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Abstract
Aim of the study  To evaluate if gestational age (GA), mode of delivery and abdominal wall closure method influence out-
comes in uncomplicated gastroschisis (GTC).
Methods  Retrospective review of NICU admissions for gastroschisis, August 2008–July 2016. Primary outcomes were: time 
to start enteral feeds (on-EF), time to discontinue parenteral nutrition (off-PN), and length of stay (LOS).
Main results  A total of 200 patients with GTC were admitted to our NICU. Patients initially operated elsewhere (n = 13) 
were excluded. Patients with medical/surgical complications (n = 62) were analyzed separately. The study included 125 
cases of uncomplicated GTC. There were no statistically significant differences in the outcomes of patients born late preterm 
(34 0/7–36 6/7; n = 70) and term (n = 40): on-EF 19 (5–54) versus 17 (7–34) days (p = 0.29), off-PN 32 (12–101) versus 
30 (16–52) days (p = 0.46) and LOS 40 (18–137) versus 37 (21–67) days (p = 0.29), respectively. Patients born before 34 
weeks GA (n = 15) had significantly longer on-EF, off-PN and LOS times compared to late preterm patients: 26 (12–50) days 
(p = 0.01), 41 (20–105) days (p = 0.04) and 62 (34–150) days (p < 0.01), respectively. There were no significant differences in 
outcomes between patients delivered by C-section (n = 62) and patients delivered vaginally (n = 63): on-EF 20 (5–50) versus 
19 (7–54) days (p = 0.72), off-PN 32 (12–78) versus 33 (15–105) days (p = 0.83), LOS 42 (18–150) versus 41 (18–139) days 
(p = 0.68), respectively. There were significant differences in outcomes between patients who underwent primary reduction 
(n = 37) and patients who had a silo (88): on-EF 15 (5–37) versus 22 (6–54) days (p < 0.01), off-PN 28 (12–52) versus 34 
(15–105) days (p = 0.04), LOS 36 (18–72) versus 44 (21–150) days (p = 0.04), respectively.
Conclusion  In our experience, late preterm delivery did not affect outcomes compared to term delivery in uncomplicated 
GTC. Outcomes were also not influenced by the mode of delivery. Patients who underwent primary reduction had better 
outcomes than patients who underwent silo placement.
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Introduction

Prenatal diagnosis GTC has played a key role in the 
improved outcomes of patients with uncomplicated gas-
troschisis observed in the last three decades [1–4]. The 
main factors for this are the early diagnosis, the antenatal 

surveillance, and the possibility of referring women carrying 
fetuses with GTC to centers where the fetuses can be deliv-
ered and receive intensive neonatal and surgical care imme-
diately after birth. The outcomes of patients with uncom-
plicated GTC, although generally favorable, are still quite 
variable for reasons and mechanisms that are not completely 
clear. It is likely that a combination of prenatal factors, peri-
natal events and postnatal management strategies contribute 
to the end result. In this study, we evaluated a large series 
of patients with uncomplicated gastroschisis treated by the 
same multidisciplinary team of maternal fetal medicine 
specialists, surgeons and neonatologists in an attempt to 
determine if the gestational age at birth, mode of delivery 
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and abdominal wall closure method have any influence on 
surgical outcomes. We only included in this study patients 
who had an uneventful neonatal course, without any of the 
many potential complications that can occur in patients born 
with GTC, to have the most homogeneous group possible.

Materials and methods

After obtaining Institutional Review Board (IRB) approval 
(IRB 17-013720), we conducted a retrospective review of all 
patients with gastroschisis admitted to our neonatal intensive 
care unit between August 2008 and July 2016. A total of 
200 patients were identified. We excluded from this analy-
sis 13 patients referred to us for a variety of complications 
after undergoing operation at other hospitals, 4 patients born 
at other hospitals referred to us for ECMO due to meco-
nium aspiration, and 58 patients with complex GTC due 
to intra-abdominal complications either present at birth or 
developed during their neonatal admission (e.g., intestinal 
atresia, necrotizing enterocolitis, compartment syndrome, 
closure dehiscence, bowel necrosis at birth, in utero midgut 
volvulus). The presence of a thick peel and/or edematous 
bowel wall was not considered a complication. We included 
in the study a homogeneous group of 125 patients with sim-
ple, uncomplicated GTC. We defined simple GTC as those 
cases who were not born with complications and who did 
not develop significant complications during their neona-
tal hospital stay. None of the patient had clinically relevant 
concomitant cardiac or renal or pulmonary anomalies. By 
excluding all types of major complications and clinical 

