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Background/purpose The management protocols and

outcome of neonates with gastroschisis have improved

significantly during the past two decades. The purpose of

this study was to evaluate the evolution in management

and outcome of gastroschisis in our institution.

Materials and methods All patients treated for

gastroschisis during the past 12 years were included.

These patients were divided into two chronologically

distinct groups. Group I included patients who were treated

from 1998 to 2005 and group II included patients who

were treated from 2005 to 2010. Each group was further

subdivided into two subgroups according to the method of

closure of the abdominal wall by either primary (group IA

and group IIA) or delayed primary closure of the abdominal

wall defect after temporary extra-abdominal hosting of the

bowel using hand-sewn silastic or plastic sheets (group IB)

or a spring-loaded silo (group IIB). Each patient was

evaluated with regard to time spent on ventilator, time to

initiating enteral feeds, time to discharge from the Neonatal

Intensive Care Unit, and any complications.

Results There was no difference between the two main

groups with regard to the gestational age, sex, mode

of delivery, or the percentage of associated congenital

anomalies. Primary closure was feasible in 29 patients

(18 in group IA and 11 in group IIA). Staged reduction of

the herniated bowel and delayed repair were performed in

23 patients (12 in group IB and 11 in group IIB). Reduction

of the herniated bowel and delayed staged reduction were

performed earlier in group IIB than in group IB. Enteral

feeding was earlier in patients who had primary closure

either in group IA or group IIA compared with patients

treated with delayed closure in either group IB or group IIB.

Enteral feeding was relatively earlier in group IIB than in

group IB, but the difference was not significant.

Conclusion The overall morbidity and mortality showed

significant improvement in the management of

gastroschisis at our practice. The introduction of spring-

loaded silo has simplified the management of patients

born with gastroschisis who cannot be treated with primary

reduction. Primary closure continued to have better

outcome measures compared with staged closure. Ann
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Introduction
Gastroschisis is a full thickness defect of the abdominal

wall with herniation of a variable amount of uncovered

intestinal loops through a defect immediately to the right

of a normally formed umbilicus. The intestine is fre-

quently foreshortened, covered with gelatinous exudates,

matted together, and/or is edematous due to its exposure

to amniotic fluid and compression of the mesenteric

blood supply at the defect. The incidence of gastroschisis

is rising over the last decade. It has been estimated

between one in 3000 and one in 10 000 live births

[1–3].

The management of gastroschisis has gradually evolved

and improved over the years. The principles of manage-

ment however remain the same. First, to reduce the

viscera safely, second, to close the abdominal wall defect

with an acceptable cosmetic appearance and, third, pro-

per nutrition support, in addition to detection and proper

management of any associated anomalies or complications

[4].

The first surgical intervention by manual closure with

fatal outcome was reported in 1878 [5]. In 1943, Watkins

[6] reported the first successful primary closure of gastro-

schisis. In 1953, Moor and Stokes [7] reported the use

of skin flap technique to close the abdomen. However,

two of their patients died because of acute respiratory

insufficiency and abdominal compartmental syndrome.

Historically, many surgeons used drastic measures to

decrease the size of the abdominal contents and to relieve

size discrepancy, such as bowel resection, splenectomy,

and partial hepatectomy [8,9]. In 1966, manual stretching

of the abdominal wall was advocated by Izant et al. [10] to

enlarge the abdominal cavity. However, the overzealous

stretching was complicated by lateral abdominal wall

hernia [11].

The real advance in surgical management of gastroschi-

sis was the introduction of staged reduction by using

sheets of Teflon as a temporary covering for the herniated

bowel by Schuster in 1967 [12]. However, the abdomen

required periodic reopening to perform serial reduction

and staged removal of the material with risk of bowel

injury and infectious complications. The modification of

Schuster’s technique by Allen and Wrenn [13] involved

the use of silastic instead of Teflon, with no attempt

at skin coverage to facilitate serial reduction and enable

continuous inspection of the bowel’s condition.

In 1975, Shermata and Haller [14] used a preformed

transparent silo sutured to the abdominal wall. The silo was
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suspended to allow relief of bowel edema and also to allow

a gradual reduction of the viscera into the abdominal cavity.

Starting from 1997, surgeons began inserting a silastic silo

(Dow Corning, Midland, Michigan, USA) or a spring-

loaded silo (SLS, Bentec, Sacramento, California, USA)

when primary closure was not feasible. SLS could be

placed at bedside and it alleviated the need for suturing

to the abdominal wall [15]. Minkes et al. [16] reported

that gradual reduction using SLS seems to eliminate the

need for intraoperative pressure measurement.

The aim of this study was to evaluate the progress in the

management and outcome of cases of gastroschisis at the

Tanta University Hospital during the past decade.

