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Abstract There are some evidence to suggest that careful

antenatal monitoring, scheduled preterm delivery and

immediate abdominal wall closure may reduce gastros-

chisis morbidity. We hypothesised that the advantages of a

scheduled preterm delivery balance possible complications

related to prematurity. A retrospective study was per-

formed including all cases of gastroschisis born between

1990 and 2004 (n = 69). Cases were categorised in

two groups. Group 1 contained gastroschisis cases born

between 1990 and 1997. Group 2 contained cases occurring

since 1997, when a new management pathway for gas-

troschisis was established: weekly evaluation of the foetal

gut by ultrasound ([28 weeks), corticosteroids, and

delivery by scheduled caesarean section at 35 weeks

(before if evidence of bowel compromise was present). The

primary endpoints of this study were the initiation of oral

feeding and the number of re-operation for intestinal

obstruction. There was a significantly faster initiation of

oral feeding (P\0.0001), however, duration of parenteral

nutrition (34 vs. 38 days) and hospital discharge (53 vs.

58.5 days) was not reduced. There was no complication

due to prematurity in group 2. Postoperative outcome was

improved with less need for muscular stretching or pros-

thetic patch and less re-operation for intestinal obstruction

(P \ 0.05). Scheduled and elective preterm delivery

facilitates surgical procedure and shortens the time to first

feeding. A delivery at 35 weeks (preferring vaginal deliv-

ery) seems to be a good compromise between risks related

to prematurity and complications related to intestinal peel.
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Introduction

Gastroschisis is a rare congenital abnormality which was

first described by Ambroise Paré in 1634 [1]. During the

last two decades, many western countries have demon-

strated an increase in the incidence of gastroschisis. In

France, the incidence is currently 1.46–2.69 per 10,000 live

births [2]. The mortality rate for gastroschisis is now less

than 10%, but morbidity remains high, mainly due to the

delayed onset of intestinal function. The mechanism of

intestinal hypomotility remains incompletely understood

but the presence of an inflammatory peel may be impli-

cated. Current findings suggest that intestinal injuries occur

mainly during the third trimester of pregnancy [3].

Scheduled preterm delivery is really controversial but

many authors [4–7] have proved that this management may

promote better outcome by reducing total parental nutrition

duration, hospital length of stay and surgical complications

without increased mortality or morbidity due to prematu-

rity. The aim of our study was to evaluate the benefits of a

scheduled preterm delivery to avoid bowel damage and its

post-natal consequences.
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Hôpital Edouard Herriot, Hospices Civils de Lyon,
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Materials and methods

A retrospective study was performed including all cases of

gastroschisis managed at our centre between January 1990

and January 2004 (n = 69) with at least 1 year of follow-up.

Cases were categorised in two groups. Group 1 contained

gastroschisis cases born between 1990 and 1997, when

ultrasonographic monitoring was not strictly organised and

delivery was not scheduled and occurred mainly at term.

Before 1997, only three ultrasonographic controls were

done during pregnancy.

Group 2 contained cases occurring since 1997, when a

new management pathway for gastroschisis was estab-

lished. This pathway was developed on the hypothesis that

preterm delivery prevents serious gastrointestinal compro-

mise, facilitates primary surgical closure, and improves

postoperative outcome. The pathway included ultrasound

evaluation of the foetal gut, maternal administration of

corticosteroids (double maternal dose of 20 mg of beta-

methasone), and delivery at 35 weeks by scheduled elective

caesarean section (CS) if necessary. During the second

trimester, ultrasonographies were performed monthly and

after 28 weeks of pregnancy, weekly evaluation was done.

Multiple ultrasonographic parameters were studied: maxi-

mum bowel inner diameter, bowel wall thickness, bowel

dilatation progression, gastric dilatation, umbilical cord

and mesenteric artery Doppler, bowel motility, parietal

defect size and foetal growth parameters. If the bowel

status worsens (progression of dilatation, bowel diameter

upper than 18 mm, Doppler anomalies, gastric dilatation,

absence of bowel movements…) an other ultrasonography

was performed 2 or 3 days later. Therefore, if necessary, a

multidisciplinary (obstetrician, surgeon and neonatologist)

decision of rapid delivery was taken. Earlier delivery was

also performed for foetal (worsening foetal status) or

maternal indications. For groups 1 and 2, the surgical

management was similar, with an attempt of primary

abdominal wall closure.

