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Abstract
AIM: To establish children born with gastroschisis (GS).

METHODS: We performed a retrospective study 
covering the period from January 2000 to December 
2007. The following variables were analyzed for each 
child: Weight, sex, apgar, perforations, atresia, volvulus, 
bowel lenght, subjective description of perivisceritis, 
duration of parenteral nutrition, first nasogastric milk 
feeding, total milk feeding, necrotizing enterocolitis, 
average period of hospitalization and mortality. For 
statistical analysis, descriptive data are reported as 
mean ± standard deviation and median (range). The 
non parametric test of Mann-Whitney was used. The 
threshold for statistical significance was P  < 0.05 (Two-
Tailed).

RESULTS: Sixty-eight cases of GS were studied. We 
found nine cases of perforations, eight of volvulus, 12 
of atresia and 49 children with subjective description 
of perivisceritis (72%). The mortality rate was 12% 
(eight deaths). Average duration of total parenteral 
nutrition was 56.7 d (8-950; median: 22), with five 
cases of necrotizing enterocolitis. Average length of 
hospitalization for 60 of our patients was 54.7 d (2-370; 
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median: 25.5). The presence of intestinal atresia was 
the only factor correlated with prolonged parenteral 
nutrition, delayed total oral milk feeding and longer 
hospitalization. 

CONCLUSION: In our study, intestinal atresia was our 
predictive factor of the severity of GS. 

Key words: Gastroschisis; Perivisceritis; Bowel atresia; 
Volvulus
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Core tip: Gastroschisis (GS) is defined as a full-thickness 
congenital abdominal wall defect usually situated 
on the right side of the umbilicus, with intestines 
protruding into the amniotic fluid without any protective 
membrane. The amniotic fluid creates an inflammation 
of the bowel wall, called perivisceritis. Associated with 
intestinal abnormalities are malrotation and a degree of 
short bowel: Volvulus, perforation and atresia may also 
be found. Our study shows that for babies born with 
GS, intestinal atresia is the only factor of prediction 
of the need for early and full enteral feeding, for its 
duration, and for the length of hospitalization. 
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INTRODUCTION
Gastroschisis (GS) is defined as a full-thickness con-
genital abdominal wall defect usually situated on the 
right side of the umbilicus, with intestines protruding into 
the amniotic fluid without any protective membrane[1]. 
The amniotic fluid creates an inflammation of the bowel 
wall, called perivisceritis[2]. Associated with intestinal 
abnormalities are malrotation and a degree of short 
bowel: Volvulus, perforation and atresia may also be 
found[3]. The degree of inflammation of the bowel and 
the presence of intestinal abnormalities are supposed to 
reflect the severity of the malformation, determining the 
surgical procedure and affecting the clinical outcome[4]. 
The duration of total parenteral nutrition (TPN), the 
timing of the introduction of normal feeding, the average 
length of hospitalization and in some cases death is all 
dependent on the severity of the malformation. 

A prenatal ultrasound (US) diagnosis makes it 
possible to inform and prepare the parents, even though 
it remains difficult to predict whether the affected children 
will have a high or a low risk of abdominal complications, 
and how long they will need to be hospitalized[5,6]. If the 
defect closes by itself before birth, ischemia of the bowel 
may provoke total bowel necrosis. The prenatal closure 

of the abdominal wall is therefore not always a good 
sign and may be associated with midgut infarction, short 
bowel or even vanishing midgut[7,8].

Surgical management starts with the clinical obser-
vation of the anatomical anomalies accompanying GS 
and the search for associated malformations. Primary or 
delayed repair of the abdominal wall is then discussed[9]. 
Primary repair entails returning the bowel into its cavity 
soon after birth with a surgical procedure. But this 
primary abdominal closure is not always possible and 
depends on the age, weight and clinical condition of the 
baby, as well as on the amount of viscera protruding 
from the abdominal cavity: If it is too important, the 
immediate closure of the abdominal wall may cause 
excessive pressure. Delayed repair entails the use 
of a suspended pouch, called a “silo”, containing the 
externalized bowel loops, with a gradual return of the 
bowel into the abdominal cavity and the closure of the 
abdominal wall a few days later[10]. The “silo” reduces the 
risk of excessive pressure, hypothermia and dehydration. 

Volvulus, perforation and atresia may require re­
section, anastomosis or the creation of a stoma. The 
presence of these associated intestinal anomalies 
influences surgical and post surgical clinical management, 
for instance regarding the decision to perform a stoma 
or delay oral feeding because of the risk of necrotizing 
enterocolitis (NEC). 

