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Background/Purpose: Gastroschisis is increasing in incidence and has low mortality and high morbidity. We de-
scribe the clinical and surgical characteristics of gastroschisis patients in a Brazilian referral center.

Methods: Single-center prospective case series of gastroschisis patients. The following two groups were formed
depending on the intestinal characteristics: simple and complex patients.

Results: In total, 79 patients were enrolled, 89% of whom were classified as simple and 11% as complex. The base-

gzt‘;’gsrcdl;;i s line characteristics were similar between the groups, with the exception of the illness severity score. The complex
Outcomes group had a significantly smaller defect size, more reoperations and worse clinical outcomes than the simple
Morbidity group, with the initiation of feeding taking 1.5 times longer, the duration of total parenteral nutrition taking
Sutureless twice as long, and the length of hospitalization being 2.5 times longer; the complex group also included

all the deaths that occurred. Overall, the survival rate was 96%. Patients who underwent the sutureless
technique had significantly fewer wound infections and a decreased duration of mechanical ventilation than
sutured patients.

Conclusions: This study provides a comprehensive picture of gastroschisis during the neonatal period in a
Brazilian referral center, emphasizing the significantly higher risk for morbidity and mortality among complex
patients than among simple patients and the few advantages of the sutureless technique over the sutured tech-

nique in terms of closing the defect.

Type of study: Prognostic.
Level of evidence: IV

© 2020 Elsevier Inc. All rights reserved.

Gastroschisis (GS) is a congenital malformation characterized by vis-
ceral herniation usually through a right-sided anterior abdominal wall
defect alongside an intact umbilical cord that is not covered by a mem-
brane. The exact etiology is controversial. The incidence has been
increasing over the last few decades worldwide, and according to the
International Clearinghouse Report for Birth Defects, there are 5.1
gastroschisis cases/10,000 live births in the USA. The incidence is esti-
mated to be 10.7/10.000 in South America, including Brazil [1].

Several international reports have shown survival rates as high as
90% to 97%, but morbidity is still considerable [2,3]. GS patients usually
have a high incidence of prematurity, a low birth weight, general anes-
thesia exposure, impaired intestinal function, a high risk for infection
and prolonged hospitalization [4-8].

Although many studies in the field are retrospective [8-12], this was
a prospective case series of GS patients admitted to a referral center in

* Corresponding author at: Instituto Fernandes Figueira, Fundacdo Oswaldo Cruz/
FIOCRUZ. Av. Rui Barbosa 716, Flamengo, - CEP 22250-020, Rio de Janeiro/Brasil. Tel:
+55 21 25541848.

E-mail addresses: bianca.martins@iff.fiocruz.br, martisnbianca@hotmail.com
(B.M.R. Martins).

https://doi.org/10.1016/j.jpedsurg.2020.04.011
0022-3468/© 2020 Elsevier Inc. All rights reserved.

Rio de Janeiro, Brazil, and followed in a specific outpatient clinic. Our
aim was to describe and determine the clinical outcomes and surgical
characteristics of GS infants during hospitalization, from birth to dis-
charge. Secondary objectives were to compare the outcomes of simple
and complex patients and, finally, to compare our results with those
in the literature.

1. Methods

All patients admitted with GS between May 2016 and February
2019 at Instituto Fernandes Figueira, a tertiary children's referral public
hospital in Rio de Janeiro, a large city in the southeastern region of
Brazil, were eligible for the study. The exclusion criteria were genetic
syndromes and/or confirmed congenital infectious diseases. This study
is part of a cohort study of gastroschisis patients titled “Evaluation of
growth and neurodevelopment of gastroschisis patients during the
first two years of life: a cohort study”, where the main outcomes were
growth and neurodevelopment during the first two years of life. The
study was approved by the Ethics Committee of the Institution under
IRB number 54015316.8.0000.5269 and was registered by REBEC
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(www.ensaiosclinicos.gov.br) under the number U1111.1236.2214.
Participation was voluntary, and informed written consent was
obtained after a live birth. Patient data were prospectively collected by
a pediatrician from the patients' charts and study forms, from birth to
the end of the second year of life. EpiData 3.1 software (Odense
Denmark, EpiData association) was used for the database.

In-born patients were defined as those who were delivered
within our center; out-born patients were defined as those deliv-
ered elsewhere who were subsequently transferred to our hospital
for care.

The outcomes of infants with gastroschisis are primarily determined
by the amount of intestinal damage that occurs during fetal life.
Gastroschisis results in impaired motility and mucosal absorptive func-
tion, which, in turn, lead to a prolonged need for total parenteral nutri-
tion (TPN) and, in some cases, severe intestinal failure. Patients were
labeled as having complex gastroschisis if one or more of the following
conditions were diagnosed at birth: intestinal atresia, perforation or
necrosis [13]. Patients were also considered complex if they developed
short gut syndrome (SGS) and became dependent on TPN for more
than 60 days.

The baseline patient characteristics and surgical and clinical charac-
teristics were measured in all gastroschisis patients, and the patients
were separated into simple and complex groups according to Molik's
definition [13]. The results of the two groups were compared.

