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Outcome differences between simple and complex gastroschisis

BACKGROUND: We reviewed differences of the outcome of newborn with simple and complex gastroschisis treated at our
institution over the past fifieen years.

METHODS: A retrospective cohort study was performed. on all infants with gastroschisis treated at the Institute for moth-
er and child health care, Belgrade, between 2001 and 2015 (n=70). Premature infants (<34 weeks of gestation) and
babies with birth weight less than 1500 g were excluded (n=5). We compared outcomes in infants with simple gastro-
schisis and those with complex gastroschisis. An outcome analysis was performed for birth weight, gestational age, gen-
der, mode of defect closure, presence of intestinal necrosis or perforation, reoperation, duration of mechanical ventilation
and total parenteral nutrition, presence of bowel pseudoopstraction, sepsis, total duration of hospital stay, mortality rates.
Resurrs: Of 65 patients, 15 (23,07%). had complex gastroschisis, including atresia 5 patients (33,3%), ischemic com-
plication 9 patients (60%) and one patient with closing. gastroschisis (6,66%). Sixty eight percent underwent primary
closure. There was difference between. the simple and the complex gastroschisis in duration of mechanical ventilation
(P=,000003), total parenteral nutrition (P= ,000019), bowel pseudoobstruction (P= ,00067), reoperation (P= ,00122),
sepsis (P=,0043), hospital stay (P= ,000198)..In the simple gastroschisis group 92% of patients survived to discharge.
In the complex gastroschisis group 3 patients died in hospital (P= ,338).

CONCLUSIONS:  More research: should beé focused to predict complex gastroschisis and to improve prenatal diagnosis and
postnatal management, without a significant increase in morbidity and mortality.
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Introduction

Gastroschisis is a congenital abdominal wall defect with
protrusion of abdominal organs into the amniotic cavi-

ty. The defect is typically located to the right of the
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umbilicus. Reported mortality is less than 10% in most
published series . Molik et al. ? proposed categorizing
infants born with gastroschisis into simple and complex
cases. Complex gastroschisis was defined as gastroschisis
associated with at least one of the following intestinal
pathologies: intestinal atresia, perforation, necrotic seg-
ments or volvulus. Simple gastroschisis was defined as
gastroschisis without any of these additional pathologies.
With the development of modern neonatal intensive care
and pediatric surgery, the complex gastroschisis are asso-
ciated with extensive intestinal loss, short bowel syn-
drome, total parenteral nutrition, liver failure, sepsis and
early baby death. The optimal management of this
abdominal wall defect remains controversial. Primary clo-
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sure or staged closure using customized silo has been the
gold standard for operative approaches >°. At our insti-
tution the prefered method of gastroschisis treatment is
primary surgical repair, when it is feasible. Last ten years
we have moved toward staged reduction of the herniat-
ed intestines into the abdominal cavity using a silo in
the absence of intestinal anomalies and with complete
closure on an elective basis. We reviewed differences of
the outcome of newborn with simple and complex gas-
troschisis treated at our institution over the past fifteen
years and tried to identify factors associated with mor-

tality.

Material and methods

A retrospective cohort study was performed on all infants
with gastroschisis treated at the Institute for mother and
child health care, Belgrade between 2001 and 2015
(n=70). Premature infants (<34 weeks of gestation) and
babies with birth weight less of 1500g were excluded
(n=5). Infant birth history, demographic and clinical
information were obtained from patient records as well
as from the neonatal intensive care unit database.
Perinatal data included birth age, gestational age, sex,
birth weight. Surgical records included presence of inte-

