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Background/Purpose: The optimal method to repair gastroschisis defects continues to be debated. The two pri-
mary methods are immediate closure (IC) or silo placement (SP). The purpose of this study was to compare out-
comes between each approach using a multicenter retrospective analysis. We hypothesized that patients
undergoing SP for <5 days would have largely equivalent outcomes compared to IC patients.
Methods: Gastroschisis patient data were collected over a 7-year period. The cohort was separated into IC
. and SP groups. The SP group was further stratified based on time to closure (<5 days, 6-10 days,
Gastroschisis L o . A
Immediate closure >10 days). Characteristics and outcomes were compared between groups. Multivariate logistic regression
silo was also performed.
Results: 566 neonates with gastroschisis were identified including 224 patients in the IC group and 337 pa-
tients in the SP group. Among SP patients, 130 were closed within 5 days, 140 in 6-10 days, and 57 in
>10 days. There were no significant differences in mortality, sepsis, readmission, or days to full enteral
feeds between IC patients and SP patients who had a silo <5 days. IC patients had a significantly higher in-
cidence of ventral hernias. Multivariate analysis revealed time to closure as a significant independent pre-
dictor of length of stay, ventilator duration, time to full enteral feeds, and TPN duration.
Conclusions: Our data show largely equivalent outcomes between patients who undergo immediate closure
and those who have silos <5 days. We propose that closure within 5 days avoids many of the risks com-
monly attributed to delay in closure.
Level of evidence: Level Il retrospective study.
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Gastroschisis is the most common congenital abdominal wall abnor-
mality and is increasing in incidence [1,2]. Advances in both neonatal in-
tensive care and surgical techniques have led to a dramatic increase in
survival and reduction in morbidity over the past few decades; how-
ever, substantial issues remain including delayed tolerance of enteral
feeding, prolonged ventilator requirement, and increased intensive
care unit length of stay as well as cost [3-5].
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The method of closure in gastroschisis remains a somewhat conten-
tious topic of discussion. Immediate closure was the primary method
until the early 1990’s when the advent of the spring-loaded silo oc-
curred and had rapid adoption [6-8]. Proponents of immediate closure
argue that the technique leads to shorter hospital stays and fewer com-
plications, with some centers planning elective preterm delivery to fa-
cilitate immediate primary closure [9]. Those who prefer the use of
silos argue that they offer the ability to reduce abdominal wall tension
by gradual visceral reduction and potentially allow earlier tolerance of
enteral feeding [10]. Much of the data supporting each approach is
based on relatively small, single-center studies. Better understanding
of the outcomes associated with each approach is necessary to guide
clinical decision making. The purpose of this study was to compare out-
comes between these two gastroschisis management approaches using
a large, contemporary, multicenter database analysis.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpedsurg.2019.08.002&domain=pdf
https://doi.org/10.1016/j.jpedsurg.2019.08.002
Saleem.Islam@surgery.ufl.edu
https://doi.org/10.1016/j.jpedsurg.2019.08.002
http://www.sciencedirect.com/science/journal/

R.B. Hawkins et al. / Journal of Pediatric Surgery 55 (2020) 1280-1285 1281

1. Methods
1.1. Study design

A retrospective observational study was conducted at 8 United
States medical centers. The study was approved by the Institutional Re-
view Board at each institution prior to initiation. Live-born neonates
born between January 2005 and January 2013 with a diagnosis of
gastroschisis were included. Cases of gastroschisis were identified
using the ICD-9-CM code 756.7, followed by clinical chart review to con-
firm the diagnosis. A total of 36 surgeons participated in gastroschisis
cases between the 8 study sites. Data were collected using an encrypted,
proprietary database that was stored at the primary investigator's site.

1.2. Variables and outcomes

Maternal data were collected including maternal age, maternal con-
ditions, and maternal alcohol or smoking or illicit drug use. Delivery lo-
cation (inborn or outborn) and route of delivery (caesarean section or
vaginal) as well as the reason for planned or emergency caesarean sec-
tion were recorded. Inborn patients were defined as those who were de-
livered at one of the study sites, and outborn patients were defined as
those delivered elsewhere and subsequently transferred.