relevant co-morbidities, we aimed to learn the primary sur-
gical outcomes of only those patients who had an uncompli-
cated clinical course. We retrospectively reviewed the prena-
tal ultrasound findings, perinatal management and postnatal 
surgical management, and correlated them with surgical 
outcomes. There was no protocol to deliver fetuses before 
term, therefore fetuses born before term did so, because of 
spontaneous preterm labor, or preterm induction/cesarean 
section due to non-reassuring fetal tracing. We additionally 
compared the outcomes between inborn cases and outborn 
cases. All patients were treated by the same medical and 
surgical teams. The abdominal wall closure method (primary 
reduction versus silo placement) was not protocolized or 
randomized, but instead was left at the discretion of each 
patient’s surgeon. Patients in the analyzed group had no epi-
sodes of sepsis of any source. The primary outcomes of the 
study were: time to initiate enteral feeds (on-EF), time to 
discontinue parenteral nutrition (off-PN), and length of stay 
(LOS). Statistical significance was determined by t-test and 
Chi square test for means and proportions, respectively. A p 
value less than 0.05 was considered statistically significant.

Results

We observed no statistically significant differences in 
the outcomes of patients born late preterm (34 0/7–36 
6/7) versus term (Table 1A). In contrast, patients born 
early preterm (< 34 weeks GA) had significantly longer 
on-EF, off-PN and LOS times compared to late preterm 
patients. We found no statistically significant differences 

Table 1   Outcomes of 
uncomplicated gastroschisis 
correlated to the (A) gestational 
age at birth, (B) delivery mode 
and (C) abdominal wall closure 
technique

A p value of less than 0.05 was considered statistically significant
On-EF time (in days) to initiate enteral feedings, Off-PN time to discontinue parenteral nutrition, LOS 
length of hospital stay, from admission to neonatal discharge

On-EF (days) Off-PN (days) LOS (days)

(A) Gestational age at birth
 Term (≥ 37 weeks; n = 40) 17 (7–34) 30 (16–52) 37 (21–67)
 Late preterm (34–36/6 weeks; n = 70) 19 (5–54) 32 (12–101) 40 (18–137)
 p value 0.29 0.46 0.29
 Late preterm (34–36/6 weeks; n = 70) 19 (5–54) 32 (12–101) 40 (18–137)
 Early preterm (< 34 weeks; n = 15) 26 (12–50) 41 (20–105) 62 (34–150)
 p value 0.01 0.04 < 0.01

(B) Delivery mode
 Cesarean section (n = 62) 20 (5–50) 32 (12–78) 42 (18–150)
 Vaginal delivery (n = 63) 19 (7–54) 33 (15–105) 41 (18–139)
 p value 0.72 0.83 0.68

(C) Abdominal wall closure technique
 Primary reduction (n = 37) 15 (5–37) 28 (12–52) 36 (18–72)
 Staged silo closure (n = 88) 22 (6–54) 34 (15–105) 44 (21–150)
 p value < 0.01 0.04 0.04
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in outcomes between patients delivered by C-section and 
patients delivered vaginally (Table 1B). The frequency of 
cesarean delivery within the late preterm and term groups 
was not statistically different [37/70 (53%) vs. 17/40 
(43%), respectively; p = 0.4]. The outcomes were signifi-
cantly different between patients who underwent primary 
reduction and patients who had a silo (Table 1C).

Most patients in our series (112/125; 89.6%) were 
referred to us before birth and were born in our special 
delivery unit located within our free-standing children’s 
hospital. Only 13 patients in the series (10.4%) were 
transported to our NICU after being delivered elsewhere. 
We did not find a statistically significant difference in 
outcomes between inborn patients and outborn patients: 
on-EF 19 (6–50) versus 22 (5–54) days (p = 0.28), off-PN 
32 (15–105) versus 34 (12–78) days (p = 0.67), LOS 41 
(20–139) versus 48 (18–150) days (p = 0.24), respectively.

