Early clouding of cornea, becoming
most dense in periphery.

Limbs. Joint limitation leading to claw hand,
small earpal bones, femoral head dysplasia.

Cardiac. Presumed aortic valvular defect.

Other. Body hirsutism. Retinal pigmentation.

Urinary Exeretion. Proportionately more der-
matan sulfate than usual.

OCCASIONAL ABNORMALITIES. Carpal

tunnel narrowing may cause median nerve com-
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pression. Psychosis and possible mental deteri-
oration may occur. Mild impairment of growth.
Hearing loss.

ETIOLOGY. Autosomal recessive, with excess
urinary excretion of dermatan sulfate.

REFERENCES
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Nine and three fourths year old with height age of nine vears and 1.Q. of 102. Mild to moderate limitation of
shoulder, elbow, and hand movement. Mild corneal opacity. (Courtesy of . Scott, University of Washington.)
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122. LEROY'S SYNDROME

(I [Inclusion] Cell Disease)

Early Alveolar Ridge Hypertrophy, Joint Limitation, Thick Tight Skin in Early Infancy

This disorder was recognized by Leroy,
when he noted unusual cytoplasmic inclusions
in the cultured fibroblasts of a girl who had been
considered to have Hurler's syndrome, despite
the fact that she did not have cloudy corneas
or excessive acid mucopolysaccharide in the
Lrine.

ABNORMALITIES. Based on two cases.!

Growth. Birth weight less than 5Y2 pounds.
Marked growth deficiency with lack of linear
growth after infancy.

Performance. Slow progress from early infancy,
reaching a plateau around 18 months with
no apparent deterioration by seven years.

Craniofacial. High narrow forehead with me-
topic ridge.

Inner epicanthic folds, clear corneas.
Low nasal bridge, anteverted nostrils.

Mouth. Hypertrophy of alveolar ridges.

Skeletal and Joints. Moderate joint limitation
in flexion, especially hips.

Dorsolumbar kyphosis.

Broadening of wrists and fingers.

X-ray findings similar to those of Hurler's dis-
ease.

Skin. Thick, relatively tight skin during early
infancy.

Cavernous hemangiomata.

Other. Minimal hepatosplenomegaly.
Diastasis recti.
Inguinal hernia (one case).

Note. No metachromatic granules noted in
leukocytes.

Urinary mucopolysaccharides normal to mildly
increased.

NATURAL HISTORY. Both patients® are now
beyond six years of age. One cannot sit with sup-
port; the other is able to move about with a
walker. Neither has intelligible speech, but they
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are socially responsive and pleasant, and one
mother stated that "despite the very low 1.Q.
she iz very responsive to people.” Ear infections
have been frequent during early childhood, and
mucous nasal discharge has been a minor prob-
lem.

ETIOLOGY. Autosomal recessive. The mate-
rial which swells the lysosomes and thereby gives
rise to the cytoplasmic inclusions noted in cul-
tured fibroblasts has not been identified. There
is accumulation of acid mucopolysaccharide and
glycolipids, and the optically dense granular
inclusions stain with Sudan black B and para-
aminosalicylic acid. The lysosomal enzyme ac-
tivity is altered, with excessive acid phosphatase
{five times normal) and reduced g-glucuronidase.
Further studies are in progress to more distinctly
differentiate this condition from other lipomuco-
polysaccharidoses. Similar but less frequent cyto-
plasmic inclusions were noted in the fibroblast
cells of the otherwise normal parents, a presumed
heterozygous expression.

REFERENCES

1. Leroy, J. G., and DeMars, R. I.: Mutant enzymatic
and cytological phenotypes in cultured human
fibroblasts. Science, 157:804, 1967.

2. Wiedemann, H. R., and Spranger, J.: Lipomucopaly-
saccharidosis. Lancet, 1:861, 1968,

3. Matalon, R., Cifonelli, J. A., Zellweger, H., and Dorf-
man, A.: Lipid abnormalities in a variant of the
Hurler syndrome. Proc. Nat. Acad. Sci., 59:1097,
1968,

4. Leroy, J. G., DeMars, R. L., and Opitz, J. M.: "I-cell”
disease, The First Conference on the Clinical
Delineation of Birth Defects. D. 5. Bergsma,
Editor. Part IV, The National Foundation (in
press).



A to I, Five month old. Note nar-
row forehead, tight skin with dimpling
over elbow and scapula (C), and hyper-
trophy of alveolar ridge ().

E, Same patient at two and one
half vears: height age, 14 months.

. Same patient at six vears; height
age, 14 months.

(¢, Phase contrast photo of cul-
tured fibroblasts, showing cytoplasmic
inclusions. Magnification about 700,
iFrom Leroy, J. G., and DeMars, R. 1.:
Science, 157:804, 1967.)



T. Connective Tissue Disorders

123. MARFAN'S SYNDROME

Arachnodactyly with Hyperextensibility, Lens Subluxation, Aortic Dilatation

Described as dolichostenomelia in the initial
report of Marfan,! this disorder has been ex-
tensively studied and recognized as a connective
tissue disorder by McKusick.®

ABNORMALITIES®

Skeletal. Tendency toward tall stature with
long slim limbs, little subcutaneous fat, and
muscle hypotonia,

Joint laxity with scoliosis and kyphosis.
Pectus excavatum o carinatum.
Narrow facies with narrow palate.

Eye. Lens subluxation with defect in suspen-

sory ligament.
Myopia. Bluish sclerae.

Cardiovascular, Dilatation with or without dis-
secting aneurvsm of ascending aorta, less
commonly of thoracic or abdominal aorta or
pulmonary artery.

Secondary aortic regurgitation.
fther. Inguinal, femoral hernias.

OCCASIONAL ABNORMALITIES. Large
ears, retinal detachment, striae in pectoral or
deltoid area, diaphragmatic hernia, pulmonary
malformation contributing toward zpontaneous
pneumothorax and/or emphysema with an in-
creased susceptibility to respiratory infection.
Hemivertebrae, colobomata of iris, cleft palate,
incomplete rotation of colon.

NATURAL HISTORY. During childhood and
adolescence special care should be devoted to-
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ward prevention of scoliosis. The serious vascular
complications may develop anytime from fetal
life through old age and are the chief cause of
death. The mean age of survival is 43 for men and
46 for women. These individuals are of normal
intelligence.

ETIOLOGY. Autosomal dominant with suffi-
ciently wide variability in expression that diag-
nosis is often tenuous in sporadic nonfamilial
cases. Cases occur without ectopia lentis and
without pronounced arachnodactyly. The basic
defect in eonnective tissue has not been deter-
mined; however, accumulation of mucopolysac-
charide has been noted within cells of the aorta
from an affected individual, and the cultured
fibroblast cells from individuals with Marfan's
syndrome show cytoplasmic metachromatic in-
clusion,
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A, Three and one half year old, with height
age of five vears, who haz lens dislocation, mild
arachnodactyly of the hands and feet, unusually
soft skin, and narrow palate. The family history
of Marfan's syndrome in the mother and grand-
father tend to confirm the diagnosiz in thiz case

£, Nine and one fourth year old girl with
height age of twelve and one fourth vears and
her mother. Both have arachnodactyly, but only
the mother has dislocation of the lenses,

L, Sixteen year old with arachnodactyly,
hyperextensible hands and knees, limitation of
extenzion at elbow, scoliesis, svstolic and dia-
stolic murmurs, superiorly dislocated lenses,
glaucoma, and retinal detachments despite nu-
merous surgical procedures, She represents a
fresh mutation, no other family members being
affected. (Courtesy of Dra. Vietor McKusick and
Judith Hall, the Johns Hopkins Hospital.)
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T. Connective Tissue Disorders

124. HOMOCYSTINURIA

Subluxation of Lens, Malar Flush, Osteoporosis

Urinary aminoacid screening of mentally
defective patients resulted in the independent
discovery of this entity by Carsen et al.' and
Gerritsen and Waisman® in 1963. Mudd® and
co-workers found a lack of cystathionine syn-
thetase activity in the liver of affected individ-
uals, and this enzyvme defect apparently leads to
the accumulation of homocystine and methionine
with a deficiency of cystathionine and cystine.
The more appropriate name for the condition
would therefore be cystathionine synthetase de-
ficiency. This inborn error often results in mental
defect as well as defective development in blood
vessels and of connective tissues, resembling
Marfan’s syndrome in the latter regard.

ABNORMALITIES

General. Mental defect in 58 per cent of 38
cases in MeKusick's study.®

Epe. Subluxation of lens by the age of ten vears,
the earliest instance noted being two years.
Myaopia.

Skeletal. Slim skeletal build resembling arach-
nodactyly with pectus excavatum or cari-
natum, genu valgum, pes cavus, everted feet
with or without kyphoscoliosis. Osteoporosis.

Vasculature. Medial degeneration of aorta and
elastic arteries with internal hyperplasia
and fibrosis leading to pads and ridges with-
in the vessels. Both arterial and venous
thromboses are frequent.

Skin. Malar flush with tendency to patchy ery-
thematous blotches elsewhere.

Hair. Tends to be fine, sparse, dry, and light in
color.

OCCASIONAL ABNORMALITIES. Cata-
racts, glaucoma, optic atrophy, cystic retinal de-
generation or detachment, irregular crowded
teeth, high arched palate, hernias, and hepato-
megaly with fatty liver.

NATURAL HISTORY. Seizures with onset
from six months to five years of age have been
noted, and the electroencephalographic pattern
is usually abnormal. Excessive nervousness may
be a feature, occasionally with schizophrenic be-
havior. Neurological defect, especially spasticity,
may be present and is often asymmetrical — pre-
sumably the consequence of vascular thrombosis
which can be arterial or venous and not infre-
quently involves the coronary arteries. Veni-
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puncture or surgical procedures may be followed
by excessive vascular thrombosis and should be
avoided when possible. Thromboembolic phe-
nomena constitute the most life-threatening
feature of this disease. Another problem, osteo-
porosis, frequently leads to partial collapse of
vertebrae, and there is an increased likelihood
of fractures.

Failure to thrive has been a feature of some
cases with severe mental defect. However, nor-
mal to tall stature is the more usual growth
pattern.

Because the degree of mental defect and the
age and severity of complications vary consider-
ably, it is not possible to state the prognosis with
assurance for an affected individual.

ETIOLOGY. Autosomal recessive. Decreased
cystathionine synthetase activity has been found
in the liver of the parents of homocystinuric in-
dividuals, supporting the contention that they
are heterozygotes.

COMMENT. The urinary cyanide nitroprus-
side test may not always yield a positive result
in patients with homocystinuria, and specific
amino acid studies therefore constitute the most
important diagnostic measure. A completely
successful mode of therapy has not yet been dem-
onstrated. A low methionine, high cystine diet
is being tried; unfortunately cystathionine is too
expensive to warrant dietary replacement.
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A, Ten vear old girl with homocystinuria who presented with lens subluxation which was first noted at
four years of age. Her early developmental progress was within normal limits, but she has been receiving special
schooling and her intelligence quotient is 67.

B, Twelve year old girl with arachnodactyly, "tight” joints, and inferiorly and nasally dislocated lenses. She
is of low normal intelligence with a "schizoid personality” and has had two episodes of gastrointestinal bleeding,
one documented as being secondary to a gastric infarct. (Courtesy of Drs. Vietor MeKusick and Judith Hall, Johns
Hopkins Hospital, )
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T. Connective Tissue Disorders

125. EHLERS-DANLOS SYNDROME

Hyperextensibility of Joints, Hyperextensibility of Skin,
Poor Wouned Healing with Thin Scar

Originally described Van Meekeren' in 1682,
this condition was further clarified by Ehlers® in
1901 and Danlos in 1908 More than 100 cases
have been described, the most complete review
being that of McKusick. The possibility has been
raised that the celebrated violinist Paganini may
have had Ehlers-Danlos syndrome, thus account-
ing for his unusual dexterity and reach.

ABNORMALITIES. Most consistent features:

Face. MNarrow maxilla.

Auricles. Hypermobile with tendency toward
"lop ears.”

Skin. Velvety, hyperextensible, and fragile
with poor wound healing leaving parchment-
thin scars. Small movable subcutaneous
spherules contain either mucinous material
or adipose.

Joints. Hyperextensibility with liability toward
dislocation at hip, shoulder, elbow, knee, or
clavicle. Pes planus.

Blood Vessels. Easy bruizability.

OCCASIONAL ABNORMALITIES

Eyes and Facies. Wide nasal bridge. Epicanthic
folds, blue sclerae, myopia, microcornea,
keratoconus, glaucoma, ectopia lentis, ret-
inal detachment.

Skeletal. Small stature, kyphoscoliosis, long
neck, slim skeletal build, downsloping ribs,
club foot, overlapping toes.

Dentition. Small, irregular placement, partial
anodontia.

Blood Vessels. Dissecting aneurysm, intracra-
nial aneurysm, hemorrhage.

(rastrointestinal. Inguinal hernia, diaphrag-
matic hernia, ectasia of intestine and in-
testinal diverticuli.

Renal. Ureteropelvie anomaly, renal tubular
acidosis.

Other. Mental deficiency. Anomalies of mitral
valve.

NATURAL HISTORY. Barabas® discovered
that most patients with Ehlers-Danlos syndrome
are born prematurely following premature rup-
ture of the membranes, possibly the first obvious
indication of relative friability of tissues in these
individuals. The integrity of tissues is easily dis-
turbed as evidenced by the fragility of skin and
blood vessels. Wound healing is delayed with
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relatively inadequate scar tissue, and prolonged
hemorrhage may occur following trauma. Both
these factors plus the tendency of sutures to
tear out mitigate against unnecessary surgical
procedures. These patients should be cautioned
to avoid traumatic situations. Gastrointestinal
hemorrhage or hemoptysis may be a problem,
the poor integrity of vessels may occasionally
lead to a dissecting aneurysm, and affected
women are liable to postpartum hemorrhage.
Whether or not the tendency to chilblains and
acrocyanosis is secondary to vascular alterations
is undetermined.

The peculiar fat or mucinoid containing sub-
cutaneous spherules, most commonly found in
areas of frequent mild trauma, may mineralize
and thereby be evident on roentgenograms.

ETIOLOGY. Autosomal dominant with wide

variance in expression.

COMMENT. The basic problem is presumably
a defect in connective tissue, the basic nature of
which is undetermined. Electron microscopy and
quantitative measures of elastin have revealed
no definite abnormality.
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Twelve vear old boy showing thin persisting scars on forehead (A), hyperelasticity of auricles and skin (B and
), and hyperextensibility of joints (C). (From Rees, T. D, et al.: Plastic & Recon. Surg., 32:39, 1983.)
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T. Connective Tissue Disorders

126. OSTEOGENESIS IMPERFECTA

Fragile Bone, Blue Sclerae, Hyperextensibility, and/or Odontogenesis Imperfecta

This rather generalized disorder of connec-
tive tissue occurs with a frequency of about one
in 25,000 individuals. There is wide individual
variability in the manifestations of the disease,
and the following individual defects occur in
roughly 25 to 60 per cent of patients, with no
alteration being a consistent feature.

ABNORMALITIES

Grrowth. Small stature in severe cases, some-
times with unduly short extremities.

Bones. Thin cortices and sparse trabeculae with
fragility leading to bowing of leg bones in
severe cases. Occasionally thin calvarium
with wide fontanels and wormian bones; bi-
concave flattening of vertebrae; pectus cari-
natum or excavatum.

Joints and Ligaments. Hyperextensible, some-
times leading to kyphoscoliosis, flat feet, and
in extreme cases joint dislocation.

Dentition. Hypoplasia of dentin and pulp with
translucency of teeth and propensity to
caries, irregular placement, and late erup-
tion.

Sclerae and Skin. The skin and sclerae tend to
be thin and translucent, with partial visual-
ization of the choroid, giving the sclerae a
blue appearance.

Hearing. Deafness is usually secondary to oto-
sclerosis and is seldom present until adult
life.

Other. Inguinal and/or umbilical hernia. Poor
muscle development.

OCCASIONAL ABNORMALITIES

Eye. Embryotoxon (opacity in the peripheral
cornea), keratoconus, megalocornea.

Other. Syndactyly.

NATURAL HISTORY. There is wide indi-

vidual variability with early mortality among
severely affected infants, chiefly related to bron-
chopneumonia. Bevond infancy the outlook for
survival is good, and the chief problems are
orthopedic deformity and otosclerosis. The long
leg bones are the most frequent site of breakage
with the peak ages for fractures being two to
three years and ten to 15 vears. After adolescence
the likelihood of fracture diminishes, although
inactivity, pregnancy, or lactation can apparently
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enhance the likelihood of fracture. Intramedul-
lary support by metal rods should be considered
for treatment of the serious multiple fracture
cases, and optimal orthopedic management is
merited because many of these patients make a
surprisingly good life adaptation. By 30 to 39
vears of age, 35 per cent of patients have deaf-
ness; it occurs in 50 per cent by 60 years of age.

ETIOLOGY. Apparently the vast majority of
cases are due to a single autosomal mutant gene
(autosomal dominant). The majority of severe
cases represent a sporadic occurrence within the
family, presumably a fresh gene mutation, for
which the parents need have little concern for
recurrence. However, there have been rare re-
ports of multiple affected siblings from normal
parents, and the distinct possibility exists of a
minor proportion of osteogenesis imperfecta cases
being autosomal recessive. Ibsen,' reviewing the
literature, found 12 families in which normal
parents had multiple affected offspring, all with
the severe type, with early mortality. The con-
sanguinity rate was more than 66 per cent, and
the frequency of affected sibs was 24 per cent,
both indicating autosomal recessive inheritance
in these latter families.
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A, Two month old. Length, 19 inches; blue sclerae, inguinal hernia, hepatosplenomegaly

B, Seventeen month old with a third fracture which was healing well by 18 months. Note the thin cortices
and the ground glass "washed-out” appearance of the bone.
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T. Connective Tissue Disorders

127. FIBRODYSPLASIA OSSIFICANS CONGENITA

Short Hallux, Fibrous Dysplasia Leading to Osstfication in Muscles
and Subcutaneous Tissues

This condition, described in a letter by Guy
Patin in 1692, was extensively reviewed by
Rosenstirn in 1918." Fibroplasia ossificans con-
genita is the terminology utilized by McKusick®
because myositis ossificans congenita is basically
a misnomer. More than 350 cases have been re-
ported.

ABNORMALITIES! #

Digits. Short hallux, often with synostosis. Less
frequently, short thumb.

Fibrous Tissues. Swellings, sometimes with
pain and fever, in aponeuroses, fasciae, and
tendons leading to ossification in muscles
and fibrous tissues; most prominent in neck,
dorsal trunk and proximal limbs with sterno-
cleidomastoid frequently involved.

DCCASIONAL ABNORMALITIES. Short
phalanges other than hallux or thumb, clino-
dactyly of fifth finger, short femoral neck, hernia.

NATURAL HISTORY. The unusual fibrodys-
plasia leading to ossification may have become
evident during fetal life or as late as 25 vears,
most patients experiencing onset in early child-
hood. Ossification is usually evident within two
to eight months of the time swelling oceurred.
Although some affected individuals never ex-
press the fibrodysplasia and others survive to
late adult life with severe disability, the majority
who have fibrodysplasia within the first five
years succumb to the consequences of severe im-
mobilization prior to 15 years of age. No effective
treatment has been discovered, although symp-
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tomatic relief of pain may be achieved by sali-
cylates or hydrocortisone analogue therapy. The
natural history tends toward exacerbation and
remission, and therefore the results of therapy
should be interpreted with caution. Another mat-
ter for caution is the interpretation of biopsies
from affected tissues. The pathological inter-
pretation may be osteogenic sarcoma, although
such a malignant growth is not a feature of this
disease.

ETIOLOGY.* Autosomal dominant with al-
most full penetrance for short hallux and varyving
expression for the fibrodysplasia. About 90 per
cent of cases represent fresh mutations for which
older paternal age has been noted as a factor.

COMMENT. Although the fundamental defect
in fibrous tissue is unknown, it is obvious that it
allows for ossification to normal appearing bone
in tissues in which ossification would normally
not occur,
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Seven-year-old with secondary torticollis,
seoliogis, and partial contractures at elbow, hip,
and knee joints. Note the short and deformed first
metatarsal, hallux, and first metacarpal. Aberrant
ossification i1z evident in the lower thigh. (From
Herrmann, J., et al: Birth Defects. Original
Article Series, Vol. V, No. 5, May 1969. Courtesy
of Dr. John M. Opitz, University of Wisconsin.)
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T. Connective Tissue Disorders

128. PSEUDOXANTHOMA ELASTICUM

Thickened Yellowish Flexural Skin, Angioid Retinal Streaks,
Medial Arterial Degeneration with Hemorrhagic Tendency

This disease, so aptly described by
McKusick,' appears to be the conzequence of
degeneration in the collagenous-elastic tissue
with accumulation of elastic-appearing fibers,
many in fragmented form.

ABNORMALITIES

Skin. Thick, grooved, lax wvellowish skin in
flexures and other areas of wear, often in-
volving oral mucous membranes.

