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1 | INTRODUCTION

Omphalocele is the second most commonly occurring
abdominal birth defect, with prevalence estimates

Abstract

Background: Omphalocele is the second most common abdominal birth
defect and often occurs with other structural and genetic defects. The objective
of this study was to determine omphalocele prevalence, time trends, and mor-
tality during early childhood, by geographical region, and the presence of asso-
ciated anomalies.

Methods: We conducted a retrospective study with 23 birth defect surveillance
systems in 18 countries who are members of the International Clearinghouse
for Birth Defects Surveillance and Research that submitted data on cases
ascertained from 2000 through 2012, approximately 16 million pregnancies
were surveyed that resulted in live births, stillbirths, or elective terminations of
pregnancy for fetal anomalies (ETOPFA) and cases with omphalocele were
included. Overall prevalence and mortality rates for specific ages were calcu-
lated (day of birth, neonatal, infant, and early childhood). We used Kaplan-
Meier estimates with 95% confidence intervals (CI) to calculate cumulative
mortality and joinpoint regression for time trend analyses.

Results: The prevalence of omphalocele was 2.6 per 10,000 births (95% CI:
2.5, 2.7) and showed no temporal change from 2000-2012 (average annual per-
cent change = —0.19%, p = .52). The overall mortality rate was 32.1% (95% CI:
30.2, 34.0). Most deaths occurred during the neonatal period and among chil-
dren with multiple anomalies or syndromic omphalocele. Prevalence and mor-
tality varied by registry type (e.g., hospital- vs. population-based) and inclusion
or exclusion of ETOPFA.

Conclusions: The prevalence of omphalocele showed no temporal change
from 2000-2012. Approximately one-third of children with omphalocele did
not survive early childhood with most deaths occurring in the neonatal period.
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ranging between 1.0 and 3.8 per 10,000 births globally
(Byron-Scott et al., 1998; European Network of
Population-Based Registries for the Epidemiological Sur-
veillance of Congenital Anomalies, 2019; Forrester &
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Merz, 1999; Goldkrand, Causey, & Hull, 2004;
Hemminki, Saloniemi, Kyyronen, & Kekomaki, 1982;
Marshall et al., 2015; Parker et al., 2010; Rankin, Dillon, &
Wright, 1999; Salihu, Pierre-Louis, Druschel, &
Kirby, 2003; Springett et al., 2014; St Louis et al., 2017;
Tan et al., 1996). Characterized by a defect of the midline
abdominal wall, a common feature is a thin membranous
sac in which organs protrude into the base of the umbili-
cal cord (Prefumo & Izzi, 2014). Cases range in severity
and can be small, giant or ruptured (Biard et al., 2004;
Kamata et al., 1996; Tsakayannis, Zurakowski, &
Lillehei, 1996).

The specific etiology of omphalocele remains largely
unknown, but could be due to failure of the abdomen to
completely close at the umbilical ring (Vermeij-Keers,
Hartwig, & van der Werff, 1996). Risk factors for
omphalocele include: very young and advanced maternal
age (Frolov, Alali, & Klein, 2010; Reefhuis &
Honein, 2004; Salihu et al., 2003); maternal prepregnancy
overweight or obesity (Frolov et al., 2010; Waller
et al, 2007); nulliparity (Agopian, Marengo, &
Mitchell, 2009); multiparity (Duong et al., 2012); mater-
nal prenatal alcohol (Mac Bird et al., 2009), cigarette
smoking (Feldkamp et al., 2014; Mac Bird et al., 2009),
asthma medication (Lin et al., 2012), or selective seroto-
nin reuptake inhibitor use (Alwan, Reefhuis, Rasmussen,
Olney, & Friedman, 2007); and the 677C-T mutation in
the methylenetetrahydrofolate reductase gene (Frolov
et al., 2010). Additionally, alterations in glycemic control
(Frolov et al., 2010), history of febrile illness (Frolov et al.,
2010), multiple gestation pregnancies (Agopian et al., 2009;
Doyle, Beral, Botting, & Wale, 1991; Frolov et al., 2010;
Hwang & Kousseff, 2004; Mac Bird et al.,, 2009;
Mastroiacovo et al., 1999; Riley, Halliday, & Lumley, 1998),
and in vitro fertilization treatments also increase the risk
(Agopian et al., 2009; Frolov et al., 2010; Kirby, 2017; Kirby
et al., 2013; Marshall et al., 2015). Folic acid fortification
may decrease omphalocele risk (Frolov et al., 2010). The
occurrence of omphalocele cases in developed countries
has been consistent over time (Allman et al., 2016;
Bugge et al, 2017; Bugge & Holm, 2002; Marshall
et al., 2015; Prefumo & Izzi, 2014). It occurs more fre-
quently in males than females (Agopian et al., 2009;
Bugge et al.,, 2017; Bugge & Holm, 2002; Calzolari,
Bianchi, Dolk, & Milan, 1995; Frolov et al., 2010;
Hemminki et al., 1982; Kirby, 2017; Marshall et al., 2015;
Tan et al., 1996), in Hispanic populations (Agopian
et al, 2009; Kirby, 2017) more than non-Hispanic
(NH) whites, and least frequently among United States of
America (USA) NH blacks (Kirby, 2017).

Omphalocele can occur in isolation, but more often is
associated with other major defects (Benjamin &
Wilson, 2014; Conner, Vejde, & Burgos, 2018; Marshall

et al., 2015; Springett et al., 2014; Stoll, Alembik, Dott, &
Roth, 2008). Associated defects mainly occur in the heart,
urogenital, musculoskeletal, or central nervous systems
(Benjamin & Wilson, 2014; Frolov et al., 2010; Marshall
et al., 2015; Springett et al., 2014; Stoll et al., 2008). In
about half of the nonisolated cases, chromosomal anoma-
lies (e.g., trisomy 13 and/or 18) or genetic defects
(e.g., Beckwith-Wiedemann syndrome) are found
(Benjamin & Wilson, 2014; Corey et al., 2014; Prefumo &
1zzi, 2014; Springett et al., 2014).