The baseline characteristics included birthplace (in-born or out-
born), the presence of meconium amniotic fluid, the need for resuscita-
tion at birth (face mask ventilation or endotracheal ventilation), APGAR
scores at 1 and 5 min of life, gestational age (completed weeks, by first
trimester ultrasound or date of last menstrual age, in this order), birth
weight (in grams), small for gestational age (SGA) (birth weight equal
to or less than the 10th percentile, using the Fenton neonatal growth
chart), sex (female or male), illness severity score, SNAPPE-II (Score
for Neonatal Acute Physiology with Perinatal Extension II) in the first
12 h of NICU admission and associated anomalies (other than intesti-
nal). The maternal data included age (in years), parity, multiple preg-
nancies, prenatal diagnosis of the malformation, tobacco use and
mode of delivery (vaginal or cesarean section).

The surgery-related characteristics included the following: the size
of the defect (in cm, measured with a ruler by the surgeon at the time
of surgery), patient age at the first surgery, need for a silo, number of
days with a silo, method of abdominal defect closure (sutureless, simple
suture or retention suture) and need for reoperation.

In our institution, the pediatric surgery team comprises 5 experi-
enced surgeons, and it is routine that all patients receive general anes-
thesia, usually followed by neuraxial anesthesia (caudal epidural
block) in the operating room for closure of the abdominal defect. Ideally,
surgery to correct the defect is undertaken within six hours after deliv-
ery [14]. Primary operative reduction is the procedure of choice if evis-
cerated contents can be safely placed into the abdominal cavity without
causing excessive intraabdominal pressure and clinical instability.
Intragastric or intravesical pressure, which can reflect abdominal pres-
sure, is not always measured. If the viscera cannot be reduced primarily,
a silo bag is sutured, allowing for a staged reduction of the abdominal
contents over the next few days. The method of abdominal closure
changed over the period of the study. During the first year, there were
two options: simple suture (of the fascia and skin) or retention suture
(heavily reinforced suture deep within the muscle and fascia). After-
wards, the sutureless technique also became an alternative and then
became the first option for surgeons. With the sutureless technique,
the viscera are reduced, and the umbilical cord is flapped over the de-
fect, which is then covered with a watertight dressing. The technique
allows for spontaneous closure through cicatrizing the umbilical port,
and the procedure minimizes increases in intraabdominal pressure
[15]. According to our protocol, after five days, the occlusive dressing
was removed and replaced with another dressing for five more days.
When intestinal atresia was present at birth, the defect was closed,

and a second operative exploration was performed within a few
weeks to establish bowel continuity. This period of time allows for a de-
crease in bowel inflammation.

The clinical characteristics included the time to initiate feeding (in
days), duration of TPN (in days), cholestasis (direct bilirubin [DB] levels
greater than 2 mg/dl), time to reach full enteral feeds (in days), duration
of mechanical ventilation (in days), wound infection (classified based
on wound erythema, purulent discharge or pus and treatment with
antibiotics), proven sepsis (defined as a positive blood culture), use of
second-line antibiotics for clinically suspected sepsis, abdominal com-
partment syndrome, necrotizing enterocolitis (NEC) (defined as Bell's
stage 2 or more) [16], length of hospital stay (in days) and survival
until hospital discharge.

In our hospital, patients receive respiratory support based on clinical
indications as determined by the attending neonatologist and/or sur-
geon. Antibiotics are initiated for all patients when they are born
(since visceral exposure increases the chance for infection) and are
discontinued after 3 or 5 days if there are no further infection concerns.
However, antibiotics are continued if a silo is in place until it is removed.
Since a period of adynamic ileus is expected after surgery owing to the
characteristics of the malformation, the infants need to be totally sup-
ported by parenteral nutrition. We usually start TPN on day one of life,
beginning with SMOF (soybean oil, medium-chain triglycerides, olive
oil, and fish oil) as a lipid emulsion for hepatic protection as soon as pos-
sible. In our nutrition protocols, feeds are held until gastric drainage
becomes clear, starting with maternal breast milk, since we have a
human milk bank available at the institution. Patients who become
chronically dependent on TPN must remain hospitalized since it is not
possible for them to have home TPN.

The statistical analysis was performed using Epi-Info 7.1 software.
Categorical variables were presented as numbers and proportions (%),
and continuous variables were presented as the mean and standard
error of the mean (SEM) or median and interquartile range (IQR). Sim-
ple and complex GS patients were compared using the Chi-square test
or Fisher's exact test (if the expected count was <5) for categorical
data and the Mann-Whitney test for continuous data. A p value of
<0.05 was considered statistically significant. To verify the importance
of different variables in the outcomes, we performed a logistic regres-
sion analysis.

