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Objective: To determine outcome of children born with isolated gastroschisis (no extra-gastrointestinal congen-
ital abnormalities).
Study design: International cohort study andmeta-analysis. Primary outcome: time to full enteral feeding (TFEF);
secondary outcomes: Duration of mechanical ventilation, length of stay (LOS), mortality and differences in
outcome between simple and complex gastroschisis (complex; born with bowel atresia, volvulus, perforation
or necrosis).
To compare the cohort study results with literature three databases were searched. Studies were eligible for
inclusion if cases were born in developed countries with isolated gastroschisis after 1990, number of cases N20
and TFEF was reported.
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Results: The cohort study included 204 liveborn cases of isolated gastroschisis. The TFEF, median duration of
ventilation and LOS was, 26 days (range 6–515), 2 days (range 0–90) and 33 days (range 11–515), respectively.
Overall mortality was 10.8%. TFEF and LOS were significantly longer (P b 0.0001) and mortality was fourfold
higher in the complex group. Seventeen studies, amongst the current study, were included for further meta-
analysis comprising a total of 1652 patients. Mean TFEF was 35.3 ± 4.4 days, length of ventilation was 5.5 ±
2.0 days, LOS was 46.4 ± 5.2 days and mortality risk was 0.06 [0.04–0.07 95%CI].
Outcome of simple and complex gastroschisis was described in five studies. TFEF, ventilation time, LOS were
significant longer and mortality rate was 3.64 [1.95–6.83 95%CI] times higher in complex cases.
Conclusions: These results give a good indication of the expected TFEF, ventilation time and LOS andmortality risk
in children born with isolated gastroschisis, although ranges remain wide. This study shows the importance of
dividing gastroschisis into simple and complex for the prediction of outcome.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Nowadays, gastroschisis is nearly always diagnosed prenatally during
routine first and second trimester ultrasound examinations. However,
even with early prenatal diagnosis, a recent meta-analysis has shown
that intra-uterine fetal death is still 7-fold higher (4.48%) compared to
the general population (0.62%) [1]. Neonatal survival and quality of life
of children born with gastroschisis are often expressed as excellent,
however, numbers differ widely between studies. This quantitative
wide range might be the result of different treatment strategies, or
caused by the fact that most studies have included gastroschisis cases
with additional extra-intestinal congenital abnormalities [2]. The inci-
dence of associated anomalies in gastroschisis varies from 5 to over
20% between studies [3,4]. Reported associations include cardiac abnor-
malities and increased prevalence of central nervous system anomalies
(amyoplasia), and limb and kidney anomalies [5–7] and may influence
the prognosis of the child with gastroschisis significantly [8].

With this study we aimed to determine the outcome of children
born with isolated gastroschisis in order to give the prognosis of solely
the entity gastroschisis in a cohort of 204 cases and to systematically
review the literature to compare our findings with studies describing
isolated gastroschisis cases born in otherWestern countries. Our prima-
ry objectivewas to investigate the time to full enteral feedings (TFEF) in
isolated cases of gastroschisis, since this reflects the condition of the
child and its bowel, and secondarily to investigate length of mechanical
ventilation, length of hospital stay (LOS) and mortality. In addition, we
investigated the difference between simple and complex gastroschisis
(additional atresia, volvulus, perforation or necrosis of the bowel at
birth) [9] on outcome measurements. It was our goal to provide future
parents and clinicians with more quantitative data regarding outcome
of their child with isolated gastroschisis.

2. Methods

2.1. Retrospective study

We conducted a cohort study of all live born gastroschisis cases,
treated between January 2002 and January 2010 in six university hospi-
tals in the Netherlands (‘Netherlands’) (Academic Medical Center
Amsterdam, Maastricht University Medical Center+, Radboud Universi-
ty Medical Center Nijmegen, VU University Medical Center Amsterdam,
University Medical Center Groningen, University Medical Center
Utrecht) or born and treated at the Hospital das Clínicas da Faculdade
de Medicina da Universidade de São Paulo (‘Brazil’), between August
2009 and January 2015.

All women suspected of being pregnant of a fetus with gastroschisis
were referred to a university hospital for advanced ultrasound evalua-
tion. If the diagnosis was confirmed, delivery was planned to take
place in one of the centers with a pediatric surgery department. If
gastroschisis was diagnosed postnatally, the neonate was immediately
transferred to one of these pediatric surgery centers. During the study
period in the Netherlands there was no uniform policy regarding

elective delivery and Caesarean deliverywas only performed for obstet-
ric reasons, such as fetal distress or failure to progress in labor. In Brazil
an elective Caesarean delivery was planned in all women at 37weeks of
gestation. Signs of fetal distress, such as meconium stained amniotic
fluid with premature rupture of membranes, or abnormal CTG were
reasons to expedite the Caesarean delivery.

In all pediatric surgery centers a primary operative abdominal wall
repair of gastroschisis was attempted in all cases based on the condition
of the child, the exteriorized viscera volume and the judgment of the
surgeon, neonatologist and anesthetist. If the viscera could not be re-
duced primarily, a silo bag, either performed or created of a SILASTIC®
sheet, was placed [10]. In case of silo placement, mechanical ventilation
was continued if indicated and elective closure of the abdominal wall
was planned in the subsequent days.

Hospital charts were reviewed for maternal, perinatal and neonatal
characteristics. Isolated gastroschisis cases, according to the definition
of Mastroiacovo et al. [5], were included. We categorized gastroschisis
cases as simple or complex based on the gastrointestinal tract condition
at birth. Atresia, antenatal volvulus, perforation or necrosis of the bowel
was defined as complex gastroschisis [9,11]. Abdominal compartment
syndrome, postnatal necrotizing enterocolitis (NEC) or volvulus were
considered to be complications initiated by external factors and were
therefore not labeled as complex. The primary outcome measurement
was TFEF expressed in days i.e. the complete cessation of total parenter-
al nutrition (TPN). This primary endpoint was chosen since it reflects
both the condition of the bowel as the general health of the child.
Secondary outcome measurements were bowel complications, repeat-
ed operations after initial closure operation, non-gastrointestinal tract
complications, length of mechanical ventilation, LOS and neonatal
mortality. Due to the retrospective design not all data were available.
If patients were transferred to regional hospitals efforts were made to
extract the date of TFEF and date of discharge to home. If these data
were not available the discharge date from the regional hospital or the
tertiary center was used.

The study protocol was reviewed and approved by the Medical
Research Ethics Committee of University Medical Centre Utrecht (no:
13–151/K).

2.2. Systematic review

In addition we performed a systematic search (date: April 22th
2016), to compare our literature with the following study questions:
What is the average TFEF in children born with gastroschisis? What is
the average duration of ventilation, LOS and mortality rate in children
born with gastroschisis. Is there a difference in these outcome parame-
ters between simple and complex gastroschisis?

2.3. Literature search

We conducted an electronic literature search in three databases
(Medline, Embase and the Cochrane library) to identify all articles
addressing solely the keywords (gastroschisis) OR (laparoschisis). A
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