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A B S T R A C T

Objective: To evaluate the prognostic factors related to mortality in neonates with gastroschisis, ranging
from prenatal care to corrective surgery.
Study design: A retrospective cohort study was conducted and included neonates with gastroschisis who
underwent surgical correction from 2010 to 2015. The patients were divided into two groups based on
postoperative outcomes: those who were discharged and those who died postoperatively. Data regarding
demographics, prenatal history, delivery route, surgery and postoperative outcomes were collected in
both groups.
Results: In total, 168 patients were eligible; 82 (48.8%) were discharged, and 86 (51.2%) died
postoperatively. Fewer prenatal visits (4.85 versus 6.05 visits, P = 0.004), delayed prenatal diagnosis
(27.6 versus 22.2 weeks of gestational age, P = 0.005), low birth weight (2159 versus 2444 g, P < 0.001),
intestinal injury (OR 5.5, P = 0.001) and sepsis (OR 112.1, P < 0.001) were associated with infant mortality.
The type of delivery and the mean time between birth and the first corrective surgery (16.2 versus 21.1 h,
P = 0.071) were not associated with increased neonatal mortality; however, the newborns who
underwent their first corrective surgery after less than 4 h of life had lower mortality, and surgery
performed after more than 4 h of life increased the risk of mortality (OR 2.7, CI 1.2–6.3, P 0.014).
Conclusion: The mortality rate was high (51.2%) and was associated with inadequate prenatal care, low
birth weight, gestational age, the severity of intestinal injury, infection and septicemia.

© 2019 Elsevier B.V. All rights reserved.
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Introduction

Gastroschisis is a congenital malformation of the total thickness
of the anterior abdominal wall with extrusion of the abdominal
viscera, especially when the intestine is located under the amniotic
fluid without any protective membrane, and is generally charac-
terized as an isolated defect [1]. The umbilical cord is inserted into
the abdomen, and the defect is often on the right side. There is no
consensus as to the true etiology of this malformation, and the
probable cause arises from a defect or rupture of the abdominal
wall during the embryonic period, culminating with herniation of
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the fetal intestine. Current hypotheses are based on events such as
failure of the mesoderm and body wall formation, amnion rupture
around the umbilical ring, and sequelae related to involution of the
right umbilical vein or rupture of the right vitelline artery [1].

Increasing rates of gastroschisis have been reported worldwide,
and this increase is approximately 4–5 per 10,000 pregnancies [2].
Until the 1970s, it was estimated that the overall incidence of
gastroschisis was 1:10,000 live births; currently, the disease
reaches rates of 2–4:10,000 live births [3,4]. In countries such as
Mexico, England, Australia, Finland, France, Ireland and South
America, the incidence of gastroschisis ranges from 4.4 to 17 per
10,000 live births [4]. Part of this growth is thought to be due not to
a real increase in incidence but to an increase in notification and a
decrease in data under reporting true [4,5].

Generally, the postnatal outcome is favorable in cases of simple
gastroschisis (a continuous and uncommitted gut), with a survival
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rate of 90–95% and low morbidity [6]. On the other hand, complex
gastroschisis (associated with intestinal atresia, necrosis or
intestinal perforation) presents worse survival (from 70% to
80%), with longer hospitalization and long-term morbidity [7,8].
Mortality rates vary according to the quality of care for newborns,
varying from 3 to 10% in developed countries to 65–100% in
underdeveloped countries, such as Sub-Saharan African countries
[9]. In Brazil, according to the Latin American Collaborative Study
of Congenital Malformations (ECLAMC), between 1995 and 2008,
gastroschisis had an incidence of 7.5:10.000 live births [10]. The
mortality rate varied according to region, reaching 53% in the
Northeast and 23.4% in the South of the country, being related,
among other factors, to the degree of intestinal damage,
prematurity, low birth weight and the occurrence of concomitant
infections [10,11].