Neonatal data including sex, race/ethnicity, gestational age, birth
weight, and Apgar scores at 1 and 5 min were also collected. Additional
data regarding severity of disease were collected, including atresia, sep-
sis, and short bowel syndrome. Sepsis was defined as the occurrence of a
systemic inflammatory response syndrome requiring antibiotics, resus-
citation, and culture. Short bowel syndrome was defined as intestinal
malabsorption related to resection. Line infections were defined as bac-
teremia with positive cultures from removed central venous lines. Infor-
mation about silo placement, silo size, duration of silo, and time to
definitive closure was also recorded. Variables pertinent to and detailing
the neonatal hospital course were included in the study as well as out-
come related data and morbidity / mortality.

Patients were stratified into silo closure (SC) or immediate closure
(IC) groups depending on whether a silo was used initially or not. Fur-
ther stratification of the patients receiving silos was performed based
on duration of silo placement, with SC patients sorted into <5 days,
6-10 days, or > 10 day silo duration groups. At the 8 study sites, the
same surgeons operated on patients from different time-to-closure
groups.

The primary outcome compared between groups was survival to
hospital discharge. Secondary outcomes included length of stay (LOS),
duration of total parenteral nutrition (TPN), duration of mechanical
ventilation, time to full enteral feeds, and incidence of ventral hernias.
LOS was recorded as the number of inpatient days during the initial hos-
pitalization and did not factor in additional days from readmissions.
Ventral hernias were defined as clinically diagnosed abdominal wall de-
fects present after gastroschisis closure and/or silo removal.

1.3. Statistical analysis

Data are presented as frequency and percentage for categorical var-
iables and median and range for continuous variables. Fischer's exact
test was used to compare categorical variables, and Mann-Whitney U
test was used to compare non-parametric continuous variables. Stu-
dents T test was used for parametric continuous data. Missing variables
were labeled as unknown and excluded from analysis. All significance
tests are two-sided, with a p-value less than 0.05 considered statistically
significant. Univariate and multivariate logistic regression analyses
were performed to evaluate the effect of possible confounders on out-
come variables. Covariates considered included silo duration, the pres-
ence of complex gastroschisis, gestational age at delivery, and Apgar
score at 5 min. Complex gastroschisis was defined as the presence of in-
testinal atresia, perforation, or volvulus [11,12]. Statistical analysis was

performed using Prism GraphPad (La Jolla, CA) and SAS version 9.4
(Cary, NC).

2. Results
2.1. Patient demographics, baseline characteristics, and management

Five-hundred and sixty-six patients from eight academic centers
were enrolled in the study, of whom 224 underwent immediate closure
and 337 had a silo placed with delayed closure. Five patients were ex-
cluded from the study, 3 for death within the first two hours of life
and 2 for incomplete recording of closure technique. The majority of pa-
tients were male (54%) with a median gestational age of 36 weeks and
median birth weight of 2390 g (Table 1). There was a higher proportion
of males in the silo placement group than the immediate closure group.
Otherwise there were no significant differences between the groups in
baseline characteristics or markers of severity of disease, including des-
ignation as complex gastroschisis.

2.2. Outcomes

Overall mortality was low, with 95% of patients surviving to hospital
discharge (Table 2). Eighty-six percent of patients required intubation
at birth with a 5 day median duration of mechanical ventilation. The
median time to full tolerance of enteral feeds was 26 days. Sepsis oc-
curred in 19% of patients over the course of their hospitalization. Chole-
stasis was noted in 14% of neonates in the study.

Among the 337 patients who had a silo placed, 130 had it for <5 days
prior to closure, 140 for 6-10 days, and 57 for >10 days. Outcomes were
compared between the immediate closure group and the three groups
of varying silo duration (Table 2). There were no significant differences
between immediate closure and < 5 day silo groups in terms of mortal-
ity, sepsis, hospital length of stay, time to tolerance of full enteral feeds,
or readmission. Patients who had a silo <5 days had a significantly lon-
ger duration of mechanical ventilation than those who underwent im-
mediate closure (median 5 vs. 3 days, p = 0.0059). However, patients
who underwent immediate closure had significantly higher risk of ven-
tral hernias than those who had a silo <5 days (12% vs. 3%, p = 0.0032).

