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Abstract
We report a new lethal multiple congenital
abnormality (MCA) syndrome of exom-
phalos, short limbs, nuchal web, mac-
rogonadism, and facial dysmorphism in
seven fetuses (six males and one female)
belonging to three unrelated families. X
rays showed enlarged and irregular meta-
physes with a heterogeneous pattern of
mineralisation of the long bones. Patho-
logical examination showed adrenal cy-
tomegaly, hyperplasia of Leydig cells,
ovarian stroma cells, and Langherans
cells, and renal microcysts. We suggest
that this condition is a new autosomal
recessive MCA syndrome diVerent from
Beckwith-Wiedemann syndrome, espe-
cially as no infracytogenetic deletion or
uniparental disomy of chromosome 11
was found.
(J Med Genet 1999;36:131–136)

Keywords: MCA syndrome; exomphalos; short limbs;
abnormal metaphyses

Exomphalos is a defect in the ventral abdominal
wall with herniation of the abdominal viscera
through a widened umbilical ring covered by a
sac consisting of amnion and lined by perito-
neum. The incidence of exomphalos is about 2.5
per 10 000 live births.1 It can be found in several
multiple congenital abnormality (MCA) syn-
dromes. The best known and documented syn-
drome including exomphalos associated with

other abnormalities is the Beckwith-
Wiedemann syndrome. Here we report on seven
fetuses with a novel MCA syndrome consisting
of exomphalos, short limbs with uncommon
metaphyseal abnormalities, and macrogonad-
ism, and we particularly emphasise the clinical
diVerences between this syndrome and the
Beckwith-Wiedemann syndrome.

Case reports (table 1, fig 1)
FAMILY 1

Two unrelated white parents aged 26 and 24
years were referred because of a recurrent
MCA syndrome during the fifth and sixth
pregnancy. The first three pregnancies were
spontaneously aborted at 6, 6, and 13 weeks of
gestation respectively and a healthy boy was
born after the fourth pregnancy (fig 1).

The sixth pregnancy was terminated at 17
weeks shortly after ultrasound showed exom-
phalos and hyperechogenic kidneys in a male
fetus. X ray examination showed short long
bones, enlarged metaphyses with irregular
demineralisation, thin ribs, a cleft vertebra
(L4), striped ribs, and bone maturation delay.
At necropsy, the weight was normal for age (17
weeks, 240 g) but length (18 cm) and head cir-
cumference (13 cm) were consistent with a
15.5 week fetus. General examination showed a
18 mm exomphalos, short limbs, hypoplastic
penis with balanic hypospadias, nuchal web,
and facial dysmorphism including retrognathia
with midface protrusion, low set ears, and a

Table 1 Clinical features of the exomphalos-short limbs-macrogonadism syndrome

Family 1 Family 2 Family 3

TotalFetus 1 Fetus 2 Fetus 1 Fetus 2 Fetus 3 Fetus 1 Fetus 2

Age at diagnosis (wk) 16.5 16 16 14 16 9 13 9–16.5 wk
Age at examination (wk) 17 17 24 15 17 15.5 14 14–24 wk
Spontaneous death − − + + − − − 2/7
Sex M M M F M M M 6M/1F
Exomphalos + + + + + + + 7/7
Short limbs + + + + + + + 7/7
Irregular metaphyses + + + + + + + 7/7
Nuchal web + + + + + Hygroma Hygroma 7/7
Facial dysmorphism + + + + + + + 7/7
Macrogonadism + + ? + + + + 6/6
Gonadal cell hyperplasia + + ? + + + + 6/6
Adrenal cytomegaly + + − + + + + 6/7
Langherans cell

hyperplasia − − − + + + + 4/7
Abnormal kidneys + + − + + − − 4/7
Associated

malformations
Common
mesentery

Caudal appendix
Cleft palate

Toe
abnormalities

Hemiuterus
Ear

Lung
hypoplasia

Microgyria
Cerebellar

Microgyria
Cerebellar

Meckel
diverticulum

Vertebral
abnormalities

creases hypoplasia
Large fontanelles

hypoplasia
Large fontanelles

Hypoplastic
penis
Balanic
hypospadias

wk = weeks of gestation.
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prominent nasal bridge. The exomphalos con-
tained small intestine, common mesentery with
Meckel diverticulum, and a small thymus. The
right heart cavity was smaller than the left.
Enlarged para-adrenal paraganglia and testes
were noted. No cerebral abnormality was
observed. Histological examination showed
adrenal cytomegaly, Leydig cell hyperplasia,
renal microcysts, and pancreatic fibrosis with
enlargement of the endocrine glands. The post
mortem fetal karyotype was normal. No
genetic counselling could be given but a careful
ultrasound survey was oVered for the next
pregnancy.

