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Abstract
Introduction: Unlike gastroschisis, congenital omphalocele
is often associated with other anomalies and is frequently
complicated by polyhydramnios. We examined the relation-
ships between polyhydramnios, pregnancy outcome and fe-
tal prognosis. Patients and Methods: Clinical data from cas-
es diagnosed antenatally with congenital omphalocele from
1993 to 2006 were analyzed retrospectively, Results: Fifty-
two cases were diagnosed antenatally with congenital om-
phalocele, and 38 of these pregnancies resulted in delivered
infants. Of these 38 pregnancies, 55.3% were preterm births
before 37 weeks of gestation. The mean birth weight was
2,148 g (n = 38). Associated anomalies were recognized in 29
cases (76.3%), including 13 cases (34.2%) of chromosomal ab-
errations. There were 2 cases of trisomy 13, 10 cases of tri-
somy 18 and 1 case of trisomy 21. Polyhydramnios was de-
tected in 14 cases (36.8%), and other anomalies were present
in all of these cases. Discussion: For antenatal evaluation in
cases of congenital omphalocele, it is important to examine
the fetus for associated anomalies or underlying disease, es-
pecially when polyhydramnios is detected.

Copyright © 2011 S. Karger AG, Basel

Introduction

The prevalence of congenital omphalocele has been es-
timated to be 1 per 3,000-4,000 births in Western coun-
tries [1]. In Japan, the prevalence during the period 1997~
2006 was reported as 1 per 2,500 births by the Japan As- -
sociation of Obstetricians and Gynecologists Program of
Birth Defects Monitoring [2]. Congenital omphalocele is
often associated with other anomalies; chromosomal ab-
errations are observed in 30-40% of cases, and multiple
anomalies including chromosomal aberrations are ob-
served in 67-88% of cases [1]. This tendency is not found
in other anterior abdominal wall defects such as gastros-
chisis, which is rarely associated with other anomalies.
Although antenatal diagnosis of abdominal wall defects
does not improve the prognosis [3], antenatal evaluation
is important for the appropriate antenatal and postnatal
management of the potential co-occurring complex con-
ditions, such as polyhydramnios, associated anomalies
and premature birth. We examined the relationships
between polyhydramnios, pregnancy outcome and fetal
prognosis in cases of congenital omphalocele. We found
that congenital omphalocele with polyhydramnios is
strongly associated with the presence of other anomalies
or an underlying disease.
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Fig. 1. Outcome of the 52 cases with congenital omphalocele that were diagnosed antenatally.

Patients and Methods

The study was conducted at the Kanagawa Children’s Medical
Center, which is a tertiary referral perinatal center specializing in
fetal medicine located in Yokohama City, Japan. Clinical data from
cases diagnosed antenatally with congenital omphalocele from
1993 to 2006 were analyzed retrospectively. We analyzed maternal
factors, week of gestation at referral, outcome of the pregnancy,
prognosis of the fetuses/infants, associated anomalies and/or un-
derlying diseases, size of the omphalocele at first examination at
our hospital, herniated organs at birth and the presence of polyhy-
dramnios. When pregnant women were referred to our hospital
because of suspicion of fetal anomalies, detailed fetal ultrasonog-
raphy was performed by a physician more than once to confirm
the diagnosis. The antenatal diagnosis of congenital omphalocele
was made when fetal ultrasonography revealed the following fea-
tures: a mass at the anterior abdominal wall of the fetus, covered
by a membrane with the umbilical cord inserted at the top of the
herniated sac, and the cord free from the placenta. Cases that were
suspected to be gastroschisis, body stalk anomalies and limb-body
wall complex were excluded from this study. The size of the om-
phalocele was defined as the maximum diameter of the amniotic
sac as measured by fetal ultrasonography. The ratio of the ompha-
locele size to the biparietal diameter (BPD) at first examination at
our hospital was used to evaluate the relative size of the amniotic
sac, Polyhydramnios was defined as an amniotic fluid index of
25,0 cm or greater using the 4-quadrant method or an amniotic
pocket with a diameter of 8 cm or greater. The outcomes of the
fetuses/infants were defined as intrauterine fetal death (JUFD),
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neonatal death (NND; death between 0 and 27 days of age), infant
death (ID; death between 4 weeks and 1 year of age) without being
discharged from the hospital, childhood death (CD; death beyond
1 year of life} without being discharged from the hospital and sur-
vival, which entailed the infant being discharged from the hospi-
tal. All infants were examined by neonatologists and medical ge-
neticists to evaluate the congenital anomalies in detail.

