
Introduction

Omphalocele has an incidence of 2–3 per 10,000 live
births and is considered to be a heterogeneous condi-
tion [1,2]. There is considerable evidence that genetics
contributes to the etiology of omphalocele and fetuses
with omphalocele have an increased risk for chromo-
somal abnormalities. The risk varies with maternal age,
gestational age at diagnosis, association with umbilical
cord cysts, complexity of associated anomalies, and the
contents of omphalocele [3–5]. Chromosomal abnor-
malities have been reported in 10–12% of the neonates
with omphalocele and 30% of the fetuses with omphalo-
cele [1,4,6–9]. When the diagnosis is made in early
pregnancy, the percentage of aneuploidy can increase
to 61.1–66.7% [8,10]. 

Full Aneuploidy

Trisomy 18 and trisomy 13 are the most common chro-
mosomal abnormalities associated with omphalocele
(Table 1). Snijders et al [4] found omphaloceles in
22.5% of fetuses with trisomy 18, 9.1% of fetuses with
trisomy 13, 12.5% of fetuses with triploidy, and 0.045%
of the fetuses without chromosomal abnormalities in
a first trimester screening study. Snijders et al [4] also
found that the risk for trisomy 18 or trisomy 13 in fetuses
with omphalocele at 11–14 gestational weeks was 340
times (17% vs. 0.05%) higher than for those without
omphalocele. Chen [11] in a study of 89 consecutive
cases of fetal trisomy 18 found that 12 cases (13.48%)
had omphalocele, and the male to female sex ratio in
the fetuses with concomitant omphalocele and trisomy
18 was 2:1.

Snijders et al [8] in a study of 18 fetal omphaloce-
les diagnosed at 11–14 gestational weeks found that
12 cases (66.7%) had chromosomal abnormalities, of
which 10 had trisomy 18, one had trisomy 13, and one
had the karyotype of 69,XXX. Blazer et al [10] in a study
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of 18 fetal omphaloceles diagnosed at 12–16 gesta-
tional weeks found that 11 cases (61.1%) had chromo-
somal abnormalities, of which five had trisomy 18, two
had trisomy 21, two had triploidy, one had trisomy 13,
and one had the karyotype of 45,X. Calzolari et al [2]
in a study of 160 cases of omphaloceles in 21 regional
registers in Europe (EUROCAT registers) found that 94
cases (58.8%) had chromosomal abnormalities, of which
60 had trisomy 18, 23 had trisomy 13, four had trisomy
21, and seven had other chromosomal abnormalities.
Gilbert and Nicolaides [12] in a study of 35 fetal
omphaloceles found that 19 cases (54.3%) had chro-
mosomal abnormalities, of which 17 had trisomy 18,
one had triploidy, and one had the karyotype of 47,XXY.
The male to female sex ratio was 3:1. Brantberg et al
[5] in a study of 90 prenatally diagnosed omphaloceles
found that 44 cases (48.9%) had chromosomal abnor-
malities, of which 33 had trisomy 18, five had trisomy
13, two had triploidy, one had trisomy 21, one had
Turner syndrome, one had the karyotype of mos 47,XY, +
18/92,XXXY, and one had the karyotype of 47,XY, +
der(13)t(3;13)(q29;q21.2)mat. The male to female
ratio was 1.9:1. The sex ratio was 2.1:1 for central
omphalocele and 1.6:1 for epigastric omphalocele. Of
interest is that chromosomal abnormalities were found
in 40/58 (69%) of the fetuses with central omphalocele
and in 4/32 (12.5%) of the fetuses with epigastric
omphalocele. van de Geijn et al [13] in a study of 22
fetal omphaloceles found that 10 cases (45.5%) had
chromosomal abnormalities, of which six had trisomy
18, one had trisomy 13, one had triploidy, one had
5p+, and one had 8p+. Hughes et al [14] in a study of
30 fetal omphaloceles found that 13 cases (43.3%)
had chromosomal abnormalities, of which four had
trisomy 18, five had trisomy 13, two had trisomy 21, one
had Turner syndrome, and one had del(7q). Hwang and
Kousseff [15] in a study of 93 cases of omphalocele
found that 37 cases (39.8%) had chromosomal aber-
rations, of which 19 had trisomy 18, 11 had trisomy
21, two had trisomy 13, one had the karyotype of 45,X,
one had the karyotype of mos 46,XX,del(18)(p11)/
46,XX,i(18q), one had inv(2)(p11q12)mat, one had
inv(3)(p13q11), and one had inv(16)(p11.1q11.2).
Nicolaides et al [6] in a study of 116 fetal omphaloceles
found that 42 cases (36.2%) had chromosomal abnor-
malities, of which 32 had trisomy 18, six had trisomy 13,
one had the karyotype of 47,XXY, one had triploidy,
one had unbalanced t(13;14), and one had del(5p).
The male to female sex ratio was 6:1 in the cases with
concomitant omphalocele and aneuploidy. Goldkrand
et al [16] in a study of 27 cases of fetal omphaloceles
found that nine cases (33.3%) had chromosomal
abnormalities, of which five had trisomy 18, three had