2.3. Univariate and multivariate logistic regression

Univariate logistic regression was performed to evaluate the effect of
various explanatory variables on outcomes including mortality, length
of stay, ventilator duration, time to full enteral feeds, and sepsis
(Table 3). Silo duration was not a significant univariate predictor of
mortality, but was a significant predictor of length of stay, ventilator du-
ration, and time to full enteral feeds.

Multivariate logistic regression was performed to evaluate the effect
of potential confounders in prediction of outcomes including mortality,
length of stay, ventilator duration, time to full feeds, duration of TPN,
and sepsis (Table 4). Explanatory variables that were included in multi-
variate analysis were time to closure, the presence of complex
gastroschisis, gestational age at delivery, and Apgar score at 5 min.
Birth weight and Apgar score at 1 min were excluded from multivariate
analysis owing to high correlation with gestational age and Apgar score
at 5 min, respectively. Multivariate analysis revealed that time to clo-
sure was a significant independent predictor of length of stay, ventilator
duration, time to full enteral feeds, and TPN duration.

An additional multivariate analysis was performed evaluating out-
comes only between patients who received immediate closure and
those with silo duration <5 days (Table 5). There was no significant in-
dependent effect between immediate and < 5 day closure in terms of
time to full enteral feeds, TPN duration, or sepsis. Immediate vs.
<5 day closure was a significant independent predictor of ventilator du-
ration and the occurrence of ventral hernia between these two groups,
with the IC group having fewer ventilator days but more ventral hernias.
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Table 1
Patient demographics, baseline characteristics, and initial management.
Characteristics Overall (n = 566) Immediate Closure (n = 224) Silo Closure (n = 337) p-value
Gestational age in weeks, median (range) 36 (28-40) 36 (29-40) 36 (28-40) 0.1960
Birth weight in grams, median (range) 2390 (770-4340) 2365 (770-4020) 2410 (1100-5622) 0.9897
Male, n (%) 307 (54) 105 (47) 198 (59) 0.0073+*
Race, n (%)
Asian 4(1) 2(1) 1(0) 0.5667
Black or African American 75 (13) 27 (12) 46 (13) 0.6106
Hispanic or Latino 54 (10) 26 (12) 35(10) 0.6790
White, non-Hispanic 325 (57) 126 (56) 198 (59) 0.6007
More than one race 15(3) 7(3) 8(2) 0.6024
Unknown 104 (18) 46 (21) 58 (17) 0.3209
Maternal age in years, median (range) 21 (13-48) 21 (14-42) 21 (13-48) 0.6739
Maternal Substance Use, n (%)
Tobacco 206 (36) 78 (35) 126 (37) 0.5909
Alcohol 149 (26) 58 (26) 89 (26) 0.9221
Mlicit drug 26 (5) 10 (5) 16 (5) >0.9999
Delivery Method, n (%)
Emergent C-section 115 (20) (17) 78 (23) 0.0692
Planned C-section 168 (30) (32) 94 (28) 0.2995
Vaginal 179 (32) (30) 112 (33) 0.4595
Unknown 104 (18) (21) 53 (16) 0.0929
Apgar score, median (range)
At 1 min 8(1-9) 8(1-9) 8(1-9) 0.3241
At 5 min 9 (1-10) 9(1-10) 9(1-10) 0.3031
Prenatal gastroschisis diagnosis, n (%) 383 (68) 145 (65) 236 (70) 0.1970
Gastrointestinal comorbidities, n (%) 77 (14)
Atresia 42 (7) 19(8) 23 (7) 0.5136
Perforation 20 (4) 7(3) 12 (4) >0.9999
Volvulus 4(1) 2(1) 2(1) 0.6532
More than one 11(2) 5(2) 6(2) 0.7602

* Denotes p-value less than 0.05.