The data were compared using Fisher’s exact test, except for
the relative size of the omphalocele, which was compared using
the Wilcoxon signed-rank test.

Results

A total of 52 cases were diagnosed antenatally with
congenital omphalocele during the study period. The
maternal age at diagnosis ranged between 22 and 44
years, with a mean age * standard deviation (SD) of 32.8
* 5.3 years. Among the 52 cases, 25 were primiparas and
27 were multiparas.

The pregnant women were referred to our hospital be-
tween 12 and 37 weeks of gestation. The main reason for
referral was the suspicion of omphalocele in the fetus;
however, the reason for referral in some of the cases was
suspected fetal congenital heart anomalies or polyhy-
dramnios.

Fetal Diagn Ther 2011;30:184-188 185



Table 1. Baseline characteristics of the delivered infants with or without polyhydramnios

Polyhydramnios (-) Polyhydramnios (+) p value
(n=24) (n=14)
Maternal age, years 31.6%5.1 33954 0.392
Primipara/multipara, n 15/9 519 -
Liveborn, n 22 12 -
Gestational age 36 weeks 0 days * 23 days 36 weeks 4 days + 19 days 0.029
Male/female, n 12/10 5/7 -
Birth weight, g 2,288 £ 635 2,297 £871 0.103
Stillborn, n 2 2 -

Values are shown as means + SD where appropriate.

Figure 1 shows the outcomes of the 52 pregnancies and
the fetuses/infants. Among the 52 pregnancies, 8 were
electively terminated before 22 weeks of gestation, 3 re-
sulted in spontaneous abortion, 38 were delivered after 22
weeks of gestation and 3 had unknown outcomes. Among
the 38 delivered infants, 34 infants were live-born and 4
infants were stillborn (IUFD). A total of 17 of the 38 de-
livered infants (45%) did not survive; IUFD occurred in
4 cases, NND in 11 cases, ID in 1 case (death on day 137
of life) and CD in 1 case (death on day 759 of life).

The gestational age at birth of the 38 delivered infants
was 35 weeks and 3 days * 27.3 days (mean + SD). A
total of 55.3% (21/38) of the delivered infants were late
preterm births (i.e. before 37 weeks of gestation), and
23.7% (9/38) were early preterm births (i.e. before 34
weeks of gestation). Among the 34 live-born infants,
50.0% (17/34) were born late preterm and 20.6% (7/34)
were born early preterm. The birth weight of the 38 de-
livered infants was 2,148 + 813 g (mean * SD). There
were 21 males and 17 females. Twenty-two cases were de-
livered by cesarean section, and 16 were delivered vagi-
nally. Vaginal delivery was chosen in cases of fetal death,
cases where poor prognosis of the fetus/infant was pre-
dicted and cases where the size of the omphalocele was
small enough for the fetus to safely fit through the birth
canal.

Associated anomalies were recognized in 29 of the 38
delivered infants (76.3%). Chromosomal aberrations
were detected in 13 cases (34.2%), including 2 cases of tri-
somy 13, 10 cases of trisomy 18 and 1 case of trisomy 21.

Thirteen of the 34 live-born infants (38.2%) died after
birth. NND occurred in 11 cases, including the 2 cases of
trisomy 13 and 6 of the trisomy 18 cases. One neonate
whose omphalocele was 12 cm at birth and who had se-
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vere scoliosis died due to pulmonary hypoplasia on day 2
of life. Dysplasia of the ribs and diaphragm was detected
at autopsy in another neonate born at 37 weeks of gesta-
tion whose omphalocele was 10 cm at birth; this neonate
died 12 h after birth. One case born at 24 weeks of gesta-
tion by emergency cesarean for bleeding from placenta
previa died soon after birth because of poor general con-
dition; the mother required a hysterectomy following the
cesarean due to massive hemorrhage. No other anomaly
except for a single umbilical artery was detected in this
case. Two cases survived the neonatal period, but 1 died
at 137 days (ID) and the other at 759 days (CD); the first
case was complicated by omphalocele-exstrophy-imper-
forate anus-spinal defects complex, and the second case
was complicated by a double aortic arch and tracheoma-
lacia.