Prior studies show that omphalocele survival rates
depend upon the severity of the associated anomalies
(Brantberg, Blaas, Haugen, & Eik-Nes, 2005; Marshall
et al., 2015). Children born with isolated omphalocele
usually have better survival than those with nonisolated
omphalocele (Cohen-Overbeek et al., 2010; Heider,
Strauss, & Kuller, 2004; Porter, Benson, Hawley, &
Wilkins-Haug, 2009). A USA-based study reported an
overall survival rate of 92% in live births (Conner
et al., 2018), but estimates were based on a very small
number of prenatally diagnosed cases. Only a few
population-based studies have investigated early child-
hood mortality in omphalocele (Deng et al., 2014;
Hijkoop et al.,, 2019; Marshall et al., 2015; Springett
et al., 2014). Most studies conducted to date focused on
clinical populations and inpatient mortality with a small
numbers of cases (Akinkuotu et al.,, 2015; Conner
et al.,, 2018; Corey et al., 2014; Fratelli et al., 2007;
Raymond et al., 2018; Sakonidou, Ali, Farmer, Hickey, &
Greenough, 2018). One USA study pooled data from sev-
eral birth-defect registries and reported infant mortality
rates (Marshall et al., 2015), early and late neonatal mor-
tality was studied in Europe (Groen et al., 2017), and a
study from China reported perinatal mortality rates using
data from a single registry (Deng et al., 2014). Therefore,
the purpose of this study was to investigate total and live
birth prevalence, time trends, and mortality related to
omphalocele during early childhood overall, by country/
geographical region, and by presence of associated
anomalies.

2 | METHODS

2.1 | Study design

We conducted a retrospective study using data from
23 birth defect surveillance systems that are members of
the International Clearinghouse for Birth Defects Surveil-
lance and Research (ICBDSR [The Centre of the Interna-
tional Clearinghouse for Birth Defects Surveillance and
Research, 2014]). The ICBDSR was established in 1974 as
a not-for-profit volunteer organization affiliated with the
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World Health Organization. Its purpose is to conduct
worldwide surveillance and research into the occurrence
and possible causes of birth defects for the prevention
and reduction of their consequences. As of 2018, 42 birth
defects surveillance systems from 36 countries were
members and 27 programs submit yearly aggregated data
on 39 birth defects for the ICBDSR annual report.

Twenty-three programs of the ICBDSR from 18 coun-
tries in North and South America, Europe, and the Mid-
dle East submitted data for this project. Surveillance
systems were eligible to participate if they ascertained
cases of omphalocele and could provide information on
vital status. Programs included data on the surveillance
method used (hospital- or population-based), the year the
program began surveillance, the years of ascertainment
of omphalocele cases, the follow-up period for ascertain-
ment of death, the method of confirming death, the pro-
gram's definitions of stillbirth and elective terminations,
the national policy on elective terminations of pregnancy
for fetal anomalies (ETOPFA), and availability of prena-
tal screening and diagnostic services.

2.2 | Study population

Each of the 23 programs submitted information on the
annual number of omphalocele cases and pregnancy out-
comes (live birth, stillbirth, and ETOPFA) from the earli-
est time period available in each registry until December
31, 2014, the end of the study period (or the most current
available data for the registry). Omphalocele
(exomphalos; International Classification of Disease
(ICD)-10-British Pediatric Association extension code
(BPA) code Q79.2 or ICD-9-BPA code 756.70) was
defined as “a congenital malformation characterized by
herniation of abdominal contents through the umbilical
insertion and covered by a membrane which may or may
not be intact. Excludes: gastroschisis (para-umbilical her-
nia), aplasia or hypoplasia of abdominal muscles, skin-
covered umbilical hernia” (International Clearinghouse
for Birth Defects Surveillance and Research, 2014).
Omphalocele cases were classified based on clinical pre-
sentation (i.e., isolated, multiple congenital anomalies
[MCA], and syndromic) by 18 programs with available
data. We defined isolated cases as omphalocele with no
other major malformation based on the ICBDSR defini-
tion. We defined MCA cases as those occurring with two
or more major unrelated anomalies in different organ
systems (e.g., an infant having omphalocele and cranio-
synostosis was defined as MCA) (WHO/CDC/ICBDSR,
2014). We defined syndromic cases as those having related
chromosomal or genetic abnormalities. The Latin American
Collaborative Study of Congenital Malformations in South

America and the Soroka Medical Center in Israel had data
on isolated and MCA cases, and Czech Republic had data
only on syndromic cases.

2.3 | Ascertainment of mortality
Surveillance systems ascertained the vital status of
omphalocele cases using various methods, such as active
or passive follow-up of cases by clinical or registry staff or
linkage to death records (Tables S1 and S2); some pro-
grams used more than one mortality ascertainment
method. Length of follow-up for vital status varied by
program, for example, from birth until hospital dis-
charge, first week, first year or longer (Table S2). Some
surveillance systems identified death through examina-
tion of the medical files by a clinician or registry staff and
others ascertained death by linking to death certificates.

2.4 | Statistical analysis

We calculated descriptive statistics for the main study
variables and covariates. Three-year rolling averages of
overall, live birth, stillbirth, and ETOPFA prevalence
were calculated and graphed for all 23 programs and for
the 16 programs that include ETOPFA. We examined the
prevalence estimates and mortality rates from 2000
through 2012 since that was the time period that the
majority of registries had the most complete data. We cal-
culated total prevalence as the total number of
omphalocele cases (all pregnancy outcomes combined)
divided by the total number of live births and stillbirths
per 10,000. We calculated the average annual percent
change (AAPC) in prevalence and mortality using the
Joinpoint Regression Program Version 4.7.0.0 (NCI,
Bethesda, MD) (Kim, Fay, Feuer, & Midthune, 2000).
Each regression model began with 0 joinpoints; up to
4 joinpoints were allowed in the model if statistically sig-
nificant changes in rates or direction were noted using a
Monte Carlo permutation test until an optimal-fitted
model was selected (Kim et al., 2000). Among live births
with omphalocele, we calculated age-specific mortality as
the number of deaths at different ages: day of birth,
2-6 days (early neonatal), 7-27 days (late neonatal),
28-364 days (infant), 1-4 years, and > 5years of age
divided by the total number of live births with
omphalocele. We also examined cumulative percent mor-
tality (with corresponding CIs) at the specific age groups
using a modified Kaplan-Meier Product-Limit method
for each program, registry type, and total to account for
censoring. We generated cumulative Kaplan-Meier sur-
vival graphs (which adjust for differential follow-up time)
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for North American and European programs because
they had the highest number of participating programs
and most complete follow-up of live births through link-
age with death certificates. We examined mortality by
clinical presentation: isolated, MCA, and syndromic cases
for the programs where data was available (18 programs;
78.0%). SAS version 9.4 (SAS Inc., Cary, NC) and the
Joinpoint Regression Program were used for the analyses.