Ideally, the diagnosis of gastroschisis should occur during
prenatal care, and it can be identified during the first trimester via
morphological examination (obstetric ultrasound between 11 and
13 weeks and 6 days) [12]. From this diagnosis during prenatal
care, a pregnant woman can organize the birthplace and create a
plan with a team of pediatricians, surgeons and anesthesiologists.
This planning process is fundamental because there are still many
doubts about the route of delivery (vaginal or caesarean section),
the best gestational time for birth, and the best time after birth to
perform the corrective surgery [13,14].

Several studies have investigated the association of gastro-
schisis with probable risk factors, such as drug use, nutritional
factors, advanced paternal age, pesticide use, low socioeconomic
Table 1
Clinical and demographic characteristics of pregnant women and newborns with gastr

Age (in years) 

Education
Elementary school 

High school 

University graduate 

Number of pregnancies 

Number of births 

Number of miscarriages 

Number of prenatal visits (doctor + nurse) 

Number of prenatal medical visits 

Diagnosis during prenatal care
No (%) 

Yes (%) 

GAa at the time of the diagnosis of gastroschisis during prenatal care (weeks) 

Birthplace
FSCMPAb (%) 

Other hospitals (%) 

Route of delivery
Vaginal (%) 

Caesarean (%) 

Time between birth and the first corrective surgery (hours) 

Type of anesthesia for the infant
Balanced (%) 

Inhalation (%) 

Type of abdominal wall closure
Primary (%) 

Silo (%) 

Neonatal outcome
Hospital discharge (%) 

Death (%) 

a GA: gestational age.
b FSCMPA: Fundação Santa Casa de Misericórdia do Pará.
c SD: standard deviation.
status, maternal infections during pregnancy, and maternal history
of alcohol use and smoking, the latter of which shows the most
consistent association [14]. The mortality rate of infants with
gastroschisis varies considerably among countries, and identifying
the factors associated with the mortality risk is fundamental for
prevention. The objective of this study was to evaluate the
prognostic factors related to mortality in neonates with gastro-
schisis, ranging from prenatal care to corrective surgery.

Materials and methods

A retrospective cohort study was conducted in neonates with
gastroschisis who underwent surgical correction. The study was
conducted at the Fundação Santa Casa de Misericórdia do Pará
(FSCMPA), the state referral center for gastroschisis, from 2010 to
2015. The study was approved by the Ethics Committee of Comitê
Nacional de Ética em Pesquisa and by Comitê de Ética em Pesquisa
da Fundação Santa Casa de Misericórdia do Pará under the number
46002115.1.0000.5171 (institutional review board equivalent).

Eligible patients for this study included women with newborns
with gastroschisis who underwent surgical correction in the
maternity ward. The pediatric surgical team consisted of eight
experienced pediatric surgeons and six fellows (two in the first
year, two in the second year, and two in the third year of
fellowship). During surgical repair of gastroschisis, the team
consisted of a chief pediatric surgeon and two fellows. In total, 180
patients were selected for inclusion in this study. Of these, 12 cases
were excluded based on the following exclusion criteria: the
oschisis.

Mean (n = 168) SDc

19.7 3.7

68.1%
28.7%
3.2%
1.7 0.9
1.5 0.8
0.1 0.4
5.4 2.5
3.8 2.2

44.9% –

55.1%
24.9 7.1

46.8% –

53.2%

32.3% –

67.7%
18.7 17.4

12.7% –

87.3%

65.5% –

34.5%

48.8% –

51.2%
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newborn was submitted to corrective surgery in another hospital
and cases in which there was a fetal death before birth. A total of
168 newborn patients were eligible for this study, and all these
patients underwent correction of gastroschisis after birth.

Thepatientsweredividedintotwogroupsbasedonpostoperative
outcomes: those who were discharged (hospital discharge group,
n = 82) and those who died during the postoperative period
(mortality group, n = 86). To determine the possible association of
probable causes of infant mortality after birth, the study included
maternal demographic data, data from prenatal consultations, infant
birth data, neonatal care data, postpartum care, and intra- and
postoperative care, until the outcome of discharge or infant death.

