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Abstract

Purpose To improve the outcome of fetuses with gas-
trochisis several studies evaluated prenatal predictors. But
there are different guidelines established and therefore the
prenatal care is not standardized. With our study we
wanted to evaluate the outcome of fetuses with gas-
troschisis after modification of prenatal management
strategies at the Department of Obstetrics and Gynecology
of the University Hospital Miinster.

Methods In this explorative retrospective study of 39
fetuses with gastroschisis, we compare the clinical outcome
between two management groups. In the first group (group 1,
n = 14) prenatal indication for delivery was confirmed by a
subjective evaluation of the small bowel diameter and the
wall thickness without established cut-off values for these
parameters. In the second group (group 2, n = 25) certain
limits for the small bowel diameter (25 mm) and the wall
thickness (2.5 mm) were used for fetal surveillance.
Results Noticeable differences between the two groups
regarding birth weight, weight centile, arterial pH, small
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bowel diameter, wall thickness, adverse bowel condition
and re-operations could not be observed. In group 2,
delivery was earlier (p = 0.011), and a lower rate of pre-
natal complications was observed (p = 0.016).
Conclusion To avoid adverse prenatal complications we
recommend the observation of fetuses with gastroschisis by
sonographic monitoring of the small bowel diameter and
the wall thickness.
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Introduction

Gastroschisis is a congenital defect of the abdominal wall
with a herniation of intestinal contents. This wall defect is
usually located on the right side of the umbilicus. The rate
of incidence for gastroschisis has increased considerably in
the past years, occurring in one in every 2000-5000 births
[1].

A definitive cause for gastroschisis has not been found
yet, however some risk factors that can increase the like-
lihood of incidence are known: young maternal age, a low
BMI of the mother, consumption of vasoactive substances,
as well as smoking are associated with a higher risk of
gastroschisis [2—4].

There are different prenatal management strategies for
fetuses with gastroschisis. Growth scan, umbilical artery
Doppler ultrasound, cardiotocography and bowel mea-
surements are methods to observe pregnancy. Fetuses with
gastroschisis have a relevant risk for intrauterine fetal
death.

Prenatal management is discussed controversially. Some
studies reported that there is no correlation between bowel
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dilatation and neonatal outcome [5, 6]. On the other hand
studies observed the opposite. Crawford et al. [7] found
that bowel dilatation may be an indicator of either prenatal
or intrapartum fetal distress. The study of Heinig et al. [8]
reported that dilatation of the small bowel more than
25 mm in the third trimester of pregnancy was associated
with an increased risk of short-term prenatal complications
such as fetal distress or intrauterine fetal death.

The current study deals with diagnosis and outcome of
fetuses with gastroschisis. The study was designed as a
follow-up assessment after changing the prenatal manage-
ment strategy of fetuses with gastroschisis as a conse-
quence of the results of the publication of Heinig et al. [8].

The aim of the study was to compare the outcomes of
fetuses with gastroschisis before and after the modification
of prenatal management strategies.

Methods and materials

We performed an explorative, retrospective study of
pregnant women with fetuses with prenatal diagnosed
gastroschisis. We included all prenatal cases between
October 2001 and January 2013 presented at the Depart-
ment of Obstetrics and Gynecology, University Hospital of
Miinster. Cases without delivery in our hospital were
excluded. All examination data were obtained from our
electronic clinic database. The study was designed
according to the Declaration of Helsinki and was approved
by our institutional ethical review board.

The sample group of 39 affected cases was split into two
groups. Group 1 consisted of 14 cases diagnosed between
October of 2001 and September of 2005, group 2 consisted
of 25 cases diagnosed between December of 2005 and
January of 2013. Group 1 represented the cases of the study
by Heinig et al. [8]. The findings in his study suggest an
increased risk for complications at birth such as intrauter-
ine fetal death or fetal distress if dilation greater than
25 mm or a wall thickness of more than 2.5 mm in the
small intestine are present. On the basis of these findings,
in group 2 the indication for urgent delivery at the same
day was made.

We measured the same variables as Heinig et al. [8] to
observe the condition of the intra- and extra abdominal
bowel and to compare the two different management
strategies. Therefore, the wall thickness of the small bowel
was measured from outer wall to outer wall of the thickest
part. The mean thickness was used if the bowel wall
showed different thicknesses. The maximum bowel diam-
eter was defined by the measurement from outer wall to
outer wall of an extruded bowel loop at the most dilated
segment (Fig. 1).
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Fig. 1 Measurement of external small bowel diameter and thickness
of the bowel wall

To compare the two groups the measurement data of the
last presentation before delivery were recorded. All fetuses
have been delivered by cesarean section. This is part of our
hospital management guidelines. The fetuses were exam-
ined from 24th week of gestation in a 3 week interval by
ultrasound. To assess fetal wellbeing, the fetal growth, the
condition of the intra- and extra abdominal bowel, the fetal
heart rate and the amniotic fluid volume were observed.
Ultrasound intervals were reduced in case of abnormalities.
Starting at the 30th week of gestation, weekly ultrasound
assessments were performed. The gestational age was
determined based on the results of early ultrasound
screening. If no early data were available the last menstrual
period date was used for calculation.