3. Discussion

This large, multicenter, retrospective observational study demon-
strated generally equivalent outcomes between gastroschisis patients
who underwent immediate closure and those who had a silo placed
for less than or equal to 5 days. There was no significant difference be-
tween these groups in terms of mortality or time to tolerance of full en-
teral feeds, suggesting that short-term silo placement is a reasonable
approach. Additionally, multivariate analysis revealed that silo duration
is not a significant independent predictor of time to full enteral feeds or
TPN duration between patients who underwent immediate closure or
those who had a silo for <5 days. While the time to closure was a strong
predictor of outcome, our data suggest that patients who require a silo
longer than 5 days may represent a subset of patients with a higher ‘dis-
ease severity’, and therefore may not be appropriate to compare to
those patients that underwent immediate closure. Patients undergoing
immediate closure (as well as the silo group closed within 5 days) likely
represent a select group that are ‘favorable’ at the outset. We speculate

Table 2

that those patients who achieve closure within 5 days of silo placement
have less severe disease and therefore have favorable outcomes.
Previous reports have shown that early initiation and tolerance of
enteral feeding are associated with improved outcomes in patients
with gastroschisis [10]. Some centers have adopted planned preterm
delivery of neonates with gastroschisis to facilitate immediate closure
in hopes of promoting earlier tolerance of feeding, reduced duration of
TPN, and shorter hospital length of stay [13,14]. A prospective random-
ized controlled trial of elective preterm delivery of neonates with
gastroschisis did not demonstrate improved outcomes for neonates
who underwent elective preterm delivery, and although there was a
trend toward reduced time to full enteral feeding and hospital LOS in
the elective preterm delivery group, the study was underpowered and
these differences did not reach statistical significance [15]. In the cur-
rent study, we noted a progressive increase in the duration of parenteral
nutrition required as well as time to full feeds with longer silo place-
ment. This has been shown in multiple previous studies as well, but
without a large enough number of patients to show differences between

Clinical outcomes between immediate closure and silo placement groups stratified by time to closure.

Outcomes Overall Immediate Silo <5 Days Silo 6-10 Days Silo>10 Days p-value (Immediate vs. p-value (Immediate vs.
(n=566) (n=224) (n=130) (n=140) (n=57) Silo < 5 Days) Silo >10 days)

Sepsis, n (%) 107 (19) 44 (20) 18 (14) 29 (21) 14 (25) 0.1927 0.4636

Line infection, n (%) 32 (6) 11 (5) 10 (8) 9 (6) 2 (4) 0.3512 >0.9999

Cholestasis, n (%) 78 (14) 30 (13) 11(8) 28 (20) 8 (14) 0.1732 0.8320

Short bowel syndrome, n (%) 39 (7) 20 (9) 5(4) 5(4) 5(9) 0.0860 >0.9999

Days to full enteral nutrition, median (range), 26 (1-536) 22 (1-142) 23 (6-106) 31 (13-536) 70.5 (26-229) 0.2275 0.0001+
n=147

TPN days, median (range), n=365 27 (1-1718) 26.5(2-1718) 24 (4-138) 31(1-334) 34 (1-229) 0.7142 0.0095*

Need for mechanical ventilation, n (%) 486 (86) 188 (84) 116 (89) 121 (86) 51 (89) 0.2056 0.4052

Ventilator days, median (range), n=430 5(1-194) 3(1-42) 5(1-138) 9 (1-108) 13.5(1-194)  0.0059* <0.0001*

Ventral hernia, n (%) 49 (9) 27 (12) 4(3) 9(6) 7(12) 0.0032+ >0.9999

Hospital LOS in days, median (range), n=433 37 (1-306) 34 (1-221) 34 (14-920) 45 (5-197) 62 (1-306) 0.7641 <0.0001*

Readmission, n (%) 100 (18) 39 (17) 16 (12) 29 (20) 16 (28) 0.2257 0.0912

Survival, n (%) 536 (95) 214 (96) 126 (97) 135 (96) 54 (95) 0.5857 0.7310

* Denotes p-value less than 0.05.
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Table 3