Neonates were received by the neonatologist immedi-

ately after delivery. Initial management included rapid

physical assessment, placement of the distal part of the

neonate in a sterile bowel bag to prevent hypothermia and

dehydration. The neonate was then placed in the right

lateral position to prevent venous engorgement, a naso-

gastric tube was inserted and intravenous fluid perfusion

was started. They were then transported to the operative

room where general anaesthesia and endotracheal intuba-

tion were performed. The time between birth and surgery

was shortened as soon as possible. Peak inspiratory pres-

sure and lower limb oxygen saturation were followed

throughout the surgical procedure. After draping, bowel

loops were inspected and meconium was evacuated man-

ually from the colon. Bowel loops were reduced into the

abdomen without extending the abdominal wall defect.

Fascia was separated from the skin and repaired transver-

sally with a non-absorbable suture. If complications

occurred during the procedure such as a decrease in lower

limb oxygen saturation or a significant reduction in pul-

monary compliance necessitating an increase in peak

inspiratory pressure, other procedures were performed:

• the parietal defect was extended, abdominal stretching

was performed and the abdominal wall was closed,

using a Gore-Tex� patch [8],

• if reduction was impossible due to persistently high

intra-abdominal pressure, a staged repair was per-

formed using the silo technique.

The measures collected to compare the two groups were

maternal age, gestational age at diagnosis and at delivery,

foetal sex, mode of delivery (vaginal vs. CS), birth weight,

bowel aspect at birth, size of abdominal wall defect,

associated extra-intestinal anomalies, type of closure (pri-

mary vs. staged repair), incidences of complications and

mortality rates, time to first feeding, duration of total par-

enteral nutrition and length of hospital stay.

Inflammatory peel was graded as absent, moderate or

thick. ‘‘Thick’’ peel was noted if intestinal wall was

thickened, inflammatory and rigid and if fibrinous peel was

abundant. ‘‘Moderate’’ peel was an intermediate steps

between ‘‘absent’’ and ‘‘thick’’ peel (presence of few fibr-

inous membranes). This subjective gradation was based on

the operative reports.

Complex gastroschisis was defined as that associated

with intestinal complications such as intestinal atresia,

perforations, necrotic segments, and volvulus.

Group 1 (1990–1996) and group 2 (1997–2004) were

compared using the Student’s t test.

Results

Patients

A total of 69 infants were treated between 1990 and 2004;

43 boys and 26 girls. The average maternal age was 26.3

years. Prenatal diagnosis was not done for five patients, all

in group 1 (7%). Mean gestational age at the time of the

diagnosis was 21.8 ± 6.7 weeks (range, 11–37 weeks). A

total of 61 infants were delivered by caesarean section

(90%). Intrauterine growth retardation was frequent as

shown in Table 1. In group 2, 23 babies (64%) were

delivered before 35 weeks of gestation: in 6 cases for

premature membrane rupture, in 1 case for preterm labour,

in 5 cases for foetal heart rate anomalies and in 2 cases for

intrauterine growth retardation. For the other cases, bowel

status worsened leading to CS before 35 weeks of
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gestation. Neonatal distress was diagnosed in nine cases.

There was a reduction in neonatal distress rates with

scheduled delivery compared to non-scheduled delivery (3

vs. 23%, P = 0.06).

A total of 68% of exposed abdominal contents consti-

tuted bowel only; other organs exposed included stomach

(24.2%), gonads (13%), bladder (2.9%), gallbladder (2.9%)

and pylorus (1.4%). Mean abdominal wall defect diameter

was 21 ± 8.7 mm (range, 7–40 mm).

Complex gastroschisis occurred in eight cases (6 intes-

tinal atresias and 2 volvulus): four in group 1 and four in

group 2 (non-significant difference). Outcome was worse

for complex cases as shown in Table 2. Defect size was

also smaller for complex gastroschisis in comparison with

isolated gastroschisis (23 vs. 12 mm).