2.5 | Human subjects

We conducted the research in accordance with the preva-
iling ethical principles and the Office of Research Integ-
rity and Compliance; the Institutional Review Board
(IRB) at the University of Arkansas for Medical Sciences
determined this study exempt from IRB review.

3 | RESULTS

Approximately 16 million births occurred during the
study period in the areas monitored by the 23 surveillance
systems in 18 countries. Most programs that participated
in the study were population-based (n = 15, 65%). There
were 3 programs that monitored entire states, and 5 that
monitored an entire country. Registries also varied in
inclusion of stillbirths and terminations in their case
ascertainment methods. Although 22 of the 23 registries
included stillbirths in their case ascertainment methods,
the definition of stillbirth varied between registries
(Table S1). Seventy percent (16/23) of registries included
ETOPFA in their case ascertainment methods during the
entire study period (Table S1) and 22 registries were in
areas that had access to prenatal screening services.

3.1 | Prevalence of omphalocele

From 2000 through 2012, 4,157 cases of omphalocele
were identified from 15,955,640 births, for an overall
prevalence of 2.6 per 10,000 births (95% CI: 2.5, 2.7)
based on all programs (Table 1). Of these, 63.0% were
live births, 11.5% were stillbirths, 25.2% were ETOPFA,
and 0.3% had an unknown outcome. The highest
ETOPFA proportions were seen in Spain (83%), France
(71%), and Italy (Tuscany; 66%). ETOPFA was more
often performed in syndromic cases (67%) compared to
MCA (23%) and isolated omphalocele (20%) (Table S3).
Prevalence varied by case ascertainment method:
hospital-based systems had a higher prevalence than
population-based systems for total omphalocele cases
(3.1 vs. 2.4 per 10,000 births) and for live birth cases

(2.4 vs. 1.4) (Table 1). The highest prevalences were
seen in France (5.8) and the UK (4.1), whereas the low-
est prevalences were seen in cigarette smoking Slovak
Republic (0.8) and Israel (0.9). The 3-year rolling aver-
age prevalence from 2000 to 2012 for omphalocele
cases by pregnancy outcomes is displayed in
Figure Sla, and the 3-year rolling average prevalence
from 2000 to 2012 for omphalocele cases by pregnancy
outcomes for surveillance systems that included
ETOPFA is displayed in Figure S1b. Joinpoint analyses
revealed no temporal trend in the overall prevalence
from 2000 to 2012 (AAPC = —0.19%; p = .52) (data not
shown).

Of the registries that reported clinical presentation
(n = 2,499), 37% were isolated, 42% were MCA, and 21%
were syndromic (Table S3). The prevalence of
omphalocele cases from 2000 to 2012 by clinical presenta-
tion was 1.1 per 10,000 births (95% CI: 1.0, 1.2) for iso-
lated cases, 1.2 per 10,000 births (95% CI: 1.1, 1.3) for
MCA cases, and 0.7 per 10,000 births (95% CI: 0.6, 0.8)
for syndromic cases (data not shown).

3.2 | Overall mortality

From 2000 to 2012, the overall mortality rate was 32.1%
(95% CI: 30.2, 34.0) (Table 2); however, the rate varied
when calculated by the method of case ascertainment
and the age at death. Fifteen registries were followed
up to 1 year (65.2%) and 10 registries were followed up
for longer than 1 year (43.5%). For hospital-based sys-
tems, the overall mortality rate was 40.8% (95% CI:
37.4, 44.3), whereas for population-based systems the
overall mortality rate was 27.8% (95% CI: 25.7, 30.0).
On the day of birth, 12.2% of live born omphalocele
cases died (18.9% for hospital-based and 8.7% for
population-based), compared to 8.7% in the 2-7 day
period (11.5% for hospital-based and 7.5% for
population-based). The mortality was highest in the
neonatal period, in which 25.9% of live born
omphalocele cases died (39.7% for hospital-based and
19.9% for population-based). Between 28 and 364 days
of life, 4.8% of live born cases died and the overall mor-
tality rate at 1 year was 30.7%. Overall 5-year mortality
rates were higher for surveillance systems in countries
that did not include or register ETOPFA (42.4%) than
those did (27.3%) (Table 2).

Figure 1 shows Kaplan-Meier survival curves up to
age 5 years for all live birth cases with omphalocele in
10 surveillance systems with linkage to death certificates
in North America and Europe. Overall survival is some-
what lower in North America compared to Europe. Sur-
vival was highest in Italy (Lombardy) (90%; 10 cases) and
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35 |
and geographic location

Mortality by clinical presentation

The highest mortality in live birth isolated omphalocele
was seen in South America (23.4%; 282 cases) and Argen-
tina (23.3%; 43 cases). In Italy (Lombardy) and Malta,
high mortality was observed (33.3%), but each reported
only 3 cases. Also, for live birth MCA, the highest mortal-
ity was seen in Argentina (60.8%; 51 cases) and South
America (55.7%; 357 cases). In Italy (Tuscany), mortality
was 66.7%, but was based on only 3 cases. In contrast, the
highest mortality among syndromic cases was registered
in Malta (100%; only 2 cases), the Czech Republic (78.6%;
14 cases), Italy (Tuscany) (75%; 4 cases) and Sweden
(73.7%; 19 cases).

Figure 2 displays Kaplan-Meier curves up to age
5 years for isolated, MCA, and syndromic omphalocele
cases. Survival for isolate cases ranged from 66.7% (Italy-
Lombardy) to 94.5% (Sweden). For MCA cases, survival
ranged from 33.3% (Italy-Tuscany) to 86% (Sweden) and
100% (Italy-Lombardy) based on 66 cases. Survival for
syndromic cases ranged from 25.0% (Italy-Tuscany) to
70.8% (UK) and 100% (Italy-Lombardy; 1 case).