The pregnancy of fetus 2 was terminated
when recurrence of a large exomphalos and
short limbs was noted at 17 weeks. At necropsy,
the fetus (weight 260 g, vertex-heel length 21.5
cm, head circumference 16.5 cm) was a male
with exomphalos, short limbs, caudal appen-
dix, nuchal web, and facial dysmorphism
including brachycephaly, ocular hypertelorism,
bilateral cleft palate, long philtrum, large upper
lip, thick gums, labiogingival frenulum, an-
teverted nostrils, micrognathia, and low ears
with an irregular helix (fig 2, A1, A2, A3).
There was no visceromegaly except for en-
larged testes (6 mm). Radiological examination
showed short limbs (below the 10th centile)
with irregular mineralisation, abnormal poste-
rior vertebrae (D12 and L1) and cleft vertebrae
(L2 and L4), and striped ribs (fig 3A).
Histological examination showed adrenal cy-
tomegaly, Leydig cell hyperplasia, medullary
kidney microcysts, mild periductal pancreatic
fibrosis, and mild portal fibrosis (fig 4). Post
mortem fetal karyotype was normal (table 1).

FAMILY 2

Fetus 1 died in utero at 24 weeks of the first
pregnancy of unrelated white parents (aged 28
and 32 years). Ultrasound performed eight
weeks earlier had detected an exomphalos with
short limbs and hydramnios. X rays showed
enlarged and irregular metaphyses. At
necropsy, the male fetus had a weight at the
upper limit (980 g) and normal height for age
(vertex-heel length 33 cm). Exomphalos, short
limbs, superposition of the fourth and fifth
toes, nuchal web, and facial dysmorphism (dif-
ficult to describe because of maceration) were
noted. No organomegaly was noted, the testes
were not measured, and only an incomplete
histological examination was performed. Am-
niotic cell karyotype was normal.

Fetus 2 was spontaneously aborted at 15
weeks. Ultrasound performed one week before
showed an exomphalos, short femora, enlarged
and hyperechogenic kidneys, nuchal web, and
thick placenta. X rays showed short proximal
long bones with irregular, enlarged metaphyses
(fig 3B). At necropsy, the fetus was a female of
low weight for age (97 g) but other parameters

Figure 1 Pedigrees of the three families included in this
study.

Family 1

19 wk 19 wk

Family 2

19 wk 12 wk17 wk29 wk

Family 3

16 wk17 wk

Figure 2 Pictures of the fetuses after termination of pregnancy. (A1-3) Fetus 2, family 1. (B) Fetus 2, family 2. (C) Fetus 1, family 3. Note exomphalos,
short limbs, nuchal web, and facial dysmorphism including hypertelorism, depressed nasal bridge, anteverted nostrils, long philtrum, large mouth,
micrognathia, and low set ears.
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were normal (vertex-heel length 16 cm). Gen-
eral examination showed exomphalos, nuchal
web, and facial dysmorphism including pro-
truding eyeballs with an infraorbital fold and a
bilateral ear crease (fig 2B). Visceral examina-
tion showed a hemiuterus with enlarged ovaries
and histological evidence of adrenal cytome-
galy, ovarian stroma cell hyperplasia, Langher-
ans islet cell hyperplasia, and tubular kidney
dilatation. Amniotic cell karyotype was normal.
The diagnosis of Beckwith-Wiedemann syn-
drome was considered and ultrasound survey
was oVered for the next pregnancy.

The third pregnancy was terminated at 17
weeks, after ultrasound detection of an exom-
phalos with short limbs (below the 3rd centile),
macrosomia, nuchal web, hyperechogenic kid-
neys, enlarged adrenals, enlarged hyperecho-
genic pancreas, and an unusual profile. Amni-
otic cell karyotype was normal and x rays
showed irregular metaphyses. At necropsy, the
fetus was a male (weight 320 g, vertex-heel
length 24.5 cm) with enlarged adrenals,
kidneys, and testes, normal pancreas, and small
lungs and spleen. Histological examination
showed adrenal cytomegaly, Leydig cell hyper-

Figure 3 X rays in the three families. (A) Family 1, fetus 2. (B) Family 2, fetus 2. (C1-3) Family 3, fetus 1. The long bones are short with enlarged and
irregular metaphyses. Note the cupula deformation with spicules and irregular pattern of mineralisation.
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plasia, Langherans islet cell hyperplasia, and
medullary renal microcysts. Because Beckwith-
Wiedemann syndrome was considered, cyto-
genetic investigations were performed and

ruled out a rearrangement or uniparental
disomy of chromosome 11.