Materials and methods
Patients were divided into two chronologically distinct

groups. Group I (from 1998 to 2005) included 30 patients

and group II (from 2005 to 2010) included 22 patients.

Each group was further subdivided into two subgroups

according to the method of closure of the abdominal wall

by either primary (group IA and group IIA) or delayed pri-

mary closure of the abdominal wall defect after temporary

extra-abdominal hosting of the bowel using silastic or

plastic sheets (group IB) or SLS (group IIB).

Initial management aimed at maintaining circulation to

the bowel and preventing infection by covering the

defect with sterile dressing soaked in warm saline to

prevent fluid loss, stabilizing infant (temperature/fluids),

gastric decompression, intravenous fluids with glucose,

and broad-spectrum antibiotics. After stabilization of the

infants in the Neonatal Intensive Care Unit, the repair

was performed primarily whenever feasible after reducing

the herniated bowel (Fig. 1a and b). The decision of

primary closure was based on the size of the herniated

viscera and size of the abdominal cavity.

When primary closure was not possible due to the presence

of discrepancy between the size of the herniated bowel and

the volume of abdominal cavity, a staged reduction of the

herniated bowel and delayed closure of the abdomen was

performed after temporary extra-abdominal hosting of the

bowel in a chimney made of a silastic sheet or any other

available plastic sheet, when silastic sheet was not available,

(Figs. 2 and 3) (group IB). The sheet was sewn directly to

the fascia after mobilizing skin flaps circumferentially

around the defect. Postoperatively, running stitches through

the silastic/plastic sheet were made to initiate gradual

reduction of the extruded intestine over 8–15 days till the

abdominal wall got lax and the abdominal cavity could

contain the extruded part after which the defect was closed

[13].

Staged reduction and delayed primary repair were

performed in group IIB patients using a SLS (Bentec),

which was placed over the exposed viscera under the

fascial defect using complete aseptic precautions (Figs. 4

and 5). The SLS was inserted either at Neonatal

Intensive Care Unit (five cases) or in the operating room

(six patients). Adhesions from the fascia to the bowel wall

were gently disrupted manually. In cases of dense adhesions

to the bowel wall or very small opening, silo placement was

performed in the operating room to allow lyses of adhesions

or widening of the fascial defect. The bowel was gradually

reduced over the next few days. The transparent materials

of the silo allow for continuous inspection of the bowel. No

sutures were used. The base of the silo was wrapped with

gauze soaked in antiseptic solution. The silo was closed with

umbilical tape over the next few days and the abdominal

viscera were reduced progressively. When the bowel was

completely reduced, a second stage closure was performed

in the operating room [15].

Fig. 1

(a) Noncomplicated gastroschisis. (b) Primary closure 1 h after delivery.

Fig. 2

Hand-sewn bag (group 1B).
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Each patient was evaluated with regard to time to full

closure of the abdominal wall, time spent on ventilator

if needed, time to initiating enteral feeds, time to

discharge from the Neonatal Intensive Care Unit, and any

complications.

Statistical analysis

Statistical analysis was carried out using SPSS ver. 13

(Chicago, Illinois, USA). All quantitive data were

compared using the student t test, whereas all qualitative

data were compared using the Fisher’s exact test. A

P value of less than 0.05 was considered to be significant.

Results
Fifty-two neonates (14 male and 16 female) with gastro-

schisis were treated at the Tanta University Hospital and

affiliated hospitals from June 1998 to October 2010.

Prenatal diagnosis was known in 13 patients (25%). The

mean birth weight was 2.4 ± 0.89 kg. The median maternal

age was 27 years (range: 19.5–41 years). Thirty-five

patients had normal vaginal delivery. Associated congenital

anomalies were present in 10 patients (six in group I and

four in group II). There was no difference between the two

main groups with regard to the gestational age (36.9 ± 2.3

vs. 36.5 ± 2.5 weeks), sex, mode of delivery, or the

percentage of associated congenital anomalies.

Prenatal diagnosis of abdominal wall defect was noted in

five (16.7%) patients in group I and in seven (31.8%)

patients in group II (difference not statistically signifi-

cant, P = 0.35). Five patients had associated intestinal

atresia (Fig. 6). Primary anastomosis was performed in

two cases with little edematous bowel. Ileostomy was

performed in two other cases. One patient died before

definitive surgery of the associated intestinal atresia; her

bowel was placed into the abdomen for nasogastric

decompression planning for reoperation.

Primary closure was feasible in 29 patients (18 in group

IA, and 11 in group IIA). Staged reduction of the

Fig. 3

Hand-sewn silo (group 1B).

