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fetal peritonitis n=1) were treated by primary abdominal wall closure.
In the silo group, one baby died because of non gastroschisis related
conditions (trisomy 13 with severe cardiac defect). Another baby with
venous congestion of the small intestine mandated laparotomy to widen
the abdominal wall defect. The remaining 8 babies of the silo-group
had mainly an uneventful postoperative course. In general, these babies
were discharged home on regular oral feeding within 25-126 days
(median=49.5 days).
Conclusion: Ward reduction is an attractive, minimally-invasive
therapy for select babies born with uncomplicated gastroschisis. It
appears to be safe, effective, easy to perform, and it spares the newborn
baby one or two formal operations.
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Abstract
Purpose: In the year 1998, the so-called ward reduction was
introduced by Bianchi and Dickson. Even though both concept and
preliminary results were appealing, this approach has not found general
acceptance, and, correspondingly, only few reports exist. Here, we
report our experience with this treatment modality.
Methods: All babies with gastroschisis born between 2009 and
2014 were retrospectively analyzed. The main variables looked at
included gestational age, birth weight, APGAR-score, intubation time,
days of parenteral nutrition, age at first enteral feed, days on neonatal
intensive care unit, length of hospital stay, and complications. In order
to guarantee the optimal treatment for gastroschisis (ward reduction vs.
spring-loaded silo), we created an own algorithm (Figure 1).
Results: 24 patients with gastroschisis were included in the
study. Ward reduction was initially considered in all patients, but only
performed in 11. One of these babies died at the age of 75 days because
of complications related to short bowel syndrome. The other 10 babies
had an uneventful post-intervention course and could be discharged
home on regular oral feeding within 21-75 days (median=40 days). 13
patients were classified as ‘complicated’. Therefore, a spring-loaded
silo was installed in 10 patients (edematous bowel n=3, fetal peritonitis
n=1, intestinal small bowel atresia n=2, hypoplasia of the colon n=1,
Meckel’s diverticulum n=1, hypoplastic abdominal cavity n=1, and
persistent omphaloenteric duct n=1). Three patients (colon atresia and
jejunal stenosis n=1, suspicion of intestinal atresia n=1, and marked

Introduction
Gastroschisis (GS) is a full-thickness open and non-covered
abdominal wall defect, characterized by protrusion of intestines and,
occasionally, other abdominal organs [1]. Worldwide the incidence
of GS ranges between 1 and 5 per 10,000 births and it seems to have
increased over the past 2 decades [2,3].
Since Watkins first reported a successful primary closure of a small
abdominal wall defect in 1943 [4], the surgical closure has become
the standard of care for GS. When the herniated bowel is significantly
thickened and/or dilated, or when the abdomen is hypoplastic, a primary
closure may lead to an increased intra-abdominal pressure. In these
cases, a step by step reduction is recommended. Schuster described in
1967 [5] a staged procedure for the repair of omphaloceles, using a
prosthetic silo to reduce gradually the eviscerated bowel. This technique
was also adopted for GS and is still recommended today. Fischer in
1995 reported for the first time the use of a SILASTIC spring-loaded
silo, which can easily be placed at the bedside with no need for general
anesthesia [6]. Three years later Bianchi and Dickson introduced the
so-called ward reduction (WR). They reported on 14 neonates with
GS treated with gut reduction without general anesthesia in the ward.
After bowel reduction, the abdominal opening was closed by capping
of the umbilical cord and suturing the cord stump to the rectus sheath
[7]. From the reported 14 cases, 12 survived. Although these results
were quite encouraging, there are astonishingly few reports looking
at this innovative approach [7-13]. Based on the available literature,
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Complicated means: edematous bowel, intestinal malformation, bowel necrosis, cardiovascular instability.
Figure 1: Algorithm for GS management at the University Children’s Hospital Zurich.
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we hypothesized that WR could in fact represent a step forward in
the treatment of GS and we adopted this technique in 2009. Using the
selection criteria published by Bianchi [8] and Kimble [9], we created
an algorithm for the management of GS in our institution (Figure 1).
The goal of this paper is to analyze the outcome of babies born with
GS and treated along the described algorithm.