Univariate logistic regression predicting mortality, length of stay, ventilator duration, time to full enteral feeds, and sepsis.
Variable 0Odds Ratio 95% Confidence Interval Wald Chi-Square p-value
Outcome: Mortality
Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 0.991 0.656-1.498 0.0018 0.9662
Silo duration (continuous; n days) 1.025 0.959-1.096 0.5217 0.4701
Complex gastroschisis (atresia, perforation, or volvulus) 3.15 1.240-8.004 5.8149 0.0159*
Birth weight 0.998 0.997-0.999 12.6497 0.0004*
Gestational age at delivery 0.697 0.571-0.852 12.4425 0.0004*
Male gender 1.245 0.523-2.964 0.2461 0.6198
Apgar score at 1 min 0.849 0.721-0.999 3.9057 0.0481*
Apgar score at 5 min 0.766 0.628-0.935 6.8761 0.0087*
Outcome: Length of Stay (days)
Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 0.619 0.534-0.718 40.5386 <0.0001*
Silo duration (continuous; n days) 0.874 0.834-0.916 31.3982 <0.0001+
Complex gastroschisis (atresia, perforation, or volvulus) 0.127 0.080-0.202 76.2249 <0.0001*
Birth weight 1.001 1.000-1.001 16.3427 <0.0001*
Gestational age at delivery 1.277 1.170-1.394 29.9162 <0.0001*
Male gender 0.881 0.656-1.183 0.7075 0.4003
Apgar score at 1 min 1.007 0.941-1.077 0.039 0.8434
Apgar score at 5 min 1.028 0.926-1.141 0.2622 0.6086
Outcome: Ventilator Duration
Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 0.393 0.328-0.470 103.5527 <0.0001*
Silo duration (continuous; n days) 0.842 0.795-0.891 34.9500 <0.0001*
Complex gastroschisis (atresia, perforation, or volvulus) 0.517 0.314-0.851 6.7191 0.0095*
Birth weight 1.000 1.000-1.001 1.6414 0.2001
Gestational age at delivery 1.236 1.124-1.359 19.1500 <0.0001*
Male gender 0.874 0.626-1.220 0.6228 0.4300
Apgar score at 1 min 1.055 0.979-1.137 1.9523 0.1623
Apgar score at 5 min 1.051 0.942-1.172 0.7985 0.3715
Outcome: Time to Full Enteral Feeds (days)
Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 0.417 0.299-0.581 26.6737 <0.0001+
Silo duration (continuous; n days) 0.812 0.735-0.897 16.6785 <0.0001*
Complex gastroschisis (atresia, perforation, or volvulus) 0.04 0.014-0.118 34.4202 <0.0001*
Birth weight 1.001 1.000-1.001 3.2948 0.0695
Gestational age at delivery 1.128 0.974-1.306 2.5982 0.1070
Male gender 0.844 0.480-1.484 0.3486 0.5549
Apgar score at 1 min 0.971 0.845-1.116 0.1743 0.6764
Apgar score at 5 min 1.005 0.815-1.239 0.0024 0.9612
Outcome: Sepsis
Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 1.145 0.930-1.409 1.6263 0.2022
Silo duration (continuous; n days) 1.014 0.999-1.029 34757 0.0623
Complex gastroschisis (atresia, perforation, or volvulus) 3.824 2.203-6.637 22.7243 <0.0001*
Birth weight 0.999 0.999-1.000 10.3363 0.0013+
Gestational age at delivery 0.779 0.690-0.881 15.8583 <0.0001*
Male gender 1.080 0.698-1.671 0.1199 0.7291
Apgar score at 1 min 0.999 0.904-1.102 0.0009 0.9763
Apgar score at 5 min 0.874 0.763-1.002 3.7446 0.053

* Denotes p-value less than 0.05.

groups clustered by days [7,16]. Here we found no significant difference
between the immediate closure and short duration silo groups in terms
of time to full enteral feeds, duration of TPN, or hospital length of stay.
Although our patients who underwent silo placement did require a
slightly longer duration of mechanical ventilation, there was no associ-
ation with sepsis or longer length of stay. Future prospective work is re-
quired to determine the reasons for prolonged mechanical ventilation in
these patients and if this is associated with pulmonary complications.
More recent practice may reflect a progressive reduction in intubation
and ventilation for gastroschisis undergoing silo placement as neonatal
units become more familiar. When examining our dataset for changes in
ventilator use over time, however, we found no significant difference
between patients managed before or after 2008 in terms of requirement
for mechanical ventilation or duration of mechanical ventilation.
Ventral hernias are a well-known complication following
gastroschisis repair [17,18]. However, very few studies have compared
incidence of ventral hernia based on whether the patient received im-
mediate or silo closure. In this report we noted that patients who
underwent immediate closure had a higher incidence of ventral hernias
than those who had silos placed for a short duration. The hernia rate in-
creased with longer duration of silo and was equivalent to the immedi-
ate group when the silo was present for greater than 10 days. The reason
for this observed difference is unclear, but may be related to higher

abdominal wall tension and fascial stress in immediate closure patients
than those who have a short duration silo placed with staged closure in
which abdominal domain has increased. Silo placement may also facili-
tate fluid management with reduced bowel edema and less tension at
the time of definitive fascial closure.