Eye. Retinal breaks with angioid streaks and
degeneration.

Cardiovascular.  Arterial medial thickening
with secondary vascular insufficiency lead-
ing to diminished or absent pulses, inter-
mittent claudication, and angina pectoris.

Vascular hemorrhagic tendency with bleeding
into gastrointestinal tract and many other
sites.

Thickening of endocardium including valve
leaflets.
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Caleification. Within degenerating tissues, 1.e.,
subcutaneous, vascular, and falx cerebri.

NATURAL HISTORY. Skin changes, though
they may be present from early in life, are usu-
ally not recognized until the second decade or
later. Visual impairment is frequent, and hemor-
rhagic episodes can be severe. The frequent psy-
chic and neurological problems are possibly
secondary to central nervous system hemor-
rhages, vascular insufficiency, or both.

ETIOLOGY. Autosomal recessive,
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Posterior-oblique view of neck of an adolescent female showing thickened and grooved skin which had a
vellowish-pink coloration.
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1. Miscellaneous Syndromes

129. X-LINKED HYDROCEPHALUS

Hydrocephalus, Short Flexed Thumb, Mental Deficiency

Bickers and Adams' first described this en-
tity in 1949, and subsequently at least 47 cases
have been reported.

ABNORMALITIES

Performance. Mental deficiency and spasticity,
especially of lower extremities.

Brain. Aqueductal stenosis with hydrocephalus.

Hand. Thumb flexed over palm (cortical thumb)
with short first metacarpal.

OCCASIONAL ABNORMALITIES. Asymme-
try of somewhat coarse facies, brain defects such
as fusion of thalami, small pons, absence of sep-
tum pellucidum, hypoplasia of corticospinal
tracts, porencephalic cyst.

NATURAL HISTORY. Prenatal hydroceph-
alus may be severe enough to impede delivery.
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However, an occasional patient has no hydro-
cephalus, and such individuals often have a nar-
row scaphocephalic cranium with an intelligence
quotient in the range of 30. The electroencephalo-
gram may show diffuse abnormality, and the
patient may have seizures.

ETIOLOGY. X-linked recessive.
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Male infant who later died and who was shown to have aqueductal stenosis as the cause for hydrocephalus.
MNote the family pedigree showing other affected males for whom this X-linked condition was lethal. (Courtesy of
J. M. Opitz, University of Wisconsin. )




U. Miscellaneous Syndromes

130. FABRY'S DISEASE

(Angiokeratoma Corporis Diffusum)

Dark Nodular Angiectases, Attacks of Burning Pain, Renal Insufficiency

This disease was originally described by
Fabry.! Its basis has recently been recognized as
the cellular accumulation of ceramidetrihexoside
as a consequence of the deficiency of ceramide-
trihexosidase, the enzyme that normally de-
grades this neutral glycolipid.®

ABNORMALITIES IN AFFECTED MALES®

General. Attacks of burning pain in hands and
feet.
Cutaneous. Minute dark nodular angiectases

in clusters around umbilicus, on genitalia,
knees, hips, mucous membranes, etc.

Eye. Superficial corneal opacities.

Renal. Proteinuria; variable red cells, white
cells, and casts in urine; progressive renal
insufficiency.

Central Nervous System. May have seizures,
hemiplegia, other presumed reactions to
cerebrovascular disease.

OCCASIONAL ABNORMALITIES. Diar-
rhea, epistaxes, hemoptysis, anemia secondary
to blood loss, saccular retinal vessels, coronary
disease, varicosities, edema of ankles, hands, and
face, hypohidrosis.

NATURAL HISTORY. The skin angiectases,
though often present in earlier childhood, are
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usually not noted until after ten yvears of age. The
burning pain, sometimes associated with fever,
may start in childhood; it occurs in attacks pre-
cipitated by heat, cold, exercise, or fever. Renal
insufficiency progresses to a fixed specific gravity
of the urine, and the mean age of survival is 42
years. No effective therapy has vet been devised.

ETIOLOGY. X-linked with full penetrance in
the hemizygous male and variable mild ex-
pressivity in the heterozygous female who may
show mild corneal opacities and has a value of
ceramidetrihexosidase which is intermediary be-
tween that of the affected male and the normal.

REFERENCES

1. Fabry, J.: Ein Beitrag zur Purpura haemorrhagica
nodularis. Arch, Derm. Syph., 43:187, 18498,

2. Brady, BR. 0., Gal, A. E., Bradley, RB. M., Martensson,
E., Warshaw, A. L., and Laster, L.: Enzymalic
defect in Fabry's disease. Ceramidetrihexosidase
deficiency. New England J. Med., 276:1163, 1967.

3. Opitz, J. M., Stiles, F. C., Wise, D., Race, R. K.,
Sanger, H., von Gemmingen, G. R., Kierland,
R. R, Cross, E. ., and De Groot, W. P.: The
penetics of angiokeratoma corporis diffuzum
(Fabry's disease) and its linkage relations with
the Xg locus. Am. J. Hum. Genet., 17:325, 1965.



Lower back and buttock area of older child showing small dark nodular lesions, which are especially prom-
inent in the umbilicus (inset). (From R. Summitt, University of Tennessee Medical School.)
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. Miscellaneous Syndromes

131. OSLER’S HEMORRHAGIC TELANGIECTASIA

Epistaxes, Multiple Telangiectases

This entity was set forth in 1901 by Osler.'
The telangiectases contain dilated vessels having
only an endothelial wall with no elastic tissue.
Over 264 affected families have been reported,
and the incidence is about 1 : 50,000,

ABNORMALITIES

Vessels. Pinpoint, spider, and/or nodular telan-
giectases most commonly on tongue, mucosa
of lips, face, conjunctiva, ears, fingertips,
nail beds, and nasal mueous membrane: oc-
casionally in gastrointestinal tract, bladder,
vagina, uterus, lungs, liver, and/or brain.

OCCASIONAL ABNORMALITIES. Arterio-

venous fistulas in lung, cirrhosis of liver, cavern-
ous angiomata, port wine stain, aneurysms.

NATURAL HISTORY. Epistaxes often occur
in childhood, and the telangiectases become ap-
parent in latter childhood and tend to enlarge,
giving rise to increased frequency of hemorrhage.
Generally aggravated by pregnancy.

ETIOLOGY. Autosomal dominant with vary-
ing expression.
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L. Miscellaneous Syndromes

132. RILEY-DAY SYNDROME

(Familial Dvsautonomia)

Dysautonomia, Poor Coordination, Lack of Tearing

Multiple indications of autonomic dysfunc-
tion were first noted in this condition by Riley,
Day and others.! McKusick et al.? recently re-
ported on 200 patients.

ABNORMALITIES
Evidences of Dysautonomia. Swallowing diffi-
culty in infancy, aspiration, eyelic vomiting,
diarrhea.
Emaotional lability, breath holding.
Skin blotching, hyperhidrosis.
Insensitivity to pain; may develop Charcot
neuropathic knee joint.
Lack of tearing; may develop corneal ulcer.
Taste deficiency, decreased fungiform and cir-
cumvallate papillae.
Unstable temperature, unexplained bouts of
fever.
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Labile blood pressure.

Urinary frequency.

Abszent deep tendon reflexes.

Poor coordination; scoliosis often develops at
eight to ten years,

Absence of flare response to cutaneous his-
tamine.

Exaggerated response to norepinephrine.

Other. Small stature is a wvariable feature.

Mental deficiency occurs in 55 per cent and
serzures in 30 per cent.

OCCASIONAL ABNORMALITIES. Micro-
cephaly, hydrocephalus, craniofacial dispro-
portion (small face), congenital heart defect,
dislocation of hip, pes cavus, megacolon, mega-
esophagus.



NATURAL HISTORY. Failure to thrive is the
rule in infancy, with aspiration and pneumonia
being the chief causes of death. One fourth die
before ten vears of age and one half before 22

years.

ETIOLOGY. Autosomal recessive, especially
in Ashkenazic Jews. Hypoplasia of autonomic
ganglia with cytological changes in hypothal-
amus, brain stem, and autonomic ganglia.
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U. Miscellaneous Syndromes

133. SCHWACHMAN’'S SYNDROME

Lack of Exocrine Pancreas, Leukopenia

In 1963 Schwachman et al.! described five
children with evidence of pancreatic insufficiency
and leukopenia, none of whom had cystic fibrosis
of the pancreas. A total of at least 39 cases have
been documented.

ABNORMALITIES. Lack ofexocrine pancreas,

which is replaced by adipose tissue. Pancreatic

trypsin, lipase, and amylase are absent.
Leukopenia, variable in degree.

OCCASIONAL ABNORMALITIES. Anemia,
thrombocytopenia, eczema, metaphyseal dysos-
tosis,* trace galactosuria; one patient developed
leukemia.

NATURAL HISTORY. Failure to thrive with
diarrhea is the most common presenting situa-
tion at two to ten months of age. Of interest is
the observation that there is no steatorrhea; pre-
sumably the intestinal lipases are adequate in
the absence of pancreatic lipase. Viscosity of
duodenal secretions is also normal in contrast
to cystic fibrosis of the pancreas which can be
readily excluded by sweat electrolyte studies.
The diarrhea tends to improve with age even
without pancreatic replacement therapy. The
latter therapy is followed by dramatic response in
some patients but not in others. The leukopenia

is variable from time to time and may be accom-
panied by a high frequency of bacterial infec-
tions,
ETIOLOGY. Presumed autosomal recessive.
COMMENT. The exocrine pancreas is replaced
by adipose tissue, whereas the islet cells of Lan-
gerhans are intact. Both are derived from a com-
mon endodermal outpouching from the foregut,
and therefore it is assumed that the exocrine
pancreatic cells are lost early in life and replaced
by fat. One possibility is a defect in the integrity
of the lysozymes in these cells, allowing the cells
to be destroyed by the very enzymes they produce.
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L. Miscellaneous Syndromes

134. WISKOTT-ALDRICH SYNDROME

Thrombocytopenia, Eczema, Immunological Deficiency

Wiskott! described three brothers in 1937
with eczema, thrombocytopenia, and frequent
infections, a similar pattern to that noted 17
vears later by Aldrich et al.* who recognized the
X-linked mode of inheritance of this condition.
It has been reported in at least 57 boys.”

ABNORMALITIES. Thrombocytopenia from
early infancy causing melena and purpura. Meg-
alokarvocytes usually diminished.

Immunological deficiency with frequent infec-
tions, especially of skin, middle ear, sinuses,
and lung. Often hypoplastic thymus, dimin-
ished lvmphocytes, low gamma M with elevated
gamma A, and low isoagglutinins.

Eczema, especially in infancy.

DCCASIONAL ABNORMALITIES. Eosino-
philia, leukocytosis with myeloid hyperplasia,
anemia, hypoaminoaciduria, joint effusions, and
development of malignancy such as reticulo-
endotheliosis, reticulum cell sarcoma, astro-
cyvtoma, malignant lymphoma, or myelogenous
leukemia,

NATURAL HISTORY. Most patients die in
infancy or childhood from the consequences of
bleeding, infection, or malignant neoplasia.
Therapeutic endeavors with splenectomy, hydro-
cortisone analogue, or gamma globulin have been
met with no appreciable improvement. The oldest
survivor is 14 years.?®

ETIOLOGY. X-linked recessive.

REFERENCES

1. Wiskott, A.: Familiarer angeborener Morbus Werl-
hofii? Mschr, Kinderh., 68:212, 1937,

2, Aldrich, K. A., Steinberg, A. G., and Campbell, I, C.;
Pedigree demonsirating a sex-linked recessive
condition characterized by draining ears, ec-
semmatold dermatitis and bloody diarrhea. Pedi-
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Pediat., 7(:221, 1967.

L. Miscellaneous Syndromes

135. CHEDIAK-HIGASHI SYNDROME

Partial Albinisin, Neulropenia with Cytoplasmic Inclusions

César' originally described this disorder in
1943, and later Chediak® and Higashi each in-
dependently recognized the disease. More than
40 cases have been reported.

ABNORMALITIES

Partial Albinism. Gray sheen to light-colored
hair, diminished uveal and retinal pigmen-
tation with photophobia and nystagmus.

Hematological and Reticuloendothelial. Neu-
tropenia with tendency toward lymphocy-
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tosis, anemia, and thrombocytopenia. Large
cytoplasmic inclusions in leukocytes, pro-
myeloblasts, and myeloblasts. Lymphoid-
histiocytic cell infiltration with wvariable
hepatosplenomegaly and lymphadenopathy.

OCCASIONAL ABNORMALITIES. Mental
deficiency, seizures, peripheral neuropathy; cor-
neal opacity; hyperhidrosis; buccal ulcerations;
neonatal icterus; hyperlipemia.



NATURAL HISTORY. The majority of affected
individuals die in early childhood as the result of
recurring infection or a peculiar malignant lym-
phoma. Survival to adulthood can occur, but is

unusual.

ETIOLOGY. Autosomal recessive with high
frequency of consanguinity. The heterozygote
may show enlarged cytoplasmic inclusions in
leukocytes.

COMMENT. Electron microscopy has provided
evidence for the leukocyte cytoplasmic granules
being swollen lysosomes; the melanocytes con-
tain giant melanosomes, which may explain the
partial albinism. Windhorst et al.® have inter-

preted this evidence as being indicative of a dis-
ease of limiting membranes.
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1. César, A. B.: Neutropenia cronica maligna familiar
con granulaciones atipicas de log leucocitos.
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2. Chediak, M.: Nouvelle anomalie leucocytaire de
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INDIVIDUAL ANOMALIES

The following tables were developed from the
foregoing text. For each anomaly are listed the
syndromes in which this defect is a frequent
feature, as well as those syndromes in which it
is an occasional feature. The number following
each syndrome refers to its listing in the section

on dysmorphic syndromes (pp. 33-277).

The anomalies are set forth under the fol-

lowing headings:

Cranium

Oeular Region

Eve

Nose

Facies

Maxilla and Mandible

Oral Region

Mouth

External Ears

Meck, Thorax, and Vertebrae
11. Limbs

. Limbs; Nails, Creases, Dermatoglyphics
Limbs: Joint Anomalies

. Skin and Hair

Central Nervous System

. Deafness

. Cardiac Anomaly

18. Abdominal Anomalies

Renal Anomalies

Genital Anomalies

. Endocrine and Metabolic Dysfunetion
Hematology-Oncology

HBL0 =1 OO e DO BD

1. CRANIUM

Microcephaly

Frequent in
Cornelio de Lange 5. i nsns
Cri-du-Chat S. ...
Rubella S, .
Seckel’s 8. .
bmllh-Lemll-Opu:r b-:
13 Trisomy S.
No. 18 Long e"u.rm I'lLletmn S .........................
Oeccasional in
Fanconi’s 8. .....ocoovvinns
B | o e e e R R R e
Incontinentia Pigmemti .. .........ccooveeiininiininnnes
Myotomiec Diystrophy ...
Ralemal s et s e i o R e o IR i
Ol B I T e e e i e e
Maerocephaly

Freguent in
Achondroplasia ..
Cerebral G:ganl.n-..m
Hurler's 5. .
U‘:-lm]}f_l‘.rﬂmh. '_'H.H. ere ......
Rilaws So o ciien

13

G
a6
17
52

buli
61

TR
. 102

G4

Cuarter Two

Ovceasional in

Generalized Gangliosidosis ..............ccceceeeeinee, 115
Wiedemann-Beckwith 8. .........c.covvinenes G0
Hydrocephalus
Frequent in
Osteopetrosis, Severe ... e At |1
¥-Linked Hydrocephalus .................... .. 129
Occasional in
AehiondroplasIR L. o e s e e L
Basal Cell Nevus 5. ... i T
Hurler's 5. .. 116
Oral-Facial- Ihg‘ltﬂl i deeie 24
Riley-Day 5. . et eerebadnianin e i RERL R CIRT R
B I e e e e B
Craniosynostosis
Frequent in
B PR TE B l ie wves it i oo ok e e e S e ]
LB g C L - o e AR S s e e
b e e e O i S o T
Occastonal in
Aminopterin-Induced 5. ... ..o 108
Conradi's 5. . 95
Hallerman- ‘ELrE:IT‘-.. 15
Hypercalcemia— Pacultﬂr Fﬂrles—

Supravalvular Aortic Stenosis ..................... 58
Hypophosphatasia .. B P (1)
I-I_:rpupho,'sphﬂbemtt thket:a ............................. 96
Lowe's 5. 29

Occiput, Flat or Prominent

Frequent in
Apert's B (ALY ...ovreiinsninsnasnanansnensszsusnsienmz e LB
Carpenter & (Hab): . n s S 107
Down's S. (Aat) ._............. 1
Co-Palato-Digital 5. 1pmm1nenti 48
18 Trisomy S. (prominent) .. 3

Oececasional in
e O (B O v i 2

Delayed Closure of Fontanels

Frequent in

Aminopterin-Induced 3. ... 108
Cerebro-Hepato-Renal 8. ..o, 28
Cleidocranial Dysostosis 5. ... .. 104
Down's 8. . 1
Hallerman-Strieff 5. . 18
Hypophosphatasia .... R |
oy b e e e e S e e o g WL
Progeria ........ 19
Py knodvsmmsm La:m and Mamleaux

Type e 108
St:lnr;.",r,u 5 l]‘,."b[]h‘l.[!'—ul‘-p ‘-} veernen 10D
13 Trisomy 5. 4
18 Trisomy 5. . 3

Oceasional in

Conradi’s 8. . a8
Ot Pﬂlatﬂ—l'll;,:tﬂ] o 48
Rubinstein-Taybi 8. .. 14



DysSMORPHIC SYNDROMES

Frontal Bossing or Prominent Central
Forehead

Frequent in
Basal Cell Nevus 3.
Generalized Gﬂnghﬂh!dﬂﬁls
Hallerman-Streiff 3. . b
Leroy's [-Cell 5. ......
Dsteopetrosis, SEVETE .....oooovviiiciiiiis
Oto-Palato-Digital 8. .....................
Rileyv's 8. .

Rubinstein- Tag,h: R S

Silver's 5.

Oecasional in
Oral-Facial-Digital 5. ...............

2. OCULAR REGION

Hypertelorism, Relative to Facial
Breadth

Frequent in
Aminopterin-Induced 8. ...........cccooovviininnnnninn
T R e e B L L P s e
Hypertelorism-Hypospadias 8. ........................
o] T o BT v e e
R e R e n e i e

Ocecasional in
Basal Cell Nevus 5.
Cleidoeranial le:r.';m@lb ‘.:: .............................
Coloboma of Iris-Anal Atresia=Small
T vy I B 1T L0 e 1
D B Bt o« levse s s e s g s R
i E 8 ] 1 O N
N T T e e e T e e e e
Fraser S. .
HurImsS
Hyper calmm:a—l‘[zﬂulmr FE.IE‘IE."H—
Supravalvular Aortic Stenosis .......ccoeeeeeeinn.
T DR e L R L L e
L T e e S e e s
No. 18 Long Arm Deletion 8. ......cooooiiviienennenn

Short Palpebral Fissure, Lateral
Displacement of Inner Canthi

Frequent in
Hlepharophimnsis, Familial .......
Carpenter's S. .
Mohr 5.
Oral- Facmt I'.ngltul '5
Waardenburg’s 8.

18 Trisomy . ...............f::fﬁﬁﬁﬁﬁf.::.'.'.'ﬁﬁjjf.'.'..'.'.'jj

Oeccasional in

emlodentodigital 8. ... i

Inner Epicanthal Fold
Frequent in

Blepharophimosis, Familial ..................ccooennen
Cerebro-Hepato-Renal S ............. ................
I o [T B T e e e S e R

L ILE T ——

.. 116

71

i

18

.. 122
< 102

48

14
15

44

109
106
a4
48

. 101

71

. 104

98

108
ad

41
]E}‘I
45

Freeman-Sheldon S, | i
H}rp-erc:-lluemm—Pecu!m] I':ILIE&—
Supravalvular Aortic Stenosis .
Leroy’s 3. .
Rubmstem-Tzwbl S
Smith-Lemli-Opitz 5
Turmer-like!S: ..o

X0 8.

XXXEX 5.
XXXXY 8. .

MNo. 4 Short .l'-"l.ll't'l D-r_lf_tmn '-:

Oecasional in

Aminopterin-Induced 5. .............................
Eagal Cell Mavas 8. ........ccccivivmvnvevinnes

Ehlers-Danlos 5. .........

Slanted Palpebral Fissures
Frequent in

A perts o)

Coloboma of Iris-Anal Atresia=Small

Extra Chromosome (down) ........ccocoiiiimiennnn.
Cri-du-Chat 8. (up or downl} ......ocoveveiinnneenies

Down's 8. (up) . i
Leri's l’leﬂnnatem:s [up}

Rubinstein-Tayhbi 5. rdnwn}

Treacher Collins S.
XXNXX 5. (up) ..
XXXXY 5. iup:l.........