After delivery the newborns were observed in the
neonatal intensive care unit. Depending on the bowel
condition of the newborn, surgical intervention was per-
formed, such as primary closure or “silo bag” procedure
with a secondary closure. The results of the postnatal
period have been taken from the neonatal clinical data
base. The variable “re-operation” is defined as a recurrent
surgical intervention in relation to the bowel condition over
a 6 month period. The bowel condition was described as
adverse if edema or a livid coloration were observed.

Statistical analysis

The two study groups were compared calculating absolute
and relative frequencies, medians, and inter quartile ranges,
where appropriate. Moreover, differences between the
groups were assessed by Fisher’s exact test for binary
variables and the Mann—Whitney U test for metric vari-
ables. Inferential statistics were intended to be exploratory
(hypotheses generating), not confirmatory, so that neither a
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global significance level nor local levels were controlled.
Thus, p values are to be interpreted in Fisher’s sense, as a
measure of plausibility of the respective null hypothesis,
and we denote small p values as noticeable instead of
significant. Statistical analyses were performed using R,
version 3.1.2. [21].

Results

Thirty-nine cases of gastroschisis were included, 14 cases
in group 1 and 25 cases in group 2. In both groups all
fetuses were delivered by cesarean section. In the first
group there was one emergency cesarean section because
of fetal distress. No emergency cesarean section was
observed in the second group. In all included cases no
additional malformations or polyhydramnios were
presented.

Table 1: baseline characteristics and outcomes present
the baseline characteristics and outcomes of the two study
groups. Differences between the groups could not be

observed regarding the arterial pH (p = 0.747), the exter-
nal bowel diameter (p = 0.202), the wall thickness of the
small bowel (p = 0.464) and the frequency of re-opera-
tions (p = 0.686). However, noticeable differences could
be observed regarding the gestational age of delivery
(median group 1: 253 days, median group 2: 242 days,
p = 0.011), the birth weight (median group 1: 2613 g,
median group 2: 2230 g, p = 0.051), and the frequency of
prenatal complications (group 1: 3 out of 14, group 2: 0 out
of 25, p = 0.040). The results also suggest a possible dif-
ference between the two groups regarding the weight
centile (median group 1: 45, median group 2: 24,
p = 0.110) and the frequency of adverse bowel conditions
(group 1: 3 out of 14, group 2: 1 out of 25, p = 0.123).
In group 1 three newborns showed adverse bowel con-
ditions. In two cases, edema and a livid coloration of the
bowel was noticed, and in the third case jejunal atresia was
found. Three children in group 1 had reoperations because
of bowel complications, two of them because of bowel
obstruction, and one for extensive necrosis of residual
small bowel. In group 2 one newborn had adverse bowel

Table 1 Baseline

characteristics and outcomes Variable Group 1 (n = 14) Group 2 (n = 25) p value

Gestational age of delivery (days)
Median 253 242 0.011
Inter quartile range 248-256 237-249

Arterial pH
Median 7.33 7.32 0.747
Inter quartile range 7.28-7.36 7.29-7.35

Birth weight (g)
Median 2613 2230 0.051
Inter quartile range 2151-2800 1920-2430

Weight centile
Median 45 24 0.110
Inter quartile range 18-50 8-29

External bowel diameter (mm)
Median 16.5 20.7 0.202
Inter quartile range 10.8-23.6 18.0-23.3

Wall thickness of small bowel (mm)
Median 22 23 0.464
Inter quartile range 1.8-2.5 1.7-3.3

Adverse bowel conditions—no. (%)
No 11 (79 %) 24 (96 %) 0.123
Yes 3 (21 %) 1 (4 %)

Prenatal complication—no. (%)
No 11 (79 %) 25 (100 %) 0.040
Yes 3 (21 %) 0 (0 %)

Re-operations—no. (%)
No 11 (79 %) 21 (84 %) 0.686
Yes 3 (21 %) 4 (16 %)
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conditions. In this case the bowel showed edema and was
inflammatorily affected. Reoperations due to bowel com-
plications were necessary in four cases. Two of them
needed surgery due to an ileus and two newborns needed
ileostoma revision operation.

Discussion

To our knowledge, this is the first study that observes an
improved outcome of fetuses with gastroschisis after
modification of the prenatal management strategies by
changing the sonographic observation parameters in the
same center.

Various attempts have been made to find a prenatal
predictor for fetuses with gastroschisis to improve their
outcome. The fetuses are particularly at risk to suffer an
intrauterine death and therefore prenatal diagnosis of gas-
troschisis is important. Over the time amniotic fluid has a
toxic effect on the bowel [9]. Antenatal ultrasound is used
to predict the bowel condition and adverse outcome.
Sonographic markers and timing of delivery are still dis-
cussed controversially.