trisomy 13, and one had trisomy 21. Hauge et al [17]
in a study of 40 cases of omphaloceles found that 12
cases (30%) had chromosomal abnormalities, of which
eight had trisomy 18, two had trisomy 13, and two
had trisomy 21. Stoll et al [18] in a study of 58 births
with omphaloceles found that 17 cases (29.3%) had
chromosomal abnormalities, of which 13 had trisomy
18, three had trisomy 13, and one had trisomy 21.
Snijders et al [4] in a study of 153 fetal omphaloceles
found that 43 cases (28.1%) had chromosomal abnor-
malities, of which 34 had trisomy 18, eight had trisomy
13, and one had triploidy. Eydoux et al [19] in a study
of 46 fetal omphaloceles found that 12 cases (26.1%)
had chromosomal abnormalities, of which seven had
trisomy 18, two had trisomy 13, one had the karyotype
of 45,X, one had i(18q), and one had a balanced
translocation of t(9;11)(p13;q13). Hsu et al [20] in a
study of 24 infants with omphaloceles found that six
cases (25%) had chromosomal abnormalities, of which
four had trisomy 18 and two had trisomy 13. Getachew
et al [3] in a study of 22 fetal omphaloceles found that
five cases (22.7%) had chromosomal abnormalities, of
which three had trisomy 18, one had trisomy 13, and
one had inv(11). De Veciana et al [21] in a study of 
40 fetal omphaloceles found that nine cases (22.5%)
had chromosomal abnormalities, of which five had tri-
somy 18, three had trisomy 13, and one had the kary-
otype of 47,XXX. Benacerraf et al [22] in a study of 22
fetal omphaloceles found that four cases (18.2%) had
chromosomal abnormalities, of which one had trisomy
18, two had trisomy 13, and one had triploidy. Chen
et al [23] in a study of 25 fetal omphaloceles found
that four cases (16%) had chromosomal abnormalities,
of which three had trisomy 18 and one had trisomy 13.
Salihu et al [24] in a study of 24 fetal omphaloceles
found that three cases (11.5%) had chromosomal
abnormalities, of which two had trisomy 18 and one
had trisomy 13. St-Vil et al [9] in a study of 83 neo-
nates with omphalocele found that nine cases (10.8%)
had chromosomal abnormalities, of which six had 
trisomy 18, two had trisomy 21, and one had Turner
syndrome.