Intestinal lesions were classified into 3 grades according to the
findings: grade 1 – mild edema of loops and the absence of wall
thickening, adhesions, fibrin or vascular distress; grade 2 –

moderate edema of loops, a thickened wall, loose adhesions, a
thin fibrin layer, and the absence of vascular distress; grade 3 –

severe edema of loops, wall thickening, firm adhesions, a thick
fibrin layer and vascular distress. The following malformations and
injuries were evaluated: atresia, intestinal malfunction, perfora-
tion, necrosis, volvulus, extensive ischemia, anorectal anomaly,
bladder rectal fistula and/or bladder perforation, Meckel's
diverticulum, fibrin, vascular pedicle torsion, meconium ileus,
megacolon, and laceration of the serosa.

The following newborn clinical complications were evaluated:
acute renal failure, disseminated intravascular coagulation, necro-
tizing enterocolitis, digestive hemorrhage, hypovolemic shock,
liver disease, acute pulmonary edema, pulmonary hemorrhage,
cholestatic jaundice, intestinal subocclusion, pulmonary atelecta-
sis, opioid withdrawal syndrome, cardiogenic shock, occipital
pressure ulcer, pleural effusion, reversed cardiorespiratory arrest,
intracranial hypertension, pulmonary hypertension, bronchoaspi-
ration, systemic arterial hypertension and seizures. The following
newborn surgical complications were evaluated: short bowel
syndrome, acute obstructive abdomen, acute perforating abdo-
men, abdominal compartment syndrome, operative wound
hemorrhage, meconium ileus, enteral fistula, hemothorax, and
pneumothorax.
Table 2
Evaluation of prenatal care, birth, and neonatal and surgical factors in association with

Discharge from
Mean (SD)

Mother’s age (years) 20.1 (3.4) 

Number of pregnancies 1.7 (0.9) 

Number of births 1.5 (0.7) 

Number of previous miscarriages 0.2 (0.4) 

Number of prenatal visits 6.0 (2.5) 

GAa during prenatal diagnosis (weeks) 22.2 (6.9) 

Amniotic fluid index (cm) 11.1 (5.8) 

GAa by the CAPURRO method (weeks) 38.0 (2.0) 

Newborn weight at birth (grams) 2445.2 (427.1)
Newborn length at birth (cm) 45.7 (2.8) 

Newborn cephalic perimeter at birth (cm) 32.1 (2.0) 

APGAR 1 st min 7.1 (2.1) 

APGAR 5th min 8.6 (0.6) 

Time between birth and the first corrective surgery (hours) 28.2 (109.4) 

Less than 4 hours of life N (%) 22 (68.8%) 

More than 4 hours of life N (%) 60 (44.4%) 

Number of surgical reoperations 1.3 (0.6) 

Total invasive ventilation time (days) 7.2 (6.1) 

Total parenteral nutrition time (days) 19.7 (8.3) 

Total length of stay in the neonatal ICU (days) 25.5 (13.1) 

Length of hospital stay (days) 38.5 (19.4) 

a GA: gestational age.
b Student’s t-test (all parametric data).
c Chi-square result for the first corrective surgery after less than 4 h and more than 

d Risk-estimated odds ratio for the first corrective surgery after less than 4 h and mo
Categorical variables were compared using the chi-square or
Fisher’s exact tests. For parametric data, Student's t-tests were
used for comparisons between two independent groups, and the
results were expressed as the mean and SD. For nonparametric
data, the Wilcoxon-Mann-Whitney test or U test was used, and the
results were expressed as the median. Associations were assessed
with Spearman’s correlation or logistic regression. The threshold
for statistical significance was 5%. Statistical tests were performed
using the Statistical Package for the Social Sciences 20 (SPSS Inc.,
Chicago, IL, USA).