Heinig et al. [8] described that a dilatation of the small
bowel with more than 25 mm or a wall thickness of the
small bowel more than 2.5 mm can be predictors of pre-
natal complications and outcome. In the current study these
certain limits were used for fetal surveillance and coun-
seling. Fetuses with more than 25 mm dilatation of the
small bowel or 2.5 mm wall thickness were delivered by
cesarean section.

Several other studies found a positive correlation
between dilatation of the bowel and neonatal mortality and
morbidity [10-12]. Lato et al. [13] described that a fetal
bowel dilatation of more than 10 mm before 31th week of
gestation had the highest predictive value for postnatal
bowel complications. They observed that a bowel dilatation
of more than 10 mm was associated with a longer hospital
stay due to ileus, stenosis or wound infection. Kuvela et al.
[14] suggested that intra-abdominal bowel dilatation is an
ultrasound marker to predict gastroschisis with severe
perinatal complications. Several other studies found no
association between bowel dilatation and adverse outcome
[5, 6, 15-17]. The results of Davis et al. [5] indicated that
the thickness of the bowel does not predict the bowel
condition at birth or the fetal outcome. In their study low
birth weight, prematurity and small defect size were
associated with worse outcomes and a survival rate of
89 %. In contrast, all of our patients survived using our
modified prenatal management strategy. In the study of
Durfee et al. [15] the prenatal bowel dilatation could not
predict fetal outcome. Furthermore, Japaraj et al. [6]
described that a dilatation of the small bowel with more
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than 17 mm was not associated with an adverse neonatal
outcome. Overcash et al. [17] stated that prenatal predictors
like IUGR, oligohydramions or bowel dilatation could not
predict adverse neonatal outcome. In contrast, Heinig et al.
[8] reported that a dilatation of more than 25 mm allows to
identify fetuses with an increased risk of fetal distress.
High sensitivity and specificity in predicting adverse
obstetric complications were observed in their study.

In our study, after modification our prenatal manage-
ment strategies, none of the fetuses had any prenatal
complications. Because of weekly ultrasound examina-
tions, starting at the 30th week of gestation, it was possible
to detect suspect dilatation of the small bowel early enough
to avoid prenatal complications. Although six fetuses of
group 2 had a bowel dilatation of more than 25 mm, severe
complications could be avoided by immediate and early
enough delivery.

Not only the abdominal wall defect but also associated
bowel complications are responsible for severe postnatal
problems. Some of these complications are for example
intestinal atresia, volvulus, perforation or necrotic seg-
ments. This influences the outcome of the neonates, too. In
group 2 of our study only one of 25 newborns with gas-
troschisis had bowel complications after delivery. This low
number of complications might be a result of our current
management strategy, because the fetuses with a suspect
bowel dilatation were promptly delivered by cesarean
section. Noticeably is that other studies reported a wide
range of complication rates (14-58 %) which might be a
result of different management strategies. This includes the
prenatal observation with or without sonographic moni-
toring or with the use of different fixed time points for
delivery [5, 6, 15, 17-19]. Mesas Burgos et al. described in
their study a better outcome of fetuses with gastroschisis if
they were born at 35 completed gestational weeks by
caesarian section. Fetuses born after 37 weeks had a higher
rate of complications [20].

In our study, the birth weights of the newborns were
noticeably different between the two groups. This is due to
earlier delivery in group 2. However, although the fetuses
were born earlier, the rates of prenatal complications and
adverse bowel conditions were lower.

In accordance with our guidelines all fetuses were born
by cesarean section. Some studies reported that the mode
of delivery is not associated with the outcome of the
newborn with gastroschisis. Davis et al. [5] said that the
mode of delivery did not affect the outcome. In this study
low birth weight, prematurity and small defect size were
associated with worse outcome. Overcash et al. [17] found
out that there was no noticeable difference in outcomes
between vaginal and cesarean section.

The results of the current study indicate that small bowel
dilatation can be a prenatal marker of postnatal outcome.
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The challenge of gastroschisis is to avoid prenatal com-
plications such as fetal distress, intrauterine fetal death and
unnecessary preterm delivery. With high resolution ultra-
sound devices and observation by a specialist it is possible
to detect fetuses with gastroschisis early in pregnancy. The
main result of our study is that after modification our
prenatal management strategies no fetus died. Thus, our
study provides evidence to suggest that small bowel
dilatation of more than 25 mm or wall thickness more than
2.5 mm are predictors for severe complications.

There are some limitations to our study. First, we
observed single center results with a average number of
cases. Therefore, prospective multicenter studies with lar-
ger number of cases are needed to confirm our results.
Second, this is a retrospective cohort study with the
inherent possibility of selection bias and unknown
confounders.

Nevertheless, the current study is the first which eval-
uates the outcome of fetuses with gastroschisis after
modification of prenatal management strategies in a single
perinatal center. We found indications that adverse peri-
natal events can be avoided by using the small bowel
diameter and the wall thickness as markers for optimal
timing of delivery.

Conclusion

We recommend a prenatal monitoring of the small bowel
diameter and the wall thickness for fetuses with gas-
troschisis for timing of delivery.
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