4 | DISCUSSION

4.1 | Main findings

The prevalence of omphalocele in our multi-country ret-
rospective study from 2000 to 2012 was 2.6 per 10,000
births. Approximately one-third of children born with
omphalocele died before age 5years. Most deaths
occurred on the day of birth, followed by the first week of
life. Once children survived to 1 year of age, few deaths
occurred at older ages. Children born with syndromic
omphalocele had a higher mortality rate than children
born with isolated omphalocele or MCA.

4.2 | Interpretation

Our prevalence estimate of 2.6 per 10,000 births is consis-
tent with the published literature which reports preva-
lence estimates that range from 2.1 to 3.8 per 10,000 for
studies conducted in the US, UK, and Australia (Byron-
Scott et al., 1998; Goldkrand et al., 2004; Salihu
et al., 2003; Springett et al., 2014; Stallings et al., 2019).
Our live birth prevalence of 1.6 per 10,000 births is also
consistent with previous reports (1.3 to 1.92 per 10,000
live births) (Byron-Scott et al., 1998; Kirby, 2017,
Marshall et al.,, 2015; Salihu et al.,, 2003; Springett
et al.,, 2014). In agreement with prior studies (Allman

et al., 2016; Bugge & Holm, 2002; Marshall et al., 2015),
we observed no temporal change in the overall preva-
lence from 2000 to 2012 (AAPC = —0.19%; p = 0.52).
Forty-two percent of our omphalocele cases were MCA
and 21% were syndromic. Comparing our results to the
published literature is somewhat challenging because the
prevalence of MCA and syndromic cases varied greatly.
Springett et al. observed that 31% of their cases were MCA
and 32% were syndromic (Springett et al., 2014). A New
York-based study reported that 8% of their cases were syn-
dromic (Salihu et al., 2003). In a USA multi-state study,
more than 50% of cases were MCA and 16.7% were syn-
dromic (Marshall et al., 2015). Conner et al. found that
48% of cases were MCA and 19% of cases were syndromic
(Conner et al., 2018). Agopian et al. reported that 17.4% of
their cases were syndromic (Agopian et al., 2009).

Our study demonstrated an overall 5-year mortality
rate of 32.1% and a 1-year overall mortality rate of 30.7%.
For isolated cases, the overall 5-year mortality rate was
17.2%. We observed that children with syndromic
omphalocele had the highest mortality rates (55.8%). The
5-year mortality rate should be interpreted with caution,
as the 5-year follow up was not applied to all registries.
Most studies in the literature focused on infant mortality
and thus only reported the 1-year mortality rates. Our
infant mortality rate is generally consistent with the pub-
lished literature. A study based on 1992-1999 data from
New York reported a 23% infant mortality rate (Salihu
et al., 2003). A 2005-2011 study from six British Isles Net-
work of Congenital Anomaly Regional (BINOCAR) regis-
tries in England and Wales reported an overall infant
mortality rate of 16% (Springett et al., 2014). Marshall
et al. used 1995-2005 data from 12 state birth defect regis-
tries in the USA National Birth Defects Prevention Net-
work and reported a 28.7% 1-year mortality rate
(Marshall et al., 2015). An Australian study using
1980-1990 data reported a 15.6% 1-year mortality rate
(Byron-Scott et al., 1998).

We also demonstrated that in most cases, hospital-based
surveillance systems had higher prevalence and mortality
compared to population-based surveillance systems. Fur-
thermore, surveillance systems in countries that do not
include ETOPFA also had higher prevalence and mortality.
A possible explanation could be that the most severe (MCA
or syndromic) cases in these countries are not terminated
during pregnancy, leading to a higher mortality in live birth,
compared to countries where ETOPFA is included.

4.3 | Strengths and limitations

One of the main strengths of our study is its large study pop-
ulation. It is the largest study to date of omphalocele
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prevalence and mortality with more than 16 million births
and over 4,000 cases. Another strength is its ethnic diversity;
it includes cases from 18 countries in Europe, North and
South America, and the Middle East. Another major
strength of the study is that cases were ascertained from
hospital- and population-based surveillance systems, which
allowed us to examine differences between types of surveil-
lance systems in their prevalence and mortality estimates.
Live births, stillbirths, and ETOPFA were included, which
allowed us to assess the impact of ETOPFA on prevalence
and mortality estimates. In addition, data for most registries
were available on the clinical presentation, allowing us to
compare mortality between isolated, MCA, and syndromic
omphalocele cases.

Notwithstanding, our study has potential limitations
that should be considered. The main limitation of our
study is the lack of individual level information on
patient characteristics, clinical presentation of the defect
(e.g., size, severity), sociodemographic factors, and com-
orbidities. Another limitation is the varying methodolo-
gies that were used by the different programs, especially
for ascertainment of mortality. For example, the length of

0 Birth Day1 Day2-6 Day 7-27 Day 28-364 Year 1-4 =>Year 5

Age Group

follow-up that differed between registries, with 6 registries
only having information on first week mortality and
9 registries having follow-up available through age
5 years. Moreover, our 5-year mortality rates were based
on 9 registries; 1 in Israel, 5 in Europe, and 3 in the US,
and is, therefore, not representative for the worldwide
omphalocele mortality. The other registries did have lon-
ger follow-up, but not all had linked to death certificates,
and it remains possible that some deaths will have been
missed, leading to an underestimation of the mortality.
The overall cumulative mortality percentages are based
on different follow-up times and should, therefore, be
interpreted as the minimum cumulative mortality (with
longer follow-up times, the mortality is expected to
increase). Also, we did not have information on the exact
cause of death, risk factors for a poor prognosis, time of
diagnosis (prenatal or postnatal), or the type of treatment.
Variability in the data is due to limitations with the con-
sistency in data collection for many registries in multiple
countries. However, our results are similar to previously
published studies and we have described the characteris-
tics of each registry in detail.
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5 | CONCLUSION

Based on a very large multi-country sample of pregnan-
cies and children affected by omphalocele, one-third of
live births will not survive the first 5 years of life, with
most deaths occurring in the neonatal period. Mortality
varied by region of the world, ascertainment method, and

inclusion or exclusion of ETOPFA. Considerations for
future studies may include clinical aspects to elucidate
the factors associated with mortality and how they might
vary by region. It seems clear that omphalocele is quanti-
tatively and qualitatively important and deserves atten-
tion. This study provides valuable information for
clinicians and public health professionals around the
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world in planning and providing obstetric and pediatric
services. It also makes data available for use in future
comparisons in the follow-up of mortality linked to
omphalocele.