We performed a retrospective review of all children 
born with GS in our hospital over an eight­year period. 
The aim of this study is to establish which parameters 
such as bowel volvulus and/or atresia may help to 
predict the duration of TPN before the initiation of milk 
intake and eventual total oral milk feeding, and also the 
length of hospitalization.

MATERIALS AND METHODS
We reviewed the files of all children admitted to our 
hospital with a diagnosis of GS from January 2000 to 
December 2007. Our records on the mothers indicate 
the duration of the pregnancy and the method of 
delivery. In our records on the children, we registered: 
weight, sex, apgar scores, acidosis at birth, length 
of intubation, bowel aspect, presence of necrosis, of 
perforation, of volvulus without necrosis, length of TPN, 
first milk feeding, total milk feeding, NEC, average 
length of hospitalization and, in some cases, time of 
death. Signed informed consent for this study was 
obtained from the appropriate local institutional Human 
Research Board.

Mothers were followed during the prenatal period 
by means of regular ultrasound exams. Bowel dilation, 
thickness of the abdominal wall, motility of the bowel, 
quantity of amniotic fluid, and fetal development were 
controlled during gestation. Vaginal delivery of the babies 
was proposed in our maternity department to avoid 
post­natal transfer. Scheduled vaginal provocation was 
planned, unless obstetric considerations led us to opt for 
caesarian delivery. When faced with fetal indications such 
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as worsening fetal status, progressive bowel dilation or 
loss of bowel movement, or with maternal problems, 
we performed an early delivery. Prenatal discussion 
sessions were organized between physicians of different 
specializations, and parents had the opportunity to meet 
with pediatric surgeons, neonatologists and geneticists. 

The diagnosis of GS was confirmed immediately 
after delivery by neonatologists and pediatric surgeons. 
Primary surgery, if possible within the few hours 
following delivery, was our preferred mode of wall repair. 
After a rapid physical assessment, a nasogastric tube 
was placed in the stomach and intravenous fluid and 
antibiotics were given. The child was rapidly brought to 
the operating theater after routine resuscitation. The 
colon was irrigated with 5% n-acetyl cysteine diluted 
in warm normal saline solution to evacuate meconium. 
A Foley catheter was placed in the bladder for urinary 
drainage and for measurement of intra-abdominal 
pressure after closure of the abdominal wall. 

Under total anaesthesia, the bowel loops were 
reduced gently into the abdominal cavity, fascia were 
separated from the skin and repaired with absorbable 
sutures. The abdominal wall was closed layer by layer. 
Urine production, absence of a compartment syndrome 
and good perfusion of both legs were controlled throu-
ghout. A broviac catheter was placed for TPN. The 
babies were then taken to the intensive care ward with 
intubation/ventilation, and given pain killers and drugs 
for wall relaxation for as long as necessary. Bladder 
pressure was measured continuously and maintained 
below 15 mmHg. Pulse oxymetry was measured on the 
feet. Nasogastric suction was maintained until bowel 
function returned. TPN was provided until adequate oral 
nutrition became possible. 

Primary closure was not always indicated, and the 
decision not to close the abdominal wall was taken 
either during surgery, when the introduction of the 
bowel into the abdominal cavity induced a compartment 
syndrome, or if the baby could not be brought to the 
operating room because of his weight or the presence 
of associated malformations. In these cases, we used 
a protective “silo” to allow staged reduction of the 
bowel over a period of several days. After this period 
of progressive bowel reintegration into the abdominal 
cavity, the abdominal wall was closed layer by layer as 
described above. 

Short bowel syndrome normally defines a func-
tional state dependent on the degree to which the 
normal absorbtive capacity of the small intestine is 
compromised[11]. In our paper, short bowel is defined 
according to either the length of small intestine present 
after abdominal closure, or the length left after intestinal 
resections in cases of intestinal atresia. We defined two 
categories: more than 100 cm or less than 50 cm. 

Inflammation of the bowel was defined subjectively 
at birth and during surgery on the basis of the aspect 
of the bowel wall, the presence of large amount of 
fibrin, the abnormal thickness of the bowel wall and 
the absence of bowel movement or contraction after 

stimulation. A less inflamed bowel was defined subjec­
tively, on the basis of the presence of a small amount of 
fibrin, a practically normal appearance and thickness of 
the bowel wall, and bowel movement under stimulation. 

