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ABSTRACT 

Objective 
To examine prevalence, time of diagnosis and outcome of fetuses with an exomphalos or 
gastroschisis, diagnosed since the introduction of a national prenatal screening program in 
2007.

Methods 
A prospective cohort study was undertaken in two fetal medicine units in the Netherlands. 
Cases were included if the estimated due date was between 2009 and 2013. Outcome 
measures were gestational age at diagnosis, presence of additional anomalies, and pregnancy 
outcome. 

Results 
A total of 141 exomphalos and 44 gastroschisis cases were included in the study, of which 
respectively 96% and 95% were diagnosed prenatally. The majority of the cases are visualized 
prior to the 20-week scan. In the exomphalos group, 83% had additional anomalies of 
which 57% had a chromosomal anomaly. Additional anomalies were present in 11% of the 
gastroschisis cases of which 40% had a chromosomal anomaly. The pregnancy termination 
rate was 61% (exomphalos) and 14% (gastroschisis). 

Conclusion 
Almost all exomphalos and gastroschisis cases are diagnosed prenatally, the majority in the 
first trimester. Associated anomalies are far more common in exomphalos with a 4-fold lower 
survival rate than gastroschisis. In the exomphalos group the pregnancy termination rate 
doubled whilst in the gastroschisis group the rate remained low.
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INTRODUCTION 

Until 2007 in the Netherlands prenatal ultrasound screening was only offered to women 
who had an increased risk of carrying a fetus with an anomaly (1). With the introduction 
of the national screening program in 2007, all pregnant women can now opt for first and 
second trimester screening. In collaboration with the eight Regional Centers for Prenatal 
Screening, national protocols were developed and an annual evaluation was implemented 
both on a regional and a national level. Health care providers can only obtain a contract with 
the Regional Centre and participate in the screening program if they fulfill the educational 
criteria and if they submit data and images for audit. In the first trimester the combined test 
is available, which includes an ultrasound scan for measurement of fetal nuchal translucency. 
The primary aim of the combined test is assessment of the risk of fetal trisomy but it is 
well known that, with improved equipment and sonographer experience, major structural 
anomalies may be visualized (2). Many of these licensed sonographers also perform dating 
scans (recommend time between 10 and 12 weeks’ gestation). In the second trimester 
the 20-week anomaly scan is offered. During this scan the fetal anatomy is systematically 
assessed. In case of a suspected anomaly, women are referred to a fetal medicine unit for an 
advanced ultrasound examination and, if indicated, genetic counseling. Due to the different 
purposes and costs the uptake of the first trimester scan (approximately 30%) is much lower 
than the uptake of the 20-week scan (approximately 90%) (3-7). 

In this study we focus on the detection of the two most common abdominal wall defects; 
exomphalos and gastroschisis. Exomphalos is the herniation of intra-abdominal organs 
through the umbilical ring into the cord, covered by the peritoneal membrane (8). Mortality 
and morbidity rates for children with exomphalos are high, since over half of the cases 
are associated with additional anomalies (8-13). Gastroschisis is a defect in the abdominal 
wall, exposing the small intestines without coverage of a membrane. Occasionally other 
abdominal organs are also exposed. Unlike exomphalos, gastroschisis is less often associated 
with other anomalies (8). Survival rates for gastroschisis are high but the required surgery is 
often followed by a lengthy hospital stay (14). 

Reported prenatal detection rates in the period prior to the introduction of the national 
screening program were 69% (15) for exomphalos and 73% (16) for gastroschisis. 
Prevalence rates for exomphalos and gastroschisis vary from 0.9 to 3.8 and from 0.7 to 2.98 
per 10.000 births, respectively (17-21). The aim of present study is to examine prevalence, 
time of diagnosis and outcome of exomphalos and gastroschisis cases since the introduction 
of the national prenatal screening program in the Netherlands. 
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METHODS