Fig. 1: Closing gastroschisis with jejunal and colonic atresia and com-
plete midgut necrosis; abdominal wall defect located to the left side
of the umbilicus.
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stinal atresia, necrosis, perforation, strictures and met-
hod of closure. Outcome data included duration of mec-
hanical ventilation, duration of total parenteral nutrition,
pseudoobstruction, sepsis (central line infection), reope-
rations, length of hospital stay, mortality rates. Cases of
complex gastroschisis were defined as infants with gastro-
schisis and one or more of following anomalies: intesti-
nal atresia, intestinal perforation, ischemic bowel, stric-
tures. Total length of hospital stay was defined as the
period of time from the date of first admission to the
date of first discharge or transfer to another hospital.
Surgical closure method were categorized into 2 distinct
eras: pre spring loaded silo (pre SLS, 2001 to 2000)
patients undergo primary closure and require only a sin-
gle operation and spring loaded silo (SLS, 2007 to pre-
sent) patients undergo staged repair with spring loaded
silo and are mandated to have a_minimium of two ope-
rations.

Data analyses

We compared outcomes. in ‘infants with simple gastro-
schisis (defined: as intact continuous bowel that is not
compromised. at delivery or presentation) and those with
complex gastroschisis (defined as the presens of 1 or

Fig. 2: Closing gastroschisis with proximal and distal atresias at the
entry and exit points of the extraabdominal bowel mass, resulting in
midgut loss with jejunal and colonic remnants. Abdominal wall defect
located to the left side of the umbilicus.



Outcome differences between simple and complex gastroschisis

more of the following criteria: intestinal atresia, perfora-
tion or intestinal necrosis, strictures at delivery or pre-
sentation) using nonparametric methods. An outcome
analysis was performed for birth weight, gestational age,
sex, mode of the closure of the defect, presence of inte-
stinal necrosis or perforation, pseudoobstruction, reope-
ration, duration of mechanical ventilation and total
parenteral nutrition. Outcome data included presence of
sepsis, total length of hospital stay, mortality rates. Data
were analyzed using x? test and Mann Whitney U test.
P values < .05 were considered significant. All analyses
were carried out using SPSS version 12.

Results

There were 70 patients identified during the study peri-
od, but only 65 patients were analyzed after excluding
the premature infants (<34 weeks of gestation) and babies
with birth weight less of 1500 g (n=5). Fifteen patients
(23.07%) met the definition of complex gastroschisis.
Patient characteristics are summarized in Table I.

Of the 65 patients, 39 were male and 26 were female.
There was a preponderance of males in both groups,
54% in simple gastroschisis and 80% in complex gastro-
schisis group. Primary closure defined as primary fascial
repair was performed in 44 (67.69%) patients: Delayed
fascial closure using silastic silo was used in 21 (32.30%)
patients. We indentified 15 cases of complicated gastro-
schisis and all of these children were closed with pri-
mary fascial repair. Type of complication in" complex
gastroschisis group are summarized in Table II

The overall incidence of intestinal atresia was 7,69%
(n=5) in our patient population. In 5 patients (33,3%)
of the complex gastroschisis group atresia was represen-
ted. Ischemic complications such as stenosis, strictures,
necrosis and perforation were the main complication in
9 cases (60%). Closing gastroschisis was presented in one
case (6,66%) with circumferential closure of the ring
around the protruding bowel associated with midgut
necrosis.

There was no difference between the simple and the
complex  gastroschisis groups in  gestational age
(36.1 + 1.4 vs 36.16 + 1.6; P= 0.173) and birth weights
(2248.4 + 507.6 vs 2351.33 + 633.8; P= 0.319).
These reports demonstrated significant differences in
method of closure. However, the cases were quite hete-
rogeneous. In complex gastroschisis group the finding
always dictated the ‘method of closure, and all of this
patients (n=15) were closed primarily. In the simple
gastroschisis ‘groupe primary: fascial closure was perfor-
med in 29 patients (58%).

Routine silastic bag clostire was performed in 21 patients
(42%) with simple . gastroschisis, and 19 patients
(90,47%) of them were with no complications.