Results

The study included 168 newborns with gastroschisis who
underwent surgical correction at FSCMPA. The newborns were
divided into two groups: those who were discharged from the
hospital (the hospital discharge group, n = 82, 48.8%) and those
who died postoperatively (the mortality group, n = 86, 51.2%). The
clinical and demographic characteristics of the pregnant women
and newborns with gastroschisis are shown in Table 1. The mean
maternal age was 19.7 years (SD 3.7), the mean number of prenatal
consultations was 5.4 (SD 2.5), gastroschisis was diagnosed in
55.1% of the newborns during prenatal care and in 44.9% of the
newborns upon delivery, and the mean gestational age at the time
of the prenatal diagnosis was 24.9 weeks (SD7.1). The mean time
between birth and the first corrective surgery was 18.7 h (SD 17.4).

The evaluation of prenatal care, birth, and neonatal and surgical
factors and their associations with the risk of neonatal mortality
are shown in Table 2. Fewer prenatal visits (4.8 visits in the
mortality group versus 6.0 visits in the hospital discharge group,
P = 0.004) and delayed diagnosis during the prenatal period (22.2
weeks of pregnancy in the hospital discharge group versus 27.6
weeks of pregnancy in the neonatal death group, P = 0.005) were
associated with higher mortality. A younger gestational age by the
CAPURRO method (37.2 versus 38.0 weeks, P = 0.027), a longer
duration of invasive ventilation (12.3 versus 7.2 days, P = 0.002) and
a longer hospital stay (26.1 versus 38.5 days, P = 0.001) were also
associated with higher mortality. The duration of neonatal ICU
 the risk of neonatal mortality.

 the hospital, Neonatal death,
Mean (SD)

P valueb

19.4 (4.0) 0.276
1.7 (0.9) 0.828
1.5 (0.8) 0.543
0.1 (0.3) 0.121
4.8 (2.4) 0.004
27.6 (6.4) 0.005
7.3 (6.3) 0.237
37.2 (2.1) 0.027

 2159.0 (502.3) 0.000
43.7 (2.9) 0.000
31.3 (1.6) 0.010
6.8 (2.1) 0.436
8.5 (0.9) 0.563
32.4 (107.2) 0.798
10 (31.3%) 0.012c

76 (55.9%) 0.014 (OR 2.7 [IC 1.2–6.3]d)
1.6 (1.0) 0.143
12.3 (13.5) 0.002
19.9 (19.3) 0.930
23.8 (24.9) 0.587
26.1 (27.5) 0.001

4 h of life.
re than 4 h of life.
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admission (23.8 versus 25.5 days, P = 0.587) and the time between
birth and the first corrective surgery (16.2 versus 21.1 h, P = 0.071)
were not associated with increased neonatal mortality; however,
the newborns who underwent their first corrective surgery after
less than 4 h of life had lower mortality, and surgery performed
after 4 h of life increased the risk of mortality (OR 2.7, CI 1.2–6.3, P
0.014) (Table 2).

Table 3 shows the evaluation of education, addiction, the site of
prenatal care and birth, the route of delivery and birth weight in
relation to neonatal death. Newborns weighing less than 2,500 g
had an increased risk of mortality (OR 2.4, CI 1.2–4.6, P = 0.008). The
delivery route (vaginal or cesarean section) was not associated
with neonatal mortality (vaginal: 26.3% in the hospital discharge
group versus 38.1% in the mortality group, P = 0.105).

Table 4 shows the evaluation of intra-/postoperative factors in
relation to neonatal death. The highest intestinal lesion grade
(grade III, OR 3.5, CI 1.4–8.6, P = 0.004), the presence of other
malformations or intestinal disorders (OR 2.1, CI 1.1–4.2, P = 0.022;
the most prevalent conditions were: 31% poor intestinal rotation,
28% atresia, 12% perforation, 10% necrosis, and 4% extensive
ischemia), the need for intestinal resection (OR 5.9, CI 2.1–16.5,
P = 0.001) and the inability to perform primary closure (OR 2.1, CI
1.1–4.2, P = 0.019) were associated with higher mortality. Clinical
complications were associated with mortality (OR 6.0, CI 3.1–11.9,
P < 0.001), and the most prevalent complications were: 29% acute
renal failure, 14% necrotizing enterocolitis, 11% disseminated
intravascular coagulation, and 9% pulmonary hemorrhage. Surgical
complications were also associated with mortality (OR 7.0, CI 2.5–
19.4, P < 0.001), and the most prevalent complications were: 33%
acute perforating abdomen, 25% short bowel syndrome, 17% acute
obstructive abdomen, and 8% abdominal compartment syndrome.
Postoperative infection (OR 18.1, CI 5.2-1.1-69.9, P = 0.047) and
Table 3
Evaluation of education, addiction, the site of prenatal care and birth, delivery and bir