A prospective cohort study was undertaken in two fetal medicine units: the Amsterdam 
Medical Center in the North-West and University Medical Center in Groningen in the North-
East of the Netherlands respectively. All fetuses with an exomphalos or gastroschisis were 
included in the study, irrespective of the presence or absence of additional congenital 
anomalies, if the estimated due date was between January 1, 2009 and December 31, 2013.
Prenatally diagnosed cases were retrieved from the regional ultrasound screening databases 
of both regions, including detailed findings of first and second trimester scans. Details from 
additional scans or genetic investigations were added to the dataset. In the Netherlands 
conventional karyotyping to detect aneuploïdy or large duplications or deletions was 
offered until 2011 when array-CGH analysis was introduced (22). The case list from the 
prenatal datasets was complemented with cases from the pediatric surgeons’ lists. Cases 
were validated using the Netherlands Perinatal Registry and the Eurocat registry. Outcome 
measures were gestational age (GA) at diagnosis, presence or absence of additional structural 
anomalies, chromosomal defects and pregnancy outcome. Exomphalos cases that were part 
of the Body Stalk Anomaly syndrome were excluded. Early diagnosis was defined as prenatal 
diagnosis before 18 weeks’ gestation. 

Cases from the three provinces in the Northeast were used to examine prevalence, as all cases 
from this area were included in the study and the numbers of births (including stillbirths) for 
this area are available from Statistics Netherlands (23). 
The findings of this study were compared to two other Dutch studies reporting on pregnancy 
and infant outcome of cases where a gastroschisis or exomphalos was diagnosed, prior to 
2007 (15,16). 

STATISTICAL ANALYSIS

Statistical analysis was performed with SPSS version 22 for Windows. To analyze whether 
gestational age at the time of diagnosis changed significantly during the five-year period, a 
Kruskall-Wallis test was performed. To compare differences between groups, the chi-square 
test was used. A p-value less than 0.05 was considered significant.

RESULTS 

Prevalence
During the study period 141 exomphalos and 44 gastroschisis cases were diagnosed, with 
prevalence in the Northern region of the Netherlands of 5,4 and 2.1 per 10,000 pregnancies, 
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respectively. All prenatally diagnosed cases were referred for an advanced ultrasound 
examination after the 20-week scan revealed a structural anomaly, and a selection of the 
patients subsequently chose to undergo invasive testing to confirm or rule out chromosomal 
anomalies.

Prenatal detection 
During the study period 136 (96%) of the 141 exomphalos cases were diagnosed prenatally. 
Overall 105 (73%) cases were diagnosed before the 20-week scan, including 18 (86%) cases 
of the group of 21 women who had opted for first trimester screening. In 31 (89%) of 35 cases 
that opted for the 20-week scan an exomphalos was visualized. This group included two cases 
that were missed during first trimester screening. In five cases, exomphalos was diagnosed at 
birth; in one case, the defect was missed at time of the first trimester scan, and the parents 
had not opted for the 20-week scan. In four cases (all without first trimester screening) the 
defect was missed during the 20-week scan. In one of the latter four cases, a false knot in 
the umbilical cord had been diagnosed and two cases were diagnosed at birth as a minor 
exomphalos. 

All but two of the 44 gastroschisis cases were diagnosed prenatally, including six (86%) out 
of seven cases where a gastroschisis was visualized during first trimester screening. Overall, 
20 (45.5%) cases were diagnosed before the 20-week scan and 22 cases were diagnosed at 
the time of the 20-week scan, including the one case that was missed during first trimester 
screening. In the two cases diagnosed at birth, the parents had not chosen for either first or 
second trimester screening. 

