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ABSTRACT

Objective To investigate intra-abdominal bowel dilation
(IABD) in the prediction of complex gastroschisis.

Methods This was a retrospective study of 174 singleton
pregnancies with isolated fetal gastroschisis, resulting in
live birth and with available ultrasound images from
visits at both 20–22 and 30–32 weeks’ gestation. IABD
was measured as the greatest transverse diameter of
the most dilated intra-abdominal bowel segment, by an
operator blinded to postnatal outcome. The distribution
of IABD measurements in those with complex and
those with simple gastroschisis was determined and the
best cut-off value to predict complex gastroschisis was
selected using receiver–operating characteristics (ROC)
curves. The area under the ROC curve (AUC), detection
rate (DR), false-positive rate (FPR), positive predictive
value (PPV) and negative predictive value (NPV) were
determined.

Results The study population included 39 (22.4%)
cases of complex and 135 (77.6%) cases of simple
gastroschisis. In the prediction of complex gastroschisis,
the AUC at 20–22 weeks’ gestation was 0.742 (95% CI,
0.628–0.856) and the respective value for 30–32 weeks
was 0.820 (95% CI, 0.729–0.910). At the IABD cut-off
of 7 mm at 20–22 weeks, DR, FPR, PPV and NPV for
complex gastroschisis were 61.5%, 6.7%, 72.7% and
89.4%, respectively, and at IABD cut-off of 14 mm at
30–32 weeks, the respective values were 64.9%, 5.9%,
75.0% and 90.7%.

Conclusion Measurement of IABD at 20–22 or at
30–32 weeks’ gestation is useful in the prediction
of complex gastroschisis. Copyright © 2019 ISUOG.
Published by John Wiley & Sons Ltd.
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INTRODUCTION

Gastroschisis is the most common abdominal wall defect
and its incidence varies between 2 and 5 per 10 000 live
births, depending on the investigated population1. The
prognosis is generally good, but in up to 10% of cases,
neonatal or infant death occurs, mainly as a result of com-
plex gastroschisis, which involves bowel atresia, stenosis,
necrosis or perforation at birth, and in 30% of cases leads
to short-bowel syndrome2,3. Mortality in complex gas-
troschisis is 3.6 times higher than in simple gastroschisis3.

Several sonographic features have been proposed as pre-
natal predictors of complex gastroschisis, including intra-
and extra-abdominal bowel dilation, bowel-wall thickness
and polyhydramnios, but the only one that has been
shown consistently to be beneficial is intra-abdominal
bowel dilation (IABD)4–9. This was also found to be
the case in a meta-analysis on prenatal prediction of
adverse outcome in cases of gastroschisis; however, in
this meta-analysis, there was large variation between the
studies in gestational age at evaluation (19–37 weeks) and
in the cut-offs used to define bowel dilation (6–19 mm)10.
Consequently, the detection rates of complex gastroschisis
using IABD varied between 50% and 100%.

The objective of this study was to define cut-offs of
IABD for the prediction of complex gastroschisis in the
second and early-third trimesters of pregnancy.

METHODS

Study design and participants

This was a retrospective cohort study that included
patients with isolated fetal gastroschisis who underwent
antenatal ultrasound and delivered at one of three
referral centers (King’s College Hospital, London, UK;
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Medway Maritime Hospital, Gillingham, UK; Hospital
das Clı́nicas, São Paulo University Medical School, São
Paulo, Brazil) between January 2005 and December 2018.
Gestational age was determined by the measurement of
fetal crown–rump length at 11–13 weeks or fetal head
circumference at 19–24 weeks11,12.

Inclusion criteria

A database search was performed to identify all singleton
pregnancies with isolated fetal gastroschisis resulting in
live birth and with available digital ultrasound images
allowing measurement of IABD at both 20–22 and
30–32 weeks’ gestation. IABD was measured as the
greatest transverse diameter (inner-to-inner wall) of the
most dilated intra-abdominal bowel segment (Figure 1) by
an operator (W.S.A.) blinded to postnatal outcome.

Patient characteristics

Patient characteristics recorded included maternal age and
weight, racial origin, method of conception (spontaneous
or assisted by use of ovulation induction drugs or
in-vitro fertilization), cigarette smoking during pregnancy,
medical history of chronic hypertension or diabetes
mellitus, obstetric history (nulliparous if no previous
pregnancy at ≥ 24 weeks or parous) and development of
gestational hypertension or gestational diabetes mellitus
in the current pregnancy.

Outcome measures

Data on pregnancy outcome were collected from the
hospital records of the mother and baby. The primary
outcome for the study was complex gastroschisis,
defined as the presence of intestinal atresia, stenosis,

Intra-abdominal

Extra-abdominal

Figure 1 Ultrasound image of cross section of abdomen in fetus
with gastroschisis, demonstrating intra- and extra-abdominal
bowel dilation. Calipers and line indicate diameter of dilated
intra-abdominal bowel segment.

perforation, necrosis or volvulus. Secondary outcomes
included preterm birth, small-for-gestational-age neonate
with birth weight < 10th percentile according to The
Fetal Medicine Foundation fetal and neonatal population
weight charts13, postnatal death before discharge from the
neonatal unit, length of neonatal hospitalization, duration
of parenteral nutrition and short-bowel syndrome.