Our overall understanding of gastroschisis and the factors involved
with increased morbidity has evolved over the past few decades,
allowing refinements in risk stratification of the condition. We now ac-
cept that neonates with atresia or any bowel compromise represent a
‘complex’ variant of the condition and have a much higher burden of
complications compared to ‘simple’ cases. Similarly, the CAPSNet-
derived gastroschisis prognosis score (GPS), which attempts to take
into account the degree of inflammation, matting and bowel thickening,
has started to stratify the condition even better [19]. Our data suggest
that patients who are unable to be closed safely by 5 days also may
face a worse prognosis, and therefore represent a higher risk group of
neonates. At the very least, continued inclusion of these cases when
comparing silo vs. immediate closure may not be appropriate when
assessing outcomes. We have used these data to help counseling par-
ents and set appropriate expectations based on risk category.

Our study has several limitations which require discussion. Given
that this was a retrospective study, the variables collected were limited
to those that could be found from medical record review. We did not
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Table 4

Multivariate logistic regression predicting mortality, length of stay, ventilator duration, time to full feeds, TPN duration, and sepsis.

Variable Adjusted Odds Ratio 95% Confidence Interval Adjusted Wald Chi-Square p-value
Outcome: Mortality

Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 1.080 0.700-1.666 0.1202 0.7288
Complex gastroschisis (atresia, perforation, or volvulus) 1.959 0.692-5.545 1.6061 0.2050
Gestational age at delivery 0.721 0.581-0.894 8.9187 0.0028*
Apgar score at 5 min 0.810 0.651-1.007 3.6090 0.0575
Outcome: Length of Stay (days)

Time to closure (categorical; immediate, <5 days, 6-10 days, >10 days) 0.602 0.514-0.706 39.2243 <0.0001*
Complex gastroschisis (atresia, perforation, or volvulus) 0.146 0.091-0.245 56.4856 <0.0001*
Gestational age at delivery 1.196 1.091-1.312 14.4219 0.0001*
Apgar score at 5 min 1.002 0.900-1.116 0.0017 0.9672
Outcome: Ventilator Duration (days)

Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 0.365 0.301-0.443 103.7504 <0.0001*
Complex gastroschisis 0.587 0.344-1.001 3.8306 0.0503
Gestational age at delivery 1.200 1.084-1.328 12.4105 0.0004*
Apgar score at 5 min 1.071 0.957-1.199 1.4431 0.2296
Outcome: Time to Full Enteral Feeds (days)

Time to closure (categorical; immediate, <5 days, 6-10 days, >10 days) 0.432 0.300-0.621 20.4537 <0.0001*
Complex gastroschisis 0.042 0.014-0.129 30.6283 <0.0001*
Gestational age at delivery 1.129 0.965-1.322 2.2930 0.1300
Apgar score at 5 min 0.977 0.785-1.216 0.0445 0.8329
Outcome: TPN Duration (days)

Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 0.730 0.600-0.887 10.0480 0.0015*
Complex gastroschisis 0.138 0.077-0.247 44,7090 <0.0001*
Gestational age at delivery 1.197 1.074-1.335 10.4663 0.0012*
Apgar score at 5 min 1.042 0.920-1.180 04151 0.5194
Outcome: Sepsis

Time to closure (categorical; immediate, <5 days, 6-10 days, 210 days) 1.123 0.884-1.425 0.9050 0.3414
Complex gastroschisis 3.705 2.004-6.851 17.4380 <0.0001*
Gestational age at delivery 0.793 0.691-0.909 11.0477 0.0009*
Apgar score at 5 min 0.871 0.753-1.007 3.4811 0.0621

* Denotes p-value less than 0.05.