Four patients (5.8%) died. The reasons for death were

polymalformative syndrome (trisomy 13), total bowel

necrosis, multiple atresias, and severe iatrogenic hydro-

electrolytic disorders due to parenteral nutrition. Other

complications are listed in Table 3.

Impact of period of treatment on patient outcome

The effects of period of treatment on patient outcome are

summarised in Table 4. A total of 33 patients were treated

between 1990 and 1996 (group 1), and 36 between 1997

and 2004 (group 2). As expected, group 2 patients had a

significantly lower birth weight than in group 1 (1.94 ±

0.48 vs. 2.46 ± 0.56 kg, respectively, P \ 0.001) due to

preterm delivery. However, intrauterine growth retardation

was less frequent for children born preterm compared to

children born at term. Birth weight for gestational age was

below the 10th percentile in 15% of children born before

34 weeks of gestation, and 48% of children born after 37

weeks of gestation (cf. Table 1). Groups were similar with

respect to maternal age, sex and associated anomalies (data

not shown). Severity of inflammatory peel was signifi-

cantly reduced in group 2: thick peel occurred in 44% of

cases in group 1, compared to 6% in group 2 (P \0.001).

Primary closure was achieved in 88% in group 1 and

95% in group 2 (non-significant difference). The surgery

was easily performed in group 2, with less need for

abdominal stretching or a prosthetic patch (Table 4). Re-

operation rate for bowel obstruction was reduced in group

2 compared to group 1 (19 and 42%, respectively).

Patients were discharged from the hospital when they

were gaining weight and tolerating feeds. The time until

first feeding was significantly earlier in group 2 (13.5 days)

compared to group 1 (25.5 days). However, the duration of

parenteral feeding and length of hospital stay were similar

in both groups (Table 4). Rates of medical complications

were 45% in group 1 and 64% in group 2, a non-significant

difference. There were no complications due to prematurity

in group 2 (pulmonary, neurological or digestive).

Discussion

Prevalence of gastroschisis is increasing [9] and is cur-

rently diagnosed predominantly in utero. However, there is

no consensus in optimal management of antenatally diag-

nosed gastroschisis. Controversies persist in the method,

the site and the gestational age at delivery [10]. Consensus

has not been reached on the time to surgery [11] and the

benefit of primary versus staged repair [12]. Therefore,

we systematically propose antenatal parental counselling to

Table 1 Intra uterine growth retardation

Birth weight corrected

for gestational age

\34 weeks

n = 27

35–36 weeks

n = 19

[37 weeks

n = 23

\10th percentile 15% 32% 48%

\25th percentile 44% 58% 70%

Percentage of newborns under 10th and 25th percentile birth weight

corrected for gestational age relative to the birth gestational age

Table 2 Management and outcome: isolated versus complex

gastroschisis

Factor Isolated

gastroschisis

(n = 61)

Complex

gastroschisis

(n = 8)

Gestational age (weeks) 35.4 32.5

Intestinal derivation (%) 0 63

Thick peel (%) 17 67

Defect diameter (mm) 23 12

Time to first feeding

(days)a
18 33

Length of hospital stay

(days)a
53 81

Intestinal obstruction (%) 23 86

Mortality rate (%) 1.6 37.5

Values are expressed as percentage or mean
a Values are expressed as median

Table 3 Non-surgical morbidity

Non-surgical morbidity n (%)

Total 38 (58.5)

Sepsis 16 (25)

Central venous catheter complications

(sepsis, thrombosis, cutaneous necrosis)

19 (29)

Stool bleeding 11 (17)

Enterocolitis 5 (7.7)

Respiratory distress 3 (4.6)

Liver failure (secondary to parenteral nutrition) 1 (1.5)
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explain perinatal management of gastroschisis. This

counselling should be multidisciplinary involving the

paediatric surgeon, obstetrician, neonatologist and ultr-

asonographist. Counselling may reduce parental anxiety

[13] and permit a dialogue between members of the mul-

tidisciplinary team.