2. Results

During the 34-month period analyzed, 90 patients with gastroschisis
were admitted to our hospital. There were 12 deaths among them: 2
stillbirths, 5 neonatal deaths, and 5 post neonatal deaths (never left
the hospital). Two patients had meconium aspiration syndrome with
severe pulmonary hypertension, one patient had abdominal compart-
ment syndrome with pulmonary hypertension and disseminated intra-
vascular coagulation (DIC), and two patients did not have therapeutic
options owing to extensive intestinal necrosis at birth or a disproportion
between the abdomen contents and exposed viscera. Three patients
were not included in the study because the parents refused to give con-
sent, five patients were not included because they died before informed
consent was obtained from the parents, and 2 patients were not
included because they were stillbirths, leaving 79 patients in the study
cohort (Fig. 1).

Of 79 subjects, 70 fulfilled the criteria for simple gastroschisis, and 9
fulfilled the criteria for complex gastroschisis. Of the patients with com-
plex gastroschisis, 2 had intestinal atresia and necrosis, 2 had intestinal
atresia and perforation, 2 had intestinal atresia only, 1 had intestinal
necrosis only, and 1 had intestinal necrosis and perforation at birth.
One patient was classified as simple at birth but developed intestinal
failure, was dependent on TPN for more than 60 days, and was then
reclassified as complex. At four months of age, after a laparoscopic pro-
cedure for a clinical manifestation of intestinal obstruction, it was seen
that he only had 40 cm of small intestine, reassuring us that in fact he
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| 90 GS patients admitted to IFF*

2 Stillbirth <

3 Parents refusal (1 patient
died at 3 months of life, with
short gut syndrome)

1 Disproportion between
abdomen and exposed
viscera, impairing closure of
the defect: died at 2 months
of life

—

5 Neonatal death:

and 4 days of life

-1 extensive intestinal necrosis: at 5 days of life
-2 meconium aspiration syndrome with severe
persistent pulmonary hypertension (PPH): at 3

-1 severe asphyxia: in the delivery room
-1 compartmental syndrome and PPH in a
preterm (31 wk): at 2 days of life

79 patients enrolled

T~

70 simple GS (89%):
62 in-born
8 out-born

9 complex GS (11%):
7 in-born
2 out-born

3 Post neonatal death (short
gut syndrome) at 4, 11 and 13
months of age

* IFF: Instituto Fernandes Figueira

Fig. 1. Flowchart of gastroschisis (GS) patients.

was a complex case. Five patients from the complex group
developed short gut syndrome (6%). Table 1 reports the perinatal and
demographic characteristics of the studied population and the compar-
ison between simple and complex patients. The majority of mothers
were young, with 53% being less than 21 years old and a quarter having
used tobacco.

There were no significant differences between the groups in terms of
the patients’ baseline characteristics. The majority of the cohort was
in-born and delivered by cesarean section: 43% were elective operation
patients, and 29% were preterm labor patients. A total of 35% of patients
required resuscitation in the delivery room, with 16% needing face mask
positive pressure ventilation and 19% needing tracheal intubation and
ventilation. The mean gestational age was 36 weeks, and more than
half of the patients were preterm, with 47% being late preterm new-
borns. The mean birth weight was 2339 g, and 14% were classified as
SGA. Minor congenital anomalies in addition to gastroschisis occurred
in 27% of patients, and isolated atrial septal defects (ASD) (38%) and
cryptorchidism (14%) were the two most frequent congenital anoma-
lies. One patient also had associated mild hydrocephalus, cleft palate
and arthrogryposis. Among the 8 ASD cases, none required surgery.

SNAPPE-I], a predictor of illness severity and neonatal death [17],
although it does not specifically evaluate the severity of bowel injury
in GS, was significantly higher in the complex group than in the sim-
ple group.

Table 1
Perinatal and demographics data.
GS Simple GS Complex GS p
(n=179) n = 70 (89%) n=9(11%) value
Maternal age 21 £ 5.1 21+ 15 23 + 6.8 0.27
(years)
Tobacco use 18 (23%) 17 (26%) 1(11%) 0.67
Prenatal diagnosis 76 (96%) 68 (97%) 8 (89%) 0.30
Inborn 69 (87%) 62 (89%) 7 (78%) 0.32
C-section 53 (67%) 46 (66%) 7 (89%) 0.71
1 min APGAR 8 8 9 0.96
(6.5-8.0) (6.5-8.5) (8.0-9.0)
5 min APGAR 9 8 9 0.62
(8.5-9.0) (6.5-8.5) (8.0-9.5)
Gestational age 36 + 1.7 36+ 15 36 + 2.5 0.15
(weeks)
Prematurity 40 (51%) 34 (51%) 6 (67%) 0.48
Birth weight (g) 2339 + 492 2341 4 482 2327 + 595 0.94
SGA 11 (14%) 9 (13%) 2 (22%) 0.60
Male 37(47%) 33 (47%) 4 (44%) 1.00
Associated 21 (27%) 18 (26%) 3(33%) 0.69
malformation
SNAPPE I 15 15 23.5 0.02*
(9-26) (8-20) (14-45)