Fig. 4

(a) Gastroschisis: foreshortened, edematous bowel. (b) Staged reduction using spring-loaded silo.

Fig. 5

(a) Noncomplicated gastroschisis. (b) Staged reduction using spring-loaded silo.
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herniated bowel and delayed repair were needed in 23

patients (12 in group IB, and 11 in group IIB). Primary

closure was performed 30 min–10 h after delivery. The mean

time from birth to primary closure was shorter in the second

group compared with the first group (5 ± 1 vs. 7 ± 2 h, the

difference is statistically significant, P = 0.004).

Reduction of the herniated bowel and delayed staged

reduction were earlier in group IIB than in group IB

(mean: 8 ± 2 vs. 11 ± 3 days, the difference is statisti-

cally significant, P = 0.01). Enteral feeding was earlier in

patients who had primary closure either in group IA or

group IIA compared with patients treated with delayed

closure in either group IB or group IIB. The mean time of

first oral feeding was earlier in patients who had primary

closure either in group I or group II compared with

patients undergoing delayed closure. Enteral feeding

was relatively earlier in group IIB than in group IB

and, but the difference was not statistically significant

(P = 0.36).

The duration of hospital stay was significantly longer for

patients who had staged surgery either in group I or group

II than those who had primary closure (total mean: 12 ± 4

vs. 18 ± 3 days, P = 0.0001) (Table 1).

The various postoperative complications are summarized

in Table 2. Seven deaths occurred in group I due to

infection and septicemia in three patients and prolonged

bowel dysmotility in another four patients. Two patients

died in group II: one due to sepsis and cardiac anomalies

and another due to ischemia of the foregut because of

vascular insufficiency at the level of the abdominal wall,

leading to significant intestinal loss (Fig. 7). The fre-

quency of mortality (23 vs. 9%) improved steadily over

the years.

Repair of postclosure of incisional hernia was needed

in seven patients in group I and in three patients in

group II.

Follow-up period ranged from 2 to 6 months in both

groups (average: 3.7 months). Two patients came later

with adhesive intestinal obstruction that was treated

conservatively and another one with inguinal hernia.

Discussion
Gastroschisis continued to be a challenging surgical

emergency in neonates. The abdominal cavity may not be

large enough to tolerate reduction of herniated frequently

foreshortened, edematous, matted together bowel in many

cases. Similarly, a prolonged ileus represents a challenge in

the postoperative period.

During the past 12 years, there was a steady improvement

in antenatal care at our region. Prenatal diagnosis of

abdominal wall defect increased from 16.7% in group I to

31.8% in group II. All mothers were advised to continue

the normal course of pregnancy instead of preterm

delivery. The limited incubators equipped with advanced

neonatal intensive care facilities dictated this approach.

Preterm delivery of infants with gastroschisis was re-

commended by some researchers to avoid the intestinal

damage that may occur due to prolonged exposure to the

amniotic fluid, which contain inflammatory factors that

lead to intestinal ischemia or damage [17,18]. In contrary,

Maramreddy et al. [19] reported that there is no benefit of

preterm delivery in reducing the morbidities in patients

with gastroschisis. In addition, preterm delivery increased

complication rate in those infants with regard to sepsis,

longer hospital stay, and prolonged period to establish

feeding and to tolerate full feeding.

Owing to increased prenatal diagnosis, more deliveries

were performed at hospitals equipped with neonatal care

facilities. Earlier presentation and primary closure was

noted in group II compared with group I (5 vs. 7 h). This

might have contributed to the overall improvement of

outcome in the second group. Stringer et al. [20] reported

that prenatal diagnosis and transfer of patient to a

specialized center is in favor of more frequent success-

ful primary closure, less postoperative ventilation, and

reduced hospital stay, because of earlier surgery and early

Fig. 6

Gastroschisis associated with intestinal atresia and bowel perforation.

Table 1 Patient characteristics

Group I Group II

Primary (n = 18) Staged closure (n = 12) Primary (n = 11) Spring-loaded silo (n = 11)

Prenatal diagnosis 2 3 3 4
Time at closure (mean) 7 ± 2 h 11 ± 3 days 5 ± 1 h 8 ± 2 days
Patients requiring ventilation 4 2 1 1
Time to start enteral feeding (mean in days) 7 ± 2 11 ± 3 6 ± 2 12 ± 2
Time to full feeding (range in days) 7 – 23 15 – 30 7 – 19 13 – 20
Days of hospitalization (mean) 12 ± 3 20 ± 2 11 ± 2 17 ± 1
Associated intestinal atresia 2 1 1 1
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management of patient with regard to hypothermia and

hypovolemia and adequate nasogastric drainage.