ACKNOWLEDGMENTS

We would like to thank Wei Fan, PhD and Yevgenia
Gokun, MS for their advice and assistance with the statis-
tical methods for this manuscript. We would like to
acknowledge each ICBDSR member program staff for
providing data and information on the characteristics of
their program and the ECEMC Peripheral Group for their
remarkable contribution to the study in Spain. This study
received support from the Centers for Disease Control
and Prevention National Center on Birth Defects and
Developmental Disabilities (#5U001DD000491) and the
Arkansas Biosciences Institute (#037062). EUROCAT
Northern Netherlands is funded by the Dutch Ministry of
Welfare, Health and Sports. Instituto de Salud Carlos III,
Ministry of Science and Innovation, of Spain, Fundacion
1000 sobre Defectos Congénitos, of Spain provided
funding to Dr. Eva Bermejo-Sanchez. Direzione Diritti di
cittadinanza e coesione sociale-Regione Toscana provided
funding to Ms. Anna Pierini. The data from Czech
Republic were provided by the support of Czech Ministry
of Health grant nr. AZV 17-29622A. Funding from Public
Health Wales was provided to Dr. Margery Morgan.

CONFLICT OF INTEREST

The authors declare no potential conflicts of interest with
respect to the research, authorship, funding, and/or pub-
lication of this article.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able on request from the International Clearinghouse for
Birth Defects Surveillance and Research. The data are
not publicly available due to privacy or ethical
restrictions.

ORCID
Wendy N. Nembhard ‘® https://orcid.org/0000-0002-8318-
4049

Jorieke E. H. Bergman
3929-3619

Maria D. Politis ‘® https://orcid.org/0000-0002-7511-8383
Marcia L. Feldkamp ‘© https://orcid.org/0000-0001-9171-
7848

Amy Nance

https://orcid.org/0000-0002-

https://orcid.org/0000-0002-4326-890X
Boris Groisman ‘© https://orcid.org/0000-0001-6263-2562
Anke Rissmann © https://orcid.org/0000-0002-9437-2790
Wiadimir Wertelecki ‘® https://orcid.org/0000-0001-5864-
5985

ST
_Research

https://orcid.org/0000-0002-2803-

Vijaya Kancherla
8030

REFERENCES

Agopian, A., Marengo, L., & Mitchell, L. E. (2009). Descriptive epi-
demiology of nonsyndromic omphalocele in Texas, 1999-2004.
American Journal of Medical Genetics. Part A, 149a(10),
2129-2133. https://doi.org/10.1002/ajmg.a.33000

Akinkuotu, A. C., Sheikh, F., Olutoye, O. O., Lee, T. C.,
Fernandes, C. J., Welty, S. E., ... Cass, D. L. (2015). Giant
omphaloceles: Surgical management and perinatal outcomes.
The Journal of Surgical Research, 198(2), 388-392. https://doi.
0rg/10.1016/j.js.2015.03.060

Allman, R., Sousa, J., Walker, M. W, Laughon, M. M.,
Spitzer, A. R., & Clark, R. H. (2016). The epidemiology, preva-
lence and hospital outcomes of infants with gastroschisis. Jour-
nal of Perinatology, 36, 901-905. https://doi.org/10.1038/jp.
2016.99

Alwan, S., Reefhuis, J.,, Rasmussen, S. A., Olney, R. S, &
Friedman, J. M. (2007). Use of selective serotonin-reuptake
inhibitors in pregnancy and the risk of birth defects. New
England Journal of Medicine, 356(26), 2684-2692. https://doi.
0rg/10.1056/NEJMo0a066584

Benjamin, B., & Wilson, G. N. (2014). Anomalies associated
with gastroschisis and omphalocele: Analysis of 2825 cases
from the Texas Birth Defects registry. Journal of Pediatric
Surgery, 49(4), 514-519. https://doi.org/10.1016/j.jpedsurg.
2013.11.052

Biard, J. M., Wilson, R. D., Johnson, M. P., Hedrick, H. L,
Schwarz, U., Flake, A. W, ... Adzick, N. S. (2004). Prenatally
diagnosed giant omphaloceles: Short- and long-term outcomes.
Prenatal Diagnosis, 24(6), 434-439. https://doi.org/10.1002/
pd.894

Brantberg, A., Blaas, H. G., Haugen, S. E., & Eik-Nes, S. H. (2005).
Characteristics and outcome of 90 cases of fetal omphalocele.
Ultrasound in Obstetrics & Gynecology, 26(5), 527-537. https://
doi.org/10.1002/u0g.1978

Bugge, M., Drachmann, G., Kern, P., Budtz-Jorgensen, E.,
Eiberg, H., Olsen, B, ... Nielsen, I. M. (2017). Abdominal Wall
Defects in Greenland 1989-2015. Birth Defects Research, 109(11),
836-842. https://doi.org/10.1002/bdr2.1025

Bugge, M., & Holm, N. V. (2002). Abdominal wall defects in Den-
mark, 1970-89. Paediatric and Perinatal Epidemiology, 16(1),
73-81.

Byron-Scott, R., Haan, E., Chan, A., Bower, C., Scott, H., &
Clark, K. (1998). A population-based study of abdominal wall
defects in South Australia and Western Australia. Paediatric
and Perinatal Epidemiology, 12(2), 136-151.