GS = gastroschisis; SGA = small for gestational age considered as <10th in Fenton
Growth Chart; SNAPPE = Score of Neonatal Acute Physiology Perinatal Extension.
Results are expressed by mean (SD), median (IQR) or n (%). *p < 0.05.
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Table 2 shows the surgery-related characteristics. The median time
to the first surgery was not different between the groups, but the size
of the defect was significantly smaller in the complex group than in
the simple group. Staged abdominal closure with a sutured silo seemed
to be more common in the complex group than in the single group, but
the difference did not reach significance (p value = 0.05). The duration
of the silo was similar in both groups, with a median time of 5 days.
There were 2 patients with evisceration, 1 patient with abdominal com-
partment syndrome and 1 patient with silo dislodgment, all in the sim-
ple group. However, reoperation occurred 12 times more frequently in
the complex group than in the simple group. Causes for reoperation var-
ied from a second look to intestinal atresia to pneumoperitoneum and
adhesive bowel obstruction. There were 6 cases of suspected intestinal
atresia at birth, and in all of them, intestinal atresia was confirmed at
reoperation.

Table 3 summarizes the nutritional clinical characteristics and the
comparison between simple and complex GS patients. The median
time to initiate feeding and to reach full enteral feeding was significantly
different between the groups, being longer in the complex group than in
the simple group. Two patients in the complex group died without
reaching full enteral feeding. The median time on TPN was twice as
long, and the development of cholestasis associated with TPN was 5
times more frequent in the complex group than in the simple group.
The median peak direct bilirubin level was 3.7 mg/dl. Only one patient
developed hepatic insufficiency, and the patient was in the complex
group. NEC occurred in 6% of all GS patients, and one patient from
each group required surgery. Of these patients, one developed short
gut syndrome. The majority of the patients discharged were breastfed,
either exclusively or complemented with formula.

The use of mechanical ventilation (MV) was similar between the
groups, but the duration was significantly longer in the complex group
than in the simple group, with the difference being more than double
(2.5 x 6.0 days). The number of infectious complications was high in
both groups, and there was no significant difference between the
groups. One-third of the patients in the simple group and half of the pa-
tients in the complex group had proven sepsis. Centrally inserted lines
were present in 27/79 (34%) patients, and peripherally inserted lines
(PICCs) were present in 73/79 (92%) patients. The median duration of
hospitalization was 2.5 times longer in the complex group than in the
simple group (31.5 x 78 days). There were three deaths in the complex
group and all occurred after the neonatal period, in patients who devel-
oped short gut syndrome, with a median number of days to death of 359
(IQR 99-455).

Almost all of the clinical outcomes were significantly worse in the
complex group than in the simple group in the univariate analysis, but
when we performed the logistic regression analysis, only length of

Table 2
Surgical-related characteristics.
GS Simple GS Complex GS p value
n=79 n = 70 (89%) n=9(11%)
Age at first surgery 5.5 5.5 7.0 0.80
(h) (3.0-15.5) (3.5-15.5) (2.5-15.5)
Defect size 3.0 3.0 22 0.04*
(cm) (2.5-3.75) (2.75-3.75) (1.75-3.5)
Silo 19 (24%) 14 (20%) 5 (55%) 0.05
Duration of silo 5.0 5.0 5.0 0.56
(days) (4.0-6.5) (4.0-6.0) (4.0-6.0)
Surgical technique®
- suturuless 34 (43%) 32 (46%) 2 (22%) 032
- simple suture 21 (27%) 17 (24%) 4 (45%)
- retention suture 24 (30%) 21 (30%) 3(33%)
Reoperation 13 (16%) 5(7%) 8 (89%) <0.01*

GS = gastroschisis.
Results are expressed by median (IQR) or n (%). *p < 0.05.
2 There was 1 case of vacuum assisted to help closure of abdominal wall.

Table 3
Nutritional characteristics.

GS Simple GS Complex GS p value
n=79 n=70(89%) n=9(11%)
Time to initiate 16 15.5 26 <0.01*
feeds (days) (13.5-23.5)  (12-21) (17.30)
Full enteral feeds (days) 24 (20.5-31) 24 (20.5-30) 39°7(36-192) <0.01*
Duration of TPN (days) 23 (16-27.5) 21 (16-26.5) 48 (32.5-365) <0.01*
Cholestasis 12 (15%) 7 (10%) 5 (56%) <0.01*
NEC 5 (6%) 2 (3%) 3(33%) <0.01*
Feeding at discharge: <0.01*
EBM 44 (56%) 43 (61%) 1(12.5%)
BM and Formula 24 (31%) 23 (33%) 1(12.5%)
Formula 10 (13%) 4 (6%) 6 (75%)

GS = gastroschisis; TPN = total parenteral nutrition; NEC = necrotizing enterocolitis;
EBM = exclusive breast milk; BM = breast milk.
Results are expressed by median (IQR) or n (%). *p < 0.05.

2 For the ones who reached full enteral feeding (n = 5).

hospitalization was statistically significant (median of 31.5 x 78 days in
the simple and complex groups, p < 0.01).

