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Objectives: This study reviews recent evidence comparing primary closure and staged silo
closure for gastroschisis, focusing on outcomes and applicability in high- and low-resource
settings.

Methods: This is a review study. We searched electronic databases, including PubMed, Scopus,
ScienceDirect, Google Scholar, SpringerLink, Elsevier, and ProQuest, using MeSH terms and
Boolean operators to identify relevant studies published in English between January 2010 and
July 2025. After applying the inclusion and exclusion criteria, 9 studies were finally selected for
review.

Results: The reviewed studies had been conducted in Australia, the UK, Poland, Indonesia,
Ethiopia, and Colombia. They showed that early closure, particularly within five days of birth,
significantly improved outcomes, including reduced need for ventilator use, earlier enteral
feeding, and shorter hospital stays. In high-income countries, prenatal diagnosis, neonatal
intensive care, and multidisciplinary surgical services supported favorable results. In contrast,
low- and middle-income countries faced delayed referrals, limited surgical capacity, and higher
mortality. Resource-based strategies, such as ileostomy-assisted closure and prenatal education
campaigns, have emerged to address these challenges.

Conclusions: The findings suggest that health system readiness and timing of closure are
more important than the type of surgical closure. Telemedicine, regional surgical centers, and
standard protocols may help reduce global disparities in gastroschisis care. Timely, context-

Key Words: ! sensitive management remains essential for improving neonatal survival. The findings
Gastroschisis, Primary :underscore the importance of equitable access to timely neonatal surgical care worldwide
Closure, Staged closure . through coordinated policy and workforce development initiatives.
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Introduction

astroschisis is a birth abnormality that affects

the front of the abdomen and causes the in-

testines and other abdominal contents to

push through a paraumbilical aperture with-

out a protective barrier. The defect is usually
on the right side of the umbilicus, which exposes the
colon to amniotic fluid. This causes the intestines to be-
come inflamed, thicken, and mat together. This issue is
usually found before birth on ultrasound, typically in the
second trimester. After birth, it needs immediate surgery
to avoid serious complications such as infection, fluid
loss, and hypothermia [1, 2]. Over the past few decades,
the number of people with gastroschisis worldwide has
been increasing. The International Clearinghouse for
Birth Defects Surveillance and Research (ICBDSR) found
that birth defect incidence rate varied greatly by geog-
raphy. It is 3.06 per 10,000 live births globally, 1.49 per
10,000 in Europe, 3.80 per 10,000 in Latin America, and
4.32 per 10,000 in North America [3]. In low- and middle-
income countries (LMICs), like Indonesia and some por-
tions of Africa, the burden is even worse because there is
not enough access to specialized neonatal surgical care.
This leads to a disproportionately high death rate—up to
69% in Indonesia, for example [4].

Several factors seem to increase the risk of gastros-
chisis. Some patients have a mother less than 20 years
old, have a low body mass index (BMI), smoke tobacco
or cocaine, consume alcohol, have infections, and use
medications during pregnancy [5]. Gastroschisis is not
often linked to chromosomal abnormalities, unlike om-
phalocele. This suggests that these two conditions have
different causes. It is thought that the right omphalo-
mesenteric artery gets damaged during development,
which cuts off blood flow and causes the abdominal
wall to break. In the clinic, gastroschisis is very difficult
to manage. It is sometimes worsened by intestinal dam-
age, such as atresia, stenosis, perforation, and necrosis.
This is especially true for a type of gastroschisis known
as “complex gastroschisis.” Because of this condition,
hospital admissions are longer, feeding tolerance is de-
layed, and the risk of infection and death is higher. In a
study of 566 newborns across multiple centers, complex
gastroschisis was linked to longer total parenteral nutri-
tion (TPN), delayed enteral feeding, and greater reliance
on ventilators [6]. Long-term neurodevelopmental out-
comes are not always bad for survivors, but long stays
in the neonatal intensive care unit (NICU), multiple sur-
geries, and parents’ stress have a considerable effect on
families” mental health, often causing anxiety, depres-
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sion, and post-traumatic stress symptoms in caregivers

[7].