Among the 21 infants who survived, 4 remained in the
hospital for more than 2 months after birth. One infant
had Beckwith-Wiedemann syndrome, 1 had paternal
uniparental disomy 14 and 1 had VACTERL association.
The remaining neonate was born at 33 weeks of gestation
and had an isolated omphalocele of 5 cm at birth involv-
ing liver herniation.

The ratio of the size of the omphalocele to the BPD at
first examination was evaluable in 31 cases. The average
ratio was 0.46 (95% confidence interval 0.21-0.69) among
the 10 cases with trisomy 18 and 0.67 (95% confidence
interval 0.55-0.79) among the other 21 cases. The size of
the omphalocele tended to be smaller in the infants with
trisomy 18 than in the other infants, although the differ-
ence was not significant by the Wilcoxon signed-rank
test. There was no relationship between the ratio of the
size of the omphalocele to BPD at referral and the prog-
nosis of the fetus/infant (data not shown).
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Table 2. Polyhydramnios, associated anomalies and prognosis among cases of congenital omphalocele

Polyhydramnios (-) (n = 24) Polyhydramnios (+) (n = 14) Total
outcome outcome survival
D rale
death  survival death  survival
Associated anomalies (n = 15) Associated anomalies (n = 14)
Trisomy 13 2 Trisomy 18 8 \
Trisomy 18 2 upd(14)pat 2
Trisomy 21 1 Beckwith-Wiedemann syndrome 1 9 5
Beckwith-Wiedemann syndrome 1 Simpson-Golabi-Behmel syndrome 1
Double aortic arch and tracheostenosis 1 VACTERL association 1
Polysplenia 1 Severe scoliosis 1 13/29
Malrotation 17 8 44.8%
OEIS complex 1
DORV 1
Right renal agenesis 1
Hypoplasia of the left ear 1
Hypoplastic diaphragm 1
Omphalomesenteric remnant 1 b,
Isolated omphalocele (n = 9) 1 8 Isolated omphalocele (n = 0) 0 0 8/9
88.9%
Survival rate 16/24 Survival rate 5/14 21/38
66.7% 35.7% 55.3%

Values represent numbers of patients, except where indicated otherwise. OEIS = Omphalocele-exstrophy-imperforate anus-spinal defects; DORV =

double outlet right ventricle; upd(14)pat = paternal uniparental disomy 14.

Polyhydramnios was detected in 14 of the 38 delivered
infants (36.8%). The baseline characteristics of the in-
fants with and without polyhydramnios are shown in ta-
ble 1. Other anomalies were detected in all 14 of these
cases (100%) with polyhydramnios and in 15 of the 24
cases (62.5%) that did not have polyhydramnios. Among
the 14 cases with polyhydramnios, more than half (n = 8)
had trisomy 18. The relationships between the presence
of polyhydramnios, the presence of associated anomalies
and the prognoses of the fetuses/infants are shown in ta-
ble 2. There was a significant relationship between poly-
hydramnios and the presence of other anomalies (p <
0.05) with Fisher’s exact test. As an indicator for screen-
ing for other anomalies, polyhydramnios had a sensitiv-
ity of 48.3%, specificity of 100%, positive predictive value
of 100% and negative predictive value of 37.5%. There was
no significant relationship between polyhydramnios and
fetal/infant prognosis. There was a significant relation-
ship between the presence of other anomalies and the fe-
tal/infant prognosis (p < 0.05).

Extracorporeal liver was present in 18 cases, of which
8 were cases of isolated congenital omphalocele and 10
had associated anomalies. Among the 10 cases with as-
sociated anomalies, 3 also had polyhydramnios. Howev-
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er, none of the 8 cases with isolated congenital omphalo-
cele had polyhydramnios. Among the 18 cases with ex-
tracorporeal liver, 13 (72.2%) survived.