Calzolari, E., Bianchi, F., Dolk, H., & Milan, M. (1995).
Omphalocele and gastroschisis in Europe: A survey of 3 million
births 1980-1990. American Journal of Medical Genetics, 58(2),
187-194. https://doi.org/10.1002/ajmg.1320580218

Cohen-Overbeek, T. E., Tong, W. H., Hatzmann, T. R., Wilms, J. F.,
Govaerts, L. C., Galjaard, R. J., .. Tibboel, D. (2010).
Omphalocele: Comparison of outcome following prenatal or
postnatal diagnosis. Ultrasound in Obstetrics & Gynecology, 36
(6), 687-692. https://doi.org/10.1002/uo0g.7698

Conner, P., Vejde, J. H.,, & Burgos, C. M. (2018). Accuracy and
impact of prenatal diagnosis in infants with omphalocele.


https://orcid.org/0000-0002-8318-4049
https://orcid.org/0000-0002-8318-4049
https://orcid.org/0000-0002-8318-4049
https://orcid.org/0000-0002-3929-3619
https://orcid.org/0000-0002-3929-3619
https://orcid.org/0000-0002-3929-3619
https://orcid.org/0000-0002-7511-8383
https://orcid.org/0000-0002-7511-8383
https://orcid.org/0000-0001-9171-7848
https://orcid.org/0000-0001-9171-7848
https://orcid.org/0000-0001-9171-7848
https://orcid.org/0000-0002-4326-890X
https://orcid.org/0000-0002-4326-890X
https://orcid.org/0000-0001-6263-2562
https://orcid.org/0000-0001-6263-2562
https://orcid.org/0000-0002-9437-2790
https://orcid.org/0000-0002-9437-2790
https://orcid.org/0000-0001-5864-5985
https://orcid.org/0000-0001-5864-5985
https://orcid.org/0000-0001-5864-5985
https://orcid.org/0000-0002-2803-8030
https://orcid.org/0000-0002-2803-8030
https://orcid.org/0000-0002-2803-8030
https://doi.org/10.1002/ajmg.a.33000
https://doi.org/10.1016/j.jss.2015.03.060
https://doi.org/10.1016/j.jss.2015.03.060
https://doi.org/10.1038/jp.2016.99
https://doi.org/10.1038/jp.2016.99
https://doi.org/10.1056/NEJMoa066584
https://doi.org/10.1056/NEJMoa066584
https://doi.org/10.1016/j.jpedsurg.2013.11.052
https://doi.org/10.1016/j.jpedsurg.2013.11.052
https://doi.org/10.1002/pd.894
https://doi.org/10.1002/pd.894
https://doi.org/10.1002/uog.1978
https://doi.org/10.1002/uog.1978
https://doi.org/10.1002/bdr2.1025
https://doi.org/10.1002/ajmg.1320580218
https://doi.org/10.1002/uog.7698

NEMBHARD ET AL.

Pediatric Surgery International, 34(6), 629-633. https://doi.org/
10.1007/s00383-018-4265-x

Corey, K. M., Hornik, C. P., Laughon, M. M., McHutchison, K.,
Clark, R. H., & Smith, P. B. (2014). Frequency of anomalies and
hospital
omphalocele. Early Human Development, 90(8), 421-424.
https://doi.org/10.1016/j.earlhumdev.2014.05.006

Deng, K., Qiu, J., Dai, L., Yi, L., Deng, C., Mu, Y., & Zhu, J. J. B. P.
(2014). Perinatal mortality in pregnancies with omphalocele:
Data from the Chinese national birth defects monitoring net-
work, 1996-2006. BMC Pediatrics, 14(1), 160. https://doi.org/10.
1186/1471-2431-14-160

Doyle, P. E., Beral, V., Botting, B., & Wale, C. J. (1991). Congenital
malformations in twins in England and Wales. Journal of Epi-
demiology and Community Health, 45(1), 43-48.

Duong, H. T., Hoyt, A. T., Carmichael, S. L., Gilboa, S. M,,
Canfield, M. A,, Case, A., ... Waller, D. K. (2012). Is maternal
parity an independent risk factor for birth defects? Birth Defects
Research. Part A, Clinical and Molecular Teratology, 94(4),
230-236. https://doi.org/10.1002/bdra.22889

European Network of Population-Based Registries for the Epidemi-
ological Surveillance of Congenital Anomalies. (2019,
December 12, 2019). Prevalence Charts and Tables. Retrieved
from https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-
data/prevalence

Feldkamp, M. L., Srisukhumbowornchai, S., Romitti, P. A,
Olney, R. S., Richardson, S. D., Botto, L. D., & National Birth
Defects Prevention Study. (2014). Self-reported maternal ciga-
rette smoke exposure during the periconceptional period and
the risk for omphalocoele. Paediatric and Perinatal Epidemiol-
ogy, 28(1), 67-73. https://doi.org/10.1111/ppe.12093

Forrester, M. B., & Merz, R. D. (1999). Epidemiology of abdominal
wall defects, Hawaii, 1986-1997. Teratology, 60(3), 117-123.
https://doi.org/10.1002/(sici)1096-9926(199909)60:3<117::Aid-
tera5>3.0.Co;2-g

Fratelli, N., Papageorghiou, A. T., Bhide, A. Sharma, A,
Okoye, B., & Thilaganathan, B. (2007). Outcome of antenatally
diagnosed abdominal wall defects. Ultrasound in Obstetrics &
Gynecology, 30(3), 266-270. https://doi.org/10.1002/uog.4086

Frolov, P., Alali, J., & Klein, M. D. (2010). Clinical risk factors for
gastroschisis and omphalocele in humans: A review of the liter-
ature. Pediatric Surgery International, 26(12), 1135-1148.
https://doi.org/10.1007/s00383-010-2701-7

Goldkrand, J. W., Causey, T. N., & Hull, E. E. (2004). The changing
face of gastroschisis and omphalocele in Southeast Georgia.
The Journal of Maternal-Fetal & Neonatal Medicine, 15(5),
331-335. https://doi.org/10.1080/14767050410001699875

Groen, H., Bouman, K., Pierini, A., Rankin, J.,, Rissmann, A.,
Haeusler, M., ... de Walle, H. E. K. (2017). Stillbirth and neona-
tal mortality in pregnancies complicated by major congenital
anomalies: Findings from a large European cohort. Prenatal
Diagnosis, 37(11), 1100-1111. https://doi.org/10.1002/pd.5148

Heider, A. L., Strauss, R. A., & Kuller, J. A. (2004). Omphalocele:
Clinical outcomes in cases with normal karyotypes. American
Journal of Obstetrics and Gynecology, 190(1), 135-141. https://
doi.org/10.1016/j.ajog.2003.06.007

Hemminki, K., Saloniemi, I, Kyyronen, P., & Kekomaki, M. (1982).
Gastroschisis and omphalocele in Finland in the 1970s: Prevalence

outcomes in infants with gastroschisis and

at birth and its correlates. Journal of Epidemiology and Community
Health, 36(4), 289-293. https://doi.org/10.1136/jech.36.4.289

Hijkoop, A., Peters, N. C. J., Lechner, R. L., van Bever, Y., van Gils-
Frijters, A., Tibboel, D., ... H, I. J. (2019). Omphalocele: From
diagnosis to growth and development at 2 years of age. Arch
Dis Child Fetal Neonatal Ed, 104(1), F18-£23. https://doi.org/10.
1136/archdischild-2017-314700

Hwang, P. J., & Kousseff, B. G. (2004). Omphalocele and gas-
troschisis: An 18-year review study. Genetics in Medicine, 6(4),
232-236.