Statistical analysis

Data were expressed as median and interquartile range for
continuous variables and n (%) for categorical variables.
Mann–Whitney U-test and χ2 test or Fisher’s exact test
were used for comparison of continuous and categorical
data, respectively, between outcome groups. Significance
was assumed at 5%.

The distribution of IABD measurements in those with
complex and those with simple gastroschisis at 20–22
and at 30–32 weeks’ gestation was determined and the
best cut-off value to predict complex gastroschisis was
selected using receiver–operating characteristics (ROC)
curves. The area under the ROC curve (AUC), detection
rate (DR), false-positive rate (FPR), positive predictive
value (PPV) and negative predictive value (NPV) were
determined.

The statistical package SPSS version 24.0 (IBM Corp.,
Armonk, NY, USA) was used for data analyses.

RESULTS

Study population

The database search identified 174 patients who fulfilled
the entry criteria of isolated fetal gastroschisis resulting
in live birth and with available data and images of
IABD at 20–22 and at 30–32 weeks’ gestation. These
included 39 (22.4%) cases of complex and 135 (77.6%)
of simple gastroschisis. The demographic and pregnancy
characteristics of the two groups are compared in Table 1.
In the cases of complex gastroschisis, compared to
those with simple gastroschisis, there was higher median
IABD at 20–22 and at 30–32 weeks’ gestation, higher
incidence of spontaneous preterm birth, postnatal death,
short-bowel syndrome and dependence on parenteral
nutrition, and longer duration of neonatal hospitalization
and parenteral nutrition.

Intra-abdominal bowel dilation

The distribution of IABD in those with complex and those
with simple gastroschisis at 20–22 and 30–32 weeks’
gestation is shown in Figure 2 and the ROC curves
in Figure 3. In the prediction of complex gastroschisis,
the AUC at 20–22 weeks’ gestation was 0.742 (95% CI,
0.628–0.856) and the respective value for 30–32 weeks
was 0.820 (95% CI, 0.729–0.910). At the IABD cut-off
of 7 mm at 20–22 weeks, the DR, FPR, PPV and NPV
for complex gastroschisis were 61.5%, 6.7%, 72.7%
and 89.4%, respectively, and at IABD cut-off of 14 mm
at 30–32 weeks, the respective values were 64.9%, 5.9%,
75.0% and 90.7%.
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Table 1 Maternal, pregnancy and neonatal characteristics of study
population of 174 pregnancies with fetal gastroschisis, according to
whether defect was complex or simple

Characteristic
Complex
(n = 39)

Simple
(n = 135)

Maternal age (years) 20 (19.0–24.0) 21.0 (19.0–25.0)
Maternal weight (kg) 63.0 (55.0–72.0) 62.0 (56.0–71.0)
White racial origin 30 (76.9) 97 (71.9)
Nulliparous 31 (79.5) 96 (71.1)
Smoker 9 (23.1) 28 (20.7)
Spontaneous conception 39 (100) 135 (100)
Medical condition

Chronic hypertension 1 (2.6) 1 (0.7)
DM Type 1 or 2 0 (0) 0 (0)

Intra-abdominal bowel
dilation (mm)
20–22 weeks 7 (5–9)* 4 (3–5)
30–32 weeks 16 (10–19)* 8 (6–10)

Pregnancy complication
GH 1 (2.6) 2 (1.5)
Gestational DM 2 (5.1) 1 (0.7)

GA at delivery (weeks) 35.7 (34.8–37.0)* 36.6 (35.3–37.3)
Delivery < 37 weeks 28 (71.8)* 74 (54.8)

Spontaneous 21 (53.8)* 43 (31.9)
Iatrogenic 7 (17.9) 31 (23.0)

Birth weight (g) 2240 (2041–2678) 2380 (1955–2700)
Birth weight < 10th p 21 (53.8) 79 (58.5)
Postnatal death 7 (17.9)* 5 (3.7)
Complications in

survivors
Neonatal

hospitalization (days)
105 (64–213)* 34 (28–47)

Duration of parenteral
nutrition (days)†

71 (38–104)* 27 (22–38)

Parenteral nutrition-
dependent

7/32 (21.9)* 0 (0)

Short-bowel syndrome 12/32 (37.5)* 0 (0)

Data are given as median (interquartile range), n (%) or n/N (%).
*P < 0.05. †Excluding those that remained parenteral nutrition-
dependent. DM, diabetes mellitus; GA, gestational age; GH,
gestational hypertension; p, percentile.
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Figure 2 Distribution of intra-abdominal bowel dilation (IABD) measurements at 20–22 (a) and 30–32 (b) weeks’ gestation in fetuses with
simple ( ) and those with complex ( ) gastroschisis.