The vast majority of the patients in the series were 
diagnosed prenatally (121/125, 96.8%). Detailed ultra-
sound features were available in 118 cases. There were 33 
cases with abnormal findings on the prenatal ultrasound 
in addition to the abdominal wall defect: extra-abdominal 
bowel dilatation (n = 20), intra-abdominal bowel dilatation 
(n = 22), dilatation of the stomach (n = 5), bowel hypoperi-
stalsis (n = 3), and bowel wall thickening (n = 1). Several 
patients had more than one finding. None of the patients 
with abnormal prenatal findings had anatomical anoma-
lies detected after birth. Patients with abnormal prenatal 
ultrasound findings were demographically equivalent to 
patients without abnormal prenatal ultrasound findings 
in terms of gestational age at birth, proportion of early 
preterm/late preterm/term deliveries, proportion of fetuses 
delivered due to non-reassuring fetal tracing and rate of 
primary GTC. We compared the surgical outcomes of 
patients with abnormal ultrasound features versus patients 
without abnormal ultrasound features and found no statis-
tically significant differences (Table 2).

There were no mortalities between the time of birth and 
the time of hospital discharge.

Discussion

Uncomplicated gastroschisis is currently a condition with 
low morbidity, infrequent long-term sequelae and close to 
zero neonatal mortality in developed countries [5, 6]. In 
developing countries, on the other hand, mortality rates are 
still as high as 100% [7–9]. Despite being generally benign, 
the outcomes of uncomplicated gastroschisis present a wide 
range of variability, even within apparently homogeneous 
patient populations. To identify factors that could further 
improve outcomes, several aspects of the management of 
patients with GTC have been individually evaluated and 
reported in the literature, often with conflicting results. 
Among these are: the prenatal identification of intestinal 
complications, the time of delivery, the mode of delivery 
and the abdominal wall closure technique.

One of the strongest and well-known predictors of poorer 
outcomes in GTC is the prenatal development of intestinal 
complications such as intestinal atresia, volvulus or necro-
sis. But even though it would be ideal to be able to identify 
these events by ultrasound before they occur and potentially 
intervene prenatally, there are no imaging features that are 
100% sensitive and specific for any of those intestinal com-
plications. Our finding of 33 fetuses with abnormal prenatal 
ultrasound features but an uneventful neonatal course sup-
ports this concept (33/118; 28%), confirming the findings in 
several studies in the literature [10–13].

There are experimental and clinical data in the litera-
ture supporting the hypothesis that the intestinal morbid-
ity observed in patients with GTC may derive, at least in 
part, from damage to the bowel wall that occurs by being 
exposed to the amniotic fluid and as well as constriction 
of the intestine and its blood supply at the abdominal wall 
opening [14–16]. Based on this premise, numerous authors 
have advocated for elective preterm deliveries in gastroschi-
sis with or without abnormal ultrasound findings [17–19], 
and even at the present time, this is the standard manage-
ment in some parts of the world [20–23]. On the other hand, 
there are numerous articles in the literature suggesting that 

Table 2   Outcomes of 
uncomplicated gastroschisis 
correlated to their prenatal 
ultrasound findings (n = 118)

Prenatal imaging data was not available in seven cases

Prenatal ultrasound Abnormal features (n = 33) No abnormal 
features (n = 85)

p value

Gestational age at birth in weeks (mean, range) 36 (33/1–37/6) 36 (31/4–38/0) 0.86
Rate of early preterm/late preterm/term 12%/54%/33% 11%/54%/54% –
Incidence of non-reassuring fetal tracing 40% 23% 0.101
Primary reduction (%) 24% 30% 0.67
On-EF (days) 20 (6–50) 19 (7–54) 0.4
Off-PN (days) 35 (15–105) 31 (15–68) 0.13
LOS (days) 45 (21–139) 39 (18–75) 0.11
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there are no benefits, and there may be increased morbid-
ity, to delivering fetuses with GTC prematurely [24–27]. 
Our study supports that there is no advantage to routinely 
delivering fetuses with GTC prematurely. On the other hand, 
our data also suggests that if it becomes indicated based 
on abnormal findings on the fetal health surveillance, late 
preterm delivery is not detrimental to the long-term out-
comes in GTC. Our study adds to previously published data 
a homogeneous series, large, single-center series of mostly 
(89.6%) inborn patients who received the same standardized 
prenatal, perinatal and postnatal care, provided by the same 
group of maternal-fetal medicine specialists, surgeons and 
neonatologists.