The association between omphalocele and trisomy
21 is controversial. Torfs et al [25] in an epidemiologic
study found only one trisomy 21 infant among 2,979
live births and stillbirths with omphalocele and con-
cluded that trisomy 21 does not predispose the fetus
to an increased risk for omphalocele. However,
Mastroiacovo et al [26] observed seven cases of tri-
somy 21 among 8,560 omphaloceles with an incidence
of 1/1,200, which is significantly higher than 1/425,000
in the general population and suggested that trisomy
21 does predispose the fetus to an increased risk for
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omphalocele. Omphalocele can also be associated with
sex chromosome abnormalities such as 45,X, 47,XXY,
or 47,XXX [4–6,9,10,12,14,15,19,21,27–29]. Prenatal
diagnosis of concomitant cystic hygroma and omphalo-
cele should alert Turner syndrome. Saller et al [27]
reported prenatal diagnosis of 45,X in a fetus with
omphalocele, cystic hygroma, pleural effusion, and
ascites. Govaerts et al [28] reported prenatal diagnosis
of 45,X in a fetus with abnormal sonographic findings
of omphalocele, cystic hygroma, pleural effusion, ascites,
and polyhydramnios at 22 gestational weeks. Goldstein
and Drugan [29] reported prenatal diagnosis of cystic
hygroma and omphalocele at 11 gestational weeks in
a fetus with the karyotype of 45,X. Toriello and Higgins
[30] postulated that X-linked midline defects are caused
by a single mutation on the X chromosome. Goldstein
and Drugan [29] suggested that the occurrence of
omphalocele in Turner syndrome may be due to the
fact that monosomy X allows expression in early gesta-
tion through denial of X-inactivation.

Several reports suggested that chromosomal abnor-
malities are more common in association with omphalo-
celes that contain only bowel compared with those that
contain only liver [3,14,21,22,31]. For instance,
Getachew et al [3] reported aneuploidy in 87% of
fetuses with omphalocele and intracorporeal liver com-
pared with 9% of fetuses with omphalocele and extra-
corporeal liver. Umbilical cord cysts increase the risk of
aneuploidy, especially trisomy 18, in fetuses with
omphalocele [5,32]. The umbilical cord cysts associ-
ated with omphalocele are usually pseudocysts and
allantoic cysts [32]. Brantberg et al [5] found that 13
of 90 cases with prenatally diagnosed omphalocele had
cysts or pseudocysts of the umbilical cord (12 with cen-
tral omphalocele and one with epigastric omphalocele).
Of the 13 cases with omphalocele and an umbilical
cord cyst, 11 (84.6%) had trisomy 18 and two (15.4%)
had a normal karyotype.

Partial Aneuploidy and Uniparental
Disomy (UPD)

Dup(1q) and del(1q)
Chen et al [33] reported omphalocele, microphthalmia,
coloboma of iris, cerebellar hypoplasia, and bifid thumbs
in a male patient with a karyotype of 46,XY,der(21)
t(1;21)(q25;q22)pat with dup(1)(q25 � qter) and
del(21)(q22 � qter). Rotmensch et al [34] reported
the prenatal diagnosis of a female fetus with del(1)
(q41 � qter), omphalocele, nuchal webbing, hydro-
cephalus, cleft palate, and adrenal malformations. The
fetus had the karyotype of 46,XX,del(1)(q41) de novo.