In the simple gastroschisis group 4 patients (8%) died
in hospital. Two patients with silastic bag treatment had
developed (bowel gangrena while in silo and two patients
with primary fascial repair had abdominal compartment
syndrome. Persistent metabolic acidosis, sepsis, poor per-
fusion, low urine output and respiratory compromitation
required, performed repeated laparotomies.

In the complex gastroschisis group 3 patients (20%) died.
Closing gastroschisis was present in one patient (6.66%

TABLE I - Patient characteristics of simple and complex gastroschisis” groups

N Gender Simple n (%); Mean + SD Complex n (%); Mean + SD P
(n=50) (n=15)
Male 7 (54%) 12 (80%) P= .071
Female 3 (46%) 3 (20%)
Gestational age (wk) 36,1 + 1,4 36.16 + 1.6 P= .173
Birth weight (g) 2248,4 + 507,6 2351.33 + 633.8 P= .319
Primary closure 29 (58%) 15 (100%) P= .0032
Performed spring-loaded silo 1 (42%) 0
TPN duration (d) 13,64 + 10,8 53.1 + 42.6 P= .000019
P<0.001
Ventilator duration (d) + 6,54 24 + 14.2 P= .000003
P<0.001
Hospital stay (d) 32 + 15 91 + 64 P= .000198
P<0.001
Sepsis (n) 9 (38%) 12 (80%) P= .0043
Reoparation (n) 10 (20%) 10 (66.7%) P= .00122
Pseudoobstruction (n) 9 (18%) 12 (80%) P= .00067
P<0.001
Neonatal death (n) 4 (8%) 3 (20%) P= .338
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TasLe 11 - Type of complications in complex gastroschisis group

Complication n % of complex gastroschisis % of all gastroschisis
Closed gastroschisis with midgut necrosis 1 6,66 1.53
Jejunal atresia 1 6.66 1.53
Ileal atresia 2 13.33 3.07
Colonic atresia 2 13.33 3.07
Gaster perforation with jejunal stenosis 1 6.66 1.53
Ileal ischemia 2 13.33 3.07
Ileal and colonic ischemia 2 13.33 3.07
Jejunal and ileal ischemia 1 6.66 1.53
Jejunal and colonic strictures 1 6.66 1.53
Ileal and colonic strictures 1 6.66 1.53
Jejunal stenosis 1 6.66 153
of complex gastroschisis and 1,53% of all gastroschisis) Discussion

with jejunal atresia and complete midgut necrosis of enti-
re extraabdominal bowel mass. We found proximal and
distal atresias at the entry and exit points of the extraab-
dominal bowel mass, resulting in midgut loss with jeju-
nal and colonic remnants. The patient was a boy born
in 34" gestational week with abdominal wall defect
located to the left side of the umbilicus. Baby boy birth
weight was 1900 g, with proximal jejunal atresia 20.cm
distal to the ligament of Treitz, and a midgut volyulus
progressing to necrosis and liquefaction during. the first
day of life (Fig. 1, 2). Midgut resection, jejunocolic ana-
stomosis and abdominal fascial closure were performed.
The intervention was successful. He died at 20 days of
life due to sepsis and multiorgan failure.

Patients with simple gastroschisis” were ‘put on enteral
feeding earlier than patients with complex gastroschisis
and received less parenteral nutrition: 13.64 + 10.8 ver-
sus 53.1 + 42.6 days; P= .000019(P<0.001). Also they
received less ventilation” support duration:«7+.6.54 ver-
sus 24 + 14.2 days; P=.000003 (P<0.001). Patients with
simple gastroschisis had a shorter hospital stay: 32 + 15
versus 91 + 64 days; P=.000198 (P<0.001).

A total of 21 (32.3%) of the 65 patients developed addi-
tional complications. The most ‘common gastroinestinal
complications were feeding problems and bowel pseu-
doobstruction: 9 (18%).in simple gastroschisis group ver-
sus 12 (80%) in  complex gastroschisis group
(P= .00067). Reoperation was needed in 10 (20%)
patients of the simple gastroschisis group and also in 10
(66.7%) patients of the complex gastroschisis group
(P=.00122).