Oral feeding was started as soon as possible through 
a gastric catheter. One milliliter per hour was given at 
the beginning, and this amount was gradually increased 
depending on the color and quantity of fluid aspiration, 
the abdominal distention and stools production. The 
amount needed for full feeding was determined by the 
weight of the baby.

For statistical analysis, descriptive data are reported 
as mean ± standard deviation and median (range). The 
non parametric test of Mann-Whitney was used as the 
distribution of different variables was not always regular. 
The threshold for statistical significance was P < 0.05 
(Two-Tailed). All statistical analyses were performed by 
a biostatistician using the statistical software SAS for 
Windows (SAS release 8.2, 2002, Cupertino, California, 
United States).

RESULTS
From January 2000 to December 2007, 72 babies were 
deemed eligible for the study. But four were immediately 
excluded because their records were incomplete. We 
therefore retained 68 cases of GS (n = 68) for our study. 

The mean age of the mothers was 23.1 years, with 
a range from 15 to 34 years. The mean delivery time 
was 35.6 wk (median: 36 wk), with vaginal delivery 
in 67% of cases. A diagnosis of intrauterine growth 
restriction was made in 22.4% (n = 15) of cases, and 
confirmed at birth in all cases. No intrauterine deaths 
were reported for fetuses with intrauterine growth 
restriction. Oligohydramnios was observed in 24% (n = 
16) of mothers. No complications were reported during 
delivery. Average weight at birth was 2501 g and 53% 
were girls. 

We found eight volvulus, 12 atresia, nine perforations 
and six stenosis, 39 bowels less than 100 cm and 22 
less than 50 cm (Table 1). Subjective description has 
done by the surgeon of the presence of a perivisceritis 
were found in 49 children (72%). We used silos in 17 
cases (25%), for an average period of 5.94 d. Average 
age at surgery was 2.45 d.

A post­natal mortality rate of 12% (8/68) was 
observed. Three of these babies (3/68) showed con­
comitant fetal abnormalities incompatible with life; three 
(3/68) died, respectively from short bowel syndrome 
requiring a bowel transplant, NEC with fistula, and 
after surgery for a chylothorax; and two more (2/68), 
who presented small bowel necroses requiring multiple 
surgery, also died shortly after birth. 

Mean duration of TPN was 56.7 d (range: 8-950 d; 
median: 22 d) with five NEC; four newborns (6%) 
received TPN for less than ten days; 20 patients (29.9%) 
required TPN for 30 d or more, including nine patients (n 
= 9) who presented no other complications besides GS. 
Of those 20 patients, eight (n = 8) required multiple 
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The etiology of GS has not yet been ascertained, 
but low socioeconomic status, poor maternal education, 
drug abuse, in particular with cocaine, abuse of tobacco 
and alcohol, and young maternal age (less than 20 
years old) are associated with GS[11-14]. Although the 
survival rate for babies born with GS has improved and 
is now practically 85%, short and long-term morbidity 
is still a serious problem. The mortality rate reported in 
recent literature varies greatly (2.4% to 11%)[15,16]. but 
the mortality rate reported in our study (11.7%) tallies 
with the values reported in most studies. Prematurity, 
intrauterine growth retardation and the presence of 
a congenital circulatory or pulmonary anomaly are 
external factors associated with a poorer outcome for 
children born with GS[3]. In our study, three babies (3/68) 
showed concomitant fetal abnormalities incompatible 
with life; finally, five babies died from GS and associated 
bowel complications (5/68, 7.3%). 