There was no difference between the simple and complex groups
with regard to the defect closure method. However, when we divided
the patients into groups according to the method of closure of the defect
(sutureless vs. any type of suture) and compared the two, the need and
duration for mechanical ventilation and the rate of wound infection
were significantly lower in the sutureless group, with a tendency
toward a lower length of hospital stay. After excluding the complex pa-
tients from the analysis, the same results for wound infection and me-
chanical ventilation persisted. However, the length of hospital stay
was no longer significantly different between the groups. These results
can be seen in Table 4.

Comparing the two periods, before and after using the sutureless
technique, there was no significant difference in the rates of wound in-
fection or in the need or duration of mechanical ventilation, even when
we analyzed the two groups (simple and complex GS) separately.

After splitting the patients into two groups according to the reduc-
tion method (primary vs. staged, using a silo), the primary reduction
group was associated with a significantly shorter time to initiate and
reach full feeding, in addition to a significantly decreased wound infec-
tion rate and the need and duration of mechanical ventilation (Table 4).

We also analyzed patients according to their gestational age (pre-
term/n = 40 vs. term/n = 39), and when we compared the two groups,
the median time to initiate feeding (19 vs. 15 days, respectively) was
the only outcome that was significantly different, being longer in the
first group (p = 0.02).

Finally, when we compared patients who were in-born and out-
born, a prenatal diagnosis of GS was significantly more common in the
in-born group than in the out-born group (100% vs. 70%, respectively).
The median age at first surgery (5.0 vs. 19.5 h), rate of cholestasis
(12% vs. 40%) and rate of death (1.5% vs. 20%) were also different be-
tween the groups, with significantly lower rates in the in-born group
than in the out-born group.

3. Discussion

This study is, to our knowledge, the first prospective case series of
gastroschisis patients in Brazil, and it showed similar results to those
seen in the international literature in high-income settings [2,3].

The mothers were usually young, with a history of tobacco use and
prenatal diagnosis made in almost all cases. The available data do not
support a policy of cesarean delivery for infants with gastroschisis, and
it should be reserved for the usual obstetrical indications [18], but 67%
of our patients had a cesarean section. A planned delivery during day-
time hours, with all professionals available, is more readily achieved
by cesarean section than by vaginal delivery.
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Table 4
Surgical procedures x clinical outcomes.
Primary closure Silo Pvalue Sutureless (n-34) Suture Pvalue
(n = 58) (n=21) (n-45)
Time to initiate feeds (days) 14.5 (12.5-20.5) 23 (17.5-30.5) 0.01* 14 (25.5-37) 17 (28-44) 0.08
Full enteral feeds® (days) 22 (20-30) 30 (25-43) <0.01* 21 (19-29) 25.5 (21-37) 0.08
Duration of TPN (days) 20 (16-25) 28.5 (23.5-35) 0.26 20 (16.5-25) 24.5 (16-30) 0.09
Mechanical Ventilation 40 (70%) 21(100%) <0.01* 12 (36%) 38 (71%) 0.01*
Days on MV 2 (1.5-3) 9 (6.5-14) <0.01* 1.5 (0-4.5) 5.0 (2.5-8) <0.01*
Wound infection 4 (7%) 11 (52%) <0.01* 2 (6%) 15 (29%) 0.01*
Sepsis 19 (33%) 8 (36%) 1.00 13 (38%) 18 (33%) 0.81
Length of Hospitalization (days) 31 (25.5-41.5) 41 (28-64) 0.14 30 (25.5-37) 35 (28-44) 0.05
Death ® 2 (3.5%) 1(5%) 1.00 0 3 (6%) 0.25

TPN = total parenteral nutrition; MV = mechanical ventilation.
Results are expressed by median (IQR) or n (%). * p < 0.05.

@ For the ones who reached full feeding.

b All deaths after the neonatal period.

Previous studies have examined whether birthplace affects out-
comes, and a few studies have shown that in-born patients have better
outcomes than out-born patients [19,20]. The number of out-born
patients in our population was small (n = 10), but the risk of death
was significantly higher with out-born than with in-born (p = 0.04) de-
liveries. Notably, out-born patients were referred to our hospital
because they could not be operated upon where they were born since
no pediatric surgery was available.

Consistent with previous reports, most registered patients with GS
in our population were late preterm (47%) [4] and categorized in the
simple group of patients (89%), showing better outcomes than complex
patients (11%) [13,21-24]. The study by Arnold et al. combined 2 large
national databases of hospital discharge records in the USA and vali-
dated the risk stratification system, dividing infants with GS into simple
and complex subgroups [21]. The presence of intestinal atresia, necrosis
or perforation at birth has been consistently shown to predict poorer
outcomes of GS, including ventilator duration, time to initiate enteral
feeding, duration of TPN, hospital stay and mortality [13,21-24].

Dysmotility is a type of intestinal dysfunction related to gastroschisis
that frequently impairs the beginning and advancement of enteral feeds
[25]. Human milk has been shown to decrease the time to achieve full
enteral feeds and length of hospital stay [26,27]. Human milk has nutri-
tive and nonnutritive factors that promote survival and healthy devel-
opment [28]. Based on the benefits of human milk over formula, we
developed a nutrition and feeding protocol in our institution prioritizing
human milk at the beginning and during advances of feeds. The related
outcome rates, such as the median times to initiate feeding, to reach full
feeding or to discontinue TPN, in our patients were comparable to those
of previous studies [2,3,7,8,10]. We even observed a smaller prevalence
(15%) of TPN-associated cholestasis compared to what has been
reported previously (up to 28%) [7,10,29].