Variables Discharge from the hospital (%) N = 82 Death (%

Education
Elementary school 57.1% 62.5% 

High school 38.1% 21.1%
Higher education 4.8% 1.9%

Smoking/alcohol/addiction
No 62.2% 62.5% 

Yes 37.4% 37.5%

Site of prenatal care
FSCMPAa 21.3% 13.8% 

Another hospital 78.8% 86.3%

Birthplace
FSCMPAa 62.2% 61.6% 

Another hospital 37.8% 38.4%

Route of delivery
Vaginal 26.3% 38.1% 

Caesarean 73.8% 61.9%

Gender
Female 53.7% 41.9% 

Male 46.5% 58.1%

Newborn weight at birth
>2500 g 45.7% 26.2% 

1500-2500 g 54.3% 67.9%
<1500 g 0.0% 6.0%

a FSCMPA: Fundação Santa Casa de Misericórdia do Pará.
b Chi-square test.
c P valueb of the risk estimate (odds ratio).
d Risk of death: >2500 g versus <2500 g.
sepsis (OR 112.1, CI 14.7–849.6, P = 0.001) were strongly associated
with mortality during the postoperative period.

Table 5 shows the logistic regression analysis of prenatal factors
associated with neonatal death, with neonatal death as the
dependent variable and the number of prenatal visits, gestational
age during prenatal diagnosis, gestational age by the CAPURRO
method and newborn weight at birth as the independent variables.
Gestational age during prenatal diagnosis was associated with
neonatal death (P = 0.029, Exp(B) 1.115). Table 6 shows the logistic
regression analysis of surgical factors associated with neonatal
death, with neonatal death as the dependent variable and the first
surgery after more than 4 h of life, other malformations/injuries,
abdominal wall closure- primary/silo and intestinal resection as
the independent variables. Initial surgery after more than 4 h of life
(P = 0.027, Exp(B) 2.842) and the need for intestinal resection
(P = 0.003, Exp(B) 7.420) were associated with neonatal death.

Comment

We performed a study with a large number of women with
infants affected by gastroschisis to identify factors associated with
neonatal mortality as related to prenatal care, delivery route, infant
care, surgery and postoperative care. The results help us to
understand many of the factors associated with the mortality of
infants with gastroschisis and bring attention to the high mortality
rate found in our center of 51.2%. This result contrasts with rates
found in developed countries that register mortality from 3% to 10%
[2,4]. This high mortality observed in our study is closer to that of
other developing countries, ranging from 65% to 100%, as seen in
Sub-Saharan Africa [9].

We found that inadequate prenatal care is associated with an
increase in neonatal mortality because a low number of visits were
th weight in relation to neonatal death.

) N = 86 P valueb Risk-estimated odds ratio (CI) P valuec

0.120 – –

0.976 0.9 (0.3-2.4) 0.976

0.212 0.5 (0.2-1.3) 0.214

0.940 1.0 (0.5-1.9) 0.940

0.105 0.5 (0.2-1.1) 0.106

0.126 1.6 (0.8-2.9) 0.127

0.005 2.4 (1.2-4.6)d 0.008



Table 4
Evaluation of intra-/postoperative factors in relation to neonatal death.