DISCUSSION

Main findings

The findings of this study demonstrate that, first, about
20% of cases of isolated gastroschisis are complex,
second, in complex, compared to simple, gastroschisis,
IABD both at 20–22 and at 30–32 weeks’ gestation is
higher, third, the PPV and NPV for complex gastroschisis
of both IABD ≥ 7 mm at 20–22 weeks and IABD
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Figure 3 Receiver–operating characteristics curves for prediction
of complex gastroschisis by intra-abdominal bowel dilation
measurement at 20–22 ( ) and 30–32 ( ) weeks’ gestation;
areas under the curves are 0.742 (95% CI, 0.628–0.856) and 0.820
(95% CI, 0.729–0.910), respectively.
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≥ 14 mm at 30–32 weeks are about 75% and 90%,
respectively, fourth, complex gastroschisis is associated
with an increased risk of spontaneous preterm birth,
postnatal death, short-bowel syndrome and dependence
on parenteral nutrition and longer duration of neonatal
hospitalization and of parenteral nutrition, and, fifth, both
complex and simple gastroschisis are associated with a
very high incidence of small-for-gestational-age neonates.

Comparison with results of previous studies

Our finding that prenatal IABD provides useful prediction
of complex gastroschisis is consistent with the findings
of a meta-analysis examining the performance of various
prenatal sonographic findings for prediction of adverse
outcome in cases of gastroschisis; however, in this
meta-analysis, there was large heterogeneity in the
included studies in terms of study design, gestational age
at evaluation and cut-offs used to define IABD, making
it impossible to report on the predictive performance of
different cut-offs of IABD10.

Our findings are also consistent with those of three
recent studies which found that IABD during the third
trimester is associated with increased risk for complex
gastroschisis7,8,14. One study of 94 cases used the cut-off
of 14 mm to predict bowel atresia and reported DR of
57%, FPR of 25%, PPV of 29% and NPV of 91%14.
Another two studies of 1177 and 2008 cases, used the
cut-off of 19 mm to predict complex gastroschisis; the
DR, FPR, PPV and NPV in the first study were 50%,
9%, 47% and 92%, respectively7, and the corresponding
values in the second study were 64%, 12%, 82% and
75%8. Variations between the studies may, at least in
part, be the consequence of differences in the gestational
age at measurement of IABD.

Implications for clinical practice

The findings of this study could provide the basis for
improved counseling of parents in pregnancies with
isolated fetal gastroschisis. On the assumption that the
cut-offs of IABD that we identified are confirmed by
future multicenter studies, parents can be counseled that,
if IABD is low, the risk of adverse outcome is substantially
reduced (NPV of about 90%) and, if the measurement is
high, the risk of adverse outcome is substantially increased
(PPV of about 75%).

At 20–22 weeks’ gestation, the results of IABD
measurement may influence the parental decision in favor
of or against pregnancy termination in countries in which
such practice is legal. At 30–32 weeks’ gestation, the
results of IABD measurement may, first, help prepare
the parents for the anticipated pregnancy outcome,
second, help their obstetricians to select the appropriate
center for delivery because those at high-risk of complex
gastroschisis should be delivered at a unit with very good
pediatric surgery and neonatal facilities as, in most cases,
bowel resection is required and there is a higher incidence
of spontaneous premature birth, neonatal complications

and short-bowel syndrome15,16, and, third, help stratify
pregnancies for future studies that would investigate
whether antenatal interventions, such as iatrogenic early
delivery, could improve postnatal outcome.

Strengths and limitations

Strengths of our study include, first, the relatively large
cohort of cases of gastroschisis, second, selection of
complex gastroschisis as the outcome measure, which
is widely accepted as an indicator of adverse perinatal
and long-term outcome, third, measurement of IABD
on stored images by one operator blinded to neonatal
outcome, ensuring uniformity of technique, fourth, mea-
surement of IABD at 20–22 weeks’ gestation, which is the
gestational age at which routine ultrasound examination
is performed, thereby allowing parental counseling con-
cerning prognosis, and at 30–32 weeks, when decisions
are made concerning the place and timing of delivery,
and, fifth, use of ROC curves to select the appropriate
cut-offs for best predictive performance of the test.

Limitations include, first, the retrospective nature of the
study which was conducted at three centers that did not
follow the same protocol of prenatal and postnatal care
and, second, that this was not a consecutive series of all
cases of gastroschisis examined in our fetal medicine units,
but rather only those resulting in live birth and with avail-
able images from visits at both 20–22 and 30–32 weeks’
gestation. However, these limitations do not invalidate
the conclusion that IABD predicts adverse outcome.

Conclusions

Measurement of IABD at 20–22 or at 30–32 weeks’
gestation is useful in the prediction of complex gas-
troschisis. Multicenter prospective studies are needed to
validate our findings and determine whether stratification
of management based on measurements of IABD can
improve outcome.
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