The fourth pregnancy resulted in a sponta-
neous abortion at 10.5 weeks shortly after
ultrasound detection of hydramnios with cystic
hygroma. During the fifth pregnancy, a sponta-
neous abortion occurred at 6 weeks and histo-
logical examination showed oedematous and
invaginated chorionic villosities.

FAMILY 3

The first pregnancy of healthy, unrelated
parents was terminated at 15.5 weeks following
the discovery of a major exomphalos (11
weeks) followed by hydrops fetalis, short limbs,
and cerebellar agenesis (15 weeks). Amniotic
cell karyotype was normal and x rays showed
short femora with irregular metaphyses (fig
3C). At necropsy, the male fetus (weight 177 g,
vertex-heel length 17.5 cm, head circumfer-
ence 12.5 cm) had exomphalos, diVuse
oedema, nuchal web, large fontanelles, and
facial dysmorphism including ocular hyperte-
lorism, depressed nasal bridge with anteverted
nostrils, a long philtrum, a large mouth, and
low set ears (fig 2C). Pathological examination
showed enlarged testes (fig 5), cerebellar agen-
esis, and microgyria, and histological evidence
of adrenal cytomegaly, Leydig cell hyperplasia,
Langherans islet cell hyperplasia, and irregular
ossification of the endochondral junction.

The third pregnancy was terminated at 14
weeks following detection of exomphalos, short
limbs, and cerebellar hypoplasia. X rays
showed short long bones with irregular meta-

Figure 4 Pathological changes observed in the exomphalos-short limbs-macrogonadism syndrome (fetus 2, family 1). (A) Adrenal cytomegaly (A1) as
compared to control (A2). (B) Leydig cell hyperplasia (B1) as compared to control (B2). (C) Langherans islet hyperplasia (C1) as compared to control
(C2). (D) Renal microcysts (D1) as compared to control (D2).

Figure 5 Macrogonadism in family 3 (fetus 1).
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physes. At necropsy, the male fetus (weight 135
g, length 17.5 cm, head circumference 13 cm)
had exomphalos, diVuse oedema, short limbs,
facial dysmorphism similar to the previous
fetus, and enlarged testes, kidneys, and
adrenals. Pathological anomalies were similar
to those of the previous fetus.

Discussion
Here we report the association of exomphalos,
short limbs, and macrogonadism in seven
fetuses belonging to three unrelated families.
Other common features included nuchal web,
facial dysmorphism (depressed nasal bridge
with anteverted nostrils, long philtrum, large
mouth, low set ears), enlarged and irregular
metaphyses, and a heterogeneous pattern of
mineralisation of long bones. Histopathological
examination showed adrenal cytomegaly, hy-
perplasia of ovarian stroma cells, Leydig cells,
and Langherans cells, and renal microcysts.
The high rate of lethality (2/7 fetuses) and

spontaneous abortions in the reported families
(6/15 pregnancies) support the view that this
new syndrome is a consistently fatal condition.

Exomphalos, the major feature of the
syndrome, is frequently associated with other
malformations (40-88%),2 such as heart mal-
formations or neural tube defects, and con-
versely, a number of malformation syndromes
involve exomphalos (table 2). The most
common among them, Beckwith-Wiedemann
syndrome (BWS), includes exomphalos in
60% of cases and 3% of cases of exomphalos
are BWS.15

It is interesting to note that in addition to
exomphalos, the syndrome reported here
shares several features with BWS, namely
adrenal cytomegaly, Leydig cell or ovarian
stroma cell hyperplasia, Langherans cell hyper-
plasia, and kidney abnormalities. Absent mac-
roglossia and inconstant macrosomia are not
suYcient to exclude BWS as these features are
known to occur at the end of the third trimes-
ter in BWS.16–21 Yet we believe that the
exomphalos-short limbs-macrogonadism syn-
drome and BWS are indeed two diVerent enti-
ties for several reasons (table 3). First, short
limbs with irregular metaphyses and nuchal
web are not observed in BWS. Second,
macrogonadism is an inconstant feature in
BWS and is not an inclusion criteria. Third,
familial segregation of the disease is suggestive
of autosomal recessive inheritance, which is not
the case in BWS. Fourth, prenatal death or
spontaneous abortion are not common in
BWS. Linkage studies to exclude the BWS
locus were considered but were not possible
because of the lack of usable material.