Variables Discharge from the hospital (%) N = 82 Death (%) N = 86 P valueb Odds ratio (CI) P valuec

Orotracheal intubation DRa

Yes 39.2% 36.4% 0.762 0.8 (0.4–1.9) 0.765
No 60.2% 63.9%

Antibiotic prophylaxis DRa

Yes 27.5% 16.4% 0.166 0.5 (0.2–1.3) 0.170
No 72.5% 83.6%

Classification of injury
Grade I 45.1% 20.0% 0.004 3.5(1.4–8.6)d 0.004
Grade II 18.8% 22.2%
Grade III 17.6% 43.3%

Other malformations/injuries
Yes 23.5% 40.0% 0.022 2.1(1.1–4.2) 0.024
No 76.5% 60.0%

Intestinal resection
Yes 6.2% 28.2% <0.001 5.9 (2.1–16.5) 0.001
No 93.8% 71.8%

Abdominal wall closure
Primary 74.4% 57.0% 0.018 2.1 (1.1–4.2) 0.019
Silo 25.6% 71.8%

General anesthesia
Balanced 12.3% 12.9% 0.908 0.0 (0.3–2.3) 0.909
Inhalation 87.7% 87.1%

Clinical complications
Yes 24.4% 66.3% <0.001 6.0(3.1–119) <0.001
No 75.6% 33.7%

Postoperative infection
Yes 90.2% 100% 0.004 18.1 (1.1–69.9) 0.047
No 9.8% 0.0%

Infectious gravity (sepsis)
Yes 41.3% 100.0% <0.001 112.1 (14.7–849.6) <0.001
No 58.7% 0.0%

Surgical complications
Yes 6.1% 31.4% <0.001 7.0 (2.5–19.4) <0.001
No 93.9% 68.6%

a DR: delivery room.
b Chi-square test.
c P valueb of the risk estimate (odds ratio).
d Risk of death: grade III versus grades I and II.

Table 5
Logistic regression analysis of prenatal factors associated with neonatal death (dependent variable: neonatal death, independent variables: the number of prenatal visits,
gestational age during prenatal diagnosis, gestational age by the CAPURRO method and newborn weight at birth).

B Sig. Exp(B) 95% CI for Exp(B)

Number of prenatal visits �0,234 0.179 0.792 0.563–1.113
GAa during prenatal diagnosis (weeks) 0.109 0.029 1.115 1.015–1.229
GAa by the CAPURRO method (weeks) �0.288 0.108 0.750 0.528–1.065
Newborn weight at birth (grams) 0.001 0.555 1.001 0.999–1.002
Constant 8.938 0.184 7964.264

a GA: gestational age.
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associated with the mortality risk (6.0 in the hospital discharge
group and 4.8 in the neonatal death group). In addition, only 3.8
were medically consulted, and the rest of the consultations were
conducted only with nurses, which is below the minimum
recommended by the World Health Organization (WHO) of at
least eight contacts [15]. The lack of quality prenatal care reflects
high mortality, as it leads to a delay in diagnosis, as we have seen in
our results, with poor attendance and orientation, with earlier
birth and lower birth weight, thus increasing mortality rates
[13,14]. Early maternal age besides being a factor associated with
the risk of gastroschisis (maternal mean age in our study was 19.77
years) [16], reflects the high rates of early gestation in our country
due to poor health care in general.

Although many topics remain to be discussed, such as the best
route of delivery for pregnant women with fetuses with gastro-
schisis (vaginal or caesarean section), we did not find any
association of the delivery method with infant mortality. Some
authors argue that cesarean section would minimize



Table 6
Logistic regression analysis of surgical factors associated with neonatal death (dependent variable: neonatal death, independent variables: first corrective surgery after more
than 4 h of life, other malformations/injuries, abdominal wall closure- primary/silo and intestinal resection).