Many authors have attempted to establish a prog­
nosis of post-natal morbidity in cases of GS by studying 
various prenatal US findings, such as amniotic fluid 
volume, small bowel diameter, maximum bowel dia­
meter, maximum thickness of the bowel wall, intrauterine 
growth restriction, Doppler velocimetry of the superior 
mesenteric artery, and the presence of other anomalies. 
Other studies have tried, based either on prenatal US or 
on bowel examination at birth, to establish a prognosis 
for the length of hospitalization, the duration of TPN or 
the timing of introduction of normal feeding. It appears, 
however, that antenatal screening cannot reliably predict 
morbidity, and the fact that no consensus emerges from 
the different studies is due mainly to the small sample 
size, but also to the difficulty in correlating imaging 
findings with clinical outcome. Some studies found a 
significant association between intra-abdominal bowel 
dilation and bowel atresia[5,17,18]. Japaraj et al[6] found 
that the occurrence of polyhydramnios was significantly 
associated with a higher rate of severe bowel com­
plications such as atresia, perforation and necrosis. 
Intestinal atresia has been described as a significant risk 
factor of morbidity and mortality, due to the fact that 
the dilated bowel causes increased abdominal pressure 
during and after abdominal closure[15]. While, in both our 
groups (with atresia and without atresia), nasogastric 
milk feeding was initiated after an equal number of 
days following surgery (11 d and 10 d respectively), the 
median duration of TPN was clearly and significantly 
greater in the “atresia group”, and the period of time 
before total milk feeding could be introduced was longer. 
The mortality rate in the “atresia group” was not higher, 
even though, in 12 cases, atresia was associated with 
three perforations and intestinal necrosis which required 
several surgical procedures. In one case, atresia was also 
associated with a chronic intestinal pseudo obstruction. 
The higher morbidity in this group also influenced the 
duration of hospitalization, which was definitely longer, 
due to surgical complications, prolonged TPN and 
delayed total milk feeding. 

Short-term and long-term outcomes of GS are 

surgery, six had atresia (n = 6), three NEC (n = 3), and 
three eventually died (n = 3). 

Mean duration of intubation was 8.47 d (median: 5 d). 
Mean duration of hospitalization was 54.7 d (2-370; 
median: 25.5) for our 60 cases of GS (Table 1). Twenty-
six patients (23.9%) were hospitalized for 50 d or more, 
among whom nine required (n = 9) multiple surgery, 
eight were cases of atresia (n = 8), three of volvulus 
(n = 3), three of NEC (n = 3), and the three who 
eventually died (n = 3).

The median period of time before initiation of naso-
gastric milk, the median duration of TPN, the median 
period of time until the start of total oral milk intake and 
the median duration of hospitalization are summarized 
in Table 2. 

There were a total of 12 cases with intestinal 
atresia and 48 without atresia. The median period of 
time before initiation of nasogastric milk, the median 
duration of TPN, the median period of time until the 
start of total oral milk intake and the median duration of 
hospitalization are summarized in Table 2. 

There were eight cases of volvulus and 52 children 
without volvulus. The median period of time before 
initiation of nasogastric milk, the median duration of 
TPN, the median period of time until the start of total oral 
milk intake and the median duration of hospitalization 
are summarized in Table 2. 

DISCUSSION
Our study shows that for babies born with GS, intestinal 
atresia is the only factor of prediction of the need for 
early and full enteral feeding, for its duration, and for 
the length of hospitalization. 

Table 1  Summary of clinical conditions for the 68 cases of 
gastroschisis

Mean Median

Birth weight 2501 g
Gestational age    35.6 wk    36 wk
Female sex          53%
Mother's age     23 yr
Timing of closure   2.5 d
Silo      25% (17)
Severely inflamed      72% (49)
Perforations 13.2% (9)
Volvulus 11.7% (8)
Atresia   17.6% (12)
Bowel less than 100 cm      66% (39)
Short bowel less than 50 cm      30% (21)
Stenosis   8.8% (6)
NEC 7.35% (5)
Mortality 11.7% (8)
For 60 children (68 minus eight deaths)
Intubation in days   8.5 d      5 d
1st feeding 17.3 d    11 d
Timing of total milk feeding
Days of TPN 56.7 d    22 d
Hospitalization 54.7 d 25.5 d

NEC: Necrotizing enterocolitis; TPN: Total parenteral nutrition.
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well­known but difficult to predict. Many studies have 
demonstrated that the presence of a compromised bowel 
is associated with a significant increase in the number 
of surgical procedures, a longer period of full enteral 
feeding and a prolonged hospitalization[15,19]. Prolonged 
TPN, with its risk of sepsis, is directly related to intestinal 
recuperation, and the morbidity of GS is closely related 
to intestinal damage[20]. While gastrointestinal complica-
tions such as matting between the loops, malrotation, 
volvulus, perforations and atresia increase the complexity 
of early management[19,21], later management may be 
complicated by the presence of problems of absorption, 
intestinal dysmotility, obstruction, NEC, infarction and 
stenosis[1,3,9]. 