Oeeastonal in

Hallerman-StreifT 5. .........ociiiiinnen e

Prader-Willi 5. (up) ....cccveevevvvinns

XXXXY S. .......... fi

13 Trisomy 5. .
18 Trizsomy 5.

Mo. 18 Long .ﬂrm De!enun S

Shallow Orbital Ridges
Frequent in

Aminopterin-Induced 5. ...

Apert’s 5. .
Cerebro—l‘lﬂmlu-ﬂenal b
Crouzon's 3.

Stanesco's I}_ysmtusm b
18 Trizomy 5.

Oecasional in
13 Trisomy 5. ..

Prominent Eves

Fregquent in
Aminupterin-lnduced e o LT
Apert’s 3. .
Leprec..h.aum:.-.m

Metaphyseal D'l.smmms Jamaen r.:,p!;' e

Pyle's Disease ..

Wiedemann- Huk'n]lh I N S R e el

Eyebrows Extending to Midline

Frequent in
Cornelia De Lange 3. .....ccoooveenen,
Waardenburg’s 5. ...

- 122

279
32

a

. 109

rl

Denlodentodigital 8. oo it
B e e et e e
MNo. 18 Long Arm Deletion 8. ...........cooovnenenn...

4:

........ 3

........ 15

.. 108
.. 106
108
. 105

.. 109
.. 106

T
wdi

a3

)
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Oceasional in
Basal Cell Nevus S. . 71
13 Trisomy 3. . 4
Mo. 4 Short ﬁrm Del&tmn S. b

Ptosis of Eyelid

Frequent in
Blepharophimosis, Familial ................c........... 41
Freeman-Sheldon S. 32
Schwartz’s 5. . 33
Smith- Lemll-(}p]tz 5 52
Steinert's 5. 31

Occasional in
Fanconi’s 5. . 49
Rubinstein- Tayhl s 14
Turner-like 5. . 12
X08. . lrl
18 Tnbum}' s 3

3. EYE

Strabismus

Freguent in
Apert’s 8. .. 106
Clouson- type Ecmdermnl D}ﬁplasm v e ]
Cri-du-Chat 5. . R
Freeman- S'heidtm "}. 32
Goltz’s S, 72
[nmntment.m Plgmentl T3
Mieten's S. 46
Prader-W ﬂh S 26
Ruhmstem-Taym 5:1 e e T 1)
Smith-Lemli-Opitz S_ R LT e e e e T
B e e e 2
18 Trisomy 3. . iR
Mo. 4 Short Arm De'letmn S 5

Occasional in
Basal Cell Nevus 5. |
Blepharophimosis, Famlllal ............................ 41
Cornelia De Lange 5. 13
Down's 5. 1
Fanconi's S 449
Ha\lennan-ﬂtrmﬁ“'-} ST e e |
H}percnlmmla—P&cuhar F'amea—

Supravalvular Aortic Stenosis .............cceee... 59
Laurence-Moon-Bied] S. . 25
Marinesco-Sjigren 5. . 34
Radial Ap]asna-Thmmhm,} tupema a0
Seckel’s 5. . 1l

Nystagmus

Frequent in
Chediak-Higashi S. . .. 135
Marineseo-Sjogren S a4
No. 18 Long Arm Deletmn ‘-i 7

Oeeasional in
Blepharophimosis, Familial ............ 41
Cockayni'a 3. .ol b Mt oo 21
Down's 5. . 1
Fanconi's S 49
Hallerman- ‘-‘:LrelfI"E 18
Laurence-an-Bledl S. 25

CuaprTER Two

Myopia

Freguent in
HomooystinME R e s s 1
Benmy e B i e R
i FE0 g {21 0 B O e i 30 ol o b, d B
Marshal IS s L e ey
Schwartzs 5. . et L e T
Sticklers 5. . e M
Welll Marcheant 8. ... .. ..o

Occasional in
Cornelia De Lange 8. .....ccicviiiiiiminmsierisninssnsess, 18
EhlemmDanloniE: o ch i st 1A

Blue Sclerae

Frequent in
Osteogenesis Imperfecta ..ooovvvveeveieeecncecennen.. 126

Occasional in
Ehlars-Ianlos B .. it i i buao s it b e wos s Ly
Halleyman-Streiff S. .......ccoeviiiiisii i 18
Incontinentia Pigmenti ........coceviiiiiiciciiiinno. 78

Microphthalmos

Frequent in
Goltz's S. e e L
Hallermﬂ.nvﬂtrmfl's e L e L)
Oculodentodigital S o rer e e N R
13 Trisomy S, e S
MNo. 4 Short Arm D'EletmnS- R LT

Occasional in
Fanconi's 5. . o, i e e S R
Guldenharss I et L]
Treacher C:}lhnas R e e O
18 Trisomy 3. . e
Mo. 18 Long ﬁrm Delenﬂn S S ATl

Colobomata of Iris

Frequent in
Colobhoma of Iris-Anal Atresia—Small
Extra Chromosomie . ...coveeeieeerioersnmmmeianenes. B
Goltz's 5, e e AL S S e e
Rlegerss L g e e B
13 Tnsc-m;,rs 4
No. 4 Short Arm Deletion S. . 5

Oeceasional in
Bapal Cell Mevis 8. o it i,

Goldenhar’s 5. . s vivn s e dos DAL ]
Marfan's S. e e e e L [
Huhlmstem—Ta:,rbj § R g
Sturge-Weber 5. s e e

Glaucoma

Frequent in
Stickler’s 3. . e ke R
Weill- Marchesanl S St i e ] 1]

Occasional in
Basal Call Mennis S, ..o oieeeemininaio e inloas gt 71
Cerebro-Hepato-Renal 5. ...........ccoooviiviininnneee. 28




DYSMORPHIC SYNDROMES

i ers-Thamd s e R

Goldenhar's 8. ..........

Lowe's 5. .

Mn.rfansS

Neuroﬁbmmatums

Oculodentodigital S

T e T e

BBl A B . o v waaake e

Sturge-Weber 5. ...

Treacher Collins 8. .............
Keratocornea, Microcornea
Frequent in

Oculodentodigital 5. ..........ooeeiiiiiiiiiinnee.

Occastonal in
Down's S. .
Ehlers- Danlm 5
Mail-Patella 5.

Datm;,en&s:slmpel.fﬂt'a

Rieger's 5. .

Corneal Opacity

Frequent in
Fabry's 5.
Hurler's S i
Mar-}teamc Lamy 8.

Murquin's 8,
Rubella 8. ........ccccue.c.
Scheie’s 8. .............

Occasional in
Berardinelli's S. ..

Chediak-Higashi s 135

MNeurofibromatosis .. S
Osteogenesis Imperfect.a
Pachyonychia Cangemla
Rieger's S. . HhEs
18 Trisomy He,

No. 18 Long Arm Deletion S.

Cataract, Lenticular Opacities
Frequent in

Hallerman-Streilf 8. .......cooiviiieiiiiiiieieni

Marinesco-Sjogren 5. .
Marshall S. . :
Umlnﬂemhm—ﬂenal 5
Rothmund 5. .

Rubella S. .......

Steinert’s 8. ...........
Werner's 8. ...

Oceasional in

Albright's Hereditary Dﬁbeudyal.mph;.

Basal Cell Nevus 8.
Eerehru-Hupat.o-Renal 8...

Clouson-type Ectodermal D;.-spla:,.m

Cockayne's S. .
Conradi’s 5. .
Dawn's S. .

Hurnuc}rstmurm

Incontinentia P‘lgmentl

Nail-Patella S

No. 18 Long Arm Deletion s e
No. 21 Long Arm Deletion 8. ............cccoeeeeeens
Pachyonychia Congenita ..........ccccovvviemviinnnnnns

.. 138

1325
40

Humnc;r,rstinuri,a o L b ab L e L s )

29

47

S
1)
. 126

30

.. 130
weeee LLE
. 117

46

... 118

e mm e

58
67

i T

54
30

Progeria ....... L
Rubinstein- Tn:,rhl S
18 Trisomy 5.

Lens Dislocation

Fregquent in
Homocystinuria ..
Marfan's 5. .
Weill- Mamhcsam .‘:-
Oceasional in-

Ehlers-Danlos S. ......................
Rieger's 5. .......

Retinal Pigmentation

Frequent in
Chediak-Higa.ﬁhi Bt i,
Cockayne's 8. .
Hurler's S,
Laurence- an Bmd] S
Rubella 5. . S
Werner'zaﬁ.

Occasional in
Hallerman-Streiff 8. |
Hunter's S. .
Sjigren- Larr;wn b

4. NOSE

Low Nasal Bridge

Frequent in
Achondroplasia ..

Albright's Hercdltan U‘stend\ s!mphw”:::.

Blepharophimosis, Familial ..
Carpenter’s S. .
CEI‘Eb[‘ﬂ-Hﬂpﬂtﬂ Renal 5

Cleidocranial Dymsmnua ‘"-}

Conradi’s 5. .
Down's 5. .

(_-enerallzed L-anglmmdusm

Hurler's 5.

H}rpuhldrm‘.lc E::mdermal Dj. ap]asla ‘“-}

Larsen's 8. .
Marshall's b
Mohr 5. ......

XXXXX S. ..Z]'..'.'.'.':ZZ:Z:ZZ.'Z.'.':ZZ:ZZZﬁjﬁ.'.'::ﬁﬁﬁ.'.'ﬁﬁ.'.'ﬁﬁﬁﬁ_'_'ﬁ
e L

281

18
14

- 124

il

- 125

30

18

.. 118

37

B

.. 112

41

Bl

28
104
98
1

e
.. 116

76
27
T7
45
10

........ 2
7

MNo. 18 Long Arm Deletion 8. .......ovvcveviiiiinnn.

Oceasional in

Ehlers-Thanlne 8 ... .o,
i o7 o e e e et

Small Nose, with or without Anteverted

MNostrils

Freguent in
Apert’s 8.,
Cornelia Dc Lang& E-.
Hallerman-Streiff 5. .

Hyper{:almmla—Pecuhar Facms—

Euprava]vular Aortic Stenosis .......
Leroy's 5. .
Marshall’s S
()ta—Palam—D:gltal S. |
18 Trisomy S.

........ 125

i

o L

13
158

a9

. 182

48
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Occasional in

Down's S. . 1
Rothmund S T
Treacher Collins S 39
Waardenburg=s 8. ..o ity
2 6 B e e D e 2
18T AR S s eeninsnnasrnnsssrmnnsess 4
Alar Hypoplasia
Frequent in
Freeman-Sheldon S R R a2
Hallerman-Streiff S, ...ccccvvrerermnecccsmsensnmmnenanes 1B
2T i et S S e e i
Ceulodentodigital S, .....occcovvianes 47
Oral-Facial-Digital 5. .. G et
Schwartz's 5. ......ccoovvniennnes 33
Prominent Nose (Relative)
Frequent in
Pyknodysostosis, Lam:r and
Maroteaux tvpe . At cin- ey LD
RuhlnhLE]n-1ﬂ}’b1 5 R e R
Seckel’s S, . 17
Oeeasional in
Stanesco’s 5. . v 105
13 Trizomy S el e thard b o P
Mo. 4 Short ﬁum D«EIetmn b S LN ]
5. FACIES
“Flat"” Facies
Frequent in
Achnndmplasia e TP s £ b F e e
Apert's 8. . - 106
Earpenters .‘:: . 107
Cerel:rm Hcpata Renal ‘m i
XXXXX S. 10
XXXXY S ... 2
Occasional in
Baanl Gell Mewus S i i) 71
Cleidocranial Dysostosis S. ... . 104
By oy e e oo e o et |4
Muarahal S e 77
Waardenburg's 5. . 55
13 Trisomy 5. . et
Mo. 4 Short Arm Delgl..mn Syndmme ,,,,,,,,,,,,,,, 5
“Round Facies"
Frequent in
Albright's Herathtar_y U&teudvstrnphv R 0 )
Cri-du-Chat S. .. i [
Prader-Willi 5. 26
Oceasional in
Basal Cell Nevuos 5. T1
C anehm—Hep-am-Henul S\. N |
Cleidoeranial D}rsosmsm S_ - 104
D.wn's S, . |
Laurem::e-h-![mn Bledl S 25
AXXXX 5, | 10
G R e 2

CuarTER Two
Broad Facies
Fr\equen: in
Apert’s 5. . . 106
Basal Cell Nevus S Bt |
Carpenter’s S. .. et B
Crouzon's S. ..... .. 108
Ocecasional in
Cerebral Gigantism .. 61
Cleidocranial D}ranqm_sm S - 104
Laurence-Maoon-Biedl S. . 25
Prader-Willi 5. ................. 26

XXXXY 8. .......,............ﬁ..ﬁﬁﬁﬁﬁﬁ]]::::ﬁﬁﬁﬁﬁ:ﬁf::: 2
“Triangular™ Facies
Frequent in
v By R N ]
Occasional in
Coldenhar’a B i i a i Ea
Hallerman-Streiff 5. ........occvviviviiinnnnniniinnee:. 18
Treacher Collins 5. ..........ccovvevenvannanas 39
Mask-Like Facies
Frequent in
Fresman-Sheldon 8. .........ccociviiiinmnen 52
ok 00 e P e e LB AR B AT
SEEiTerE S e e 31
“Coarse” Facies
Frequent in
Athyrotic Hypothyroidism ........... See Chapter One
Cerebral Gigantizm .. SR B S 61
Generalized Gﬂnglltﬂildﬂﬁls B o B
Hunter’s 5. . .. 118
Hurler's 5. .. 116
vaerﬂakernl-& Peculiar Facies—

Supravalvular Aortic Stenosis ..................... 59
Leroy's 5. . ey i |
Maroteaux- I.-anu = I, 117
Morquio's 5. . .. 119
Sanfilippo’s q ot b |
Behele'a S. ... cathoemdi o s lesn tie B a0 ety

6. MAXILLA AND MANDIBLE
Malar Hypoplasia
Frequent in
Bloom’s 5. . 16
Hallerman-ﬂtmlﬁ‘ b 18
Oto-Palato-Digital E. o 48
Pyknodysostosis, Lam'. and Mamleaux t}rpe ..... 103
Seckel's 5. . 17
Stanesco’s D:.rsnﬁms:s S . 105
Treacher Collins S, 38
No. 21 Long Arm I}eletmn S &
Occasional in
Cockayne's 8. . 21
Goldenhar's & 40
Oral-Facial- D|L].ta1 g 44
13 Trisomy 3. . e A el e 4
18 TiBOmiT Bl .. . et et kbl 3
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Maxillary Hypoplasia, Often with a Mohr S. .. AN s A
Narrow Palate Oral- an:mlﬂtgllalh e e B e e
; Popliteal Web S. . A3 EA B BT s vk enn A s S AN
Frequent in 13 Trisomy S. ..... B iy et kg
Achondroplasia .................... - 85 No. 4 Short Arm Deletion E; E
Apert's 5. . e L
Bloom’s 5. . e 16 Qecgsional in
Cuckayneﬂﬂ 21 Cri-du-Chat S. . 6
Cornelia D'ELEUIEE Bers eee 13 Goldenhar's 5. . 40
Crouzon’s S. . s - 108 ﬂmlcﬂenumgnlal i
Hallerman-Streiff S. 18 Waardenburg's S. . 55
l-eprwhaumsm 57 RSN e, 3
Marshall's 8. . 77
Progeria ........ e L) R
Pyknud}r-‘msmﬁls, Lam:. ‘and Maroteaux t}rpe ... 103 Abnormal Philtrum
Rubinstein- Tﬂ}'hl R AR oy et b ! F'r;_:qufng in
Seckel’s S. . PP FEEE TP PPN PPRPFRRTP T | Freeman-Sheldon S. (long) ........occoovvvvviceenren... 32
Silver’s 5. L5 Oral-Facial-Digital 8. (short) ........................ 44
Treacher Collins S. 39 ol e i S O
No. 18 Long Arm Delet.mn S 3 :
x ; :
Wil in I rmmm:nlt Full Lips
Aminopterin-Induced S. .............................. 109  Frequent in
Rl an AR s e B s m e ki s 40 Hunter's 5. . ol e
REBReanalia e s bl B i na st s A6 Hurler's 5. i ey L3
Genlodentodigital 8. ... 4T Hy purcalcemla-Pecullar Facies-
Oral-Facial-Digital 5. ..., 44 Supravalvular Aortic Stenosis ..................... 59
Weill-Marchesani 8. .........cooosenemnenreivmsnnreneeness 114 Hypohidrotic Ectodermal ”b':]:.hlﬂ"rla................. T6
: 3 Leprechaumsm - ; 57
Micrognathia Scheie's S. . 121
Frequent in B
ﬁmmnpterm-[ndumd i R S 109 Lower Lip Pits
Bloom's 5. . 16 Freauent i
quent iwn
Cornelia De Lﬂ"ﬁ“f s. 13 Lip Fistula-Cleft Lip S. ............... e 42
Cri-du-Chat S. . 6 Popliteal Web 8. ceovovevereeeeeeeriannnn. T
Goldenhar’s 5. . 40
?ﬂiﬁ;ﬁa“'m"{’ﬁq ig Dcmsa’mzaf in
Pyknudymtﬂ&ls, Lamv and Maruteaux t._!,pe lllll 103 Oral-Facial-Digital 8. ..........ccviviiiiiiimictibein 44
Seckel’s 5. . A | ’
Silver's S. . 15 Downturning Corners of Mouth
Smith-Lemli- ﬂpltz 8. 52  Freaquent in
Treacher Collins 8. 39 (‘r?rne]:is 1 B T e e e S R
KCF‘S Ill Silver's 5. b s e 47
Il“?rlzmsul':n;sﬂu Delstion 8. g No. 4 Short Arm Deletion 8. ......................... 5
= ort Arm Deletion . 18 Long Arm Deletion 8. ...........cccooevviinne 7
No. 21 Long Arm Deletion S. 8 R ;
ocrional i Microstomia
Conradi’s S. . A B I T T
Diastrophic Nanism ....... T Hallerman-Streifl S. ....coveiieensercsresissmmsssonnsiens 18
Radial Aplasaa—‘l‘hmmbﬂmlupema A L Oto-Palato-Digital 8. .......coovnviiiinirnnieniinanee.. 48
Ruhmstem-"[‘a:.rm s ; 14 18 Trisomy S. ......... 3
Turner-like 5. . R e e 10
TS e e s Rl 4 Deeasional in 15
; Treacher Collins 3. ..... .
Prognathism
Frequent in Macrostomia
Bazal Cell Nevus 5. . 71 :
Cerebral Gigantism............ccccccviiveiniinvniinnne. 61 Fﬁ?}uiﬁiiﬂ% 119
WIQdEmann Bﬂkwlths‘ b ot O e E.‘:I &:hﬂelsst. BhbddcsdscbmsbidasEsRAbiisdEEEERLTINN DR 1‘.:.1
Occasional in
7. ORAL REGION Goldenhar's 8. . 40
Hypercalcemia- P‘e-culmr I""EIC'IER- e
s . . Supravalvular Aortic Stenosis . 5
Cleft Lip with or without Cleft Palate e At o ; 29
Frequent in Wiedemann-Beckwith S. . &0
Lip Fistula-Cleft Lip 8. ....cocvivnnne. 42 No. 18 Long Arm De]etmn 5:: T
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8. MOUTH

Cleft Palate or Bifid Uyula Without
Cleft in Lip

Frequent in

Oral-Facial-Digital 8. ... 44
Oto-Palato-Digital 8. ........ccoooeciverreniinianncen. 48
Oceasional in
Aminopterin-Induced S. ... 109
Apert’s 8. . .eees 106
EIEldo::ramal Dysnstams S .- 104
Cornelia De Lange S. 13
L L T I R s o e s e e e el e m e e e e SR
Disstrophic Naniam .........ccccoimiimiimiinionecieenee. B89
B P T 01T g e e e U o s sl e s e 8 Ty
Larsen's 5. ..... ; R,
Marfan's 5. A )
Mohr's 5. 45
Smith- Lemh-Dpltz S b2
Treacher Collins S, R Pt P R Y
13 Trisomy 5. . 4
18 Trisomy 5. 3
No. 4 Short Arm Deletmn S 5
No. 18 Long Arm Deletion S ]
Oral Frenula (Wehbs)
Freguent in
Ellis-van Creveld 8. ... 833
Oral-Facial-Digital 8. .........c........ 44
Occasional in
Mohr S. . 45
Popliteal Weh 5 43
Cleft Tongue
Frequent in
Mohr 5. 45
Oral- I'aua] Dlgiml S 44
Occasional in
13 Trisomy S. ... 4
Macroglossia
Freguent in
Athyrotic Hypothyroidism ........... See Lhﬂpter COne
Generalized Gangliosidosis........... . 1156
Wiedemann-Beckwith 5. ................ccevneenene... B0
Occasional in
o e T e S e ey .. 116
Hypertrophied Alveolar Ridges
Freguent in
Generalized Gangliosidosis _..._........................ 115
HumbereiSs e e eI
T e e R Y ... 116
I3 G e e R b
Dental Defect
Frequent in
Albright’s Hereditary Osteodystrophy (late
eruption, aplasia, enamel hypoplasia) .. . 112
Basal Cell Nevus S, [ndnnm;,emc c}rst
irregular placement, caries) . 71

CuapTEr Two

Cleidocranial Dysostosis 5. (late eruption,
partial anocdontia, malformed roots,

enamel hypoplasia) .......cocviiiiiiiiiiinanininees
Co-clr.n:,rnes . (CETIONB) v xexasnnunnxy wrsaun RS TR

Down's 5. .