Dup(3q)
Patients with dup(3q) syndrome usually have dupli-
cated 3q segments within the region of 3q21 � qter
and manifest mental and growth retardation, as well
as multiple anomalies, some of which overlap with
Brachmann-de Lange syndrome, for example, brachy-
cephaly, synophyrys, hirsutism, anteverted nares, down-
turned corners of the mouth, micrognathia, and 
high-arched palate [35,36]. The common congenital
anomalies associated with 3q duplications are congen-
ital heart defects (septal defects), renal malformations
(polycystic kidneys or dysplasia), ocular malformations
(strabismus, nystagmus, cataract, corneal opacities,
colobomas of the iris, and anophthalmia), and limb
anomalies (hypoplasia of the phalanges, camptodactyly,
and clinodactyly). Omphalocele can be associated with
dup(3q) [37]. The duplications of 3q21 � qter in
most patients are the products of unbalanced segre-
gations of balanced parental rearrangements involving
other chromosomes and thus present with other chro-
mosome aberrations. The critical region responsible
for the typical dup(3q) phenotype is localized to the
interval 3q26.3–q27 or 3q26.31–q27.3 [38]. Wilson
et al [38] found that 3/13 (23.1%) of the cases with
dup(3q) syndrome had omphalocele. Table 2 shows
the reported chromosomal rearrangements involving
partial trisomy 3q and omphalocele. Allderdice et al
[39] reported omphaloceles and partial trisomy 3q
(3q21 � qter) in the children of carriers of a pericen-
tric inversion inv(3)(p25q21). Mulcahy et al [40] re-
ported omphalocele and partial trisomy 3q (3q24 �
qter) in a 3-month-old infant born to a carrier mother
of a pericentric inversion inv(3)(p25q24). Chen et al
[36,41,42] reported recurrent omphaloceles in three
affected siblings with partial trisomy 3q (3q21 � qter)
born to a carrier mother with t(3;11)(q21;q23). Cinti
et al [43] reported an abortus with omphalocele and
de novo partial trisomy 3q (3q24 � qter). Yatsenko 
et al [44] reported omphalocele and partial trisomy
3q (3q27.3 � qter) in a child of a carrier mother of
t(3;4)(q27.3;q32.3). Yatsenko et al [44] further defined
the smallest region of overlap (SRO) associated with
omphalocele to be between the breakpoint-identifying
bacterial artificial chromosome clone and 3qter, and
hypothesized that the SRO contains the gene important
in normal abdominal wall development.

Dup(4q)
Fryns et al [45] reported Beckwith-Wiedemann syn-
drome (BWS) with dup(4)(q34.2 � qter) and del(18)
(p11.32 � pter) in a 2-month-old girl with omphalocele,
a long tongue, birth weight of 3,960 g, microcephaly,
wide-spaced and hypoplastic nipples, hypoplastic labia
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majora, and muscular hypertonia as the unbalanced
product of paternal t(4;18)(q34.2;p11.32).

Dup(5p)
Schuffenhauer et al [46] reported an interstitial deletion
of 5p accompanied by dicentric ring formation of the
deleted segment resulting in trisomy 5p13-cen in a 2.5-
year-old male with the karyotype of mos 46,XY,del(5)
(p10p13)/47,XY,+dic r(5)(p10p13),del(5)(p10p13).
The infant manifested omphalocele, macrocephaly,
asymmetric square skull, inguinal hernias, hypospadias,
and club feet.

Dup(6q)
Stamberg et al [47] reported omphalocele, campto-
dactyly, club feet, agenesis of the gall bladder, imperfo-
rate anus, hydronephrosis, ambiguous external genitalia,
and an occipital encephalocele in a male patient with
dup(6)(q21 � qter) as an unbalanced product of
maternal t(6;22)(q21;p13) or (q21;pter).

Del(9p)
Nagy et al [48] reported omphalocele, trigonocephaly,
a prominent forehead, a long philtrum, a small mouth,
a high-arched palate, low-set ears, a short neck, widely
spaced nipples, long digits, and de novo partial monosomy
9p with a deleted segment of 9p22-pter in a female
patient with the karyotype of 46,XX,del(9)(p22).

Dup(11p), inv(11), and paternal UPD 11
BWS (OMIM 130650) is characterized by macrosomia,
macroglossia, visceromegaly, omphalocele, ear creases/
pits, neonatal hypoglycemia, adrenocortical cytomegaly,
dysplasia of the renal medulla, and an increased fre-
quency of adrenal carcinoma, nephroblastoma, hepa-
toblastoma, and rhabdomyosarcoma. The complex
modes of inheritance include autosomal dominant
inheritance with variable expressivity, contiguous gene