Constriction of the bowel at the base of the extruded loop in GS has
been related to the degree of intestinal damage at birth and the develop-
ment of dysmotility, but clinical findings do not confirm this hypothesis
[30]. However, smaller defects were significantly present in our com-
plex patients, suggesting a role for the defect size in the degree of
bowel damage.

GS patients have been reported to be at risk for nosocomial
infections [5,31], which are usually associated with a significant propor-
tion of deaths and a prolonged length of hospital stay. Our results
showed a high incidence of wound infection and proven sepsis, usually
central line-associated bloodstream infections, when compared with
results in the international literature [6,31]; however, our results are
similar to those of other Brazilian studies [8,32]. We speculate that our
high levels of infections were because of the manipulation and poor
quality of the central venous line catheter. A focus on developing and
implementing guidelines for catheter manipulation has been imple-
mented. Despite our higher infection rates, the length of hospital stay
was comparable to that seen by other authors [2,3,7,9,10,12,33].

The current evidence on the best reduction method lacks quality,
and the choice of primary or staged reduction is influenced by local
practice [34]. In our institution, operative primary reduction is the first
option, and staged reduction using a sutured silo is less frequent. In
the complex patients, this method was more commonly used owing
to the severity of the malformation. The significantly higher degree of
wound infection when a silo was in place probably occurred owing to
increased manipulation, and the significant increase in the time to initi-
ate and reach full feeding with a silo in place may reflect the higher
amount of intestinal inflammation present.

The method of abdominal defect closure changed over the period of
our study, with the introduction of the minimally invasive sutureless
technique in 2017, and although it was not our goal initially, we were
able to compare patients who had undergone both types of techniques.
Overall, the results were in favor of the sutureless group, which was
associated with significantly fewer episodes of wound infection and a
need for and greater duration of mechanical ventilation compared to
the sutured group. However, when we analyzed patients separated
according to the type of reduction (primary closure vs. silo), as was
done elsewhere [35], there was no difference between the sutureless
and sutured groups.

Bruzoni et al., at Stanford University, conducted a randomized
controlled clinical trial comparing sutureless (n = 19) and sutured
(n = 20) closure among simple GS patients and found lower rates
of wound infection (21% vs. 55% p = 0.048). However, a significant
increase in the time to full feeding and time to discharge among
the sutureless group was also observed [36]. In our study, when we
analyzed only simple GS patients, there was a significant decrease
in the rate of wound infection and duration of ventilation among
sutureless patients compared to sutured patients, but there were
no differences in the time to full feeding and time to discharge be-
tween the groups.

Evidence of the benefits of sutureless closure over sutured closure is
suboptimal, but our results favored the modern technique [37-39]. A
systematic review and meta-analysis aimed at determining the safety
and usefulness of plastic closure (or the sutureless method) in infants
with gastroschisis was recently published and suggested that plastic
closure may be beneficial for infants with gastroschisis requiring silo
formation. However, further studies are needed [35].

The survival rates of GS are reported to be greater than 90% in high-
income settings and up to 97% recently [2,3,7,9,10,12,33]. Our results
were slightly lower (10/88 = 89%) than that, after excluding the still-
birth patients. However, two deaths were considered inevitable (one
patient with extensive intestinal necrosis at birth and another one
with disproportion between the abdomen contents and exposed vis-
cera) and among the eight evitable deaths, four occurred in patients
who died from complications of short gut syndrome. When we analyzed
only the cohort patients there were three deaths among them, resulting
in a better survival rate (3/79 = 96%).



B.MR. Martins et al. / Journal of Pediatric Surgery 55 (2020) 1546-1551 1551

Notably, we achieved similar results to high-income settings in al-
most all outcomes analyzed, despite the difficulties of a low/medium in-
come setting. The survival rate was higher in inborn patients than in
out-born patients, which may reflect the difficulty in the care of
gastroschisis patients before arrival at a referral hospital such as ours.

The strengths of this study included the prospective nature of the
data collection on consecutive patients for almost 3 years at the same in-
stitution, the careful collection of the data, the use of a consistent
approach for surgical closure and consistent clinical management, in-
cluding a feeding protocol. However, the limitation of this study was
that it was an observational study; therefore, it is possible that uncon-
trolled confounding factors, such as factors involved in surgical
decision-making, could account for some of the differences observed.
It was also a single-center study, which limited its generalizability,
and the sample size, despite a significant number for a single center,
was small.

In this report, only short-term outcomes were assessed, but we are
continuing to follow these infants up to two years of age to obtain
more data, particularly regarding growth and development. We intend
to present these long-term outcome findings soon.