T.I}rskemmm ﬂﬂngﬂmta 8. Ecarmus,

malalipnment) ...

Ellis-van Creveld S 1ne;mat.al teeth, partml
anodontia, hypoplasia, late eruption) ..........

Enamel Hypoplasia and Curly Hair (severe

enamel hypoplasia, mierodontia) ................

Goltz's 8. (hypoplasia, enamel hypoplasia,
late eruption with or without irragular
placement) ..

Hallerman-Streiff S. ih}rpnplas.la of teeth
malimplantation, neonatal teeth,
anodontia) ..

Hurler's 5. lmalailgned teeth]

Hypercalcemia-Peculiar Facies—
Supravalvular Aortic Stenosis ........

Hypohidrotic Ectedermal Dysplasia
(thypodontia-anodontia, anterior teeth
conical) ..

Hy poph::s..phal.-&ma cearl_-n, 1:)‘.‘-:-5 p-mr dentin) .......

Hypophosphatemic Rickets (late eruption,
large pulp chamber, enamel hypoplasia,
gingival and periapical infeetion) ..

Incontinentia Pigmenti (hypodontia, dﬂla]"l}d
eruption, conical form) _...............ell

Marshall 5.

Morguio’s S. (thin n:-namei wxdE HPﬂt‘e]
Deulodentodigital S, LenamE] hﬂmpiasm] ......

Osteogenesis Imperfecta .
Oto-Palato-Dhgital 5. .

Pachyonychia (l‘ﬂngenita e S i o L e

Prader-Willi S .o,
Progeria ........

Pyknodysostosis, I.-arm.-' and Maroteaux tg.rpe E

idelayed eruption, partial anodontia,

irregular placement) ...........................
Pyle's 8. (poor teath) ............ccoeveennnnn..
Rieger's S. ..
Robinson- t.ype Ectodernml D}fﬁplama

(peg-shaped, partial anodontia) ..
Stanesco’s Dysostosis 8. (small, enamel

hypoplasia) ................

Werners B ey

Occasional in
Crouzon's S. (partial anodontia, wide

e e e ) | e p e e
Ehlers-Danlos 5. tﬁmall, irregular, partial

anodontia) ..
GﬂldenhursS

Humocjrst.murla urreguiar crowded teethll

Mohr 5. (missing central incisors) .

Oculo-Cerebro-Renal S. {C}rsta]

Oral-Facial- D1g|ta| s .
Rothmund S. . i
Seckel's 3.

Sjbgren- Larsson S. .
Treacher Collins 5.

XXXXY 8. .....................ZZZZZ.'.'ZQZQZZZ:Z:I.'.'ZZZZZ:.'_'

9. EXTERNAL EARS
Low Set Ears

Frequent in

Aminopterin-Induced 5. ...,

104

T4
828
83

T2

18

118

]

76
g9

e LA
. 101

30
78

Weill-Marchesani 8. ......ooovniniiiiereeeesessansees

114

. 108
w125

124
45
29

Ta
17

. 37

109




DYSMORPHIC SYNDROMES

MreacherGolhine S oo asiadn 89

Occasional in
ERTDORILRICR: B ovavds bradsiina s vesimvaniivonvianssssnss 107
B i T2 e e s e e L T e
A B e L e =]
Ty g R e s L EL Ry |

b 0l € 61 R 10
AXXXY S .. 2
13 Trisomy B 4
No. 4 Short Purm Deletmn S 5
MNo. 18 Long Arm Deletion S 7
Malformed Auricles
Frequent in

Diastrophic Nanism ihypertmphl&d

cartilage) .. Sesh e e s TR
Down's 8. :snmlh e L L |
Ehlers-Danlos S. [h}rpermnhllel oy R 11
Fraser 5. .. e L R e o
Gﬂidenharaﬁ e T e e ()
Rubinstein- Ta;.rhl S e e Ao B [
Seckel's 5. . A L a1 |-
Smith- I-emll—ﬂpztzs Sl e e R
Treacher Collins 5. . e L R
Turner-like 5. . T e [
Wiedemann- E&ckwlth & {Emear ﬁwure

lobuli) .. e s R )

X0 5. 1pmm1nent] 11
18 Trisomy S R P
Mo, 18 Long Arm Delﬂtmn 5 tpmmment

antihelix, antitragus) . R
No. 21 Long Arm Deletion S. llargel e I
Oceasional in
Bloom's S. (prominent) .. T e e
Cerebro-Hepato-Renal S.. LTSRN,

Coloboma of Iris-Anal Atresia-Small

Extra Chromosome ...... e )
Cri-du-Chat 5. [preaurlcular skm t.ag} G
Fanconi's 8. . T e
Hyperealnemm-?eeulmr Far:!ea.—

Supravalvular Aortic Stenosis

(prominent) ......... B iy P R |
Hypertelorism- Hypuspﬂdlas S e |
Oral-Facial- Dlg}tal 5. (milia in skm af

auricle) .. SR s e el

Prader- Wi]!! E s R xRt R

10. NECK, THORAX, AND VERTEBRAE

Web Neck

Frequent in

Oecasional in
T S e
NN . L e
18 Trizomy 5. .

Nipple Anomaly

Frequent in
Cornelia De Lange 5. (small) .............cccevvvvnnnns 13

=N -l
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XO 8. (widely spaced, small) ......................... 11
18 Trisomy 8. (small, occasionally wide
SPACEd) ciuviininirnrries 3
Oceasional in
Fraser S. (wide spaced) .. 53
Smith-Lemli-Opitz 5. . 52
Turner-like 5. (wide spacmgj 12
No. 18 Long Arm Deletion S. T
Hypoplasia of Clavicles
Frequent in
Cleidocranial l}ysnst.asm S... sk s (i
Goltz's S, 72
Holt- Dram S 51
Occasional in
| e T B e el [+
Pectus Excavatum or Carinatum
Frequent in
Cartilage-Hair Hypoplasia .............ccocovvveveen.. 95
HOMM}'HLinuriu . 124
Marfan's 5. 123
MurqumsS 119
Osteogenesis lmperfecta 126
Oto-Palato- DILtt-EIL s, . 48
Schwartz’s 5. . pir P e e L
Turner-like S. e R i e e
Ocecasional in
Down's 8. . 1
Hallerman-Strﬂﬁ'S - .
Mieteneg" B0 f I e T R 46
Mohr 5. 45
Oculo- {‘erebrn Rena] S 29
XXXXY 5. 2
Small Thoracie Cage
Frequent in
Elliz-van Creveld S. 2 PR e
Metaphyseal D}rsnstﬂsm Jansen- hrpe e
Metatrophic Dwarfism . el bal
Thoracie Asphyxiant D*.ﬁtmphx 87
Deccasional in
Achondroplasia ..........coociieiiiiiiiniiniiiinianine.., BB
Diastrophic Nanism _.........cciccoevviiecinianciiocne B9
Dbt.uuj__,enew:. Imperfecta . e e e DR e [
Pseudoachondroplastic Form of
Spondyloepiphyseal Dvsplasia .. a0
Rib Defects Other Than Small Thorax
Frequent in
Basal Cell Nevus 5. (hifid, sync:nstme*a
hypoplasia) .. T e |
Generalized Ganglmsldums ':thlck:l e [ |7
Hunter’s 8. (thick) .......cceeeee e e e [1 .
Hurler's S. (thick) .. e S
Incontinentia Plgmentl lextr& nhi ST )
Morquio's 5. . g |
Pvle's S. . L e L T | |
Sanﬁhppcss (thick) .. S . 120
Seckel's 8. . II

13 Trisomy 5.
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Oeccasional in

Aminopterin-Induced 5. . . 109
Down's S, . 1
Neurofibromatosis (rib fugion) .. 67
X0S. . 11
18 Trlsnm:.r S i}
Mo. 18 Long Erm Dclctmn . 7
Vertebral Defecis
Freguent in

Achondroplasia .. Ea i
Cartilage-Hair H}rpﬂp]asm e U oy
Cockayne's S. (biconvex ﬂatt.emng o ]
Generalized Gungliuaidﬂﬁiﬂ..-.-.....-------------u---- 115
Hurler's 5. veeen 110G
Leroy's 5. . . 122
Maroteaux- L.am\ ‘-: i K 7
Metaphyseal waslmlh ]'ahsen T-_‘r’PE -------------- a3
Metatrophic Dwarfism . g SiRridrar G
Morguio's S. . e e SRVl 1] o
Multiple Iﬁplph'n.rﬁeal Dysplasm ....................... a2
Oto-Palato-Digital S. . 48
Progeria ....... 19
Fseudnnchundmplastlc Form -:nl'

Spondy Im]}lphk seal Dvsplasia ..., .80
Pyle's 8. . wenn 1011
Sanﬁllppns‘i . 120
Schwartz’s 5. . e ]
Spondy lﬂ&pmhybaal IvapI&sla, X-linked .......... 81
Stickler's Progressive ﬁrthrmphthaimapath} e |
Thoracic Asphyxiant Dystrophy ... Al

Occastonal in
Basal Cell Nevus 8. (fusions)... 71
Conradi’s 5. . e, A i o LI RN
Diastrophic Nnnmm ...................................... 89
Down's 5, . ; 1
Guidenharss et BN ()
Hal]crmanaﬂlrmﬁ‘:r mpma T e 18
Incontinentia PILmEI‘Itl s. 73
Larsen's S, . 27
Marfan's 5. . 123
Mail-Patella ‘-n mpma I:nfldal . 110
Neurofibromatosis .. i e GRS ELNREE S
Osteogenesis Imperl’ecta . 126
Popliteal Web S. (spina h]ﬁda] PR LR L
Radial Aplasm—’[‘hmmhmumpema S el i)
Hub:nst-em-Tﬂ:fht s 14
Turner-like 5. . e 12
13 Trizsomy S. 4
lEi-Trlsnm}‘é-‘ : e bl 1]
No. 21 Long Arm Dc]n:-uurl E:u ......................... B

11. LIMBS

Arachnodactyly

Freguent in
Marfanis B. ..o i .. 123

Occasional in
Baga]l Call Hovue B e i i a1
HomoeySEmuTian .ooeveeniiiienrnnsennnannnns .. 124

Short Limhbs

Frequent in
Achondroplasia ........ B5
Cartilage-Hair vacpkan.:a e 1]
Conradi’s S, ishort femur undjur humerusl ,,,,,,, a8

CHAPTER Two

Diastrophic Nanism .....ccccvevvanieiminsssnsssnssceres B8
Dyschondrosteosis ....ccccvevviieniencencnnens e b |
Ellis-van Creveld S. . B8
Metatrophic Dwarﬁam - . B§
Pseudoachondroplastic F'l:rrm nf
Spondyloepiphyseal Dysplagia ..............coeuns )
Occasional in
Cornelia De Lange 5. 13
Hypophozphatasia .. T B i e L[]
Osteogenesis Impc-rl'ect.& MR 1T
Small Hands and Feet
Fregquent in
Apert's 8. . i T e e T
Brachvdacl}rly T}rp-e [-.. AR e e |
Carpenter's S, .. e m s e e AT
Cornelia De Lange S R el T Pt A S L
Down's 3. . 1
Mohr's 5. 45
Prader- Wﬂ]! q e s T
Stanesco's D}mm}:s s, P T 1]
Werner's 5. Y o ot - Ficrvye L 1)
Occasional in
Rothmond 'S s rol e I e i b
Fifth Finger Hypoplasia with
Clinodactyly
Freguent in
T e e o 107
Cornelia De Lanpe &, ... .. iy 18
O e B b o L e e 1
Mohy 8 TR NI T o RUUTIRL AT RN e
] A e A B g
SV E Bl e s e AR TR R e . R
Oecasional in
Cri-du-Chat 5. . e L e
Fibrodysplasia Elssiﬁcans Cnngemt.a TR et T,
Laurence-Moon-Bied] S. R kil 1|5 5
Myotenie Dystrophy 8. .o 31
MNail-Patella 5. . 110
Oral-Facial- DII.{:IIE]. S B o RO [
Prader=Willi 8. . hin i hhnnn st g 26
Rubimatein=-Tawhi 8. i it aesnnssse e saarn L
Thumb Hypoplasia to Aplasia
Freguent in
Fanconi's S, . e L
Holt-Oram S. tmay be tnphalangeall .............. 51
Radial Aplasia-Thromboeyvtopenia .. 50
Occasional in
Aminopterin-Induced S. . e 108
Cornelia De Lange S, . SRR
lhmdyaplama Ossificans CUTI;,EI‘III‘.-EI e
18 Trisomy S. . 3
Radius Hypoplasia to Aplasia
Frequent in
Holt-Oram 5. . al
Radial ﬁpiasm-Thmmhocytapema a0
Oeccasional in
Cornelia De Lange §. ............co000es 13
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R o s R L el R, i M e 4D
e R e o AR L b

et T e e e T e R

Metacarpal Hypoplasia— Third,
Fourth, and/or Fifth

Frequent in
Albright's Hereditary Dsteodyatmphy ............. 112
Basal Cell Nevus 5. Rl B E ]
Biemond's 5. (short I'::nu:rthll e T
Brachydm:t:.rly Ty pe E. S e S
X08. . B N o A BT
Occasional in
Conradi’s 8. ...ooooeve 08
Metacarpal Hypoplasia— First Metacarpal
with Proximal Placement of Thumb
Frequent in
Diastrophic Nanism ........ S B ek e Y
MNo. 18 Long Arm Deletion S ......................... 7
Oceasional in
Bormelia e Lange 8. . ... i LD
Polvdactyly
Frequent in
Carpenter's S. .. cane 107
Ellis-van Cfevﬂid "‘1 88

Robinson- Tvp-e Ectodermal Dvh'p]ﬂhm 2 hscisiing

13 Trisomy 5. . i e B R |
Occasional in
T o e o o e At ot |
T T D e e e e a8
Goltz's S, e e O )
Oral-Facial- nglta.l 3. . T R T A T
Rubinstein-Taybi 5. et b ol £
Smith-Lemli-Opitz e R 52
Broad Thumb and/or Toe
Frequent in
P i e e R O | |
g o 1 o M e U P SR SR e s 1 11
T b e o T o1 1 P Oy ..
Ruhinatein-Taybi 8. ........ccccoe . 14
Occasional in
Syndactyly, Cutaneous or Osseous
Frequent in
Apert's 5. (with synostosis) .. veane 106
Carpenter's S. .. . 107

Cornelia De Lange S h.emnd and thlrd tnesl 13

Goltz's 5. AR
ﬂcu]udcnmdlgual 5 [syndact_i, 'Eg,.- -u-f t'nurth

and fifth fingers, third and fourth toes)......... 47
Oral-Facial-Digital 5. . A
Smith-Lemli- Opllz. s {semnd and lhlr&

toes) .. e . 5 52

Occasional in

hmlmpterm Induced 5. . e o v b
Bloom's 8. . FEREnp e 16
Conradi's S. . 98

287

Down's 3. (second and third toes) . 1
Fanconi’s 5. .. eeer A5
Fuha-mivaplaaua Ossificans Cnn;,emt,a (shart
hallux with $yrlmtns151 . oy

Fraser 3. ..... i h3
I-Iullerman btrml’l“a s S St e T
Incontinentia Plgmentl B A SR TR S i ]
Laurence-Moon-Biedl 5. .................._............. 35
Neurofibromatosis ....... 67
("}bu-PaIato-Digital e 48
Popliteal Web 8. . 43
Prader-Willi 5. 95
Radial Apla.-‘i:a—’l‘hmmbﬂcympema S ]
Robinson-Type Ectodermal D'rsplasﬂa I ey
Silver's 5. 15
13 Trizomy S 4
IETrlsﬂm}‘: ER S Al oy P |
No. 21 Long Arm De]etmn S ......................... 8

Elbow Dysplasia

Frequent in
Larsen’s 5. i e
Mail- Falf_lla ‘:' o 110
Dm—l’alﬂlu—ﬂlyta] S 48

Oecasional in
Albright's Hereditary Ubteud'.btmph} ............. 112
Cerebro-Hepato-Renal 5. . e b
Oculodentodigital 5. . 47

Patella Dvsplasia

Frequent in
Mail-Patella 8. ......... i 110

Occasional in
Carpenter’s 5. . o i R e |1 |
Diastrophic Nanism ......... BY
Neurofibromatosis 1alhﬂn¢a-? 1)
Popliteal Web 8. . 43

12. LIMBS; NAILS, CREASES,
DERMATOGLY PHICS

Nail Hypoplasia or Dysplasia

Frequent in
Basan-type Ectodermal Dysplasia ................... 82
Cartilage-Hair Hypoplasia ................ 95
Dyskerotosis Congenita .. 74
Ellis-van Creveld S. (small) .. i 88
Enamel Hypoplasia and Lur]} H:nr e =)
Feinmesser-type Ectodermal I]}aplahaa ------------ 79
Goltz's 5. . o e ettt 72
Larsen’s ‘: Zhgta
NallPale]]ab Ih}pﬂplas.:]a] e L e S [ )]
Pachyonychia Lungmnta Lthu:kr s T
Popliteal Web S. i 43
Progeria lh}pﬂplaslm . e B
Pyknodysostosis of L.am:..r and 'MArOtealEX ......... 103
Robinson- t}'p[- Ectodermal I]}'ﬁpl.wla SRR i
X085 . £ s v 11
13 TTIH}II‘H-' S 4
18 Trisomy 5. . 3
No. 21 Long Arm Deletion E 8
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(decasional in

Hypohidrotic Ectodermal Dyﬂplaﬁm

Incontinentia Plgmentl
Oto-FPalato-Digital S. .
Bothmund &, .....cccovivnnninnn

Single Crease (Simian), Upper Palm
Frequent in

Basan-Type Ectodermal D}sp!asm

Cornelia De Lunge =8
Cri-du-Chat S. .

Down's 5. .

Seckel's S

Smith- Laernll-l'.]mtz S

13 Trisomy S.

No. 4 Short Arm Deletmn S
Mo, 18 Long Arm Deletion S

Oecasional in

Cerebro-Hepato-Renal 8. .......ccoiiiiininnns
Rubinstein-Taybi S. ......ccccacrememmmmmmmmnmmananmnanns
Turner-like 8. ..........ooeeaes

A G B

R g e E i aria e e min e

Distal Palmar Axial Triradius
Freguent in

T s LD VT2 P e e e e e R S R

Down's 8. .

13 Tnbumv 5. .

No. 18 Long Arm Deletion S
No. 21 Long Arm Deletion 5.

Oceasional in
Albright’s Hereditary Dsmodvstmph}r
Rubinztein-Tavhi 3.
Smith- [emll-f}pltz S..
X0 5. .

Low Arch Dermal Ridge Pattern on
Majority of Fingertips

Frequent in

XXXXYS. .
18 Trisomy S
Mo. 4 Short ﬁrm Deiut.mn E

Oceasional in
13 Trisomy 5.

Whorl Dermal Ridge Pattern on
Majority of Fingertips

Frequent in
Smith-Lemli-Opitz 5. .
Mo. 18 Long Arm Deletmn ‘%

Occasional in

13. LIMBS; JOINT ANOMALIES

Joint Limitation; Inahility to Fully
Extend (Other Than Foot)

Frequent in

Achondroplasia (elbow) ... .....cooviriiiieeiieiiinns

76
T3

i}

14
12
10

Oh = e = R

o Ry

14
52
11

=L R =

=
=1 bd

B5

CHAPTER Two

Gembr&Hewwﬂenal S. (third and fifth
fingers) .. -
LuckaynEﬁS
Diastrophic Nanism ..
Dyschondrosteosis {e'lb-n:-w Rt
Familial Dwarfism with Stiff Joints ................
Generalized Ganglmmdums
Hunter's 5. . :
Hurler's 5. .
Leri's Flmnmt.emm
Leroy's S. ..
Maroteaux- I.-am_i.-' A

Metaphyseal Dyaustums, Jansen t}rpe

Metaphyseal Dysostosis; ‘-"mhmld-t_',rpe
ifingers) .. o
Metatrophic Dwﬂrﬁ,sm S

Multiple Epiphyseal D_vspla.s:na [hlp}

Dm—Palam-Dlgtt.al 5. (elbow) ..
Popliteal Web 5. el
Progeria ........
Sanﬁhpp-nsﬁ
Scheie’s 5. .
Schwart.zss
Stickler's messwe ﬂrthrn-

ophthalmopathy S. .
L e e o

Occasional in
Cornelia De Lange 3. (elbow) .
Mietens’ 3. (knee) ..........
Multiple Exostozses .....