The optimal mode of delivery for fetuses with GTC has 
also been controversial in the literature over the years, and 
much like the issue of the optimal gestational age, practices 
vary around the world [20, 28–32]. The current prevailing 
opinion is that vaginal delivery does not impose additional 
risk to patients with GTC, and the centers that continue to 
perform C-sections for GTC do so for the purpose of elec-
tively preterm delivery. Our study supports that the mode of 
delivery plays little to no role in the outcome of uncompli-
cated GTC. Cesarean deliveries are performed in our insti-
tution for routine obstetric indications unrelated to GTC. In 
our series, the indications for a cesarean delivery included 
non-reassuring fetal tracing (n = 36), failed induction of 
labor (n = 9), breech presentation (n = 5), repeat C-section 
(n = 4), maternal indications (n = 3) and others (n = 5). The 
overall rate of cesarean section in our study group was 
≈ 50%.

We did not find any differences in outcomes between 
inborn patients and outborn patients. This finding was unex-
pected, because it is well-established in the literature that 
there is benefit to delivering at tertiary, high-volume centers 
[33–35]. A possible explanation for the similarity in out-
comes could be the disparity in the number of cases in each 
group: 112 inborn versus only 13 outborn—a larger number 
of outborn patients might show differences. Additionally, 
most of those 13 outborn patients were transported to our 
NICU from centers within a 5-mile radius thus requiring a 
short transport, some were followed by us prenatally, and 
3 babies were actually born in the adjacent adult hospital 
requiring just a transport through a connecting hallway.

The abdominal wall closure method seems to influence 
the outcome of patients with uncomplicated GTC, with pri-
mary reduction/closure having benefits over all forms of 
delayed closure [36–38]. That being said, it is possible that 
this observation is biased by the fact that primary reduc-
tion tends to be successful in cases where the intestine is 
in good condition (thin wall, no peel) and there is adequate 
abdominal capacity for primary reduction. Patients who have 
the intestine in worse condition (wall edema, thick peel, 
shortened mesentery) generally undergo spring-loaded silo 

placement at the bedside, because the eviscerated bowel is 
in a pack and the manipulation of each individual bowel loop 
necessary for the complete primary reduction is not feasible 
(in our experience, a primary reduction is generally possible 
when we can gradually reduce the intestine loop by loop). In 
other words, the techniques are not applied randomly, so it is 
not the technique but rather the condition of the bowel what 
may determine the outcome. We did not collect prospective 
data regarding the condition of the bowel at birth, so while 
we saw a difference in the outcomes between patients who 
underwent a primary reduction and patients who received a 
silo, we do not know if the condition of the bowel was com-
parable between groups and therefore cannot conclude that 
one closure method was better than the other. Our primary 
reductions are done in the NICU under anesthesia. We place 
a nasogastric tube, a Foley catheter and squeeze the colon 
gently to evacuate the meconium. Next, we gradually reduce 
the eviscerated bowel and leave the fascial defect open. We 
then cover the defect with the stump of the umbilical cord 
and a sterile occlusive dressing. The primary reduction tech-
nique has several versions: with anesthesia, without anes-
thesia, leaving the fascial defect open, closing it after the 
reduction, a bedside procedure, an OR procedure, and even 
a primary reduction in the delivery room prior to clamping 
the umbilical cord [39–41]. Regardless, careful judgement 
needs to be applied on a case by case basis when attempting 
a primary reduction to avoid the development of abdominal 
compartment syndrome and the potentially catastrophic con-
sequences related to bowel ischemia and necrosis.

Conclusion

Patients with GTC can develop a number of prenatal and/or 
postnatal complications that can greatly influence the out-
comes. There is a subgroup of patient with gastroschisis, 
on the other hand, who does not have any prenatal compli-
cations and does not develop any postnatal complications. 
In this select group of patients with simple, uncomplicated 
GTC, we found no differences in the surgical outcomes of 
those born at late preterm compared to those born at term. 
In our opinion, elective delivery before term in gastroschi-
sis is not justified, regardless of the prenatal findings. The 
outcomes were not influenced by the mode of delivery 
either, thus cesarean delivery should only be performed for 
routine obstetric indications independent of GTC. Patients 
who underwent primary reduction had better outcomes than 
patients who underwent silo placement-delayed closure, 
although this is likely not intrinsically related to the tech-
nique but rather to the condition of the bowel, since bowel 
with wall edema and a thick peel is generally not amenable 
to primary reduction.
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