Table 2 Syndromes with exomphalos as a frequent or occasional symptom

Syndrome Clinical features Causation

Frequent symptom BWS3 Anterior abdominal wall defects, macroglossia,
pre- or postnatal overgrowth, ear crease or pits,
facial naevus flammeus, hypoglycaemia,
nephromegaly, hemihypertrophy

Sporadic, AD, uniparental isodisomy

OEIS4 Omphalocele, exstrophy of the bladder,
imperforate anus, spinal defect

Sporadic

Shprintzen-omphalocele5 Omphalocele, pharynx and larynx hypoplasia,
learning disability, dysmorphic facies, scoliosis

AD

Omphalocele-cleft palate6 Omphalocele, posterior cleft palate, genital
abnormalities

AR

Simpson-Golabi-Behmel7 Omphalocele, pre- and postnatal overgrowth,
postaxial polydactyly, hepatosplenomegaly,
cystic kidney dysplasia, coarse facies,
macroglossia

XLR

Trisomy 138 Holoprosencephaly, cleft lip and palate,
polydactyly, scalp defects, rocker bottom feet

De novo or translocation

Trisomy 188 Clenched hand, short sternum, low arch
dermal ridge patterning on fingertips

De novo

Triploidy8 Lethality, syndactyly, body asymmetry,
pigmentation abnormalities, facial
dysmorphism

De novo

Occasional symptom Marshall-Smith9 Increased length and bone age at birth, failure
to thrive, mental retardation, facial
dysmorphism, broad proximal and middle
phalanges

Uncertain

Elejalde10 Macrosomia, swollen globular body, short
limbs, polydactyly, craniosynostosis,
acrocephaly

AR

Boomerang dysplasia11 Dwarfism with bowed limbs, characteristic
facies

AR

Beemer short rib12 Narrow thorax, cleft lip, cardiac defects,
micropenis, renal cysts

AR

Melnick-Needles13 Prominent eyes, bowing of long bones,
ribbon-like ribs

XLR

CHARGE14 Coloboma, heart defect, atresia choanae,
growth deficiency, mental deficiency, genital
hypoplasia, ears anomalies/deafness

Sporadic

Table 3 Incidence of clinical symptomes in the exomphalos-short limbs-macrogonadism
syndrome as compared to Beckwith-Wiedemann syndrome

Exomphalos-short
limbs-macrogonadism
syndrome (this study)

Beckwith-Wiedemann
syndrome (Elliott et al3)

Exomphalos 7/7 (100%) 60%
Macrosomia 4/7 (57%) 87%
Macroglossia 0/7 (0%) 99%
Ear abnormalities 1/7 (14%) 75%
Kidney abnormalities 4/7 (57%) 62%
Adrenal cytomegaly 6/7 (85%) Frequent
Langherans cell hyperplasia 4/7 (57%) Classical
Macrogonadism 6/6 (100%) Possible
Short limbs 7/7 (100%) 0%
Nuchal web 7/7 (100%) 0%
Sex ratio 6/1 1.1/1
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Similarly, we believe that the exomphalos-
short limbs-macrogonadism syndrome is dis-
tinct from Simpson-Golabi-Behmel and Perl-
man syndromes.7 22 While kidney abnormalities
and Langherans islet cell hyperplasia are com-
mon in the three conditions, no polydactyly,
macrocephaly, hepatosplenomegaly, or renal
hamartomata were described in our series.
Conversely, no patients with Perlman syn-
drome and Simpson-Golabi-Behmel syndrome
have been reported with short limbs, metaphy-
seal changes, macrogonadism, or nuchal web.

Metaphyseal changes are characteristic fea-
tures of the disease. Metaphyses are enlarged
and irregular, with cupula deformation, spi-
cules, and an irregular pattern of mineralisa-
tion. Limbs and long bones are short but not
stubby. These features cannot be ascribed to
any known chondrodysplasia. The chondro-
dysplasia Shiraz type and short rib syndrome
Le Marec type or Verma-NaumoV type are well
known lethal chondrodysplasias23 that can pos-
sibly give rise to similar metaphyseal changes
but none of the other features of the syndromes
are present, and no short ribs or iliac bone or
vertebral body abnormalities were present in
the aVected fetuses.

The recurrence of the disease in the
oVspring of healthy, unrelated parents supports
the view that exomphalos-short limbs-
macrogonadism syndrome is probably an
autosomal recessive condition. Alternatively,
the excess of aVected subjects and the high fre-
quency of spontaneous abortions in each
sibship is also suggestive of an unbalanced
cytogenetic event resulting from a balanced
parental cytogenetic rearrangement. However,
careful cytogenetic examination of the aVected
fetuses and their parents has not confirmed this
hypothesis. Furthermore, X linked recessive
inheritance is unlikely because the aVected
female was as severely aVected as the male
fetuses in family 2.

In conclusion, the lethal syndrome of exom-
phalos, short limbs, and macrogonadism re-
ported here in seven fetuses appears to
represents a novel condition diVerent from
Beckwith-Wiedemann syndrome. Future stud-
ies will hopefully help to refine the clinical pro-
file and genetic basis of this hitherto unre-
ported lethal condition.

We are grateful to Dr P Maroteaux for discussion and
comments.
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