4. Conclusion

This prospective case-series study provided a comprehensive pic-
ture of gastroschisis in a Brazilian referral center from birth to discharge,
emphasizing the significantly higher risk of morbidity and mortality
among complex patients than among simple patients. The study also
showed a few advantages of the sutureless technique over the sutured
technique for closing the abdominal defect, encouraging its use.

Acknowledgments

We would like to thank the patients and parents who agreed to par-
ticipate in the study and the efforts of the multidisciplinary team of the
Neonatal Unit, the Pediatric Surgical Service and the Anesthesiology
Service at Instituto Fernandes Figueira.

We would also like to thank Dr. Saint Clair Gomes of the Clinical Re-
search Unit at Instituto Fernandes Figueira for providing assistance with
the statistical analyses.

Funding

This research received a grant from Fundacdo de Amparo a Pesquisa
do Estado do Rio de Janeiro (FAPER]), from Rio de Janeiro Brazil (E.26/
202.979/2017).

References

[1] Feldkamp M, Sanchez E. International clearinghouse for birth defects surveillance
and research. Annual report available in. http://www.icbdsr.org/wp-content/
annual_report/Report2014.pdf.

[2] Youssef F, Cheong LHA, Emil S. Gastroschisis outcomes in North America: a compar-
ison of Canada and the United States. ] Pediatr Surg. 2016;51:891-5.

[3] Fullerton BS, Velazco CS, Sparks EA, et al. Contemporary outcomes of infants with
gastroschisis in North America: a multicenter cohort study. ] Pediatr. 2017;188:
192-7 e6.

[4] Barseghyan K, Aghajanian P, Miller DA. The prevalence of preterm births in pregnan-
cies complicated with fetal gastroschisis. Arch Gynecol Obstet. 2012;286:889-92.

[5] Payne NR, Simonton SC, Olsen S, et al. Growth restriction in gastroschisis: quantifi-
cation of its severity and exploration of a placental cause. BMC Pediatr. 2011;11:90.

[6] Baird R, Puligandla P, Skarsgard E, et al. Infectious complications in the management
of gastroschisis. Pediatr Surg Int. 2012;28:399-404.

[7] van Manen M, Hendson L, Wiley M, et al. Early childhood outcomes of infants born
with gastroschisis. ] Pediatr Surg. 2013;48:1682-7.

[8] Lap CC, Brizot ML, Pistorius LR, et al. Outcome of isolated gastroschisis; an interna-
tional study, systematic review and meta-analysis. Early Hum Dev. 2016;103:
209-18.

[9] Bradnock TJ, Marven S, Owen A, et al. Gastroschisis: one year outcomes from na-
tional cohort study. BMJ. 2011;343:d6749.

[10] Lusk LA, Brown EG, Overcash RT, et al. University of California Fetal Consortium.
Multi-institutional practice patterns and outcomes in uncomplicated gastroschisis:
a report from the University of California Fetal Consortium (UCfC). J Pediatr Surg.
2014;49:1782-6.

[11] South AP, Wessel J], Sberna A, et al. Hospital readmission among infants with
gastroschisis. ] Perinatol. 2011;31:546-50.

[12] Miranda ME, Emil S, de Mattos Paixdo R, et al. A 25-year study of gastroschisis
outcomes in a middle-income country. ] Pediatr Surg. 2019;24(19):30137
pii: S0022-3468. X.

[13] Molik KA, Gingalewski CA, West KW, et al. Gastroschisis: a plea for risk categoriza-
tion. J Pediatr Surg. 2001;36(1):51-5.

[14] Skarsgard ED, Claydon J, Bouchard S, et al. Canadian Pediatric Surgical Network: a
population-based pediatric surgery network and database for analyzing surgical
birth defects. The first 100 cases of gastroschisis. ] Pediatr Surg. 2008;43(1):30-4.

[15] Sandler A, Lawrence ], Meehan J, et al. A "plastic" sutureless abdominal wall closure
in gastroschisis. ] Pediatr Surg. 2004;39(5):738-41.

[16] Neu J, Weiss MD. Necrotizing enterocolitis: pathophysiology and prevention. JPEN ]
Parenter Enteral Nutr. 1999;23(5 Suppl):S13-7 [Review].

[17] Richardson DK, Corcoran D, Escobar G, et al. SNAP-II and SNAPPE-II: simplified
newborn illness severity and mortality risk scores. ] Pediatr. 2001;138(1):92-100.

[18] Wissanji H, Puligandla PS. Risk stratification and outcome determinants in
gastroschisis. Semin Pediatr Surg. 2018;27(5):300-3.

[19] Savoie KB, et al. Improving gastroschisis outcomes: does birth place matter?
] Pediatr Surg. 2014;49(12):1771-5.

[20] Nasr A, Langer JC, Canadian Paediatric Surgery Network. Influence of location of deliv-
ery on outcome in neonates with gastroschisis. ] Pediatr Surg. 2012;47(11):2022-5.

[21] Arnold MA, Chang DC, Nabaweesi R, et al. Risk stratification of 4344 patients with
gastroschisis into simple and complex categories. ] Pediatr Surg. 2007;42(9):
1520-5.