13 Trisomy S. (Angers) .......c.ccoovvivnnnns

Club Foot

Frequent in
Aminopterin-Induced 5. (varus) .
Diastrophic Nanism ........
Freeman-Sheldon S. [varus th.h cuntmcted

toes) ..
Larsen’s S. .
No. 18 Lu-ng J’er ]}eletmn S

Occasional in
Bloom's 5. .
Cerehm—]—lepam Ren&l 8. B T e
Conradi's 5. .
Ehlers- Dunlﬂs S
Ellis-van Creveld S ivalgus]
Generalized Gangliosidosis ...
Homocystinuria (pes cavus, r:nerlled l'eeb‘.l .........
Hunter’s 3. (pes cavus) .
Mietens' 5. .
Myotonic Dystroph:.r
Nail-Fatella 5. .
Popliteal Web S. .
Radial Apla:am Thmmh:-nytupema
Riley-Day 5. . =
Schwartz's 3
Sechel’s 5. .
Turner-like S
13 Trizomy 5. .
18 Trisomy S. .
No. 4 Ehorl; Arm De!ntmn 5

28
21

13
46

.. 109

89

32
27




DYSMORPHIC SYNDROMES

Clenched Hand; Index Finger Tending to
{verlie the Third, and the Fifth Finger
Tending to Overlie the Fourth

Frequent in

Oceasional in
Emith-Lemli-Opitz 8. ............ccovmiiiirniicncvcninens - D8

Joint Hypermotility

Frequent in
Cartilage-Hair H:.'poplasm ............................. 95
Down's 5. . S |
Ehlers- Danlm “-‘5 e 1)
Marfan's 5. R -
Morguio's S .. 119
Deulp-Cerebro-Renal S. . R R ]
Seckel’s 8. . 17

Oeccasional in
Goltz's 8. T
ﬂstmgenmsls ]mperfecta e 16

Joint Idislocation

Frequent in
Larsen's S. (elbow, knee, hip) ......................... 27
Oto-Palato-Digital S. (elbow) ......................... 48

Oecasional in
Aminopterin-Induced 5. thipy ......................... 108
Conradi's 5. . S
Ehlers-Danlos S. . .. 125
Mieten's 5. (hip) . b R 46
Neumﬁhmmatusis o e e B T
Cenlodentodigital 8. ........cccevevvecveiiiinssinnenees 37
Osteogenesis Imperfecta ............................... 126
e b B L Lt ol L B ||
L T o A N SRRt e
o b e e R T T T i e b
o e L e T o O 17

14. SKIN AND HAIR

Skin Pigmentation, Melanomata

Frequent in
Basal Cell Nevus 3. inevi) . A e 1)
Berardinelli’s 5. (hyperpig menlal.mn,

especially axillae) . 1.
Chediak-Higashi 5. {part:lal ATBATARINY, ivossnsioca: 185
Dyskeratosis Congenita 3. (reticular) .............. 74
Fanconi's 5. (general increase) . 49
Goltz's 8. (poikiloderma) .. : 72
Hypohidrotic Ectodermal D}rsplasm
(diminished pigment) ......... R

Incontinentia Pigmenti Esplderj, plg'ment] 73
Maffucci's S. (viteligo) .. irrataaer b
MeCune-Albright S, un'egulur]l 68
Neurofibromatosis (café au lait sputs1 a7
Peutz-Jeghers S. (perioral spots) . ST L
Rothmund-Thomson S. lmtmular] e T
Tuberosclerosis .. . A
Waardenburgss e A AT

289

Cecasional in
Ataxia-Telangiectasia (altered skin or hair
pigmentation, café au lait spots) ..
Bloom's S, (café au lait spots) .........
Silver's 8. (café au lait spots) .........

Hemangiomata and Telangiectases

Freguent in
Ataxia-Telangiectasia (telangiectaszes) ...
Bloom's 8. (telangiectases) ...............
Fabry's Disease (nodular lesions) .
Goltz’s 5. .
Maffuecei’s S lhemanglumamh
Osler’s 5. (telangiectases) ...
Riley's 5. (hemangiomata)..............................
Rothmund 5. (telangiectases) .................coevnns
Sturge-Weber S. . - e
Tuberosclerosis :glloma a.ng'loma [esmna] i
13 Trisomy 5. (hemangiomata) ..

Occasional in
Dyzskeratosiz Congenita S. l:telanglectaﬁeszn
Rubinstein-TaybiS. .......ccoocviiiimiimcrrrmmensenien
X085 .
18 Tn-;r;:rny f:x

Deep Sacral Dimple, Pilonidal Cyst

Fregquent in
Mo. 4 Short Arm Deletion 5. .

Occasional in
Bloom's 5.
Carpenter’s T
Cerebro- Hepatn Renal 5:1
Conradi’s S. .
Smith- Lemhal:lpltz. S

Alopecia (Usually Sparse Hair)

Frequent in
Cartilage-Hair Hypoplasia _. e e
Clouson-type Ectodermal i)}-‘-y[’l]&'lhlﬂ
Cockayne's 5. . :
Dyskeratosis Cungnmta S .............................
Hallerman-Streiff 5. .
Homoeystinuria . i
Hypohidrotic Ectodermal I}ysplaam......._......__.
Incontinentia P1gmcntl b
Menkes" S.
f}cu]ndenmdlgll.a] 8.
Fili Torti-Deafness b
Progeria ......

b T 1721 . SRR e e B

Occasional in
Conradi’s 5. .
Ellizs-van Crevc]d S
Coltz's S.
Oral- Faclal-Dlglta'l 5
Popliteal Web 5. .
Rothmund S. ...
Seckel= 5. ......

Hirsutism

Freguent in
Berardinelli’s 5. .
Cornelia De Lungeﬂ
Hunter's 8. .

Hurler's 5. ....ccocvens

a6
16
15

T4
14
11

&n

a5
81
21
74
18

1

76
73
38
47
80
19
20

g8
88

-
i

44
43
75
17

58
13

. 118
. 116
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Leprechaunism ..
Scheies 8. .........
18 Trisomy 5. ....

Occasional in
Bloom's 5. . L S
Hubmstem-'l‘a.;.h: e
Abnormal Form of Hair

Frequent in

Down's S, (straight) ...

Enamel va}pinma-ﬂurly Hair 8. .

Hallerman-Streifl S. . S

Hnmocystmunu ifine, ﬂlmrsm dr\? anl:i II;_..ht
in color) . e

Menkes' 8. Ilt.mst,ed fratturedl

Oral-Facial-Digital 5. =

Treacher Collins 5. ipm_]ectmn uf sca]p halr
onto lateral cheek) .. ey

Turner-like 5. i(low wnu1:,. like pﬂ‘:t&rmr
hairline) .

Oceasional in
Pachyonychia Congenita ............o.ooooinninnin,

15. CENTRAL NERVOUS SYSTEM

Hypotonicity

Freguent in
Achondroplazia .. ;
Cerebro-Hepato- Henal "-}
Down's 5. .
Generalized hang!mmdusm
Lowe's 5.
Marl’ansﬂ
‘ﬂzlrlne"ir:u-‘?r,]ugran -‘:: hwth or mthmlt
weakness) |
Dculc-Cerehrq:- Rq:-nal‘”-l.
Braden=-a LS s i i e e
Rieger's 5. .
XXXXY S
No. 18 L-nng ﬁrm He]etmn S

Oeceasional in

Aaminopterin-Indueed 8. .......... ...
Blepharophimogis ...c..coovivnirirmeiinssnsssnsasanssns
Cri-du-Chat 8. .
Hyperc&lﬂemm—l-’e::ullar Facmq—

Supravalvular Aortic Stenosis .....................
Myatonic Dystrophy .........coooreee s cvirn e
0 S ROy e e e e e

Hypertonicity

Frequent in
Cornelia De L.am,e S.
Menkes' S, i
S;:}f;ren-[.nr-awn ‘:’
18 Trizomy S,
No. 21 Long Arm Dr.-lq:rl,mn “'!

Oceasional in
Incontinentia Pigmenti ..o s
Sturge-Weber 5. ...
X-linked Hydmcephaluh
13 Trisomy S.

a7

T

16
14

83

124

38
44

39
12

34

108
141

59
31

13
a7

T3
62
129
4

Cuarrer Two

Ataxia

Frequent in
Ataxia-Telangiectasia (onset one to

ﬁveyearall......... i A a6

Biemond's 5. 35
Cockayne's 5. . 21
Marmesm-S_pngren S 34

Selzures

Frequent in
Generalized Gangliosidusis... SR e R S
Menkes' 5. 38
Sturge- Weber S. . 62
Tuberosclerosis .. (1)
13 Trisomy 5. wmimn s i e A TS P
MNo. 4 Short ﬁrm Deletlun S. R e s

Occasional in
[‘h-edlak-ngash; 5. MR e S )
Down's 8. . T g 0k
Fabry's 5. . Py L L (1]
ln:nntmentm Flgmﬂntl e e e
Neurofibromatosis .. R R e T
U:.ulﬂ-(,erebm-lienal S . 29
Riley-Day 5. . R e e T
Huhmﬁtem-'[‘avhl S 14
Sjogren-Larzson 5. a7
MNo. 21 Long Arm Deleu{m ‘-‘1 8

16. DEAFNESS

Frequent in
Cockayme’s: By i T s 21
I*Emrne-:aer-"l‘ype Ectodermal Dva‘pinsm T
CGoldenhar's 8. . i Ao e d Iy
Huanber's 8 e R e 118
o ] e e e e [Tk
Marshall S, T
Mohr 5. .... 45
Morquia's g 119
Oto-Palato- Dlgltﬂ! b s Ta
Rﬂhmqnnff‘}pe Ectodermal Dy:splasna .............. T8
Rubella 5. . = 56
‘-}ttcklersﬂ 24
Treacher CD"IHb S 39
Waardenburg's 5. . ab
13 Trisomy S. 4
No. 18 Long Arm [)-eleh:m b T

Occasional in
Cleidocranial Dysostosis S ..., 104
Crouzon's S. (conductive) ....ocvvevererveiieiiaseceennn. 108
Fanconi's 5. . 49
Laurence- an-Emdl 5 25
Dculodentodigital S. . 47
Dsteogenesis Ilhp-erfecl,a s e
POOREIIN cocccos i ot oae - TR L L] 5
Scheie's 8. . . 121
Turner-like S, 12
Weill- "u![aw:hesam S . 114
X0 5. (partial) .. 11

17. CARDIAC ANOMALY

Congenital Heart Defect

Frequent in
Cerebro-Hepato-Renal 8. (PDA, septal defect)... 28




D¥sSMORPHIC SYNDROMES

Down's 5. (septal defect) ...
Holt-Oram S. (septal Defect) ........c..covvveennee

Hurler's 5. (valve defect) ......................
Hypercalcemia-Peculiar Facies—
Supravalvular Aortic Stenosis .

Myotonic Dystrophy (conduction defem.s

with arrhythmias) ..
Rubella 5. (PDA, 1iJE]:!]
Turner-like 5. {pulmnmt: stenmmll
X0 8. (coarctation)

XXXXX S. (PDA) ..........f::::::::::::....,...........

13 Trizomy 5.
18 Trisomy 5.
Mo, 18 Long Arm Deletion S.

Oceasional in
Carpenter’s 5. .
Cornelia Da La.nge 5::
Cri-du-Chat S.

Ellis-van Creveld S. 1$epm1 e e

Fanconi's S. .
Goltz's S.

Radial Aplnsm-Thmmhocytopema

Rubinstein-Tavhi 8. .......
Weill-Marchesani 5. .
XXXXYS. .

No. 4 Short J’er Delutmn S

18. ABDOMINAL ANOMALY

Inguinal and/or Umbilical Hernia
Frequent in

LRI T P ot e ey b avh, Sl isuup i
e 1 151
R [.n |
Sttt (10
Wiedemann- Eeckmth E‘: [umphalmeler .........

Lt Lo e e
Marfan's 8. .
Morquio’s S.

13 Trisomy S. .
18 Trisomy 3. .

Oeeasional in
Carpenter’s 5. .
Conradi's 5. .

Cornelia Dea Langc S
Cri-du-Chat 5. .

Ehlers-Danlos S. .......:'.ﬁﬁﬁﬁﬁﬁf::::ﬁﬁﬁﬁﬁﬁﬁ’.’.:ﬁ::'_'_ﬁﬁﬁﬁﬁ

Goltz's 5.
Hnrrmcyst.murla

Osteogenesis Imperﬁzcl.a e

Popliteal Web 5. .

Smlth-l.emln-{)pluﬁ SE TR

XXXXY 5. .
Hepatomegaly

Frequent in
Berardinelli's 5. |
Cerebm-Hepatcr-Renal S

Chediak-Higashi S. (also splunnmegalyr

Generalized Gangliosidosis ...
Hunter's 5. fh&patasplennmegnly:l
Hurler's 5. ihepamsp]unnmugaly}
Osteopetrosis, Severe ..

Rubella 5. [hepamsplemmegal_',r:

Occasional in
Cockayne's 8. .
Familial Dwarﬁsm v.ut.h ‘ihE‘Jumb,
Homocystinuria ..

. 107

13
B8
449
72

14

it T4

118

58

.. 135
veene 115
e 118
ennn 116

.- 102

21
22

veann Ladd

Pyloric Stenosis
Freguent in

Mo. 21 Long Arm Deletion 8. . ..ooovvieivin

Occasional in

Cerebro-Hepato-Renal S................................

Cornelia De Lange S, ....
Smith-Lemli-Opitz S. ......
2B b LT, o R,

Incomplete Rotation of Colon

Occasional in
Cerehro-Hepato-Renal 5. ...

Cornelia De Lange S.

T L e L
L8 THEOMT 5. enve e vnmanas
18 Trisomy 3. .....

19. RENAL ANOMALIES

Kidney Malformation

Frequent in

Lerebrn—Hepatc-Henat 5.

X085 :
18 'Tr:t-.mm* e
No, 18 Long Arm Deletmn E:

Oveasional in

Bhlereanion S - o e

Fraszer's 8. .

Radial Aplasla-']hmmhucympema

Rubinstein-Taybi 8. ...........
13 Trisomy 5.

MNo. 21 Long ﬁrm Deletmn S

Renal Insufliciency

Frequent in

Cerebro-F lepatu—l{enul

Fabry's 5.
Mail- Pat::l]a S
Oculo-Cerebro- Renal ‘E‘u lrcnal tuhu]ar

A o e e e

Oceasional in
Hypercalcemia-Peculiar Facies-

Supravalvular Aortic Stenosiz ....................

Laurence-Moon-Biedl S. ..............

20. GENITAL ANOMALIES

Hypospadias, or Ambiguous External
Genitalia

Frequent in
Fraser 5. ....... Ly
H}.'permlcemla-Pecuhar FﬂClE‘w—
Supravalvular Aortic Stenosis ...........
Smith-Lemli-Opitz 5. .
No. 4 Short Arm l'.lelelmm ‘-:
No. 21 Long Arm Deletion 8.

Oceasional in

Cerebro-Hepato-Renal 5. ...

Elliz-van Creveld S. (epispadias) .......
i T A P e e e Ao
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28
13

125
o3
50
14

28
. 130

suslB0

29
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Laurence-Moon-Biedl S 25
Popliteal Web 8. ......cccoooniiivinaninnen 43
R e e e L L
] ORI 0L - x b AR R p AR 1 7 e e s ol S
Small Penis, Other Than Above
Conditions
Frequent in
Carpenter's 5. .. .. 107
Down's S. . 1
Pr:uleruw:lll S 26
Turner-like 8. . 12
No. 18 Long Arm Deletion 9. i
Decasional in
Cornelia De Lange 5. ..... e o S
B T o o e e L e R e e 49
Hallerman-Steeiff 5. .occvceiiiiniiiiiiniiieeineiens. 18
Cryptorchidism
Freguent in
Carpenter’s S. . . 107
Fraser 5. . 53
D-culu-Cerehranenal b SRR
50 T e Th g e e S e 14
Seckels 8, . vl 17
Em1th-L-em]1 Dp‘:tz b 52
Turner-like S. . T e e Tyt | [
D NI 0 e e e et w il e e s e M amls s e 3
No. 4 Short Arm Deletion 8. .......ccccvvviivieieeee. B
No. 18 Long Arm Deletion 8. .......cccoviviiiinieee. T
Oeccasional in
CerehmHepam—Runal = R A s T R R 28
Cockayne's 8. . SERIR et ey 21
Cri-du-Chat 8. . B e L]
Diast.mphic Naniam R e e R
Down's S. . 1
Fanconi's S 49
Ha]]erman-StrmE“? R e S 1]
vac-rln]nrmm—Hﬂmpadms E:q ........................ 54
Popliteal Web S. 43
Prader-Willi 5. . ey P e R INOUR
No. 21 Long Y T [ e e R 8
Hypoplasia of Labia Majora
Frequent in
18 Trisomy S. &
No. 18 Long Arm Dciehun S 7
Occasional in
Cornelia/Delanga 8. ..o, iy
Popliteal WabhiS oot s e s 43
Bicornuate Uterus
Frequent in
Fraser 5. . 53
13 Trlsﬂm}' 3 4
Occasional in
18 Trisomy 8. .covniiiiins 3

CHAPTER Two

21. ENDOCRINE AND METABOLIC

DYSFUNCTION

Hypogonadism
Frequent in

] s e b A ) - o S W

Occasional in

Albright's Hereditary Dstmdyst.mphy ___________

Dvskeratosis Cangemta =
Fanconi'’s 8. .

Laurence-Moon-Biedl S. . ...,.....ZZZZZZZZI"Z"

Steinert’s 5.
Turner-like S

Other Endocrine Abnormality

Frequent in
Berardinelli’s 8. (virilization)

McCune-Albright 5. (sexual precmlt-_;]

Schwachman' 3. (lack of exocrine pancreas,

absent trypsin, lipase, and amylase) .............

Wiedemann-Beckwith S. (cytomegaly in
fetal adrenal cortex, hypoglycemia; may
develop adrenal carcinoma) ... b Sk

Occasional in

Albright's Hereditary {)al..eud}':il.rnph;,'

(hypothyroidism) .

Basal Cell Nevus 5. {nmdullarv carcinoma

of thyroid producing excess
thyrocalcitonin) ..

McCune-Albright S. Ehvp-erlhwmrdhm
acmomeEaly) s e e

Myotonic Dystrophy (goiter) .......coooovvnvievenienees

Meurofibromatosis (acromegaly) ....oooviiiiiiinnenn.

Peutz-Jeghers 8. (granuloma cell tumor

(O Ee 1 o3 et e P e el o

Diabetes Mellitus

Fregquent in
Berardinelli’s 8. .....

R T R
L M o et e T B S, | e B B e

Ovceasional in
McCune-Albright 8. ......cccoeeiiniinnnnnanns

Myotonic TIEREDRIY ..o o camomsvnsriisdasdaddns: orssvsins

Hypocalcemia
Freguent in

Albright’s Hereditary f)u.le::»dw.lmphx
e R e 1] 1)
.. 102

Kenny's 5.
'D.Etﬂﬂplll-rﬂﬁlﬂ ‘?u:rvura

Viearious Caleification

Freguent in
Albright's Hereditary Osteodystrophy

(subcutaneous, basal ganglia) ...........ccoeeneeee

Basal Cell Nevus 5. (falx cerebri,

cerebellam - e T
Fibrodyvaplazia Oszificans Gangcmta

Hypercaleemia-Peculiar Facies-

Supravalvular Aortic Stenosis ...........oooveeeaee
Pseudoxanthoma Elasticum .......ccoccviviiiiinines
Bturge-Waber S . i e sl el e
Tuberosclesaia: 00 S ey s SRRt L au s

G0

.. 112

Tl

31
67

69

o8
26
20

B8
31

112

112

71

. 127

69
128
62
(18]




DYSMORPHIC SYNDROMES
Occasional in
Cockayne's S. (intracranial) ...............

Obesity

Fregquent in
Carpenter’s 5. .
Laurence-an-Bled! S
Prader-Willi 5.

Oecasional in

Albright’s Hered:t,ar}' Dsteod}rstmphy

XXXXY 5.

Lipoatrophy (Loss or Lack of
Subcutaneous Fat)

Fregquent in

T B L et e e i i e e m ' b
T e e e e S e s e S
S PR AN RN, e o s 3 B o o e e e A
AT o e P R STt

Hyperlipemia
Freguent in

12T B =] | T Y

Oeecasional in

I T 1 ol K] o e s

22, HEMATOLOGY-ONCOLOGY

Anemia

Freguent in
Chediak-Higashi S.

Dyskeratosis Enngcm t.a. S ............................

Fanconi's 8. (pancytopenia) ..
Osteopetrosis, Severe |
Radial Aplazia=Thr n::mhu::u::.rlnpema

Oceasional in
Fabry's 5.
Rubella S 5
Sc-hwm:hmnn ﬂ; S
Wiskott-Aldrich S

Thrombocytopenia

Fregquent in
Chediak-Higashi 8. ..........cocivimiaverninas
Fanconi's 5. ., e S R AR
Dat&npetmrs, Severa..
Radial Aplas:a-Thmmbuc:.rmpenm
Wiskott-Aldrich S. . BLTrerTen
No. 21 Long Arm Dulel,mn S

Oceasional in
Babella = s s,

It

ek B e e

Leukocviosis

Frequent in
Chediak-Higashi 8. ................