duplication at 11p15, genomic imprinting resulting from
a defective or absent copy of the maternally derived
gene at 11p15, and mutations in the region of chro-
mosome 5q35. About 10–20% of the cases with BWS
have paternal UPD 11p15 with a normal karyotype,
and about 1% of the cases with BWS have paternal
UPD 11p15 with 11p15 duplication [49]. Waziri et al
[50] described the association of partial duplication of
11p with BWS. Their first patient with BWS had dele-
tion of 11q23.33-qter and duplication of 11p13-p15,
and their second patient had duplication of 11p15.
Turleau et al [51] reported trisomy 11p15 in two cases
with BWS: one case had de novo duplication of 11p15,
and the other was the unbalanced product of paternal
t(4;11)(q33;p14). Okano et al [52] reported an infant
with duplication of the paternal 11pter-p13 segment
and BWS. The father was a carrier of a balanced
translocation t(4;11)(q35;p13). Slavotinek et al [53]
reported paternally inherited duplication of 11p15.5
with BWS in two family members with partial trisomy
11p (11p15.3 � pter) and partial monosomy 5p
(5p15.3 � pter) as the unbalanced products of pater-
nal t(5;11)(p15.3;p15.3). Norman et al [54] reported
recurrent BWS with inversion of chromosome 11,
inv(11)(p11.2p15.5) in two siblings. The phenotypically
normal mother carried the same paracentric inv(11)
indicating that BWS can be caused by lack of a mater-
nally imprinted gene at 11p15.5. Nystrom et al [55]
reported paternal UPD 11 in a case with BWS suggesting
that the BWS gene is maternally imprinted [56]. Dutly
et al [57] reported a case of BWS with mosaic paternal
isodisomy along the whole chromosome 11.

Pallister-Killian syndrome (PKS) and mosaic
tetrasomy 12p
PKS (OMIM 601803) is a dysmorphic syndrome charac-
terized by a tissue-limited mosaicism for tetrasomy 12p.
PKS has the clinical features of a coarse face, pigmentary
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Table 2. Reported cases with chromosomal rearrangements involving partial trisomy 3q and omphalocele

Authors Karyotype Duplicated segment Deleted segment

Allderdice et al [39] 46,XY,rec(3)inv(3)(p25q21)pat 3q21-qter 3p25-pter
46,XX,rec(3)inv(3)(p25q21)mat* 3q21-qter 3p25-pter
46,XY,rec(3)inv(3)(p25q21)pat* 3q21-qter 3p25-pter
46,XX,rec(3)inv(3)(p25q21)mat 3q21-qter 3p25-pter

Mulcahy et al [40] 46,XX,rec(3)dup(3q)inv(3)(p25q24)mat 3q24-qter 3p25-pter
Chen et al [36] 46,XX,der(11)t(3;11)(q21;q23)mat† 3q21-qter 11q23-qter
Chen et al [41] 46,XX,der(11)t(3;11)(q21;q23)mat† 3q21-qter 11q23-qter
Chen et al [42] 46,XY,der(11)t(3;11)(q21;q23)mat† 3q21-qter 11q23-qter
Cinti et al [43] 46,XX,der(20)t(3;20)(q24;p13)de novo 3q24-qter 20p13-pter
Yatsenko et al [44] 46,XY,der(4)t(3;4)(q27.3;q32.3)mat 3q27.3-qter 4q32.3-qter

*Two affected siblings in the family; †three affected siblings in the family. (Modified from Yatsenko et al [44].)



skin anomalies, localized alopecia, profound mental
retardation, seizures, relatively frequent occurrence of
diaphragmatic defects, and supernumerary nipples.
Omphalocele may occasionally be a prenatally identifi-
able anomaly associated with PKS. Shivashankar et al
[58] reported the diagnosis of PKS in a fetus with
diminished femoral and humeral lengths, polyhydram-
nios, and omphalocele on prenatal ultrasound at 24
gestational weeks. Amniocentesis at 31 gestational weeks
showed a karyotype of 47,XY,+i(12p). Tejada et al [59]
reported the prenatal sonographic findings of poly-
hydramnios, omphalocele, and a short femur length at
26 gestational weeks in a fetus with PKS. The proband
postnatally manifested multiple congenital anomalies.
The diagnosis of mosaic tetrasomy 12p was confirmed
cytogenetically in the cultures of skin fibroblasts and
lymphocytes.