The pathogenesis of secondary bowel lesions is not 
fully understood, but both chemical and mechanical 
origins are concerned[2]. We know that prolonged contact 
with the amniotic fluid is deleterious for the bowel and 
may lead to inflammation of the bowel wall resulting 
in the production of a yellow fibrous tissue named peri­
visceritis[21,22]. This perivisceritis is accompanied by 
edema, cellular infiltration of epithelial cells and the 
presence of macrophages in the bowel wall. Specific 
therapeutic strategies, including amnio-exchange as a 
prenatal treatment, may be developed to prevent the 
resulting more serious bowel damage. Amnio-exchange 
has been tried for many years in some centers[22]. 
Amnio-infusion during pregnancy consists in replacing 
the amniotic fluid with a saline solution in order to 
reduce the inflammation of the bowel due to its contact 
with the amniotic fluid. In animal studies, amnio-
exchange reduces the inflammation of the bowel wall by 
eliminating inflammatory compounds. However, since no 
prospective and randomized studies with human fetuses 
have yet been realized, we do not use this technique 
and none of our babies benefited from amnio­infusion. 
Inflammation of the bowel at birth, on the basis of the 
aspect of the bowel wall, the presence of large amount 
of fibrin, the abnormal thickness of the bowel wall and 
the absence of bowel movement or contraction after 
stimulation, does not help to predict the outcome of 
GS, and does not seem to correlate with the degree of 
bowel recuperation or bowel damage. The condition of 
the externalized bowel loops can be difficult to evaluate, 
and its appreciation is largely subjective and without 

predictive value. 
The recommended mode and timing of delivery 

remains a subject of debate[23-26]. Labor may be dele-
terious to the externalized bowel loops, and may entail 
the risk of membrane rupture and of infection. However, 
most authors found that caesarean delivery presented 
no significant benefit and did not improve the outcome 
of infants with GS. It is therefore reserved for obstetric 
indications or acute fetal emergencies often related to 
other organ failure. Preterm delivery, in order to limit 
the period of intrauterine damage of the bowel due to 
contact with the amniotic fluid, was of no benefit and did 
not lessen the morbidity of GS[25]. 

Surgery is performed in our hospital under emer-
gency conditions, in order to close the abdominal wall as 
quickly as possible[9,27]. We think that early repair leads to 
a lower incidence of perivisceritis[28]. Coughlin JP et al[29] 
also observed an absence of inflammatory desquamation 
on the bowels of babies operated immediately after birth. 
Nevertheless, the surgical procedure may have to be 
delayed if further investigation for associated anomalies 
is required or if the child is too small for the operation. 
The surgical procedure may also have to be postponed 
if the intra-abdominal pressure during reintegration of 
the loops is too high (more than 20 mmHg) and would 
require high ventilation pressure, myorelaxant drugs 
and diuretics[30]. In these cases, abdominal closure is 
deferred, and the intestinal loops are protected with 
a silo during their progressive reintegration into the 
abdominal cavity[7]. The use of a suspended “silo” for a 
few days, allowing the gradual return of the viscera into 
the naturally growing abdominal cavity, makes it possible 
to close the abdominal wall without undue pressure and 
with a relatively low risk of intestinal damage.

All our patients required TPN for at least 10 d. In the 
course of prenatal counseling, parents should be made 
aware that their newborn will need TPN, and therefore 
the placement of a central venous line to provide ade­
quate intake until oral nutrition is possible. 

Our study also shows that a long period of hospi­
talization should be expected (mean hospitalization 
time of 54.7 d) and that, not surprisingly, a prolonged 
hospitalization is associated with a less favorable out­
come. Parents should also be made aware that the 
length of the hospital stay will depend on how long the 

Table 2  Comparison in days between two groups of 60 children depending on the presence of atresia, volvulus and perivisceritis (68 
minus eight deaths)

Atresia 
(n  = 12)

 Non atresia 
(n  = 48)

Mann-
Whitney test

Volvulus 
(n  = 8)

No volvulus 
(n  = 52)

Mann-
Whitney test

Subjective perivisceritis 
(n  = 49)

Subjective low 
perivisceritis (n  = 19)

Mann-
Whitney test

TPN duration 60 20   0.005 36 20 0.140    34.5 22 0.564
Start of total oral 
milk intake

10 11   0.809 11      7.5 0.212 11    10.5 0.569

Total oral milk 
intake

56 20 0.05 22 17 0.468 36 21 0.196

Mean 
hospitalization

64    24.5   0.021 48    25.5 0.309 39    25.5 0.505

TPN: Total parenteral nutrition.
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bowel needs to rest and on the duration of total enteral 
feeding, two elements which depend primarily on clinical 
conditions. 
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