International Clearinghouse for Birth Defects Surveillance and
Research. (2014). Annual Report 2014. Rome, Italy: The Interna-
tional Centre on Birth Defects — ICBDSR Centre. Retrieved from
http://www.icbdsr.org/wp-content/annual_report/Report2014.pdf.

Kamata, S., Ishikawa, S., Usui, N., Kitayama, Y., Sawai, T,
Okuyama, H., .. Okada, A. (1996). Prenatal diagnosis of
abdominal wall defects and their prognosis. Journal of Pediatric
Surgery, 31(2), 267-271.

Kim, H. J., Fay, M. P., Feuer, E. J., & Midthune, D. N. (2000). Per-
mutation tests for joinpoint regression with applications to can-
cer rates. Statistics in Medicine, 19(3), 335-351.

Kirby, R. S. (2017). The prevalence of selected major birth defects in
the United States. Seminars in Perinatology, 41(6), 338-344.
https://doi.org/10.1053/j.semperi.2017.07.004

Kirby, R. S., Marshall, J.,, Tanner, J. P, Salemi, J. L,
Feldkamp, M. L., Marengo, L., ... National Birth Defects Pre-
vention Network. (2013). Prevalence and correlates of gas-
troschisis in 15 states, 1995 to 2005. Obstetrics & Gynecology,
1222 Pt 1), 275-281. https://doi.org/10.1097/A0G.
0b013e31829cbbb4

Lin, S., Munsie, J. P. W., Herdt-Losavio, M. L., Druschel, C. M.,
Campbell, K., Browne, M. L., ... National Birth Defects Preven-
tion Study. (2012). Maternal asthma medication use and the
risk of selected birth defects. Pediatrics, 129(2), e317-e324.
https://doi.org/10.1542/peds.2010-2660

Mac Bird, T., Robbins, J. M., Druschel, C., Cleves, M. A,
Yang, S., & Hobbs, C. A. (2009). Demographic and environmen-
tal risk factors for gastroschisis and omphalocele in the
National Birth Defects Prevention Study. Journal of Pediatric
Surgery, 44(8), 1546-1551. https://doi.org/10.1016/j.jpedsurg.
2008.10.109

Marshall, J., Salemi, J. L., Tanner, J. P., Ramakrishnan, R.,
Feldkamp, M. L., Marengo, L. K., ... Kirby, R. S. (2015). Preva-
lence, correlates, and outcomes of Omphalocele in the United
States, 1995-2005. Obstetrics and Gynecology, 126(2), 284-293.
https://doi.org/10.1097/a0g.0000000000000920

Mastroiacovo, P., Castilla, E. E., Arpino, C., Botting, B., Cocchi, G.,
Goujard, J., ... Ritvanen, A. (1999). Congenital malformations
in twins: An international study. American Journal of Medical
Genetics, 83, 117-124.

Parker, S. E., Mai, C. T., Canfield, M. A., Rickard, R., Wang, Y.,
Meyer, R. E, ... Correa, A. (2010). Updated National Birth Prev-
alence estimates for selected birth defects in the United States,
2004-2006. Birth Defects Research. Part A, Clinical and Molecu-
lar Teratology, 88(12), 1008-1016. https://doi.org/10.1002/bdra.
20735

Porter, A., Benson, C. B., Hawley, P., & Wilkins-Haug, L. (2009).
Outcome of fetuses with a prenatal ultrasound diagnosis of


https://doi.org/10.1007/s00383-018-4265-x
https://doi.org/10.1007/s00383-018-4265-x
https://doi.org/10.1016/j.earlhumdev.2014.05.006
https://doi.org/10.1186/1471-2431-14-160
https://doi.org/10.1186/1471-2431-14-160
https://doi.org/10.1002/bdra.22889
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence
https://doi.org/10.1111/ppe.12093
https://doi.org/10.1002/(sici)1096-9926(199909)60:3%3C117::Aid-tera5%3E3.0.Co;2-g
https://doi.org/10.1002/(sici)1096-9926(199909)60:3%3C117::Aid-tera5%3E3.0.Co;2-g
https://doi.org/10.1002/uog.4086
https://doi.org/10.1007/s00383-010-2701-7
https://doi.org/10.1080/14767050410001699875
https://doi.org/10.1002/pd.5148
https://doi.org/10.1016/j.ajog.2003.06.007
https://doi.org/10.1016/j.ajog.2003.06.007
https://doi.org/10.1136/jech.36.4.289
https://doi.org/10.1136/archdischild-2017-314700
https://doi.org/10.1136/archdischild-2017-314700
http://www.icbdsr.org/wp-content/annual_report/Report2014.pdf
https://doi.org/10.1053/j.semperi.2017.07.004
https://doi.org/10.1097/AOG.0b013e31829cbbb4
https://doi.org/10.1097/AOG.0b013e31829cbbb4
https://doi.org/10.1542/peds.2010-2660
https://doi.org/10.1016/j.jpedsurg.2008.10.109
https://doi.org/10.1016/j.jpedsurg.2008.10.109
https://doi.org/10.1097/aog.0000000000000920
https://doi.org/10.1002/bdra.20735
https://doi.org/10.1002/bdra.20735

NEMBHARD ET AL.

isolated omphalocele. Prenatal Diagnosis, 29(7), 668-673.
https://doi.org/10.1002/pd.2241

Prefumo, F., & Izzi, C. (2014). Fetal abdominal wall defects. Best
Practice & Research. Clinical Obstetrics & Gynaecology, 28(3),
391-402. https://doi.org/10.1016/j.bpobgyn.2013.10.003

Rankin, J., Dillon, E., & Wright, C. (1999). Congenital anterior
abdominal wall defects in the north of England, 1986-1996:
Occurrence and outcome. Prenatal Diagnosis, 19(7), 662-668.