21

.. 107

25

26

- 112

o8

135

.. 134

T4
49

"':: 102

veee 130

56

AR v
.. 134

P 17

o 102

a0

e

a6
133

oo 13D

293
Oeccasional in
Radial Aplasia- l‘hromhmylupema S )
Wiskott-Aldrich S, et e e LY
No. 21 Long Arm Delntmn ‘j S
Lymphoreticular }Ialignanc:f
Occasional in
Ataxia Telangiectasia (leukemia) .................... 38
Bloom’s 8. (leukemia) ..............cc.coooovvvvneenn.. 16
Down's 8. (rare lenkemia) .............................. 1
Fanconi's 5. (leukemia).................ccocecviveinnns,, 498
Schwachman's 5. (leukemia) .......................... 133
Wiskott-Aldrich 5 ... i 184
Other Malignancies
Frequent in
Chediak-Higashi 5. imalignant lvmphoma) ...... 135
Dyzkeratosis Congenita (leukoplakia
lesions tend to become carcinomata) ............. 74
Gardner's 5. (carcinoma of colon) .................... 70
Occasional in
Basal Cell Nevus 5. ibasal cell
carcinoma, medullary carcinoma
of thyroid, meduloblaztoma,
adamantenoma, fibromata and lipomata) ...... Tl
Maflueci’s 5. (brain tumor) ......oooveveeiviieeiennnnn. 65
McCune-Albright S. (pituitary hamphiiiu
adenoma) .. T e s H
Multiple Exostm Ioslensmmm'ﬂ e L i
Neurofibromatosis .. e BT
Tuberosclerasis trhahdumvuma ::I' k:dnev
and/or heart, brain tumor) . T v A0
Wiedemann-Beckwith 5. 1W:]mh lumm
Tt o 1T 7 S — 60

Wiskott-Aldrich 5. (reticuloendotheliosis,
reticulum cell sarcoma, astrocytoma,
myelogenous lenkemia) ...........ooeeeeviiiinnennn. 134
XO/XY Mosaicism [du.ra;,,prmmﬁmutal P ek
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Chapter Three

MORPHOGENESIS

Knowledge of normal morphogenesis may
assist in the interpretation of malformations, and
malformations may assist in the understanding
of normal morphogenesis. Each anomaly must
have a logical mode of development and cause.
When interpreting a malformation the clinician
is looking back to an early stage in development
with which often he has had little acquaintance.
This chapter sets forth some of the phenomena
of morphogenesis and the normal stages in early
human development, followed by the types of
abnormal morphogenesis and the relative timing
of particular malformations.

NORMAL MORPHOGENESIS

PuEnoMENA OF MORPHOGENESIS

The genetic information that guides the
morphogenesis and function of an individual is
all contained within the zvgote. After the first
few cell divisions, differentiation begins to take
place, presumably through activation or inac-
tivation of particular genes, allowing cells to
assume diverse roles. The entire process is pro-
grammed in a timely and sequential order with
little allowance for error, especially in early
morphogenesis.

Although little is known about the funda-
mental processes that control morphogenesis,
it is worthwhile to mention some of the normal
phenomena which occur and examples of each.

Cell Migration. The proper migration of
cells to a predestined location is critical in the
development of many structures. For example,
the germ cells move from the yvolk sac endoderm
to the mesonephric ridge where they interact
with other cells to form the gonad.

Control over Mitotic Rate. The size of par-
ticular structures, as well as their form, is to a
large extent the consequence of control over the
rates of cell division.

Interaction Between Adjacen! Tissues. The
optic cup induces the morphogenesis of the lens
from the overlying ectoderm, the ureteral bud
induces the development of the kidney from the
adjacent metanephric tissue, the notochord is
essential for normal development of the over-
lying neural tissue, and the prechordal meso-
derm is essential for the normal morphogenesis
of the overlving forebrain. These are but a few
examples of the many interactions that are es-
sential features in morphogenesis.

Adhesive Association of Like Cells. In the
development of a structure such as a long bone
the early cells tend to aggregate closely in con-
densations, a membrane comes to surround them,
and only later do they resemble cartilage cells.
The association of like cells is dramatically dem-
onstrated by admixing trypsinized liver and
kidney cells in vitro and observing them to re-
aggregate with their own kind.

Hormonal Influence over Morphogenesis.
Androgen effect is one example of a hormonal
influence over morphogenesis—in this case, that
of the external genitalia. Normally the indi-
vidual with a ¥ chromosome has testosterone
from the fetal testicle which induces enlarge-
ment of the phallus, closure of the labia minoral
folds to form a penile urethra, and fusion of the
labioscrotal folds to form a scrotum. Prior to
eight weeks the genitalia appear female in type
and will remain so unless androgenic hormone
is present.

MNorMAL Staces 1N MoRPHOGENESIS

The general stages in normal morphogenesis
as set forth here are illustrated in Figures 14
to 26. The first week is a period of cell division
without much enlargement, the conceptus being
dependent on the cytoplasm of the ova for most
of its metabolic needs. By seven to eight days
the zona pellucida is gone and the outlying tro-
phoblast cells invade the endometrium and form
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the early placenta which must function both to
nourish the parasitic embryo and to maintain
the pregnancy via its endocrine function. During
this time a relatively small inner cell mass has
become a bilaminar disc of ectoderm and endo-
derm, each with its own fluid-filled cavity, the
amniotic sac and volk sac respectively. By the
end of the second week a small mound, Hensen'’s
node, has developed in the ectoderm, and behind
it a primitive streak forms. The embryo now has
an axis to which further morphogenesis will re-
late. Cells migrate forward from Hensen’s node
between the ectoderm and endoderm to form
an elastic cord, the notochord, which temporar-
ily provides axial support for the embryo as
well as influencing the adjacent morphogenesis.
Ectodermal cells migrate through Hensen's
node and the primitive streak to specific areas
between the ectoderm and endoderm, becoming
the mesoderm. One of the early mesodermal

CHAPTER THREE

derivatives is a circulatory system; during the
third week the heart begins to develop, vascular
channels form in situ, and blood cells are pro-
duced in the yolk sac. By the end of the third
week the heart is pumping, a neural groove has
formed anterior to Henzen's node, the para-axial
mesoderm has begun to be segmented into so-
mites, the anterior and posterior regions of
the embryo have begun to curl under, and the
foregut and hindgut pouches become distinct.
The stage iz now set for the period of major or-
ganogenesis which is best considered in relation
to individual structures.

The morphogenesis of certain structures is
set forth in Figures 27 to 48. As noted in the
illustrations found on the inside front cover and
inside back cover of this book, each stage of de-
velopment represents a synchronous syndrome
af characteristics.
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General Morphogenesis

Figure 14. Twocell stage,
within zona pellucida.

Figure 15, Four to five day blastula stage.

The embryonic cell mass (top) shows the first indi-
cation toward an amniotic space (arrow),
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Figure 17, Fourieen to six-
teen days. The thicker ectoderm
(arrow) has its continuous amniotic
sac, whereas the underlying endo-
derm has its yolk sac. Major changes
will now begin to take place.

CHAPTER THREE

Figure 16, Seven days.
The major part of the conceptus,
the cytotrophoblazt, has in-
vaded the endometrium, and the
embryo (arrow) is differentiating
into two diverse cell lavers, the
ectoderm and endoderm.

Figure 18 Seventeen to
eighteen days. Mesioblast cells
migrate from the ectoderm
through Hensen’s node (the hill-
ock marked by the arrow) and
the primitive streak to specific
locations between the ectoderm
and endoderm, there constitut-
ing the highly versatile meso-
derm. Anterior to Hensen's node
the notochord develops, provid-
ing axial support and influenc-
ing subsequent development
such as that of the overlying
neural plate,
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Figure 19. Twenty-one to twenty-three days, The mid-
axial ectoderm has thickened and formed the neural groove
{arrow), partially influenced by the underlying notochord (N).
Lateral to it the mesoblast has now segmented into somites
18), intermediary mezoderm (IM), and somatopleura and
splanchnopleura as intervening stages toward further dif-
ferentiation. Vascular channels are developing in situ from
mesoderm, blood cells are being produced in the yolk sac wall,
and the early heart is beating. Henceforth development is
extremely rapid with major changes each day.
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Figure 20, Twenty-four days. The fore
part of the embryo is growing rapidly, espe
cially the anterior neural plate. The cardiac
tube, under the developing face (arrowl, is
functional.
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Figure 22. Thirty days. The brain is
rapidly growing and its early cleavage into
bilateral future cerebral hemispheres is evi-
dent in the telencephalic outpouching of the
forebrain (FB). To the right of this is the de-
veloping eve with the cleft optic cup (arrow)
and the early invagination of the future lens
from surface ectoderm. From the somato-
pleura the limb swellingz (L) have developed.
The loozse mesenchyme of the limb bud, inter-
acting with the thickened ectodermal cells at
its tip, carries all the potential for the full
development of the limb, The liver is now
functional and will be a source of blood cells.
The mesonephric duets, formed in the meso-
nephric ridges, communicate to the cloaca
which is beginning to become septated, and
the volk sac is regressing.

CHAPTER THREE

Figure 21. Twenly-six days.
The olfactory placode has begun to
invaginate. Between it and the
mandibular process is the area of
the future mouth, where the buceo-
pharyngeal membrane, with no in-
tervening mesoderm, is breaking
down. Within the recess of the man-
dibular (M) and hyoid (H) processes
the future external auditory canal
will develop (arrow), and dorzal to
it the otic placode () is invaginat-
ing to form the inner ear. The rela-
tively huge heart must pump blood
to the yolk sac and developing pla-
centa as well as to the embryo
proper. Foregut outpouchings and
evaginations will now begin to form
various glandz and the lung and
liver primordia. Foregut and hind-
gut are now clearly delineated from
the yvolk sac. The somites, which
will differentiate into myotomes
(musculature), dermotomes (subecu-
taneous tissuel), and sclerotomes
(vertebrae), are evident on into the
tail, which will gradually regress.




Figure 23, Thirty-six days.
The retina is now F:l:if.trnl:.‘l'l'll'{l.. atill
incompletely closed at its inferior
medial margin. Closure of the lip is
nearly complete. The hillocks of His
are forming the early auricle (ar-
row) from the adjacent borders of
the mandibular and hyoid swell-
ings, The hand plate (H) has formed
with condensation of mesenchyme
into the five finger rays. The lower
limb lags behind the upper limb in
its development. The wventricular
septum is partitioning the heart.
The ureteral bud from the meso-
nephric duct has induced a kidney
from the mesonephric ridge, which
is also forming gonad and adrenal,
Cloacal septation is nearly com-
plete, the infraumbilical mesen-
chyme has filled in all the cloacal
membrane except the urogenital
area, and the genital tubercles are
fused whereas the labioscrotal
swellings are unfuszed. The gut i=
enlongating, and a loop of it may be
seen projecting out into the body
stalk.

Figure 25. Ten week male. The
evelids have developed and fused, not
to reopen until four or five months.
Muszclez are developed and functional,
normal morphogenesis of jointz is de-
pendent on movement, and primary
ossification 15 oocurring in the centers
of developing bones. In the male the
testicle has produced androgen and
masculinized the external genmitalia
with enlargement of the genital tuber-
cle, fusion of the labiozcrotal folds into
a serotum, and closure of the labia
minoral folds to form a penile urethra,
these structures being unchanged in
the female. The testicle does not de-
scend into the scrotum until eight or
nine months,

Figure 24. Forty-one days.
The nose (N) iz relatively flat, and
the external ear (E) iz gradually
shifting in relative position as it
continues to grow and develop. A
neck area 1s now evident, the ante-
rior body wall haz formed, and the
thorax and abdomen are separated
by the transverse septum idia-
phragm), The fingers are now par-
tially separated, and the elbow is
evident. The major period of cardiac
morphogenesis and =zeptation is
complete. The urogenital membrane
has now broken down, vielding a
urethral opening., The phallus and
lateral labioscrotal folds are the
same for both sexes at this age. This
15 the end of the so-called embryvonic
period and the beginning of the fetal
8ra.
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Figure 26, Three and one half month male. The fetus is settling down for the latter two thirds of prenatal
life. The morphogenesis of the lung, largely solid at this point in development, will not have progressed to the
capacity for aerobic exchange for another three to four months. The skin is increasing in thickness, and its ac-
cessory structures are differentiating. The form of the volar surface of the hand and foot, especially the character
of the prominent apical and other padsz, will influence the patterning of parallel dermal ridges which form trans-
versely to the relative lines of growth stress on the palms and soles between 16 and 19 weeks. Subcutaneous tissue
is thin, and adipose tissue does not develop until seven to eight months,
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Examples of Morphogenesis of Specific
Structures

MORPHOGENESIS OF LENS AND EYE

An Example of Induction, Invagination, and Long-Term Differentiation

Figure 27. Twenty-seven days, Optic cup
evagination from forebrain induces overlying "ii_‘;
ectoderm to thicken and begin development 'F?"H"
toward a lens (L). Y S

TR
a g

Figure 28, Twenty-nine days. In-
vagination of lens epithelium (L) into
area of optic cup.

303



Figure 30,  Thirty-six days. Posterior
cellz of lens vesicle have differentiated to become
long, clear lens fiber cells, filling in the vesicle.
Meanwhile the retina is diferentiating and the
posterior layer of the invaginated optic cup is
pigmented,

Figure 28. Thirty-two days The

lens epithelium (L) is now fully invagi-
nated az a hollow vesicle,

Figure 31. Thirty-eight days,
Solid lens. New lens fiber cells (arrows)
will continue to differentiate from the
outer lens epithelial cells until adult
life. Death of these early lens cells will
vield a central cataract. Note the
beginning neuromesodermal organiza-
tion into an irig. Alzo note the hyaloid
vesselz behind the lens, which ocea-
gionally persist and lead to opacity be-
hind the lens.



Figure 32. Thirty-one
days. The ureteral bud (arrow)
from the mesonephric duct (M)
has induced a halo-like conden-
sation of cells from the adjacent
mesonephric ridge.

MORPHOGENESIS OF THE KIDNEY

An Example of Induction, Differentiation, Condensation, and Separation

Figure 33. Thirty-six days. Sue-
cessive branchings of the ureteral bud
have led to a calyceal system, at the

- ends of which further condenszations of

early renal parenchyma have been in-
duced (arrows), Note that the "kidney”
has no limiting membrane from the
surrounding tissue at this stage.
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Figure 35. Eleven weeks. In-

dividual nephron units are more
readily evident in this section. Each © ° .
unit startz as an S-shaped hollow |

vesicle, Within one cup of the S a
j.{]ulma-ruleuﬁ tii.wplnp:a and the other
end elongates, connects with the
arborizing collecting duct of ure-
teral origin, and then continues to
elongate. The distal tubules are
short at this stage and hence the
urine i1s of relatively low camolarity.
New calyeeal branches and nephron
units develop uniil the latter period
of fetal life.

CHAPTER THREF

Figure 34. Thirty-eight
dave. The kidney (K} is now a
separate  organ  structure, in
close association with the other
glands of mezonephric origin: the
adrenal (A) and smaller gonad
iG) with its associated meso-
nephros nephron-like units, the
only rezidua of which will he
parts of the epididymis (E).

PN



LIMB MORPHOGENESIS

An Example of in Situ Condensation, Differentiation, Separation, and Genetic
Determination of Form

Frgure 36, Twenty-eight
days. Early limb buds (L) with
loose, undifferentiated mesen-
chyme. Mote the condensations
of myotome cells (M) dorsal to
the limb buds. These will form
gkeletal musculature other than
~ that of the limb, which will dif-
ferentiate in situ, Note also the
mesonephric ridge (MR), with its
transient nephron-like elements.

g o 0

=l

Figure 37. Thirty-one days.
Nerve axon trunks (N move out
into condensing mesenchyme. Ecto-
dermal eells at the tip of the limb
bud are thickened. These cells exert
an important interacting role with
the mezenchyme in the guidance of
morphogenesis of the limb. Mote
alzo 1) wvertebral body (V) now
formed, but as yet no spinous proc-
esses; (2) esophagus (E) in the
center with main bronchi and un-
differentiated early lung tissue (L),
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Figure 3%. Thirty-eight days.
Humerus (H) and scapula (S). Note
how the general form of bone is set,
that joint morphogenesis (arrow)
occurs secondarily, and that as
differentiation progresses the struc-
tures become more sharply deline-
ated from surrounding tissues.

Figure 38. Thirty-six
days. Mesenchyme has con-
densed into distinctive hones (B)
and muscles (M). Note also the
heart (H) and liver (L),

Figure 40. A, Forty-seven
days. Humerus and shoulder,
Solid cartilaginous humerus,
clearly demarcated shoulder
joint (arrow), and differentiated
functional muscle. B, Fifty-one
days. Invasion of bone from with-
out (arrows) will develop marrow
cavities for blood cell production.
Frimary ossification will be oc-
curring in the near future, Note
also the early developing hair
follicles (H),



THYROID MORPHOGENESIS

An Example n_:F Ou!p?ur:hiug, Migration of a Mass of Cells, and
Differentiation Toward Follicular Form

Figure 41, Twenty-six days.
Thyroid invagination (T) from floor
of foregut just at the time of break-
down of the buccopharyngeal mem-
brane (arrow),

eatt Tl b £ (1 ot
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Figure 42, Twenty-nine
days. The thyroid (T} has become
an irregular =olid structure,
about to detach from itz site of
origin, which has now come to be
the posterior tongue in this
asymmetric coronal section.
Note the immediate proximity to
the underlying heart.
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Figure 44. Eleven weeks.
Now a well developed gland, the
thyroid cells have begun to or-
ganize as groups and develop
follicles {arrows). The thyroid is
functional from at least this age.
Note the associated parathyroid
rlands.

CHAPTER THREE

Figure 43. Thirty-six
davs. The thyroid (T) has now
reached its usual locale at either
side of the trachea with a strad-
dling isthmus of thyroid ante-
rior to the trachea. [t is still a
=olid tissue.




PITUITARY MORPHOGENESIS

An Example of Ecagination from Endoderm and Neural Ectoderm, and Differentiation

Figure 45. Thirty-two
days. Rathke's pouch (K) evagi-
nates from the roof of the phar-
ynx to meet the base of the
hyvpothalamus (H).

Figure 46, Thirty-six days,
A, Rathke's pouch (R} becomes a
vesicle. B, Slightly posterior, an out-
pouching oceurs from the base of
the hypothalamus (H) to become
the neurchypophysis (NH), which
indents Rathke's vesicle (R), this
section being through the posterior
margins of the indented wvesicle.
Mote the early condenzation of mes-
enchyme which will eventually
form the base of the skull
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Figure 48. Eleven weeks. Cross sec-
tion through the pituitary. The adenohypo-
physis (AH) has now organized into discrete
groups of cells, the neurohypophysis (NH)
may be noted posteriorly, and the clinoid
processes (C) are now cartilaginous.

CHAPTER THREE

Figure 47. Thirty-eight days. Sagittal
section showing obliterating tract of Rathke's
outpouching with differentiation from the
wall of Rathke's wvesicle giving the early
adenchypophysis (AH). The neurohypophysis
(MH) iz still represented by the simple out-
pouching from the floor of the hypothalamus.
Note the progression in skeletal condensation
of mezenchyme with a lack of clinoid proceszes
at this time.

Incidentally, the pituitary marks the
anterior level of extension of the notochord,
and anterior to the hypophysis is the area into
which the prechordal mesoderm has mi-
grated.

S



MORPHOGENESIS

ABNORMAL MORPHOGENESIS

Tvres oF ApNorRMAL MORPHOGENESIS

Structural anomalies can be divided crudely
into several categories, each having somewhat
different implications as to the type of error
which oceurred during morphogenesis.

Incomplete Morphogenesis. These are
anomalies which represent incomplete stages in
the development of a structure; they include the
following subcategories, with one example listed
for each:

Lack of development: renal agenesis second-
ary to failure of ureter formation.

Hypoplasia: micrognathia.

Incomplete separation: syndactyly (cutane-
Ous ).

Incomplete closure: cleft palate.

Incomplete septation: ventricular septal de-
fect.

Incomplete migration of mesoderm: ex-
strophy of bladder.

Incomplete rotation: malrotation of the gut.

Incomplete resolution of early form: Meckel's
diverticulum.

Persistence of earlier location: cryptorchid-
ism.

Aberrant Form. An occasional anomaly
may be interpreted as an aberrant form which
never exists in any stage of normal morphogene-
sis. An example is the pelvic spur in the Nail-
Patella syndrome. Such an anomaly may be
more specific for a particular clinical syndrome
entity than anomalies of incomplete morpho-
genesis,

Accessory Tissne. Accessory tissue —such
as polydactyly, preauricular skin tags, and ac-
cessory spleens—all may be presumed to have
been initiated around the same time as the nor-
mal tissue such as finger rays, auricular hillocks
of His, and spleen, respectively.