Additional anomalies
Additional anomalies were visualized in 88 (84%) of 105 of the cases where an exomphalos 
was diagnosed before 18 weeks’ gestation, including 50 cases with abnormal karyotype. In 27 
(87%) of 31 cases where the diagnosis was made at 18-22 weeks, additional anomalies were 
present, including 17 cases with abnormal karyotype (table 1a). 
Increased nuchal translucency was registered in 27 (25.7%) out of the 105 cases were 
diagnosis was made before the 20-week scan. One of the four (25%) cases where the 
exomphalos was missed prenatally had additional anomalies. In five (12%) of 42 gastroschisis 
cases that underwent screening, additional anomalies were diagnosed (Table 1b). 
Additional anomalies were visualized in one of 20 (5%) of the cases diagnosed before the 
20-week scan, and this case was diagnosed with trisomy 18. In four of 22 (18%) of cases 
diagnosed at 18-22 weeks, additional anomalies were present, including one case with a 
mutation in the NF1-gene. Only one gastroschisis case, which was diagnosed before the 20-
week scan, had an increased nuchal translucency.
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Table 1a. Timing of diagnosis of exomphalos in the course of the study period, n (%)

2009 2010 2011 2012 2013 Total
Exomphalos cases N=26 N=32 N=27 N=35 N=21 N=141
<18 weeks’ gestation 14 (54) 21 (64) 21 (78) 30 (79) 19 (90) 105 (74)
•	 Isolated 2 (14) 3 (14) 5 (24) 4 (13) 3 (16) 17 (16)
•	 Additional anomalies 12 (86) 18 (86) 16 (76) 26 (87) 16 (84) 88 (84)
18-22 weeks’ gestation 11 (38) 9 (27) 5 (18) 4 (11) 2 (10) 31 (22)
•	 Isolated 2 (18) 1 (11) - 1 (25) - 4 (13)
•	 Additional anomalies 9 (82) 8 (89) 5 (100) 3 (75) 2 (100) 27 (87)
At birth 1 (3) 2 (6) - 1 (2) - 4 (3)
•	 Isolated 1 (100) 1 (50) - 1 (100) - 3 (75)
•	 Additional anomalies - 1 (50)* - - - 1 (25)
At birth, no screening - - 1 (4) - - 1(1)
•	 Additional anomalies - - 1 (100) ** - - 1
* Exomphalos and congenital talipes equinovarus, syndactyly on one hand and two abnormal fingers on the other 
hand. 
**Exomphalos and ventricular septum defect.

Table 1b. Timing of diagnosis of gastroschisis in the course of the study period, n (%)
2009 2010 2011 2012 2013 Total

Gastroschisis cases N = 12 N = 6 N = 13 N = 7 N = 6 N = 44
<18 weeks’ gestation 6 (50) 2 (33) 7 (54) 2 (29) 3 (50) 20 (45)
• Isolated 6 (100) 2 (100) 6 (86) 2 (100) 3 (100) 19 (95)
• Additional anomalies - - 1 (14) - - 1(5)
18-22 weeks’ gestation 5 (42) 4 (67) 6 (46) 4 (57) 3 (50) 22 (50)
• Isolated 4 (80) 4 (100) 4 (67) 4 (100) 2 (67) 18 (82)
• Additional anomalies 1(20) - 2 (33) - 1 (33) 4 (18)
At birth, no screening 1 (8) - - 1 (14) - 2 (5)
• Isolated 1 (100) - - 1 (100) - 2 (100)

Karyotype
In the isolated exomphalos group, chromosome analysis was performed in all but one case, 
and all results were normal. In the group with additional anomalies, karyotype results were 
obtained in 99 (85%) of 117 cases, and in 67 (57%) cases a chromosome defect was diagnosed 
(table 2). Overall 67 (47.5%) of the 141 cases with an exomphalos had an abnormal karyotype. 
In the isolated gastroschisis group 18 (46%) parents opted for karyotyping; all had normal 
results. 
In the group with additional anomalies, chromosome analysis was performed in three out of 
five (60%) cases, with abnormal results in two cases (one case of trisomy 18, one mutation 
NF1 gen). Overall two (4.5%) cases with gastroschisis had an abnormal karyotype. 
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Table 2. Karyotype of fetuses with exomphalos with additional anomaliesa

Results chromosome analysis N (%)

Normal 32 (28)

Abnormal 67 (57)