collect data regarding surgeon intention to treat as a determinant of
time-to-closure group or whether patients with longer duration silo
placements had previously undergone repeated failed attempts at clo-
sure. Additionally, there was no effort to standardize practice across
the 8 study sites, with the retrospective study capturing a diverse
gastroschisis management practices between institutions. Despite likely
practice variations between centers in this study, our data regarding the
association between silo duration and outcomes are strong, suggesting
again that patients requiring longer silo duration likely have a higher

degree of disease severity. We did not collect data on the details of the
closure technique, and as such the patients in the immediate closure
group may have had a higher incidence of sutureless repair which is
prone to a higher umbilical hernia rate [20]. Although we noted signifi-
cant differences between time-to-closure groups in terms of duration of
mechanical ventilation, data regarding reasons for endotracheal intuba-
tion and prolonged ventilation are not available, limiting these conclu-
sions. Also, the study was performed at tertiary referral centers for
neonatology and pediatric surgery, and it is unclear if equivalent

Table 5

Multivariate logistic regression between immediate and silo duration <5 days predicting time to full enteral feeds, ventilator duration, TPN duration, recurrent ventral hernia, and sepsis.
Variable Adjusted Odds Ratio Adjusted 95% Confidence Interval Adjusted Wald Chi-Square p-value
Outcome: Time to Full Enteral Feeds (days)
Time to closure (categorical; immediate or <5 days) 0.720 0.332-1.563 0.6890 0.4065
Complex gastroschisis (atresia, perforation, or volvulus) 0.066 0.016-0.274 14.0287 0.0002*
Gestational age at delivery 1.006 0.819-1.234 0.0030 0.9565
Apgar score at 5 min 1.067 0.837-1.360 0.2731 0.6012
Outcome: Ventilator Duration (days)
Time to closure (categorical; immediate or <5 days) 0.501 0.313-0.802 8.2788 0.0040*
Complex gastroschisis (atresia, perforation, or volvulus) 1.050 0.515-2.140 0.0179 0.8936
Gestational age at delivery 1171 1.032-1.330 5.9437 0.0148*
Apgar score at 5 min 1.035 0.900-1.189 0.2305 0.6312
Outcome: TPN Duration (days)
Time to closure (categorical; immediate or <5 days) 0.910 0.557-1.485 0.1433 0.7050
Complex gastroschisis (atresia, perforation, or volvulus) 0.165 0.078-0.350 22.0243 <0.0001*
Gestational age at delivery 1.192 1.041-1.364 6.4820 0.0109*
Apgar score at 5 min 1.120 0.955-1.314 1.9454 0.1631
Outcome: Ventral Hernia
Time to closure (categorical; immediate or <5 days) 3.434 1.111-10.612 4.5947 0.0321
Complex gastroschisis (atresia, perforation, or volvulus) 2.483 0.519-11.869 1.2984 0.2545
Gestational age at delivery 1.140 0.888-1.463 1.0503 0.3054
Apgar score at 5 min 0.771 0.507-1.171 1.4915 0.2220
Outcome: Sepsis
Time to closure (categorical; immediate or <5 days) 0.939 0.473-1.865 0.0326 0.8566
Complex gastroschisis (atresia, perforation, or volvulus) 3.009 1.315-6.886 6.8009 0.0091*
Gestational age at delivery 0.724 0.606-0.864 12.8167 0.0003*
Apgar score at 5 min 0.940 0.778-1.134 0.4211 0.5164
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outcomes could be expected at dissimilar institutions. Despite these
limitations, the study is strengthened by the quality of standardized var-
iable collection for a large number of patients enrolled from eight insti-
tutions, which may help to generalize the results.

4. Conclusions

To our knowledge, this is the largest multicenter retrospective study
of neonates with gastroschisis comparing outcomes by time to closure
as well as immediate vs. stratified silo closure techniques. Our study is
unique in demonstrating largely equivalent outcomes between patients
who underwent immediate closure and those who had a silo less than
5 days, and in fact reduced ventral hernias among those patients.
These data suggest that immediate closure may not always be required,
and elective preterm delivery may not be necessary. We also suggest
that future studies comparing immediate with silo closure for
gastroschisis should exclude the longer duration patients from analysis.
The patients requiring silo for a longer period of time should be studied
further as a high risk group. Further prospective data collection is neces-
sary to confirm these findings.
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