Material and Methods
Over a 5-year period from 2009 through 2014, all charts of neonates
with GS treated at the University Children’s Hospital Zurich were
retrospectively reviewed. The following parameters were analyzed:
mode of GS treatment, gestational age (GA), birth weight, APGARscore, intubation time, days of parenteral nutrition (TPN), age at first
enteral feed, days on neonatal intensive care unit (NICU), length of
hospital stay, and complications (Table 1).
WR was considered as a first-line management for all patients.
However, true candidates for WR were selected in a standardized way
using the above-mentioned algorithm (Figure 1). If the abdominal
cavity is hypoplastic with consecutively increased intra-abdominal
pressure during bowel reduction and/or respiratory failure, or if
reduction lasts too long, WR is stopped and a spring-loaded silo is
installed. Furthermore, neonates with markedly edematous bowel,
intestinal malformations, bowel necrosis, or any sort of postnatal
cardiorespiratory compromise are graded as ‘complicated’. These
neonates are excluded from attempting a WR and a spring-loaded silo
is applied right away.
WR is attempted either directly in the delivery room or in the
NICU. After cardiovascular stabilization, the neonate is evaluated
for WR. A nasogastric tube is positioned and an intravenous line is
placed. An appropriate analgosedation with Ketamine and Nalbuphine
as well as antibiotics (triple therapy with Metronidazole 10mg/kg,
Sintetica; Gentamicin 2.5mg/kg, Ratiopharm and Amoxicillin 25mg/
kg, GlaxoSmithKline AG) are administered. Initially, colonic irrigation
with 20-30ml warm saline solution (NaCl 0.9%, B. Braun) is performed
to evacuate meconium. Then, the eviscerated bowel is gently reduced

into the abdominal cavity. Before the abdominal wall defect is closed,
local anesthesia (Bupivacaine hydrochloride 0.5%, AstraZeneca) is
applied. Then a purse-string suture (PDS II 2-0, SH needle, Ethicon)
incorporating peritoneum, fascia and muscle, is placed to close the
abdominal opening. At the end, the skin is closed and covered by the
umbilical cord.

Results
During the study period, 23 children with GS were born by
cesarean section at a median gestational age of 36.5 weeks (range 33.238.5). In one baby, the diagnosis of GS was only made postnatally after
vaginal delivery at 35 weeks of gestation. According to our algorithm,
11 of 24 patients (46%) qualified for WR. The other 13 neonates (54%)
were classified as ‘complicated’ because of the following conditions:
edematous bowel (n=3, 13%), severe fetal peritonitis (n=2, 8%),
hypoplastic abdominal cavity in a small for gestational age baby (SGA,
n=1, 4%), Meckel’s diverticulum (n=1, 4%), persistent omphaloenteric
duct (n=1, 4%), intestinal atresia (n=3, 13%), hypoplastic colon (n=1,
4%), and suspicion of small bowel atresia (n=1, 4%). In these patients,
a spring-loaded silo was installed in 10 (42%) neonates, and in 3 (13%)
neonates, a primary abdominal wall closure under general anesthesia
was performed.
The key data of all three groups are listed in Table 1.
The follow-up period ranged from 1 to 5 years for the WR and silogroup, and from 1 to 3 years for the group with a primary abdominal
wall closure.
In short, the essential data are the following: All newborns evaluated
as uncomplicated GS underwent WR successfully. After WR, all
children showed an aesthetically well appearing umbilicus (Figure 2).
No umbilical hernias were detected in this group. One newborn (4%)
developed an abdominal compartment syndrome within 24 hours after
WR. Due to diffuse intestinal necrosis, multiple bowel resections and a
Schuster plasty were performed. This resulted in a severe short bowel
syndrome and death at 75 days of age. One newborn (4%) required
further surgery to correct a colonic stenosis at the age of 1 month. Two

Table 1: Comparison of the main values (median and range) in patients with GS treated at the University Children’s Hospital Zurich between 2009
and 2014.
Sex
GA (weeks)
APGAR
Birth weight (gram)
Days on NICU (days)
Intubation
(number of patients)
Intubation-time (hours)
Need for TPN (days)
Age at first enteral feed (days)
Age at discharge (days)

WR (n=11)
F=2; M=9
37 (34.5-38.5)
6/8/8
(1-8)/(3-9)/(1-10)
2580
(2130-3240)
3.5 (1-13)

Spring-loaded silo (n=10)
F=3; M=7
36.4 (33.6-38.5)
7/8/8
(2-8)/(4-9)/(4-9)
2340
(1600-3500)
9.5 (4-17)

Primary abdominal wall closure (n=3)
F=2; M=1
35.5 (33.2-37.2)
7/9/9
(5-8)/(8-9)/(9)
2620
(2040-2930)
7 (3-15)

3/11

10/10

3/3

21.8 (0-124)
32 (17-74)
18 (2-43)
40 (21-75)
1x death because of severe short
bowel syndrome