•	 Trisomy 18 42

•	 Trisomy 13 11

•	 Trisomy 21 2

•	 Turner 4

•	 Triploidy 3

•	 Other 5b

Test failed, suspected triploidy 1 (1)

Not tested, suspected trisomy 13/18 6 (5)

Chromosomes not examined 11 (9)

Total N = 117

* No isolated exomphalos cases had confirmed abnormal karyotype. For a summary of additional 
anomalies in the normal or not-tested cases, see the addendum. 
^ 14q32.2, q32.31 (n=1), 22q11 (n=1), mutation NF1 gene (c.8792C>A, pTyr2264X, n=1), 
unbalanced translocation of chromosome 1 and 6 (n=1), 45,XX,rob (14;14) (n = 1)

Pregnancy outcome 
Timing of detection, the presence of additional anomalies and pregnancy outcome is 
summarized in table 3. In the exomphalos group, parents opted for pregnancy termination 
in four (18%) of 22 cases where the defect was isolated and in 81 (69%) of 117 cases with 
multiple anomalies. Three (17%) of the 18 continuing pregnancies with an isolated exomphalos 
compared to 21 (58%) of the 36 cases with multiple defects resulted in intrauterine death 
(67% before 18 weeks’ gestation, 25% after 30 weeks’ gestation). In one case of intrauterine 
death before 18 weeks’ gestation details on whether or not additional anomalies were 
present was not available. All 15 children with an isolated exomphalos born alive survived, 
while seven (50%) of the 14 children with multiple anomalies died in the neonatal period. In 
one case, pregnancy outcome was not available.
In the group with isolated gastroschisis, five (13%) of 39 parents opted for pregnancy 
termination compared to one (20%) of five cases with multiple anomalies. Intrauterine death 
occurred in four (12%) of the 34 remaining cases with isolated gastroschisis and in two (50%) 
of the four with multiple defects, respectively (17% before 18 weeks’ gestation and 33% after 
30 weeks’ gestation). One (4%) of the 28 children with an isolated gastroschisis died due to a 
bowel infection; both children with multiple anomalies were alive at the age of one.
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Table 3. Timing of detection, presence of additional anomalies and outcome of all cases with 
exomphalos and gastroschisis, n (%)

Exomphalos cases Gastroschisis cases

Isolated 
cases
N = 24

Additional 
anomalies

N = 117

Isolated 
cases
N = 39

Additional 
anomalies

N = 5

<18 weeks gestation 17 88 19 1
•	 Intrauterine death 3 (18) 16 (18) 3 (16) -
•	 Termination of pregnancy 5 (29) 65 (74) 5 (26) 1 (100)
•	 Live birth 9 (53) 6 (6) 11 (58) -

- Neonatal death - 3 - -
- Died <1 year - - 1 -
- Alive at the age of one 9 3 10 -

•	 No follow-up - 1 (1) -
18-22 weeks gestation 4 27 18 4
•	 Intrauterine death 1 (25) 5 (19) 1 (6) 2 (50)
•	 Termination of pregnancy - 16 (59) - -
•	 Live birth 3 (75) 6 (22) 15 (83) 2 (50)

- Neonatal death - 4 - -
- Alive at the age of one 3 2 15 2

•	 No FU - - 2 (11) -
After birth 3 2a 2b -
Live birth, alive at the age of one 3 (100) 2(100) 2 (100) -
a Including one case without prenatal screening bNo prenatal screening

Impact of the screening program
With the introduction of the screening program, the prenatal diagnosis of exomphalos 
has significantly improved from 69% to 97% (p<0.001, Table 4a) and for gastroschisis the 
rate increased from 73 to 95% (p<0.05, Table 4b). In the exomphalos group the pregnancy 
termination rate doubled from 35% to 63% (p<0.001), while in the gastroschisis group, the 
rate remained low and stable. The live born rate declined from 52% to 19.5% for exomphalos 
(p<0.001), the live born rate in the gastroschisis group and the survival rates at the age of one 
in both groups remained stable (15,16).
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Table 4a. Comparison outcome of exomphalos cases with previous studies in the Netherlands, n (%)
Cohen-Overbeek et al.(15) This study