B Sig. Exp(B) 95% CI for Exp(B)

First corrective surgery after more than 4 hours of life 1.045 0.027 2.842 1.123–7.195
Other malformations/injuries 0.833 0.696 0.833 0.333–2.082
Abdominal wall closure- primary/silo 0.449 0.221 1.566 0.764–3.212
Intestinal resection 2.004 0.003 7.420 1.988–27.689
Constant �1.202 0.005 0.301
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contamination of the extruded intestine, which would promote
less mesenteric vascular compression, a lower risk of intestinal
torsion during uterine compression, and lower peel formation and
allow better planning for obstetric, anesthesia, neonatology and
pediatric surgery teams. In contrast, other researchers state that
gastroschisis alone is not an indication for cesarean delivery
because this delivery method does not improve infant prognosis
[2,17]. A recent meta-analysis evaluating the method of delivery
and outcomes in neonates with gastroschisis suggested that the
delivery route was not associated with neonatal mortality, primary
or secondary repair, necrotizing enterocolitis, sepsis, short bowel
syndrome, the duration of enteral feeding or the length of hospital
stay [17].

Many studies suggest that the time between birth and surgical
correction plays an important role in decreasing mortality [18].
One justification for this association is that early surgery would
reduce heat loss and minimize deterioration of intestinal lesions
[18]. In our study, the mean time between birth and the first
surgery was not associated with an increased risk of mortality.
However, the mean time between birth and surgery was extremely
high in both groups at 16.2 h in the hospital discharge group and
21.1 h in the mortality group. Few newborns underwent surgery
after less than four hours of life. When we compared newborns
who underwent surgery after less than 4 h of life versus more than
4 h of life, we found that a delay in surgery greater than four hours
is associated with a 2.7-times higher risk of mortality, suggesting
that the procedure should be performed as early as possible. The
high mean time until newborns underwent their first surgery may
represent biases in this assessment, and this factor was associated
with the high mortality rate found in our study.

In agreement with other studies, the severity of the intestinal
lesion, the association with other malformations, intestinal
resection, the need for silo placement and multiple surgeries
negatively influenced the prognosis of neonates who underwent to
surgical correction, so with a greater degree of intestinal injury,
neonatal mortality was higher, increasing the risk by five times
[19]. We found that postoperative clinical complications, especially
infection and sepsis, were strongly associated with neonatal
mortality, with an OR greater than 18 and 112, respectively,
showing that intra- and postoperative care is fundamental for the
survival of newborns with gastroschisis. Our high mortality rate
due to infection and sepsis are probably a consequence of
inadequate prenatal care, causing a delay in diagnosis during
the prenatal period and leading to inadequate planning for
delivery. This lack of planning between the obstetric staff and
pediatric surgery staff causes a delay in surgical correction (we
found a mean of 18.7 h) and consequently increases the risk of
postoperative infection and sepsis. We know that these infants are
at increased risk of neonatal septicemia due to loss of fetal protein
during gestation, hypoalbuminemia, hypogammaglobulinemia,
immaturity of the immune system, and the need for multiple
invasive procedures [6].

The mortality rate found in this study in infants with
gastroschisis was very high at greater than 50%. We found that
the quality of prenatal care is essential to reduce mortality,
resulting in adequate multidisciplinary planning, a reduced time to
surgery, and a reduced risk of infection and sepsis. This high
mortality rate is alarming, and poor basic care for precarious
pregnancies triggers a sequence of events culminating in failed
surgical care and increased neonatal mortality.

References

[1] Feldkamp ML, Carey JC, Sadler TW. Development of gastroschisis: review of
hypotheses, a novel hypothesis, and implications for research. Am J Med Genet
A 2007;143A(April (7)):639–52.

[2] Friedman AM, Ananth CV, Siddiq Z, D’Alton ME, Wright JD. Gastroschisis:
epidemiology and mode of delivery, 2005–2013. Am J Obstet Gynecol 2016;215
(September (3))348 e1-9.

[3] Jones AM, Isenburg J, Salemi JL, Arnold KE, Mai CT, Aggarwal D, et al. Increasing
prevalence of gastroschisis—14 states, 1995–2012. MMWR Morb Mortal Wkly
Rep 2016;65(January (2)):23–6.