Discussion

Intensive care including surgical repair should be ini-
tiated just after birth in infants with congenital ompha-
locele. As Patel et al. [4] reported, the existence of associ-
ated anomalies affects prognosis more than the severity
of the omphalocele itself, and antenatal evaluation of the
associated anomalies is useful to enable appropriate care
immediately after birth. In this study, chromosomal an-
euploidy was observed in 36.8% of cases, and associated
anomalies, including chromosomal aberrations, were de-
tected in 76.3%; these findings are similar to those in pre-
vious reports. It should be noted that more than half
(8/14) of the omphalocele cases with polyhydramnios had
trisomy 18. Among the 9 cases of isolated omphalocele, 1
infant (11.1%) died because of prematurity. Among the 29
cases with other anomalies, 16 (55.1%) died, including
those who died antenatally. Therefore, the existence of
another anomaly or underlying disease affects the prog-

Fetal Diagn Ther 2011;30:184-188 187



nosis of the fetus/infant. It is well known that fetuses with
a small omphalocele are at an increased risk for chromo-
somal anomalies such as trisomy 18. The same tendency
was also seen in the present study when we compared the
patients with and without trisomy 18; however, the differ-
ence was not significant. This lack of significance may
have been due to the small size of the sample.

Fetal congenital omphalocele is often complicated by
polyhydramnios, and it is described as a cause of polyhy-
dramnios in many textbooks [5, 6], although the mecha-
nism of the development of polyhydramnios is still un-
known. All 14 cases with polyhydramnios in this study
had other anomalies. In contrast, among the cases with-
out polyhydramnios, only 62.5% had other anomalies or
an underlying disease. Nicholas et al. [7] reported that
exteriorization of the liver is a significant predictor of ad-
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FOXG1 on chromosome 14 has recently been suggested as a
dosage-sensitive gene. Duplication of this gene could cause
severe epilepsy and developmental delay, including infantile
spasms. Here, we report on a female patient diagnosed
with maternal uniparental disomy of chromosome 14 and
West syndrome who carried a small supernumerary marker
chromosome. A chromosomal analysis revealed mosaicism of
47,XX, + mar(8]/46,XX[18]. Spectral karyotyping multicolor
fluorescence in situ hybridization analysis confirmed that the
marker chromosome was derived from chromosome 14. A DNA
methylation test at MEG3 in 14q32.2 and microsatellite analysis
using polymorphic markers on chromosonie 14 confirmed that
the patient had maternal uniparental disomy 14 as well as a
mosaic small marker chromosome of paternal origin containing
the proximal long arm of chromosome 14. Microarray-based
comparative genomic hybridization analysis conclusively
defined the region of the gain of genomic copy numbers at
14q11.2-q12, encompassing FOXG 1. The results of the analyses
of our patient provide further evidence that not only duplication
but also a small increase in the dosage of FOXGI could cause
infantile spasms. «© 2011 Wiley-Liss, Inc.

Key words: West syndrome; maternal uniparental disomy; chro-
mosome [4; supernumerary marker chromosome; FOXGI; mosaic
duplication

INTRODUCTION

Mutations in FOXGI on chromosome 14 are associated with the
congenital variant of Rett syndrome [Shoichet et al., 2005; Jacob
et al., 2009]. Recently, FOXGI was described as a dosage-sensitive
gene. The duplication of this gene could cause severe epilepsy and
developmental delay, including infantile spasms [ Yeung et al., 2009;
Brunetti-Pierri et al., 2011]. Maternal uniparental disomy 14
(upd(14)mat) is characterized by pre- and postnatal growth retar-

© 2011 Wiley-Liss, Inc.
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dation, neonatal hypotonia, small hands and feet, feeding difficulty,
precocious puberty, and truncal obesity [Kotzot and Utermann,
2005; Mitter et al., 2006]. Upd(14)mat syndrome demonstrates a
Prader-Willi-like phenotype during infancy [Mitter et al., 2006;
Hosoki et al., 2009] but complications of seizures are rarely
observed. Upd(14)mat is reported in carriers of Robertsonian
translocations involving chromosome 14 and is also found in
patients with normal karyotypes and supernumerary marker chro-
mosomes (SMCs) [Mitter et al., 2006]. The presence of SMCs has
often increased chromosome dosage, which results in the increased
expression of dosage-sensitive genes.

To add new insight regarding the genetic cause of West syndrome
phenotype, we report on a female patient diagnosed with
upd(14)mat and West syndrome who carried a small SMC derived
from the chromosome 14ql11.2 to 14ql2 region encompassing
FOXGI.
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