The main complications for patients with gastroschisis

are: increased intra-abdominal pressure, post-operative

bowel hypomotility and necrotising enterocolitis. In 1953,

Moore [14] was the first to report the inflammatory ‘‘peel’’

associated with gastroschisis. The pathophysiology of

intestinal injuries in gastroschisis is still unknown. Intes-

tinal damage and particularly peel formation, in

gastroschisis may be attributed to digestive [15, 16] or

urinary [17, 18] wastes in amniotic fluid. Many paediatric

surgeons believe that the prolonged contact of exposed

bowel to amniotic fluid increases intestinal lesions

(hyperplasia and hypertrophy of smooth muscle cells,

submucosal collagen accumulation…) and results in pro-

longed intestinal dysfunction [19]. These lesions have been

thought to lead to an increased intra-abdominal pressure

which is putatively responsible for complications, surgical

difficulties and mortality [20]. Mesenteric ischaemia due to

inflammatory peel or to stricture may also contribute to

foetal intestinal injuries [17, 21]. Tibboel et al. [22] dem-

onstrated that histological changes occur late in gestation,

after 30 weeks. So, we hypothesised that preterm delivery

with early repair may limit the period of intrauterine

damage and may improve outcome. We decided to perform

a weekly bowel evaluation by high-resolution ultrasound

after 28 weeks of gestation. Scheduled delivery was per-

formed at 35 weeks or before this time if evidence of bowel

compromise was present. In our study, intra-abdominal

(intravesical or intragastric) pressure was not monitored

systematically. We decided to perform abdominal wall

stretching, abdominal prosthetic patch or delayed closure if

low limbs saturation decreased or ventilation pressure rose.

We agree that the decision to perform primary or delayed

closure depend mainly on surgeon and anaesthesiologist

experience. On the other hand, small size defect has been

thought to lead to intestinal lesions [17, 20]. Intestinal

ischaemia caused by constriction may induce atresia or

bowel necrosis. Our study is in agreement with the

hypothesis that abdominal wall defect in ‘‘complex gas-

troschisis’’ have a defect wall diameter smaller than

isolated gastroschisis. Moreover, the results of our study

suggest that cases of ‘‘complex gastroschisis’’ suffer a

worse prognosis than non-complex cases. Of the eight

patients who had complex gastroschisis, 63% required

intestinal derivation (versus 0% for non-complex gastros-

chisis), length of hospital stay was longer, re-operation rate

was more frequent and mortality rate was dramatically

increased. This is in concordance with Molik et al. report

[23].

Several studies have previously examined the role of

elective preterm delivery in gastroschisis, but few of these

Table 4 Management and

outcome of gastroschisis: group

1 versus group 2

Values are expressed as

percentage or mean ± SD

NS not significant
a Values are expressed as

median

Factors Group 1 (1990–1996) Group 2 (1997–2004) Significance

(n = 33, 47.8%) (n = 36, 52.2%) P

Maternal age (years) 26.2 ± 5.5 26.4 ± 4.5 NS

Gestational age at diagnosis (weeks) 24.1 ± 6.3 20.1 ± 6.5 \0.05

Caesarean section (%) 88 92 NS

Birth weight (g) 2,464 ± 561 1,940 ± 475 \0.0001

Gestational age (weeks) 36.8 ± 1.7 33.5 ± 2.0 \0.0001

Antenatal diagnosis (weeks) 24.1 ± 6.3 20.1 ± 6.5 \0.05

Complex gastroschisis (%) 12.1 11.1 NS

Thick peel (%) 44 6 \0.0001

Size of defect (mm) 27 ± 12 19 ± 5 NS

Time to operative room (min) 163 ± 81 104 ± 33 \0.001

Operative time (min) 53 ± 22 42 ± 27 NS

Need for silo (%) 12 5 NS

Need for abdominal stretching (%) 70 17 \0.0001

Need for prosthetic patch (%) 30 8 \0.05

Medical complications (%) 45 64 NS

Intestinal obstruction (%) 42 19 \0.05

Time to first feeding (days)a 25.5 13.5 \0.0001

Parenteral nutrition duration (days)a 34 38 NS

Length of hospital stay (days)a 53 58.5 NS

Mortality (%) 9.1 2.8 NS
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have studied a scheduled birth at 35 weeks of gestation. We