Hamartomata. These anomalies represent
an organizational defect leading to an abnormal
admixture of tissues, often with a tumor-like
excess of one or nfore tissues. Some have malig-
nant potential. Examples of hamartomata are
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hemangiomata, melanomata, fibromata, lipo-
mata, adenomata, and some strange admixtures
that defy traditional classification.

Functional Defects. As an example, fune-
tion is a necessary feature in joint development,
and hence joint contractures such as club foot
may result from functional deficit in use of the
lower limb. Another potential clue toward de-
fects of function of the limb may be derived from
observing the creases of the hand. Creases on
the palm or surface of the hand develop at planes
of flexion of the early hand, and an anomaly such
as early finger contracture (camptodactyly) will
usually result in a lack of a crease at the non-
functioning joint.

ReLaTivE TiMiNG oF MALFORMATIONS

Malformations resulting from incomplete
morphogenesis usually have their origin prior
to the time when normal development would
have proceeded beyond the form represented by
the malformation. This type of developmental
timing should not be construed as indicating
that something happened at a particular time;
all one can say is that a problem existed prior to
a particular time.

Serious errors in early morphogenesis sel-
dom allow for survival; hence only a few mal-
formation problems are seen which can be said
to have occurred prior to 23 days. Conjoined
twins represent a partial to complete duplication
of Hensen's node, the primitive streak, or both,
and hence must have been initiated prior to 16
days. The cyclopia-cebocephaly type defect and
the sirenomelia-sympodia type defect appear to
be the consequence of defects in prechordal and
postaxial mesoderm respectively, and presum-
ably developed prior to 23 dayvs. Aside from these
examples, the vast majority of serious malforma-
tions represent errors that occur after three
weeks of development.

Table 1 sets forth the relative timing as
well as the presumed developmental error for
some of the malformations which appear to
represent incomplete stages in morphogenesis.
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Chapter Four

GENETICS AND GENETIC
COUNSELING

relative to single primary defects and
dysmorphic syndromes of multiple

primary defect

The basic process of morphogenesis is genet-
ically controlled, being dependent on the en-
vironment for full expression of the genetic
potential.

Judging from the malformation problems
for which a mode of etiology has been strongly
indicated, the major cause is genetic aberration.
There are three general genetic modes of deter-
mination for abnormal morphogenesis: polygenic
determination, mutant genes in single or double
dose, and gross genetic imblance due to a chromo-
somal abnormality. These are considered sepa-
rately as they relate to problems of malformation,
especially multiple defect syndromes. Recom-
mended genetic counsel is presented at the end
of each section.

POLYGENIC INHERITANCE AS A MAJOR
FACTOR IN THE ETIOLOGY OF
COMMON SINGLE PRIMARY
MALFORMATIONS

Much of the usual variability among indi-
viduals as well as many common disorders within
a species may be ascribed to minor differences in
a number of gene loci involved in the determina-
tion of a particular characteristic. A polygeni-
cally determined abnormality is herein defined
as one that is predominantly the consequence
of minor differences at many gene loci, no one
of which may be held fully responsible for the
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abnormality. Obviously it is difficult to prove
polygenic inheritance, but present evidence in
the human indicates that this is the major mode
in the etiology of many of the single localized
defects in morphogenesis, namely, cleft lip and
palate, cleft palate alone, pyloric stenosis, con-
genital dislocation of the hip, club foot, and the
anencephaly-meningomyelocele type of anomaly
idefects of neural tube closure). These anomalies
account for about 47 per cent of the babies with
obvious malformations in early infancy. The
following indirect evidence for polygenic in-
heritance for the single common defects comes
predominantly from the work of Carter' and has
recently been summarized by Smith and Aase?®

Frequency of the Defect in Relatives

The frequency of recurrence for the same
type of defeet in offspring from unaffected parents
ranges from 2 to 5 per cent (Table 2), 20 to 40
times the general frequency within that pop-
ulation group. The collected data are not com-
patible with autosomal dominant or recessive
inheritance.

Concordance in Twins

The question asked in these surveys is the
following: if one twin has a defect, with what fre-
quency does the other twin have the same type
of defect? If both twins have the defect, they are
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concordant for that anomaly; if one twin has the
defect and the other does not, they are noncon-
cordant. These surveys include all the previously
mentioned defects except those of neural tube
closure. The incidence of concordance in non-
identical twins is of similar magnitude to that
of siblings born of separate pregnancies and
thereby gives no evidence toward a major en-
vironmental etiology for these defects. The fre-
quency of concordance in identical twin sets is
four to eight times the incidence in nonidentical
twins, providing evidence for genetic factors in
the etiology. Yet the highest concordance rate
in identical twin sets, 40 per cent for cleft lip
with or without cleft palate, amply demonstrates
that given the same genetic background and
similar intrauterine environment, the majority
of identical twin sets are not concordant for these
defects. This fact emphasizes the subtlety of the
phenomena involved in the developmental pa-
thology of these malformations.

Influence of Genetic Background

Sex. The difference between the XX and
the XY genetic background is one major genetic
difference that has an appreciable effect on the
occurrence of these major malformations, no one
of which has an equal sex incidence (Fig. 49).
Considering a malformation such as pyloric ste-
nosis for which genes on the X and/or Y chro-
mosome play an especially large role, it is
worthwhile to view recurrence risks in relation
to the sex of the individual (Table 2).

These sex differences provide cogent evi-
dence for polygenic inheritance. Taking the
example of pyloric stenosis, Carter' reasoned
as follows: if it takes more genetic factors to
give rise to this anomaly in the female, then the
affected female should pass on more of these
genetic factors to her offspring, who would have
a higher frequency of pyloric stenosis than would
offspring of affected males. This is precisely what
Carter found, the incidence of pyloric stenosis
from affected mothers being four times as high
as the incidence from affected fathers (24 per
cent vs. 6 perwcent). This is the type of quanti-
tative effect that would be expected with poly-
genic inheritance.
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Figure 49, Relative sex incidence of single oo
mon malformations,
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Race. Numerous subtle genetic differences
exist among racial groups. Persistent genetic
isolation increases the differences between
groups, and genetic admixture obviously lessens
these differences.

The types of minor genetic differences hy-
pothesized as being the predominant cause for
the foregoing malformations would presumably
differ among racial groups. Therefore the inci-
dence of these anomalies would show racial vari-
ance. This is precisely what has been found, there
being variability for the types of single malforma-
tion among racial groups (Fig. 50).*

Among particular racial groups or sub-
groups the incidence of a particular anomaly
may be relatively high. For example, severe club
foot is a more frequent anomaly among Poly-
nesians than Chinese. The racial make-up in
Hawaii provided Chung' the opportunity to de-
termine the effects of racial admixture on the
occurrence of this anomaly, as noted in Figure 51.
These findings are compatible with a polygenic
mode of determination for club foot in the Ha-
waiians, with dramatic reduction in the inci-
dence of the defect following admixture with
Chinese.

Another similar example is polvdactyly as
studied in Sao Paulo. The incidence of the defect
was 0.7 per cent in Negroes, (.24 per cent among
the Caucasians, and 0.52 per cent among the
mulatto racial admixture.®

Variation in Recurrence Risk in
Relation to Severity of Malformation

In accordance with the hypothesis of poly-
genic inheritance for the foregoing anomalies,
the more severe the degree of malformation, the
greater the adverse genetic influences involved
and thereby the greater the chance for recur-
rence from the same parentage. Carter' has
obtained some preliminary data which support
this hypothesis. The risk for recurrence in sub-
sequent children when an offspring has a bi-
lateral cleft lip and palate is 5.7 per cent, as
contrasted to a 2.5 per cent recurrence risk when
the offspring has only a unilateral cleft lip.

EvipEncE For PoLycEnic MoDE oF
DETERMINATION FOR INDIVIDUALS WITH A SINGLE
CommMonN MALFORMATION

Recurrence risk data among relatives of an
individual with a single common malformation
are compatible with a polygenic mode of deter-
mination and not with usual mendelian domi-
nant or recessive inheritance. The data from
twin studies indicate a genetic etiology with
a very subtle end point in the development of
a single malformation, so subtle that unrecog-
nized chance factors apparently are important.
The genetic factors involved are apparently
numerous and genes on the sex chromosomes
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play a role, no common malformation having
an equal sex incidence. Racial differences also
have a major influence on the incidence of a given
common anomaly, with racial admixture altering
the incidence of particular defects toward a
median incidence between those for the respec-
tive racial groups. Further evidence of quantita-
tive inheritance is derived from the ohservation
that the risk for recurrence is greater when the
degree of anomaly is more severe. Taken together
and in context these data support polygenic in-
heritance as the most prevalent mode of deter-
mination of common single malformations. It is
quite significant that the recurrence risk for
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normal parents who have one affected child is so
similar for each of these structural defects, in
the range of one in 30 to one in 20,

It is not presently possible to transpose these
data for common single malformations to the
less common single defects, such as some of those
presented in Chapter One. However, it is inter-
esting to note that unequal sex occurrence is
also a feature of these disorders, which are usu-
ally sporadic occurrences in a family with occa-
sional instances of recurrence. Much more data
are needed for each of these rare single defects
before we can state recurrence risks or imply
that they also appear to have a polygenic basis.

Figure 51. Relative incidence of severe cluhb
foot italipes equinovarus) among various racial groups
and combinations in Hawaii. iCourtesy of C. 5. Chung,
University of Hawaii. )
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ENVIRONMENTAL FACTORS AND SINGLE
MALFORMATIONS

Environmental influences can play a role
in determination of these malformations. How-
ever, the fact that the concordance rate for non-
identical twins is of similar magnitude to the
recurrence rate for siblings born of separate preg-
nancies gives little indication of environmental
factors having the major role in etiology. This
latter statement cannot be applied to the anen-
cephaly-meningomyelocele type of anomaly, be-
cause adequate twin data are not yet available
for this defect. Some indications of environmen-
tal effects have been observed in Scotland and
England in studies of anencephaly-meningo-
myelocele families, namely, seasonal variability®
and social class differences.” However, no sig-
nificant seasonal variability was noted for these
defects in Rhode Island,” and no social class dif-
ferences were noted in Lebanon.” Birth order
influences have also been noted, congenital dis-
location of the hip and pylorie stenosis being
more likely to oceur in first born.!

The genetic background may have a pro-
found influence on the likelihood of a given en-
vironmental teratogen causing malformation.
For example, Fraser'" could regularly produce
cleft palate in mouse embryos of the A/Jax strain
by giving the mothers a high dosage of cortisone
during early gestation, but the same treatment
in a different strain gave rise to only 17 per cent
affected offspring.

The search for environmental factors that
can allow for expression of a single malformation
obviously should continue. However, it should
be appreciated that present evidence indicates
a subtle polygenic mode as the predominant basis
for the more common single defects. Further-
more, just as the polygenic mode implies multiple
minor genetic differences that are difficult to
individualize, so environmental factors are likely
to be multiple and subtle in character. The total
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factors combine to approach the subtle thresh-
old for a particular defect in morphogenesis, a
threshold predominantly set by the genetic
makeup of the individual,

Counsel for Single Primary Defects for
Which Polygenic Inheritance Has Been
Indicated

1. Explain the developmental pathology of
the defect so that the parents can appreciate
that there was only a single localized defect in
the early development of their child. Then dis-
cuss the management and prognosis for the child.
When the single defect is of the type which—
with repair—need not interfere with the social
acceptance or function of the child, it is often
helpful to tell the parents that the child is nor-
mal. For example, given a child with isolated
cleft lip. the parents may be told, "Your child is
normal; the lip did not close completely, and
therefore we shall have a plastic surgeon bring
about the closure.” The purpose of this approach
is to assist in the parental acceptance of the child
by not branding the whole child as malformed,
but localizing the defect to what it actually
represents in an anatomical and functional sense,

2. Explain that the localized problem in de-
velopment must have occurred prior fo a par-
ticular time in gestation, and reassure the
parents that it was not related to any factor after
that time.

3. Ask the parents if they have any ideas
concerning the cause of the malformation. Most
of the parental concerns relative to etiology can
be dispelled.

4. Explain that morphogenesis is a geneti-
cally determined process in which numerous
genes play a role, as a team, in the development
of a given structure. Then indicate that the "set
of genes” derived from both parents did not allow
for full normal development of the particular
structure leading to the malformation. Indicate

Table 2. Empiric Recurrence Risk Data for Some Common Single Malformations®

[ GIVEN — UNAFFECTED PARENTS GIVEN — AFFECTED ADULT
WITH ONE AFFECTED OFFSPRING

RISK FOR RISK OF
SUBSEQUENT OFFSPRING: AFFECTED OFFSPRING:

Cleft lip with or without cleft palate 4.9% 4.8%
Cleft palate alone 2 0% 6. 05
Club foot 28 ?
Anencephaly® 3.4%
Meningomyelocele® 4. B%

Fae ; e Brothers — 0.56% -
Diglocation of hip g Sisters —6.3% '
Pyloric stenosis 3. 95 Brothers — 4.0% Affected father—4.6%

; : Sisters— 2.4% Affected mother — 16.2%

*The recurrence risk for anencephaly and for meningomyelocele includes about an equal risk for either
defect, because these anomalies seem linked etiologically as defects in neural tube closure,
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how subtle the end point is, toward normal or
malformation, for such single defects.

5. Indicate to the parents that the likelihood
of a subsequent offspring having a similar set
of genes allowing for a similar malformation 1s
of low magnitude, 5 per cent or less for the single
common defects. In giving this counsel the risk
figures may be mildly inereased when the defect
iz severe in degree and decreased when the anom-
aly is mild in degree. The risk figures may be
separately stated for the sex of the offspring,
especially for pyloric stenosis and congenital
dislocation of the hip. If two offspring are affected,
the risk for subsequent offspring being affected is
two- to threefold greater than the previously
mentioned figure, around 10 to 15 per cent. The
risk of an affected individual having affected
offspring is of similar magnitude to that of the
sibling recurrence risk, around five per cent.

Note: This counsel is obviously erude, being
based on indirect evidence and empiric data.
Howewver, to the author it seems the most appro-
priate at our present state of knowledge and is
thereby preferable to not giving the parents any
perspective on etiology and recurrence risk.
Hopefully future knowledge will allow for more
precise counseling relative to individuals with
a single localized malformation.

MENDELIAN TYPE INHERITANCE OF
MUTANT GENES

The genes are contained as a part of the
chromosomes. Those genes located in the X chro-
mosome are referred to as X-linked genes and
those on the autosomes (the non-sex chromo-
somes) as autosomal-linked genes.

Man is a diploid organism with two sets of
chromosomes, one set being derived from each
parent. Each pair of chromosomes will have com-
parable gene determinants located at the same
position on each chromosome of the pair. The
pair of genes may be referred to as allefes, or
partners, which normally work together. Thus,
with the exception of the genes of the X and Y
chromosomes in the male, each genetic deter-
minant is present in fiwo doses, one from each
parent. A mutant gene indicates a changed gene.
A major mutant gene is herein defined as a ge-
netic determinant which has been changed in
such a way that it can give rise to an abnormal
characteristic. If a mutant gene in single dose
gives rise to an abnormal characteristic despite
the presence of a normal allele (partner), then it
may be referred to as dominant because it causes
abnormality even when counterbalanced by a
normal gene partner. A mutant gene which only
causes an abnormal characteristic when present
in double dosage (or single dosage without a
normal partner, as for an X-linked mutant gene
in the male) is referred to as recessive. There
are gradations from a mutant gene that always
causes an abnormal characteristic in single dos-
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age (dominant), to one that occasionally causes
some abnormality in single dosage (semidomi-
nant), and one that never causes an evident alter-
ation except when present in double dosage
(recessive),

Expression is a term used to indicate the ex-
tent of abnormality that is due to a genetic aber-
ration. The expression may be stated as severe,
usual, mild, or no expression, the latter being
synonymous with lack of penetrance in an in-
dividual who has the genetic aberration. In-
dividuals with the same genetic aberration
frequently show variance in expression, espe-
cially with respect to malformations.

Traditionally, the mutant gene disorders
have been categorized into those due to genes
located on the autosomes — autosomal dominant
and autosomal recessive—and disorders due to
genes on the X-chromosome — X-linked recessive
and X-linked dominant.

AvrosoMal DoMiNanT —SIiNGLE Dosg
AvtosoMaL MutanT GENE DISORDERS

Autosomal dominant disorders often show
wide wvariation in expression among affected
individuals, presumably because of minor dif-
ferences in the normal allele (partner) of the
mutant gene as well as other differences in the
genetic or environmental background of the af-
fected individual. Figure 52 demonstrates the
variance in expression for an autosomal domi-
nant disorder, ectrodactyly. The risk of the single
mutant gene being passed to a given offspring is
50 per cent, yet the risk of a severe defect of hand
development is less than 50 per cent because of
variance in expression. To utilize the example
of Waardenburg's syndrome, the risk of inherit-
ance of the mutant gene from an affected indi-
vidual is 50 per cent, yvet only about 20 per cent
of affected individuals have deafness, the most
disturbing expression of the syndrome. Hence
the risk for deafness in offspring of a parent with
Waardenburg's syndrome is the risk of receiving
the mutant gene (50 per cent) times the likeli-
hood of expression for deafness in the disorder
(20 per cent), or 10 per cent. This dichotomy be-
tween the risk of receiving the gene and the risk
of a particular expression of the disorder in in-
dividuals with the mutant gene must be utilized
in counseling, especially for autosomal dominant
disorders.

The first question to ask oneself after mak-
ing the clinical diagnosis of an autosomal single
mutant gene disorder is: "When did the gene
mutation occur?” If the disorder is one which
always shows some expression and the parents
are quite normal, then this may be presumed to
be a fresh gene mutation which happened in one
of the germ cells that went to form the conceptus
and thereby is present in all the cells of the re-
sulting individual. The parents of a child who
represents a fresh gene mutation therefore have
a negligible risk for recurrence. Actually a high
proportion of individuals with autosomal domi-
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Figure 52,
viduals. Note also the intra-individual asymmetry of expression in the propositus (arrow). (From Smith, D. W.:
J. Pediat., 69:1150, 1966.)

nant patterns of malformation represent fresh
gene mutations. Since the affected individuals
often have limited capability of reproduction,
the majority of cases seen are fresh mutations.
For some conditions such as Apert’s syndrome
there have been only a few reported cases of off-
spring from affected individuals, but these dem-
onstrated the autosomal dominant inheritance.
Some of the sporadic syndromes of unknown eti-
ology may also be single gene mutations, but lack
of reproduction prevents a testing of the hypoth-
esis. Fresh gene mutation appears to be more
likely at older paternal age. Hence paternal age
should always be noted in the evaluation of dis-
orders which may be the consequence of a single
mutant gene.

Counseling in Autosomal Dominant
Disorders (Utilize Fig. 53)

1. Examine the parents and siblings and oc-
casionally other relatives to determine whether
any of them show features of the disorder in
question. If neither parent shows any expression
of an autosomal dominant disorder, which always
shows some effect on the individual, the parents
may be told, "A single gene was altered in one
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Variation in expression for autozomal dominant ectrodactyly among various related indi-

of the germ cells prior to the development of the
child. This event is extremely unlikely to happen
again, and therefore your risk for further affected
children is negligible.” They should also be re-
assured that relatives need have no concern of
having affected children.

2. The risk for an affected individual having
an affected child is 50 per cent for each offspring.
When possible, be acquainted with the frequency
of various features in affected individuals so as
to relate not only the risk of a given offspring
receiving the mutant gene but also the likelihood
of any particular defect occurring.

3. Explain, when feasible, the developmen-
tal pathology and how all the aspects of altered
development are secondary to the effects of the
single altered gene. Outline the natural history
of the condition and the management for the
child.

AUTOSOMAL RECESSIVE — DoUBLE [DoseE (Pair)
AvrosoMmal Murtant GENgE DISoRDERS

Autosomal recessive disorders generally
have less variation in expression than do auto-



somal dominant syndromes. Possibly this is be-
cause both genes of a pair are mutant, and there-
fore there is neo normal partner gene to carry
on the function of that particular gene. The in-
heritance is from clinically normal parents who
hoth have the same recessive mutant gene in
single dose, the risk of which is obviously en-
hanced if the parents are related. Hence con-
sanguinity should always be asked about in
disorders known to be autosomal recessive as
well as when evaluating unknown syndromes of
questionable cause.

The recurrence risk from the same parentage
is 25 per cent for each subsequent offspring. The
genes involved in the autosomal recessive pat-
terns of malformation are relatively rare in the
population, and therefore the parents may be
reassured that there is little risk of other rela-
tives or their normal children having affected
offspring. This would not hold true for an inbred
population group.

Counsel for Autosomal Recessive
Disorders (Utilize Fig. 54)

1. Explain that the child has one pair of
altered genes and that the disturbance in de-
velopment is caused by that pair of altered genes.
Outline the natural history and management for
the child.