Raymond, S. L., Downard, C. D., St Peter, S. D., Baerg, J,
Qureshi, F. G., Bruch, S. W., ... Islam, S. (2018). Outcomes in
omphalocele correlate with size of defect. Journal of Pediatric
Surgery, 54, 1546-1550. https://doi.org/10.1016/]j.jpedsurg.2018.
10.047

Reefthuis, J., & Honein, M. A. (2004). Maternal age and non-
chromosomal birth defects, Atlanta—1968-2000: Teenager or
thirty-something, who is at risk? Birth Defects Research. Part A,
Clinical and Molecular Teratology, 70(9), 572-579. https://doi.
0rg/10.1002/bdra.20065

Riley, M. M., Halliday, J. L., & Lumley, J. M. (1998). Congenital
malformations in Victoria, Australia, 1983-95: An overview of
infant characteristics. Journal of Paediatrics and Child Health,
34(3), 233-240.

Sakonidou, S., Ali, K., Farmer, I., Hickey, A., & Greenough, A.
(2018). Mortality and short-term morbidity in infants with
exomphalos. Pediatrics International, 60(5), 438-441. https://
doi.org/10.1111/ped.13537

Salihu, H. M., Pierre-Louis, B. J., Druschel, C. M., & Kirby, R. S.
(2003). Omphalocele and gastroschisis in the state of
New York, 1992-1999. Birth Defects Research. Part A, Clinical
and Molecular Teratology, 67(9), 630-636. https://doi.org/10.
1002/bdra.10113

Springett, A., Draper, E. S., Rankin, J., Rounding, C., Tucker, D.,
Stoianova, S., ... Morris, J. K. (2014). Birth prevalence and sur-
vival of exomphalos in England and Wales: 2005 to 2011. Birth
Defects Research. Part A, Clinical and Molecular Teratology, 100
(9), 721-725. https://doi.org/10.1002/bdra.23301

St Louis, A. M., Kim, K., Browne, M. L., Liu, G., Liberman, R. F.,
Nembhard, W. N., ... Kirby, R. S. (2017). Prevalence trends of
selected major birth defects: A multi-state population-based retro-
spective study, United States, 1999 to 2007. Birth Defects Research,
109(18), 1442-1450. https://doi.org/10.1002/bdr2.1113

Stallings, E. B., Isenburg, J. L., Short, T. D., Heinke, D., Kirby, R. S,
Romitti, P. A., ... Lupo, P. J. (2019). Population-based birth

defects data in the United States, 2012-2016: A focus on abdom-
inal wall defects. Birth Defects Research, 111(18), 1436-1447.
https://doi.org/10.1002/bdr2.1607

Stoll, C., Alembik, Y., Dott, B., & Roth, M. P. (2008). Omphalocele
and gastroschisis and associated malformations. American Jour-
nal of Medical Genetics. Part A, 146a(10), 1280-1285. https://
doi.org/10.1002/ajmg.a.32297

Tan, K. H, Kilby, M. D., Whittle, M. J., Beattie, B. R,
Booth, I. W., & Botting, B. J. (1996). Congenital anterior
abdominal wall defects in England and Wales 1987-93: Retro-
spective analysis of OPCS data. BMJ, 313(7062), 903-906.
https://doi.org/10.1136/bm;j.313.7062.903

Tsakayannis, D. E., Zurakowski, D., & Lillehei, C. W. (1996). Respi-
ratory insufficiency at birth: A predictor of mortality for infants
with omphalocele. Journal of Pediatric Surgery, 31(8),
1088-1090 discussion 1090-1081.

Vermeij-Keers, C., Hartwig, N. G., & van der Werff, J. F. (1996).
Embryonic development of the ventral body wall and its con-
genital malformations. Seminars in Pediatric Surgery, 5(2),
82-89.

Waller, D. K., Shaw, G. M., Rasmussen, S. A., Hobbs, C. A.,
Canfield, M. A., Siega-Riz, A. M,, ... Correa, A. (2007). Pre-
pregnancy obesity as a risk factor for structural birth defects.
Archives of Pediatrics & Adolescent Medicine, 161(8), 745-750.

WHO/CDC/ICBDSR. (2014). Birth defects surveillance: A manual for pro-
gramme managers. Geneva: World Health Organization. Retrieved
from https://www.who.int/publications/i/item/9789241548724

SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Nembhard WN,
Bergman JEH, Politis MD, et al. A multi-country
study of prevalence and early childhood mortality
among children with omphalocele. Birth Defects
Research. 2020;1-15. https://doi.org/10.1002/
bdr2.1822



https://doi.org/10.1002/pd.2241
https://doi.org/10.1016/j.bpobgyn.2013.10.003
https://doi.org/10.1016/j.jpedsurg.2018.10.047
https://doi.org/10.1016/j.jpedsurg.2018.10.047
https://doi.org/10.1002/bdra.20065
https://doi.org/10.1002/bdra.20065
https://doi.org/10.1111/ped.13537
https://doi.org/10.1111/ped.13537
https://doi.org/10.1002/bdra.10113
https://doi.org/10.1002/bdra.10113
https://doi.org/10.1002/bdra.23301
https://doi.org/10.1002/bdr2.1113
https://doi.org/10.1002/bdr2.1607
https://doi.org/10.1002/ajmg.a.32297
https://doi.org/10.1002/ajmg.a.32297
https://doi.org/10.1136/bmj.313.7062.903
https://doi.org/10.1002/bdr2.1822
https://doi.org/10.1002/bdr2.1822

	A multi-country study of prevalence and early childhood mortality among children with omphalocele
	1  INTRODUCTION
	2  METHODS
	2.1  Study design
	2.2  Study population
	2.3  Ascertainment of mortality
	2.4  Statistical analysis
	2.5  Human subjects

	3  RESULTS
	3.1  Prevalence of omphalocele
	3.2  Overall mortality
	3.3  Mortality by geographic location
	3.4  Mortality by clinical presentation
	3.5  Mortality by clinical presentation and geographic location

	4  DISCUSSION
	4.1  Main findings
	4.2  Interpretation
	4.3  Strengths and limitations

	5  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