Area$ SW NE & NW
Period 1991-2004 2009-2013
Number of cases (n) 146 149
Cases diagnosed prenatally 101 (69) 144 (97)
Termination of pregnancy 51 (35) 94 (63)
Liveborn children 76 (52) 29 (19)
•	 Mortality within 28 days 6(8) 7 (24)
•	 Mortality within one year 4 (5) -
Alive at the age of 1 66 (87) 22 (76)
Additional anomalies (all cases) 96 (66) 125 (84)
Additional anomalies (liveborn cases) 29 (38) 14 (48)
$ SW = South West, NW = North West, NE = North East

Table 4b. Comparison outcome of gastroschisis cases with previous studies in the Netherlands, n (%)
Cohen-Overbeek et al.(16) This study

Area$ SW NE & NW
Period 1991-2003 2009-2013
Number of cases (n) 33 44
Cases diagnosed prenatally 24 (73) 42 (95)
Termination of pregnancy 2 (6) 6 (14)
Liveborn children 28 (85) 30 (68)
•	 Mortality within 28 days 1(4) -
•	 Mortality within one year - 1 (2)
•	 Alive at the age of 1 27 (96) 29 (97)
Additional anomalies (all cases) 4 (12) 5 (11)
Additional anomalies (liveborn cases) 3 (11) 2 (7)
$ SW = South West, NW = North West, NE = North East

Regional differences 
In the North-West region detection of exomphalos before the 20-week scan was more 
frequent compared to the North-East region (90% vs. 57%, p<0.001). In addition, the number 
of pregnancy terminations was significantly higher in the North-West region (70% vs. 51.5%, 
p<0.05) with fewer children born alive (11% vs. 31%, p<0.05). In the North-East region the 
perinatal death rate (within 28 days after birth) was significantly higher (1% vs. 9%, p<0.05).
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DISCUSSION

This study demonstrates that the introduction of the national screening program has led 
to a high prenatal detection rate of both exomphalos and gastroschisis cases. We confirm 
the profoundly different prognosis in the two types of abdominal wall defects, due to the 
high association of chromosomal and additional structural anomalies in the exomphalos 
group, resulting in only 13% of infants being alive at the age of one, as opposed to 60% 
in gastroschisis. Abdominal wall defects are increasingly diagnosed in the first trimester 
of pregnancy. The low uptake rate of first trimester screening but the high early detection 
rate confirms that trained sonographers can recognize major anomalies at an early stage 
of pregnancy (2,7,24,25), even during the dating scan provided that this scan is performed 
beyond 12 weeks’ gestation (the usual moment of disappearance of the physiological bowel 
herniation). Early diagnosis allows for additional testing and for a more precise assessment 
of the prognosis (26). Fewer cases of gastroschisis were diagnosed in the first trimester 
compared to exomphalos cases. Gastroschisis is an opening of the abdominal wall on the 
right side of the umbilical cord. When the fetus is visualized in the mid-sagittal view used for 
the crown-rump length measurement the defect may be overlooked, unlike an abdominal 
wall defect within the umbilical cord insertion like exomphalos. Moreover, the absence of 
additional anomalies or increased nuchal translucency in most gastroschisis cases is the most 
likely explanation for the lower early detection rate of this anomaly compared to exomphalos. 
The finding of an increased nuchal translucency in fact triggers a more detailed examination 
of the fetal anatomy. 

Abnormal karyotype
In our study no chromosomal anomalies were found in the isolated gastroschisis group. 
Although the risk of iatrogenic fetal loss seems to be smaller than previously thought (27,28), 
invasive testing should be considered carefully in the case of an isolated gastroschisis.