The most frequent extraintestinal complication was sep-
sis in 19 (38%) patients of the simple gastroschisis group
and in 12 (80%) patients of the complex gastroschisis
group (P= .0043).

In the simple gastroschisis group, 4 (8%) patients died
in hospital, resulting in 92% survival to discharge. In
the complex gastroschisis group 3 (20%) patients died
in hospital resulting in 80% survival to discharge

(P=,338).
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The incidence of gastroschisis has significantly increased
over the past two decades *%. The incidence of gas-
troschisis is as high as 4.4-per 10000 live births 4.
Reviews in-large national databases in Great Britain and
the United States have shown complex gastroschisis to
represent 11,5% and 10,9% of all cases respectively 7.
The prevalence of complex gastroschisis in recent publi-
cations has been reported as 11% to 31% 2489

We divided cases into simple and complex gastroschisis
according to the presence of additional bowel damage
such as atresia, perforation, necrosis, as these factors are
known to impact on choice of surgical technique as well
as outcomes. In our study 77% of infants had simple
gastroschisis.

A number of surgical options exist to repair gastroschi-
sis. The goals of surgical intervention in gastroschisis are
to minimize the evaporative and thermal loss '°, reduce
the bowel back into the abdominal cavity !, and repair
the abdominal wall defect 2. Primary closure or staged
closure using a silastic bag have been the gold standard
operative approaches >°. In our cohort study almost 1
in 4 patients had complex gastroschisis. The presence of
simple versus complex gastroschisis is the only factor that
has been consistently shown to predict poorer outcomes
of this anomaly, including duration of total parenteral
nutrition, ventilation duration and hospital stay '>4.
Neonates with gastroschisis have delayed time for full
enteral feeding (FEF), possibly due to bowel exposure to
amniotic fluid. Antenatal bowel dilatation (bowel diame-
ter = 18 mm) and in particular intraabdominal bowel
dilataion (IABD) is prognostically useful for detection of
patients with impending necrosis or atresia and other
patients who would have bad outcome . In one study
16.19% complex patients never had IABD and in the oth-
er (17) 75% never had extraabdominal bowel dilatation
(EABD). Therefore, the absence of bowel dilatation can-
not fully exclude complex patients with gastroschisis 8.
Yang CY et al. investigated IABD alone and found an
association with prolonged time to full enteral feeding
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(FEF) and length of hospital stay (LHS) 1. These results
are not supported by study data of Helen Carnaghan et
al. ¢ or a systematic review of isolated gastroschisis which
shows that neither IABD nor EABD are associated with
increased adverse neonatal outcomes .

However, the presence of both IABD/EABD or IABD
and collapsed extra-abdominal bowel at <30 weeks of
gestation proved to be a more accurate predictor of poor
outcome. It may be prudent in the presence of such
findings to consider early delivery with the aim to sal-
vage necrotic bowel, although these antenatal findings
may indicate that the bowel damage has already occurred.
Early delivery is associated with prolonged FEF/LHS,
suggesting that elective delivery at < 37 weeks is not
beneficial. Combined IABD/EABD or IABD/collapsed
extra-abdominal bowel is suggestive of complex gas-
troschisis 7.

The only factor that has been shown to predict poorer
outcomes of gastroschisis is the presence of complex gas-
troschisis. In some studies intestinal complications also
predicted higher mortality, as high as 28% 2%. In oth-
ers, as in our study, mortality did not differ significant-
ly between simple and complex gastroschisis .
Surgical efforts therefore may be best targeted at opti-
mal management of conditions found in complex ‘gas-
troschisis including atresia, stenosis, necrosis, perforation,
short bowel syndrome. We find primary anastomosis as
a safe option. Early restoration of bowel continuity and
primary fascial closure are associated with much better
outcome. Others have reported the safety of both early
and late primary anastomosis for atresia associated with
gastroschisis 2.