choose a delivery at this time because it could be a good

compromise between risks of intestinal lesions and mor-

bidity related to preterm birth. Indeed, mortality and

morbidity due to prematurity (pulmonary bronchodyspla-

sia, intracerebral haemorrhage, retinopathy…) is less

frequent after 32 weeks of gestation [24]. In our study,

mean time to delivery was 33.5 weeks of gestation while

we choose a delivery at 35 weeks. This difference could be

explained by babies delivered before 35 weeks of gestation

for foetal or maternal reasons or for worsened aspect of the

bowel. Our management did not increase complications

due to prematurity, length of hospital stay or mortality rate.

In our patient population, medical and surgical complica-

tions are in agreement with the literature [20, 25]. More

than half of the patients developed non-surgical compli-

cations during their hospital stay. On the other hand,

preterm delivery remains controversial. For many authors

[26], early delivery increases morbidity (medical compli-

cations, staged repair rate, length of hospital stay), cost of

hospitalisation and mortality [3]. In a study of 354 infants

born with gastroschisis, Salihu et al. [11] demonstrate that

infants who were born preterm (\37 weeks of gestation)

were more than three times as likely to die in the neonatal

period as their counterparts who were born at term. In a

recent randomised controlled trial of elective preterm

delivery, Logghe et al. [27] demonstrated that there was no

significant benefit from this management. However, in

1999, Moore et al. [28] proposed a preterm and particularly

a prelabour CS to reduce peel formation and avoid com-

plications of gastroschisis. Many authors [4–7] proposed

that elective preterm delivery (before 35–38 weeks of

gestation) using specific ultrasound criteria resulted in

improved postoperative outcome without significant mor-

bidity secondary to prematurity (pulmonary, digestive,

neurological). Recently, Serra et al. [7] reported a faster

initiation of enteral feeding, a shorter hospital stay with an

excellent postoperative outcome. On the other hand, in

these studies late complications due to prematurity as

Attention Deficit Hyperactivity Disorders or retinopathy

were not considered.

In our report, severity of intestinal peel was significantly

reduced for patients born after preterm scheduled CS.

Moreover, we demonstrate that perinatal management of

infants with gastroschisis in group 2 facilitates surgical

performance and decrease rates of early surgical compli-

cations. The need for abdominal stretching or use of a

prosthetic patch was reduced in group 2. We could hy-

pothesise that reduction of peel severity facilitates surgical

performance. Moreover, re-operation for adhesive bowel

obstruction was less frequent with scheduled preterm

delivery, we hypothesised that inflammatory aspect of

bowel due to thick peel bowel or more frequent adhesion

secondary to the use of prosthetic patch may induce more

bowel obstruction.

Many controversies exist regarding the choice between

primary and delay closure of the abdominal wall. If pri-

mary closure can be done without tension, some authors

have shown that infectious complications, TPN duration

and hospital duration stay decreased in comparison with

delayed closure [12, 20, 29]. One the other hand, some

authors [27, 30] have proposed routine insertion of pre-

formed spring-loaded silo and delayed closure with good

results. Bianchi et al. [31] have also proposed primary

closure without anaesthesia in selected patients. We

thought that our management could permit an easier

reduction with a bowel supple and free of peel and should

already facilitate delayed closure.

In group 2 (1997–2004), the mean time to first feeding

obtained in our study is in agreement with reported ranges

(13.5 vs. 14–21 days[32]) whereas it was more than 25

days in group 1 (1990–1996). In line with Eggink et al.’s

[32] study in 2006, our study showed a strong trend for

infants born later than 37 weeks to start feeding later. This

is in concordance with the previous hypothesis that pro-

longed exposure of bowel to amniotic fluid may impair

absorption and/or motility of the gut [33]. On the other

hand, this difference could be explained by the changes of

practice; surgeons choose to start feed earlier; rather than

suggesting an advantage of the timing and mode of deliv-

ery. In our study, preterm delivery did not improve

outcome regarding parenteral feeding duration or length of

hospital stay. Median length of hospital stay is still high at

55 days, but this is still within the mean range of 25–92

days reported by other studies [30, 34]. We accept that our

prenatal and postnatal management did not decrease

duration of TPN, length of hospital stay or rate of medical

complications in comparison with literature. On the other

hand, surgery was easily performed, bowel obstruction was

less frequent and length of hospital stay was similar for

patients born at term and patients born before 35 weeks of

gestation.