Pregnancy outcome and the impact of the screening program
Initially the value of prenatal diagnosis of gastroschisis was thought to lie in the prevention 
of intrauterine death and detection of intestinal complications (16). However, an increased 
prenatal detection rate did not significantly improve pregnancy outcome. 
All infants with an isolated exomphalos were alive at the age of one, while the mortality 
rate of the children born with additional anomalies was 50%. This finding confirms that the 
prognosis in case of an exomphalos is relative poor due to the frequent association with 
chromosomal defects and multiple structural anomalies (29). This underlines that parental 
counseling should focus on expected morbidity and mortality in the isolated versus the 
associated group, as postnatal treatment is successful in the vast majority of the isolated 
cases. 
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Prevalence
The prevalence of the two anomalies in this study is higher than reported in previous studies 
(8-13). The most likely explanation is that we included all cases, irrespective of gestational 
age at the time of delivery and presence or absence of associated defects. In other studies 
some cases may have been excluded because of the higher limit of the minimum gestational 
age at delivery or because fetuses with multiple defects were not included in the exomphalos 
group.

Regional differences
In the North-West region early detection and termination rates are higher than in the North-
East region. This reflects the lower uptake of first trimester screening and reluctance towards 
termination of pregnancy in the North-East area (24,25,30). As a consequence, the neonatal 
death rate is slightly higher in the North-East region.

In summary, since the introduction of a national screening program, almost all exomphalos 
and gastroschisis cases are diagnosed prenatally. Our study confirms that although first 
trimester screening is aimed at detecting chromosomal anomalies, a structural assessment 
of the entire fetal anatomy enables the early detection of severe congenital anomalies like 
abdominal wall defects. Abdominal wall defects are also detected during the dating scan in 
the first trimester. For diagnosis in the first trimester it is important that a scan is performed 
beyond the time of the physiological bowel herniation within the umbilical cord, usually 
resolving at around 12 weeks. It is likely that if uptake of first trimester screening would be as 
high as second trimester screening, almost all cases would be detected in the first trimester. 
In the group with exomphalos, the number of cases with additional anomalies is high and 
more than 50% has an underlying genetic cause. With the high prenatal detection rate as 
well as the high association with additional (chromosomal) anomalies, the majority of the 
exomphalos cases do not result in a live birth. In contrast, the majority of the gastroschisis 
cases do result in a live birth and the mortality rate in this group is low. 
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 What’s already known about this topic?

•	 Exomphalos is often associated with additional (chromosomal) anomalies and 
mortality and morbidity rates are high.

•	 Gastroschisis is mostly an isolated finding but is associated with a high morbidity 
rate.

What does this study add?

•	 The introduction of a national prenatal screening program increases the detection 
of abdominal wall defects. 

•	 Improved prenatal detection increases the pregnancy termination rate.

•	 Due to the location of the defect and the association with additional anomalies, 
exomphalos is more frequently diagnosed in the first trimester than gastroschisis. 
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ADDENDUM

Table A1. Summary of outcome for exomphalos and gastroschisis cases with additional anomalies. 

EXOMPHALOS

No FU IUFD TOP Live 
birth

Neonatal 
death

Total

Confirmed abnormal karyotype 6 58 2 1 67

•	 Trisomy 18 3 39 42
•	 Trisomy 13 2 9 11
•	 Other 1 1 2 1 5
•	 Turner 4 4
•	 Triploidy 3 3
•	 Trisomy 21 2 2
Karyotype normal or not examined 1 15 23 4 7 50

Multiple congenital anomalies 1 4 15 4 6 30
Multiple congenital anomalies 
(abnormal karyotype suspected)

4 2 6

OEIS complex 1 3 4
Clubfeet 2 2
Congenital heart defect 1 1 2
Abnormal fingers, growth retardation 1 1
Hole in diafragma 1 1
Single umbilical artery, neck cysts 1 1
Urogenital anomaly 1 1
Hydronefrosis 1 1
Increased nuchal translucency 1 1

GASTROSCHISIS

Confirmed abnormal karyotype 1 1 2

•	 Trisomy 18 1 1
•	 Mutation NF1-gene 1 1
Structural anomalies 2 1 3

Multiple congenital anomalies 1 1
Amyoplasia 1 1
Pelvic obstruction 1 1
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