2. Explain to the parents that most indi-
viduals have several altered genes that cause
no problem because each is counterbalanced by
its normal gene partner. They happen to have
one altered gene in common, and the chance of
any given offspring receiving both of these al-
tered genes and being affected is 25 per cent for
each pregnancy.

3. Explain that the chance of their normal
children having a single altered gene (carrier)
is two out of three, but since the chance of ran-
domly marrying another carrier is very small
their risk of having affected children should be
very small. The general risk of any unaffected
relative having an affected child may be cal-
culated, as set forth in Figure 54.

X-Linkep REcessive — SinGLE Dosg X-LINKED
MuranT GENE, EXPRESSED 1N THE MALE

The X-linked genes in the XY male are
present in but a single dose with no allele in the
male, and hence the full recessive disorder is
expressed with but a single mutant gene. The
frequency of X-linked recessive disease in the
male is thereby a direct reflection of the fre-
quency of X-linked recessive genes per X chro-
mosomes in the population. The chance of an XX
female having a pair of such X-linked recessive
genes and expressing the same disorder as the
male is very small. Hence the following precepts
are the important ones in detecting X-linked
recessive inheritance:

CHarTER Four

1. With rare exception only males are af-
fected and the transmission is through unaffected
heterozygous (carrier) females.

2. There is no male to male transmission.

X-linked recessive disorders in the male,
especially the more severe ones, may represent
a fresh gene mutation. These disorders present
a problem in trying to determine at what level
the gene mutation arose, for it could he in
the patient alone, or in the mother, or even
back one or two generations and silently passed
through carrier females. For some X-linked
disorders this dilemma can be solved by demon-
strating the presence or absence of a hetero-
zygous (ecarrier) subclinical expression in the
females in question. Such observations can also
be of value in determining whether any related
female at risk is a carrier or not.

Counsel for X-Linked Recessive
Disorders (Utilize Fig. 55)

1. First, try to determine by family pedigree
evaluation, or observation of heterozygous ex-
pression, whether the mother is a carrier or not.

2. Explain the X-linked single mutant gene
and how it caused trouble because the male has
no normal partner gene to counter the mutant
gene. Then relate the natural history and man-
agement for the boy.

3. If the mother is a carrier she may be told
that there is a 50 per cent risk of any future male
being affected; that all daughters will be normal
with a 50 per cent risk of being a carrier; that
normal sons cannot transmit the disorder; and
that affected sons would have normal sons who
cannot transmit the disease, and all their daugh-
ters would be unaffected carriers.

4. If the mother 18 not a carrier, then the
risk for recurrence from the mother is negligible
and the affected bov's risk is as listed above.

X-Linkep DoMINANT

X-linked single gene dominant disorders
show expression in the XX female, usually with
a more severe effect in the XY male. This type
of inheritance is most commonly confused with
autosomal dominant inheritance from which it
may be discriminated in the following ways:

1. There is usually a more severe expression
in affected males.

2. Affected males have normal sons (no male
to male transmission) and all their daughters
are affected.

The counseling iz the same as for X-linked
recessive except that all carrier females are af-
fected (utilize Fig. 56).

SiNGLE MuranT GENE WITH SEX
LaMiTaTion

Several disorders, such as the oral-facial-
digital syndrome, are found almost exclusively



GENETICS AND GENETIC COUNSELING

in females and apparently cause early lethality
in the affected male because there is a 50 per cent
deficiency in gons as compared to daughters from
affected females, with about 50 per cent of the
daughters and none of the sons being affected.
At present it has not been possible to determine
whether this disorder is an X-linked dominant
with early lethality in the male or an autosomal
dominant which has a lethal effect in the male.

Genetic Counseling for a Single Mutant
Gene Defect with Presumed Early
Lethality in the Affected Male (Utilize
Fig. 57)

1. Explain that this is due to a single altered
gene and discuss the natural history and man-
agement.

2, Examine the parents, especially the
mother. If they are quite normal, assume a fresh
gene mutation with a negligible recurrence risk.

3. If the mother is affected, then her risk
would be one in three for a normal male, one in
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three F::-rl ?n afl;‘ected female, and one in three for
a normal female. The same risks would apply for
any affected female, i

CHARTS FOR GENETIC COUNSEL
REGARDING MUTANT GENE
DISORDERS

: Figures 53 to 57 are designed to be of as-
sistance 1n providing genetic counsel. The fol-
lowing chart summarizes the genetic aberrations
and sets forth the system utilized in the ensuing
figures. The pair of genes under consideration
are depicted in their usual situation, as loei on
a pair of chromosomes, only one of which will
go to a given offspring. The normal gene is a dot,
the mutant dominant gene is a full bar, and the
mutant recessive gene is depicted as a triangular
wedge. The male is the large square, the female
15 a circle, and the affected individual is marked
by diagonal lines. The dashed lines lead to the
risk figures for future offspring. These charts
have been designed for use in genetic counseling.

MENDELIAN INHERITANCE, WITH DESIGNATIONS
10 BE UtiLizEDp v THE FoLLowing FiGures

Mormal

Dominant

Heterozygous
Recessive

Homozygous =

Recessive

¥-linked
Recessive

w(eDD x> @ Ay A )

GO < 0D =0 OO O &=O

Except for the XY, there is a pair of genes for each function,
located at the same loci on sister chromosomes. One pair of
normal genes is represented as dots on a homologous pair of
chromosomes.

A single mutant (changed) gene is dominant if it causes an
evident abnormality. The chance of inheritance of the mutant
gene (M) is the same as the chance of inheriting a particular
chromosome of the pair: 50 per cent.

A single mutant gene is recessive (B if it causes no evident
abnormality, the function being well covered by the normal
partner gene (allele). Such an individual may be referred to
as a heterozygous carrier.

When both genes are a recessive mutant (B ), the abnormal
effect is expressed. The parents are generally carriers, and
their risk of having another affected offspring is the chance
of receiving the mutant from one parent (50 per cent) times
the chance from the other parent (50 per cent), or 25 per cent
for each offspring.

An X-linked recessive will be expressed in the male because
he has no normal partner gene. His daughters, receiving the X,
will all be carriers, and his sons, receiving the Y, will all be
normal,

An X-linked recessive will not show overt expression in the
female because at least part of her "active” X's will contain
the normal gene. The risk for affected sons and carrier daugh-
ters will each be 50 per cent.

(Text continues on page 329)
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AUTOSOMAL RECESSIVE
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GENETICS AND GENETIC COUNSELING

GENETIC IMBALANCE DUE TO GROSS
CHROMOSOMAL ABNOERMALITIES

The 46 normal chromosomes consist of 22
homologous pairs of autosomes plus the XX pair
of sex chromosomes in the female and the XY in
the male. Normal development is not only de-
pendent on the genic content of these chromo-
somes, but on the gene balance as well. The
genetic balance of cells is dependent on the in-
tegrity of the chromosomes and on their proper
distribution at the time of cell division. During
meiotic reduction division (Fig. 58) one of each
pair of autosomes and one of the sex chromosomes
are distributed randomly to each daughter cell,
whereas during mitosis (Fig. 59) each replicated
chromosome is separated longitudinally at the
centromere such that each daughter cell receives
an identical complement of genetic material.

Figure 60 shows the natural appearance of
stained chromosomes at early, mid, and late
stages of mitosis. [t would obviously be difficult
to count these chromosomes or to distinguish their
individual structure from such preparations.
In order to obtain adequate preparations for the
study of chromosome number and morphology
the cultured cells are treated with a toxic agent
such as colchicine which blocks the spindle for-
mation and thus leads to the accumulation of
cells at the metaphase of mitosis. These cells
are then exposed to a hypotonic solution that
spreads the unattached chromosomes, allowing
for such preparations as that shown in Figure 61.

Abnormal morphogenesis may result from
genetic imbalance. Figure 62 illustrates some
of the types of chromosomal abnormalities which
can lead to gross genetic imbalance.
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Chromosomal maldistribution at cell divi-
sion is the most common type: in fact it appears
to be the most prevalent serious genetic event
oceurring in man. At least 3 per cent of concep-
tuses have an altered number of chromosomes,
principally one too many or one too few, col-
lectively referred to as aneuploidy. The majority
of these genetic imbalances do not allow for
normal morphogenesis and result in early demize
of the conceptus. For example, about 25 per cent
of embryos spontaneously aborted have an ab-
normal number of chromosomes. Only a few of
the gross genetic imbalances allow for prenatal
survival, the frequency in the newborn being
about 0.5 per cent. These are generally aneu-
ploidy with one chromosome too many. An extra
gex chromosome is the most common aneuploidy,
at least partially because these aneuploidies
give rise to the least disturbance in morphogene-
sis. The XYY, XXY, or XXX individual usually
appears quite normal at the time of birth. The
XYY individual may become relatively tall and
may have aberrant agpressive behavior: the
XXY male may be mentally dull, may have
aberrant behavior, and usually has primary
hypogonadism with infertility and inadequate
androgen production; the XXX female seldom
shows any apparent expression.

Only three autosomal trisomies have been
discovered which allow for prenatal survival.
Each results in a recognizable pattern of multiple
malformations, demonstrating that unrelated
individuals with the same type of genetic im-
balance tend to have a similar disturbance in
morphogenesis. The least affected of these are
those with an extra 21 chromosome which gives
rise to Down's syndrome, the most frequent mal-

MEIOTIC REDUCTION DIVISION in development of gametes (sex cells)
One pair of 2| chromosomes is followed through the cyele

Gonial cell of
owary or lashcle
(46 chromosomes)

Gearm cells-1o-be hove
ong chromosome
from each pair

{23 chromosomes)

Parts of
e chromosomes
pariners pair exchanged

[erassing ower)

Chromosome
pairs attoch to
spindle fiber

One chromosome of
each pair is “pulled”
to an opposite end;
No division of the
centromere

Figure 55,
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USUAL CELL CYCLE
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Figure 60. Chromosomes of untreated mitotic cells. A, Prophase cell. B, Metaphase cell with chromosomes
attached to the spindle fibers and beginning to separate. €, Anaphase cell, with identical chromosomal comple-
ments having been "pulled apart™ toward the development of two daughter cells.
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CHaprrER Four

TYPES OF CHROMOSOMAL ABNORMALITIES

LEADING TO GENETIC

IMBALANCE

Chrgmosomal Maldistribution:

Trisomy = extra set ofgenes

i

Error
n
Assort ment
Monosomy = missing a set of
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lost

o8

Deletion l'_-aa- ‘ Partial Monosomy = missing a
partial set of
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Ipst
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Breakage . D“E"‘:Iar?‘m” chromosome now
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L W part is missing
V151 i "
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3“:;’“"“"_5";:5.2{%_ / Duplication extra long
i T Deficiency = arm, missing
: lsochromosome  short arm
]
usual p1ar1cqf_
cantromers division
at mitosis
Figure 62,

formation problem in the human with an inci-
dence of about ome in 650 newborn infants.
Judging from findings in the products of spon-
taneous abortion, the majority of 18 trisomy
and 13 trisomy individuals do not survive the
prenatal period. Those who do survive are born
with multiple malformations and are seldom
capable of extrauterine existence for very long.
The only potentially viable monosomy is the XO
imbalance, and studies of spontaneous abortuses
indicate that the majority of these do not survive
prenatal life. Those who are born have a pattern
of malformations which usually allows for clin-
ical recognition.

Though little is known about the etiology
of faulty chromosomal distribution, one recog-
nized factor is the increased likelihood of such

errors at older maternal age. This applies espe-
cially to the autosomal trisomy syndromes and
to a lesser extent to some of the sex chromosome
aneuploidies. Figure 63 shows the progressive
increase in the frequency of Down’s syndrome
during the latter period of a woman’s reproduc-
tive life.

The timing of the error in chromosome dis-
tribution seldom can be stated with assurance,
for it could occur prior to meiosis, during the
first or second divisions of meiosis, or even during
the first division of the zygote and still result in
an aneuploid individual (see Fig. 64).

Errors in the assortment of chromosomes
that occur during postzygotic cell division can
give rise to mosaic individuals having at least
two different cell populations from the stand-

s el



e

GENETICS AND GENETIC COUNSELING

B ©®
| 1

DOWN'S SYNDROME
PER 1000 BIRTHS
2

6l—
E._
I15-19 20-24 25-29 30-34 35-30 40-44 45+
MATERNAL AGE
Figure 63 Increasing incidence of Down'z syn-

drome during the latter period of a woman's repro-
ductive period. (From Smith, D. W.: Am. J. Ohstet.
& Gynec., 90:1055, 1964.)

point of chromosomal number (see Fig. 64). Those
who are mosaics for X0/XX often have less ab-
normality than the wholly XO individual, and
in similar fashion 21 trisomy-normal mosaic
individuals show every gradation from Down’'s
syndrome to near-normal appearance and func-
tion.

Less commonly, genetic imbalance can re-
sult from chromosomal breakage (Fig. 62). A
broken piece of a chromosome may be lost. With
more than one break, rearrangement of chromo-
somal pieces may take place between the broken
chromosomes, a phenomenon referred to as trans-
location. An individual ean have a transloeation
chromosome with no evident problem as long as
he still has a balanced set of genes. However,
a balanced carrier of a translocation chromosome
is likely to produce unbalanced germ cells during
meiotic reduction division (Fig. 65). Should a
germ cell receive a translocation chromosome
containing a large part of a 21 chromosome and
also receive the normal 21 chromosome from that
same parent, the resulting zygote would have
partial trisomy 21. Such individuals generally
have Down's syndrome. About 6 per cent of
Down's syndrome patients have 46 chromosomes,
with the extra dose of 21 chromosome being at-
tached to another chrofosome. Similarly, a
small proportion of patients with the 18 trisomy
syndrome or the 13 trisomy syndrome have the
extra set of genes attached as part of a trans-
location chromosome.

The major reason for doing chromosome
studies on individuals with autosomal trisomy
syndromes, beyond confirmation of the clinical
diagnosis, is to determine whether the patient
has a translocation chromosome rather than the
more usual full trisomy. This applies predom-
inantly to younger mothers, because the vast
majority of such babies born to older mothers
have full trisomy. If it is a translocation case,
then both parents should be studied to determine
whether either of them is a balanced transloca-
tion carrier with a consequent high risk of having
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affected offspring. Fortunately only about one
third of the patients with partial translocation
trisomy will be found to have a translocation
carrier parent, because most of them represent
fresh occurrences for which there is a negligible
recurrence risk.

Chromosomal breakage with or without re-
arrangement allows for a wide variety of indi-
vidually rare genetic imbalances with extra or
missing segments of chromosomes. Many of these
do not survive prenatal life. Of those who are
born there are a wide variety of partial trisomies
(mostly with a question as to the source of the
extra piece of chromosome), and we have come
to recognize certain specific autosomal deletion
{missing piece) syndromes. Summitt," evaluat-
ing undiagnosed multiple defect children, found
8 per cent with chromosomal abnormalities. Ob-
viously, with our present techniques many small
chromosomal exchanges or deletions will be
missed. Chromosomal studies should be carried
out on the parents of any child with structural
chromosome aberration in an effort to determine
whether either parent is a balanced carrier of
the chromosome abnormality.

Another type of chromosomal abnormality
that can lead to genetic imbalance is misdivision
or breakage at the centromere during mitosis
leading to the formation of an isochromosome,
as depicted in Figure 62. The daughter cell re-
ceiving the isochromosome has an extra dose of
the long arm of the altered chromosome and is
missing the set of genes on the short arm of that
chromosome. Occasional cases of the autosomal
trisomy syndromes may be found to have a pre-
sumed isochromosome of the long arm of 21, 13,
or 18 chromosome causing the genetic imbalance.
X-isochromosome X has not been infrequent in
individuals who have partial expression of the
X0 syndrome.

CouNsSELING FOR CHROMOSOMAL ABNORMALITIES

Autosomal Trisomy Syndromes

1. If there is any question as to diagnosis, if
the mother is young (generally less than 30
vears), or if there are other cases of the same
syndrome in the family pedigree, then chromo-
somal studies should be carried out on the patient
in order to determine whether it is a full trisomy
or a translocation case. If it is a full trisomy, then
the future risk for younger mothers is less than
1 per cent, and for older mothers it is about the
same as for any mother of that age (see Fig. 63).
Should it be a translocation case, both parents
should be studied to determine whether either
parent is a balanced translocation carrier, a find-
ing in about one third of such cases. The recur-
rence risk from chromosomally normal parents
is apparently very small, certainly less than
1 per cent. The risk from a translocation carrier
parent is often of major concern, particularly
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FAULTY CHROMOSOME DISTRIBUTION

# 21 chromosome as an example
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Figure 64,
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POTENTIAL INHERITANCE FROM
'BALANCED’ TRANSLOCATION CARRIER
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when the risk of having translocation carrier
normal children is added to that of having a child
with the respective trisomy syndrome (see
Fig. 65).

2 Inform the parents that the chromosome
abnormality amounts to a gross genetic imbal-
ance that upsets the pattern of dcve]ﬂpmqnt.
Then explain what is usual for this genetic 1m-
balance — the natural history for the syndrome.

3. For the 18 or 13 trisomy syndromes the
parents may be told that most affected indi-
viduals with these trisomies are so seriously
altered that they do not survive the first few
months of pregnancy and that the parents "must
have a good genetic background” and/or the
mother “must be very good at carrying babies”
in order to allow for prenatal survival of a baby
with this genetic imbalance. This sets the stage
for informing them of the limited capacity for
postnatal survival, the outcome if the baby
should survive early infancy, and the indications
for providing comfort without medical inter-
vention if they are in agreement with this ap-
proach. Whether the parents take the baby home
or have the baby taken care of elsewhere is their
decision; they simply should be reassured that
survival will be limited no matter where the
baby is being cared for.

ther Chromoszomal Disorders

X0 Syndrome. Suspicion of X0 syndrome
should lead to both buccal smear for sex chroma-
tin and a chromosome study. An appreciable
proportion of cases with partial expression of
the full XO syndrome are found to be XO/XX
mosaic, X iso-X, XX/X is0-X mosaic, or X de-
leted-X. The recurrence risk for these conditions
is apparently very low to negligible, and older
maternal age has not been a significant factor.
In fact, X-linkage studies have more commonly
indicated a lack of paternal than maternal sex
chromosome in the X0 cases.

Any Case with Deletion or a Translocation
Chromosome. Both parents should have chro-
mosomal studies. The majority of them will be
found to be normal, and their recurrence risk is

CHAPTER Four

negligible. If a parent is a balanced translocation
carrier, then there is a significant recurrence
risk. This may be figured out on a theoretical
basis in terms of the possible meiotic products.
However, the theoretical and the actual risks
may not coincide, as is evident in Figure 65 for
translocation carrier males.
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Chapter Five

MINOR MALFORMATIONS

as clues to more serious problems and
toward the recognition of maltormation

syndromes

Minor anomalies are herein defined as un-
usual morphological features that are of no
serious medical or eosmetic consequence to the
patient. The value of their recognition is that
they may serve as indicators of altered morpho-
genesis in a general sense or may constitute
valuable clues in the diagnosis of a specific pat-
tern of malformations.

Regarding the general occurrence of minor
anomalies detectable by surface examination
{except for dermatoglyphics), Marden, Smith,
and McDonald' found that 14 per cent of newborn
babies had a single minor anomaly. This was of
little concern because the frequency of major
defects in this group was not appreciably in-

Figure 66. An otherwise normal
mother (left) and daughter with elinodactyly
of the fifth finger. A family history should be
obtained before ascribing significance to a
given minor ancmaly.

creased. However, only 0.8 per cent of the babies
had two minor defects, and in this subgroup the
frequency of a major defect was five times that
of the general group. Of special importance were
the findings in babies with three or more minor
anomalies. This was found in only 0.5 per cent
of babies (20), and 90 per cent of them had one
or more major defects as well. In summary, the
finding of several minor anomalies in the same
individual is unusual and often indicates that
a more serious problem in morphogenesis has
occurred.

These minor external malformations are

most common in areas of complex and variable
features such as the face, auricles, hands, and
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feet. Before acribing significance to a given minor The following figures illustrate eertain mi-
anomaly in a patient it is well to note whether nor anomalies, including dermatoglyphic fea-
it is found in other family members. Almost any  tures. Also depicted, for perspective, are some
minor defect may occasionally be found as ausual  minor variants found in the newborn individual
feature in a particular family, as noted in Fig- with sufficient frequency that they should not be
ure 66. classed as anomalies.

1. OCULAR REGION

Varving degrees of inner epicanthic folds

o

i
Lateral displacement of inner True ocular hypertelorism (zee Mild lateral displacement of
canthi and downslanting palpe- Appendix for normal measure- inner canthi and upslanting pal-
bral fissures ments) pebral fissures

o ¥ 4
Brushfield spots: speckled ring about 2/3 of distance to periphery of iris with

relative lack of patterning bevond it; Found in about 20% of individuals vs.
80% and more striking in Down'’s syndrome

Figure 67,
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