73 (20-240)
67.5 (10-145)
41.5 (21-119)
67.5 (29-144)
28 (8-92)
15 (14-17)
49.5 (25-126)
82 (37-171)
1x abdominal compartment
syndrome;
1x severe adhesions, abdominal compartComplications
1x silo dislocation twice;
(related to the initial therapy) 1x intestinal obstruction because of 1x perfusion problems due to
ment syndrome, NEC
subtotal stenosis of the ileum
narrow abdominal defect;
1x chronic skin infection
1x death (trisomy 13 and cardiac
1x colonic stenosis;
1x intestinal obstruction because of
malformation);
1x obstruction of anastomosis after ostoComplications
1x transient short bowel synmy closure,
(in the follow-up, unrelated to
thickened meconium;
initial therapy)
1x iatrogenic stomach perforation;
drome because of NEC;
3x catheter sepsis
2x catheter sepsis twice
4x catheter sepsis (3x twice)
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After WR, all children showed an aesthetically well appearing
umbilicus.
A and B: two boys at the age of 2 years.
Figure 2: Pictures of the umbilicus after WR
babies (8%) developed an intestinal obstruction at day 17 and 33 of life
and therefore needed a revision.
In one case, the bowel obstruction was caused by thickened
meconium. Therefore the bowel obstruction was neither related to an
anatomical malformation nor to the WR.
In the other case the bowel obstruction was caused by a 3cm long,
subtotal stenosis of the ileum. One newborn (4%) needed surgery due to
an iatrogenic gastric perforation caused by a malpositioned nasogastric
tube at 4 days of life.
In the spring-loaded silo group (n=10), one neonate (4%) died at
3½ months because of a non GS related problem (trisomy 13 with
severe cardiac defect). There were no umbilical hernias in this group
as well. In a patient (4%) with colonic atresia and jejunal stenosis,
surgical correction and abdominal closure occurred 4 days after silo
placement. One patient (4%) showed a long-segment hypoplasia of the
ascending colon. Therefore, approximately 20cm of colon including
the ileocoecal valve and the appendix were resected before silo
placement. One neonate (4%) developed an abdominal compartment
syndrome one day after abdominal wall closure due to sepsis at the
age of 10 days. This child was treated by a Schuster plasty and then
showed an uneventful course (gradual reduction and definitive fascial
closure using a Permacol®-Patch, Covidien after 9 days). Another
patient (4%) showed twice a silo-dislocation (day 6 and 12 of life). In
the postoperative course, one neonate (4%) developed a transient short
bowel syndrome due to a necrotizing enterocolitis (NEC) at 2 months
of life, which was treated surgically (several revision laparotomies).
To date, this child eats normally and thrives well. A few hours after
silo application, one neonate (4%) showed perfusion problems of the
eviscerated bowel and therefore, the silo was removed and a Schuster
plasty applied. In the further course, this patient developed an intestinal
obstruction requiring a reoperation with an uneventful course. One
patient (4%) with a secondary abdominal wall closure (Permacol®Patch, Covidien) had several wound revisions due to infection.
Three patients (13%) were treated with a primary abdominal
wall closure in the operating room under general anesthesia. One
neonate (4%) had an atresia of the ascending colon and a stenosis
of the jejunum; both pathologies were treated surgically at the time
of primary abdominal wall closure. At the age of 3 months the child
demonstrated acute intestinal obstruction, requiring bowel resection.
In another neonate (4%), WR was abandoned due to suspicion of
intestinal obstruction not confirmed in the operating room. The third
neonate (4%) showed a marked fetal peritonitis with no other intestinal
complications.