Closing gastroschisis presents with a variety of possible
sequelae. The incidence of closing gastroschisis is 6% in
series of Houben at al. 2! A review of the more recent
literature indentified smiall numbers of survivers. of clos-
ing gastroschisis 2225, Persistent or progressive intraab-
dominal bowel dilatation at fetal ultrasound points to
closing abdominal ring complication. If there is suspi-
cion of a closing ring, then early delivery must be urgent-
ly considered 2%

By experience, surgeons may identify which patients have
fascial defects more amenable to primary closure 2°. Our
study also favored primary closure with a significant
reduction in total parenteral nutrition, days with venti-
lation support and length of hospital stay. Patients with
complicated gastroschisis have prolonged hospital stays
regardless of closure method, as the length of stay in
complicated gastroschisis is often based on the patients

intestinal pathology.
Conclusion
The only factor that has been shown to predict poorer

outcomes of gastroschisis is the presence of complex gas-
troschisis. Surgical efforts therefore may be best target-

ed at optimal management of conditions found in com-
plex gastroschisis including atresia, stenosis, necrosis, per-
foration, short bowel syndrome. We find primary anas-
tomosis as a safe option. Early restoration of bowel con-
tinuity and primary fascial closure are associated with
much better outcome. More research should be focused
to predict complex gastroschisis and to improve prena-
tal diagnosis and postnatal management.

Riassunto

Abbiamo confrontato le differenze di risultato nei neo-
nati con gastroschisi semplice e complessa trattati pres-
so il nostro istituto mel corso degli ultimi quindici anni.
Lo studio ¢ stato effettuato retrospettivamente su tutti i
neonati con gastroschisi trattati presso 'Istituto per la
cura della Salute della Madre e del Bambino di Belgrado
tra il 2001 e il 2015, pari a 70 neonati.

I prematuri, nati con meno 34 settimane di gestazione
e i 5 bambini con peso allasnascita inferiore a 1500 g
sono stativesclusi. Il ‘confronto ¢ stato fatto tra gli esiti
nei neonati con gastroschisi semplice e quelli con gastro-
schisi complessa. Lanalisi dell’esito ¢ stata considerata in
rapporto al_peso alla nascita, all’etd gestazionale, al ses-
s0, alla modalita di chiusura del difetto, alla presenza di
necrosi_intestinale o di perforazione, al reintervento, alla
durara della ventilazione meccanica e la nutrizione paren-
terale totale;-alla presenza di pseudo ostruzione intesti-
nale, alla sepsi, alla durata complessiva della degenza
ospedaliera ed ai tassi di mortalita.

Dei 65 pazienti, 15 (23,07%) erano affetti da una gastro-
schisi complessa, di cui 5 per atresia (33,3%), 9 con
complicanze ischemiche (60%) e un paziente con gastro-
schisi occlusiva (6,66%).

I1 68% ¢ stato trattato con chiusura primaria della gastro-
schisi. Vi sono state differenze di durata della ventila-
zione meccanica tra gastroschisi semplice e complessa
(P<0,001) e della nutrizione parenterale totale (P<0,001);
nell’evenienza di pseudo ostruzione intestinale (P =
0,00067); nei reinterventi ( P = 0,00122), nella sepsi
(p= 0,0043), nella durata della degenza ospedaliera
(P<0,001). Nel gruppo della gastroschisi semplice il 92%
dei pazienti & sopravvissuto fino a poter essere dimessi.
Nel gruppo delle gastroschisi complesse 3 pazienti sono
deceduti in ospedale (p = 0,338).

In conclusione la ricerca dovrebbe essere concentrata nel-
la previsione della gastroschisi complessa, per il miglio-
ramento della diagnosi prenatale e della gestione post-
natale, per una riduzione della morbilita e della morta-
lica.
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