Paternal UPD 14q
Towner et al [60] reported perinatal findings of increased
nuchal translucency, hydrocephalus, polyhydramnios,
a small bell-shaped thorax, large kidneys, hand contrac-
tures, short limbs, and omphalocele in a fetus with pater-
nal uniparental isodisomy 14q12-qter. Paternal UPD 14
has been reported to be associated with multiple abnor-
malities such as thoracic hypoplasia, short and curved
ribs, laryngomalacia, ventral wall hernia, kyphosis, short
limbs, joint contractures, hypertrophic cardiomyopathy,
short stature, craniofacial dysmorphism, and mental
retardation [61,62]. Papenhausen et al [63], Cotter et al
[64], and Kurosawa et al [61] reported ventral wall her-
nia associated with paternal UPD 14. Towner et al [60]
suggested that prenatal diagnosis of an abdominal
wall defect with either increased nuchal translucency or
skeletal anomalies should prompt an investigation for
UPD 14. Cotter et al [64] suggested that couples with
Robertsonian translocations involving chromosome 14
should be counseled the possibility of UPD 14.

Dup(15q)
Lacro et al [65] reported omphalocele with dup(15)
(q22.1 � qter) and del(13)(q32.3 � qter). The abor-
tus had the karyotype of 46,XX,der(13)t(13;15)(q32.3;
q22.1)mat, omphalocele, a cephalic defect in neural
tube closure, and anal atresia.

Miller-Dieker lissencephaly syndrome (MDLS) and 
deletion of 17p13.3
MDLS (OMIM 247200) is characterized by microcephaly
and lissencephaly, a small brain without convolutions
or gyri. MDLS is an autosomal dominant disorder
caused by deletion of the critical gene on 17p13.3.
Reiner et al [66] cloned the gene LIS-1 (lissencephaly-1)

responsible for lissencephaly on 17p13.3. Deletions or
mutations in the LIS-1 gene (OMIM 601545) cause
lissencephaly. Omphalocele can be a prenatally identi-
fiable anomaly associated with MDLS [67–69]. Sermer
et al [67] reported a case of 17p-associated with pre-
natally detected omphalocele, cardiomegaly, and neural
tube defect. Alvarado et al [68] reported MDLS and
omphalocele in a family with multiple affected off-
spring with del(17)(p13.3 � pter) and the karyotype 
of 46,XY,der(17)t(17;19)(p13.3;q13.33)pat. Chitayat
et al [69] reported prenatal diagnosis of omphalocele
and mild cerebral ventriculomegaly in a patient with
MDLS and the karyotype of 46,XY,del(17)(p13.3).

Dup(17q)
Gallien et al [70] reported an infant with omphalocele
and dup(17)(q21 � qter). The female infant was the
unbalanced product of paternal t(4;17)(p16;q21). The
infant had a duplicated segment of 17q21-qter and
multiple malformations of coloboma of the iris and
microphthalmia, hypoplastic lungs and kidneys, con-
genital heart defects, omphalocele, Meckel diverticulum,
megacolon, hypertrophic labia majora, rudimentary
uterus, absent vagina, hypoplastic brain, Dandy-Walker
malformation, rhizomelic shortness of limbs, and
postaxial hexadactyly of toe phalanges.

Conclusion

This article provides an overview of chromosomal abnor-
malities associated with omphalocele. Omphalocele is
a prominent marker for chromosomal abnormalities.
Perinatal identification of omphalocele should alert
chromosomal abnormalities and familial unbalanced
translocation, and prompt thorough cytogenetic inves-
tigations and genetic counseling.
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