Discussion
After the first description of WR by Bianchi and Dickson in 1998
[7], only a few studies were published concerning this innovative
approach [7-13]. A meticulous search in PubMed regarding WR yielded
only 8 English reports including 2 reports from Bianchi et al. [7,8]
and 3 reports from Kimble et al. [9-11]. 2 articles from other authors
reported unsatisfactory results after WR [12,13].
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WR has established itself as an attractive therapy option in our
hospital because it is easy to perform without requiring a formal general
anesthesia. In a comparative analysis between GS reduction with and
without general anesthesia, Cauchi et al. [14] could demonstrate, that
both therapy modality have similar outcomes in terms of quality of
bowel, start of enteral feeds, hospital stay and morbidity. These data are
in line with our findings.
To simplify the process of GS treatment and especially to correctly
identify candidates suitable for WR, we created an own algorithm
(Figure 1).
This paper is one of the very few reports on management and short
term follow-up of newborns with GS who were treated primarily with WR
or if not applicable with a spring loaded silo or direct abdominal closure.
Although the surgical strategies to treat GS have evolved over
time, the principles of the management remained the same: first,
safe reduction of the eviscerated organs and second, closure of the
abdominal wall defect with an acceptable cosmetic appearance of the
reconstructed umbilicus.
The current management of GS is, shortly summarized, a primary
or staged reduction. Primary abdominal wall closure in the operating
room is the standard initial surgical approach, whereas staged reduction
is frequently used as a rescue strategy when thickened and edematous
bowel caused by fetal peritonitis is present, or when there is a
hypoplastic abdomen. In the latter cases, primary reduction will lead to
high intra-abdominal pressure followed by an abdominal compartment
syndrome [15,16]. Since the introduction of preformed spring-loaded
silos [6], staged reduction can be performed without general anesthesia,
analogous to WR. Doubtlessly, the advantages using a spring-loaded
silo include a simple placement without need for general anesthesia
during the first day of life, the chance of seeing constantly the bowel,
and to perform a staged reduction in an individually timely manner.
Thereby, the problems of significantly increased abdominal pressure
can be avoided. These benefits are also underscored in most papers,
in which the traditional primary closure and the use of a springloaded silo are compared [17-19]. Also, our data further support the
already existing evidence that newborns with complicated GS can be
successfully managed with staged reduction using a spring-loaded silo
followed by formal surgical closure [20].
All three groups (WR, silo, primary closure) show similar
complications (Table 1): In the WR-group, one child died at the age
of 75 days of life because of the complications of a severe short bowel
syndrome, in each group we found several catheter-associated sepsis
complications, one child from the silo and one from the primary
closure group developed an abdominal compartment syndrome and
another child from the primary closure group developed NEC requiring
medical treatment. Regardless of our small number of patients, we
were able to show that WR seems at least as safe as silo application
in uncomplicated GS. In complicated cases, where WR is not feasible,
silo application is the rescue strategy of choice. Of course, a primary
abdominal wall closure may be an alternative option, too. This decision
of treatment was finally made by the senior attending surgeon on call.
An important sequel in children with GS is the long-term intolerance
of enteral feeding due to severe gastrointestinal dysmotility [21,22]. In
these children, enteral nutrition can only be advanced very slowly and
must eventually be supplemented by parenteral nutrition. In addition,
there is a 5-10% long-term risk of adhesion-associated obstructions in
former series [2,23]. In the WR-group two neonates were re-operated
because of an intestinal obstruction before the age of 1 month.
Generally, we did not encounter long-term obstructions in any of the
three groups. The most significant problems we saw were the death of
one neonate at the age of 75 days in the WR-group, due to a severe short
bowel syndrome and in the silo-group, one case of transient short bowel
syndrome that was due to NEC and several revision laparotomies.
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The disadvantage of an immediate abdominal closure for newborns
with gastroschisis is the subsequent increase of intra-abdominal
pressure after bowel reduction. All methods besides staged procedures
adhere to this rare, but severe complication [15,16,24,25]. Therefore, a
close surveillance of the newborns after WR is necessary. If any signs
of increased abdominal pressure raise after WR, secondarily a silo has
to be placed for a staged bowel reduction.
Compared to Bianchi and Dickson [7] there are two important
differences in the implementation of WR. First, we perform WR under
analgosedation, whereas they do not require analgesia or sedation. And
second, we perform WR immediately after birth and cardiovascular
stabilization of the neonate, whereas they perform WR on average
4 hours (range 3.5-11 hours) after birth. In their cases delaying gut
reduction lead to more stable cardiovascular, respiratory and renal
parameters. In our cases, we did not encounter any cardiovascular,
respiratory or renal problems related to early gut reduction.
There are limitations to our study. The main limitation is inherent
in an observational outcome study, but this study is strengthened by the
consistency of a single-institution experience with an own algorithm
for treatment for GS. Another important limitation is the fact, that
both groups (WR versus silo) have different base-line conditions, and
therefore cannot be compared. According to our algorithm (Figure 1)
WR was performed in healthy neonates without intestinal problems and
a spring-loaded silo was applied in complicated cases, where WR was
not feasible.
Although the results are encouraging, a prospective study will
probably address the true safety and efficacy of the WR.

Conclusion
Our data indicate that WR can be an effective treatment for
newborns with uncomplicated GS. This technique appears to be safe,
easy to perform, and it spares the newborn one or two formal operations.
Nevertheless it should only be done in patients that meets certain
selection criteria. Additionally, a high suspicion for compartment
syndrome must kept in mind during the first days following abdominal
wall closure.
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