The management of neonates with gastroschisis depends

on several factors including the amount and status of

herniated bowel, the size of abdominal cavity, the available

resources at neonatal intestine care unit, and the presence

or absence of other associated congenital anomalies.

Operative primary reduction with closure of the abdom-

inal defect continued to be the standard initial surgical

strategy, whereas operative staged reduction is frequently

used as a rescue strategy when reduction is deemed

unsafe or physically impossible because of visceroabdom-

inal disproportion [4].

A significant percentage of infants with gastroschisis can

undergo reduction of the herniated intestinal contents

and primary abdominal wall closure. Primary closure was

decided whenever feasible. In 1970, pharmacologic para-

lysis and prolonged mechanical ventilation after aggres-

sive attempts at primary closure were recommended [21].

More patients underwent primary repair in the first group

(60% of cases). For fear of infection and disruption of the

silo at the margin of the defect and risk of evisceration,

many surgeons still prefer primary closure in many cases

of gastroschisis, if at all possible. The use of intraopera-

tive pressure manometry by measuring either intragastric

central venous pressure or bladder was recommended as a

guide for primary closure of the abdominal defect to avoid

potential abdominal compartment syndrome, which may

lead to ischemic/necrotic bowel, renal insufficiency, and

respiratory distress [22–24].

Operative staged reduction has been predominantly

achieved by suturing a synthetic material to the enlarged

defect and delayed defect closure. Staged closure carries

the risk of loss of fascial strength at the margins of the

defect, the infection risk from the lack of a watertight seal,

and the risk of evisceration due to disrupt suture line [25].

A more conservative approach toward overzealous primary

closure has been adopted in our practice during the past

5 years. The availability of SLS has encouraged us to limit

primary closure to cases in which this can be done safely

without the need of postoperative ventilation. The use of

a preformed SLS bag in infants with gastroschisis has

been shown to be associated with improved facial closure

rates, fewer ventilator days, more rapid return of bowel

function, and fewer complications. Reduction of gastro-

schisis bowel has been successfully performed with and

without anesthesia [26,27].

Similar to other earlier published studies [16], we found

that the length of hospital stay was longer in patients

who had hand-sewn silo pouch (group IB) in comparison

with those who had SLS (group IIB). Some studies

highlighted the advantages of SLS such as: early and

simple placement in the Neonatal Intensive Care Unit,

allowing bowel reduction to occur under direct vision at an

appropriate rate for each patient and allowing elective

closure of the final defect, in addition to direct observation

of the bowel for signs of ischemia and removal of the

umbilical tapes if the bowel becomes ischemic or if

ventilation and perfusion become compromised [26–30].

Despite the several advantages of SLS, it has potential

pitfalls including ischemic complications, dislodgment,

bowel twisting, and difficulties with final closure. One of

the disadvantages of SLS is the progressively increased

abdominal wall defect, which may be explained by the

development of lateral distractive forces being applied to

the abdominal wall [31]. Another potential complication

is bowel ischemia at the inferior portion of the silo during

reduction through small openings that can serve as a

constriction point of the bowel or mesentery ‘funnel

effect’ [32].

Many patients with gastroschisis have associated intest-

inal abnormalities including atresia (mostly involving

the small intestine) [4,33]. The incidence of associated

Fig. 7

Gastroschisis complicated with massive intestinal ischemia.

Table 2 Postoperative complications in 52 patients with gastroschisis

Group I Group II

Primary (n = 18) Staged closure (n = 12) Primary (n = 11) Spring-loaded silo (n = 11)

Partial wound dehiscence 4 4 1 1
Complete wound disruption 1 2 0 0
Incisional hernia 4 3 2 1
Wound infection 2 4 1 1
Intestinal obstruction 1 0 1 0
Mortality 4 3 1 1
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atresia was 9.6% in this series. Although primary

anastomosis is not recommended in such cases, this was

feasible in two cases with relatively mild edematous

bowel.

The outcome of patients with gastroschisis has dramati-

cally improved in our institution and affiliated hospitals.

The mortality rate was 23% during the first 7 years in this

study, whereas it came down to less than 10% in the

past 5 years. The improvement in outcome is related

to the optimization of perinatal care, the availability of

intravenous nutrition, and the use of staged closure when

indicated. Late complications and mortality are related to

sepsis either from an intra-abdominal or wound complica-

tion or from a central venous catheter placed for parental

nutrition.

Conclusion
Significant changes occurred in the management philo-

sophy of gastroschisis at our institution. The morbidity

and mortality rates are steadily improving. Antenatal

diagnosis is increasing. Primary closure of the abdominal

wall defect is only performed if it is safe without high

intra-abdominal pressure. The use of a SLS is helpful but

has potential pitfalls.
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