[22] Owen A, Marven S, Johnson P, et al. Gastroschisis: a national cohort study to describe
contemporary surgical strategies and outcomes. ] Pediatr Surg. 2010;45(9):1808-16.

[23] Emil S, Canvasser N, Chen T, et al. Contemporary 2-year outcomes of complex
gastroschisis. ] Pediatr Surg. 2012;47(8):1521-8.

[24] Bergholz R, Boettcher M, Reinshagen K, et al. Complex gastroschisis is a different en-
tity to simple gastroschisis affecting morbidity and mortality-a systematic review
and meta-analysis. ] Pediatr Surg. 2014;49(10):1527-32.

[25] Christison-Lagay ER, Kelleher CM, Langer JC. Neonatal abdominal wall defects. Semin
Fetal Neonatal Med. 2011;16(3):164-72.

[26] Gulack BC, Laughon MM, Clark RH, et al. Enteral feeding with human milk
decreases time to discharge in infants following gastroschisis repair. ] Pediatr.
2016;170:85-9.

[27] Kohler Sr JA, Perkins AM, Bass WT. Human milk versus formula after gastroschisis re-
pair: effects on time to full feeds and time to discharge. ] Perinatol. 2013;33(8):627-30.

[28] Ballard O, Morrow AL. Human milk composition: nutrients and bioactive factors.
Pediatr Clin N Am. 2013 Feb;60(1):49-74.

[29] Fallon EM, Mitchell PD, Potemkin AK, et al. Cholestasis and growth in neonates with
gastroschisis. ] Pediatr Surg. 2012;47(8):1529-36.

[30] Albert A, Sancho MA, Julid V, et al. Intestinal damage in gastroschisis is independent
of the size of the abdominal defect. Pediatr Surg Int. 2001;17(2-3):116-9.

[31] Schlueter RK, Azarow KS, Hines AG, et al. Identifying strategies to decrease infectious
complications of gastroschisis repair. ] Pediatr Surg. 2015;50(1):98-101.

[32] Tannuri AC, Sbragia L, Tannuri U, et al. Evolution of critically ill patients with
gastroschisis from three tertiary centers. Clinics (Sao Paulo). 2011;66(1):17-20.

[33] Giddici L, Bokser VS, Maricic MA, et al. Babies born with gastroschisis and followed
up to the age of six years faced long-term morbidity and impairments. Acta Paediatr.
2016;105(6):275-80.

[34] Stanger J, Mohajerani N, Skarsgard ED, et al. Practice variation in gastroschisis: fac-
tors influencing closure technique. ] Pediatr Surg. 2014;49(5):720-3.

[35] Miyake H, Seo S, O'Connell JS, et al. Safety and usefulness of plastic closure in infants
with gastroschisis: a systematic review and meta-analysis. Pediatr Surg Int. 2019;35
(1):107-16 Jan.

[36] Bruzoni M, Jaramillo JD, Dunlap JL, et al. Sutureless vs sutured gastroschisis closure:
a prospective randomized controlled trial. ] Am Coll Surg. 2017;224(6):1091-6 e1.

[37] Riboh ], Abrajano CT, Garber K, et al. Outcomes of sutureless gastroschisis closure.
] Pediatr Surg. 2009;44(10):1947-51.

[38] Emami CN, YoussefF, Baird R, et al. A risk-stratified comparison of fascial versus flap
closure techniques on the early outcomes of infants with gastroschisis. ] Pediatr
Surg. 2015;50(1):102-6.

[39] Witt RG, Zobel M, Padilla B, et al. Evaluation of clinical outcomes of sutureless vs su-
tured closuretechniques in gastroschisis repair. JAMA Surg. 2019;154(1):33-9.


http://www.icbdsr.org/wp-content/annual_report/Report2014.pdf
http://www.icbdsr.org/wp-content/annual_report/Report2014.pdf
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0010
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0010
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0015
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0015
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0015
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0020
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0020
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0025
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0025
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0030
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0030
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0035
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0035
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0040
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0040
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0040
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0041
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0041
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0045
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0045
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0045
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0045
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0050
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0050
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0055
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0055
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0055
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0060
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0060
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0065
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0065
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0065
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0070
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0070
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0075
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0075
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0080
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0080
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0085
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0085
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0090
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0090
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0095
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0095
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0100
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0100
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0100
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0105
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0105
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0110
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0110
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0115
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0115
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0115
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0120
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0120
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0125
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0125
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0125
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0130
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0130
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0135
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0135
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0140
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0140
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0145
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0145
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0150
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0150
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0155
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0155
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0160
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0160
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0160
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0165
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0165
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0170
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0170
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0170
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0175
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0175
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0180
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0180
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0185
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0185
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0185
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0190
http://refhub.elsevier.com/S0022-3468(20)30294-3/rf0190

	Gastroschisis in the neonatal period: A prospective case-�series in a Brazilian referral center
	1. Methods
	2. Results
	3. Discussion
	4. Conclusion
	section5
	Acknowledgments
	Funding
	References