In our study, scheduled CS was preferred because this

allowed the medical team to be ready to receive the new-

born with gastroschisis and postnatal management could be

achieved quickly. Controversies regarding time between

delivery and surgery exist. For many surgeons, time

between delivery and surgical repair have to be reduced as

soon as possible to provide good outcome [35, 36] by

reducing bowel oedema and facilitating reintegration.

Some studies focused on a delayed surgery, there were no

difference (concerning morbidity, mortality, TPN duration)

for newborn treated before or after 6–7 h [10, 37] (which is

not a really long delay).

Caesarean section rate was high in group 1 (up to 90%)

because until the end of the 1990s it was thought that
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vaginal delivery should be deleterious on exteriorised

bowel. It has been reported that uterine contraction and

vaginal delivery can induce intestinal lesions and intestinal

rupture [38]. On the other hand, CS may protect the bowel

from dystocia, traumatism and microbial contamination

[28, 39–43]. Recently, a meta-analysis by Segel et al. [44]

found that there was no significant relationship between

mode of delivery and the rate of primary fascial repair,

neonatal sepsis or paediatric mortality. Additionally, there

was no significant relationship between mode of delivery

and time until enteral feeding or length of hospital stay. In

our report, we focused on newborn outcome but we did not

studied mother’s morbidity or mortality due to CS. We

recognise that a prior CS may compromise future preg-

nancies with a greater risk of uterine rupture, endometriosis

and increased need for blood transfusion [45]. However,

induction of labour in preterm pregnancy is often incon-

sistent. Blackwell et al. [46] reports a rate of unsuccessful

labour induction of 32% for preterm severe pre-eclamptic

patients between 32 and 34 weeks. Nonetheless, we actu-

ally do not recommend CS for gastroschisis delivery and

we are trying as soon as possible to induce labour.

Our study has many points of limitation. First of all, it is

a retrospective study extending over more than 10 years.

Improvement of outcome between groups 1 and 2 should

be explained by progresses made in antenatal diagnosis,

surgery, anaesthesiology, knowledge of TPN and neonatal

intensive care over the past years. These modifications

could lead to explain the best outcome reported in group 2.

Edouard Herriot Hospital surgical team [47] reported a

gastroschisis study in 1984, when the mortality rate was

32%. In our current study, between 1997 and 2004, the

mortality rate was less than 3%. Moreover, choosing a

preterm delivery, maternal administration of steroid was

systematically used to prevent neonatal pulmonary com-

plications in group 2 and could have resulted in an

attenuation of the intestinal lesions. Using an animal

model, local intra amniotic instillation of steroid has

improved the intestinal lesions of gastroschisis by reducing

the inflammation due to intra amniotic waste [48, 49]. On

the other hand, there is actually no objective evidence that

maternal administration of steroids could play a protective

role. One other bias in our study is the frequent use of CS.

Caesarean section could be an independent variable

improving outcome. So, many factors could play a major

role in this improvement and should be explored in a

prospective trial.

In conclusion, our experience suggests that scheduled

and elective preterm delivery facilitate surgical procedure

and shorten the time to first feeding. A delivery at 35 weeks

should be proposed and seems to be a good compromise

between risks related to prematurity and complications

related to intestinal peel. This management does not

increase mortality or morbidity rates. In contrast, duration

of hospital stay, duration of parenteral nutrition and com-

plex gastroschisis rate (atresia, necrosis, volvulus) was not

reduced in our study. We believe that systematic CS should

be avoided but scheduled preterm birth seems to be

important, so we actually recommend a vaginal delivery

with induction of labour. Further research in antenatal

ultrasonography to determine pertinent variables may help

in developing new strategies and interventions to improve

postnatal outcome of children with gastroschisis.
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