[4] Mastroiacovo P, Lisi A, Castilla EE, Martinez-Frias ML, Bermejo E, Marengo L,
et al. Gastroschisis and associated defects: an international study. Am J Med
Genet A 2007;143A(April (7)):660–71.

[5] Melov SJ, Tsang I, Cohen R, Badawi N, Walker K, Soundappan SSV, et al.
Complexity of gastroschisis predicts outcome: epidemiology and experience
in an Australian tertiary centre. BMC Pregnancy Childbirth 2018;18(June
(1)):222.

[6] Fullerton BS, Velazco CS, Sparks EA, Morrow KA, Edwards EM, Soll RF, et al.
Contemporary outcomes of infants with gastroschisis in North America: a
multicenter cohort study. J Pediatr 2017;188(September)192–7 e6.

[7] Bergholz R, Boettcher M, Reinshagen K, Wenke K. Complex gastroschisis is a
different entity to simple gastroschisis affecting morbidity and mortality-a
systematic review and meta-analysis. J Pediatr Surg 2014;49(October
(10)):1527–32.

[8] D’Antonio F, Virgone C, Rizzo G, Khalil A, Baud D, Cohen-Overbeek TE, et al.
Prenatal risk factors and outcomes in gastroschisis: a meta-analysis. Pediatrics
2015;136(July (1)):e159–69.

[9] Wright NJ, Zani A, Ade-Ajayi N. Epidemiology, management and outcome of
gastroschisis in Sub-Saharan Africa: results of an international survey. Afr J
Paediatr Surg 2015;12(January–March (1)):1–6.

[10] Castilla EE, Orioli IM. ECLAMC: the latin-American collaborative study of
congenital malformations. Commun. Genet. 2004;7(2–3):76–94.

[11] Calcagnotto H, Muller AL, Leite JC, Sanseverino MT, Gomes KW, Magalhaes JA.
Associated factors for perinatal mortality in gastroschisis. Rev Bras Ginecol
Obstet 2013;35(December (12)):549–53.

[12] Tassin M, Benachi A. Diagnosis of abdominal wall defects in the first trimester.
Curr Opin Obstet Gynecol 2014;26(April (2)):104–9.

[13] Al-Kaff A, MacDonald SC, Kent N, Burrows J, Skarsgard ED, Hutcheon JA, et al.
Delivery planning for pregnancies with gastroschisis: findings from a
prospective national registry. Am J Obstet Gynecol 2015;213(October (4))
557 e1-8.

[14] Bauseler A, Funke K, Mollers M, Hammer K, Steinhard J, Borowski M, et al.
Outcome of fetuses with gastroschisis after modification of prenatal
management strategies: prenatal management and outcome of gastroschisis.
Arch Gynecol Obstet 2016;294(August (2)):239–43.

[15] Tuncalp, Pena-Rosas JP, Lawrie T, Bucagu M, Oladapo OT, Portela A, et al. WHO
recommendations on antenatal care for a positive pregnancy experience-
going beyond survival. BJOG 2017;124(May (6)):860–2.

[16] Win PP. Newborn with gastroschisis associated with limb anomalies. J
Neonatal Surg 2017;6(January–March (1)):8.

[17] Kirollos DW, Abdel-Latif ME. Mode of delivery and outcomes of infants with
gastroschisis: a meta-analysis of observational studies. Arch Dis Child Fetal
Neonatal Ed 2018;103(July (4)):F355–63.

[18] Skarsgard ED. Management of gastroschisis. Curr Opin Pediatr 2016;28(June
(3)):363–9.

[19] O’Connell RV, Dotters-Katz SK, Kuller JA, Strauss RA. Gastroschisis: a review of
management and outcomes. Obstet Gynecol Surv 2016;71(September
(9)):537–44.

http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0085
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0085
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0085
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0090
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0090
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30179-4/sbref0095

	Gastroschisis during gestation: prognostic factors of neonatal mortality from prenatal care to postsurgery
	Introduction
	Materials and methods
	Results
	Comment
	References