There is currently no global agreement on the best sur-
gical approach for repairing gastroschisis. Primary closure
and staged closure are the two most common approaches.
Primary closure, which is done soon after birth, includes
quickly fixing the herniated bowel and closing the abdomi-
nal wall. Staged closure uses a pre-made silo to slowly re-
turn the bowel to the abdominal cavity over several days
before closing it completely. Staged closure may lower the
risk of abdominal compartment syndrome and the need
for a ventilator, but delayed closure can prolong the time
to full feeds and lengthen hospital stays [3, 8]. Sutureless
closure techniques and hybrid procedures, such as ileosto-
my-assisted primary closure in resource-limited situations,
are among the newest approaches. In a study that used an
ileostomy, it helped the bowel function recover and was
associated with better survival in a situation where the
death rate was high [7]. In high-income countries, where
NICUs and surgical skills are easy to access, survival rates
for simple gastroschisis cases are currently over 95% [1].

To lessen the impact of gastroschisis worldwide, ef-
forts have gone beyond improving surgery to include
public health campaigns. These efforts often try to get
people to understand how important prenatal care is, to
stop teens from getting pregnant, and to teach people
about teratogenic risk factors. However, these efforts
are not always effective. In high-income countries, bet-
ter outcomes come from early prenatal diagnosis and
sending patients to tertiary centers while they are still
in the womb, while in LMICs, socioeconomic hurdles,
geographic inaccessibility, and poor health system infra-
structure limit access to these services. A study in Jakar-
ta, Indonesia, showed the importance of timely referrals
and immediate surgery to lower the death rate [4].

Even with these programs, outcomes still differ. Many
families in resource-limited areas still use homemade si-
los or delayed transfers, both of which make sepsis more
likely and make the outcome worse. Therefore, in addition
to educational outreach, systemic healthcare reforms are
necessary to improve survival and lower the global rate
of gastroschisis. These reforms include setting up regional
neonatal surgery units and standardizing practices. This
study reviews recent information on the epidemiology,
pathophysiology, treatment, and public health measures
for gastroschisis. This review can help doctors, policy-
makers, and researchers better understand the many
challenges involved in treating gastroschisis. It will also
support clinical practice and health policy development
across a wide range of healthcare settings.
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Materials and Methods

This literature review used a systematic method to find,
analyze, and combine the available evidence on gastros-
chisis in newborns. It focused on clinical management
options, epidemiological characteristics, and the effective-
ness of public health measures. The strategy was based
on conventional evidence-based medicine methods and
was adapted to address the study question of health sys-
tem responses and outcomes related to gastroschisis. We
conducted the literature search in several well-known
electronic databases, including PubMed, Scopus, Scien-
ceDirect, Google Scholar, SpringerLink, Elsevier, and Pro-
Quest. We used Boolean operators and Medical Subject
Headings (MeSH) terms to search for relevant studies, as
follows, for example: “gastroschisis” AND (“neonates” OR
“newborns”) AND (“management” OR “clinical outcome”
OR “surgical technique” OR “campaign” OR “intervention”
OR “mortality”).

We looked only for studies published between January
2010 and July 2025 to align with current clinical practices
and public health trends. We only included studies pub-
lished in English with the full text available. The included
studies should be about newborns with gastroschisis and
give information about management results, public health
responses, or epidemiological trends. Observational co-
hort studies, case series with at least five participants, ran-
domized controlled trials (RCTs), and systematic reviews
or meta-analyses were included. Included studies should
examine specific clinical outcomes, such as death, feeding
milestones, length of stay in the hospital, infection rates, or
surgical complications. We also included articles on cam-
paign-based initiatives, awareness campaigns, or health
system efforts to improve neonatal surgery outcomes. On
the other hand, studies that used animal models or in vitro
studies, did not examine human newborns, or did not as-
sess at least one of the predefined clinical or public health
outcomes mentioned above were excluded. We did not
include editorials, expert opinions, letters to the editor,
conference abstracts, or publications without full texts.
We also excluded studies that were published in languages
other than English.

After applying the inclusion and exclusion criteria, 9
studies were finally selected for review. We used a stan-
dard data-extraction form to ensure consistency and
comparability across studies. The extracted data includ-
ed the authors’ name, year of publication, study coun-
try, study setting, study objectives, the gastroschisis
management method (surgical or campaign), the main
results or outcomes, and a final message or implication
that came from the study (Table 1).
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Results

The review of the selected studies gave important
information about how to treat gastroschisis in differ-
ent healthcare settings. They showed both progress in
clinical practice and problems with the system. Even
though the studies had different designs, populations,
and settings, they all stressed the importance of sur-
gery for newborns as soon as possible, especially in
the first five days of life, to improve their health. Com-
paring data from high-income countries like the UK,
Australia, and the US with data from LMICs like Indo-
nesia, Ethiopia, and Colombia shows large differences
in survival rates and complications. This is mostly be-
cause of differences in health system capacity, access
to prenatal diagnostics, and how quickly surgical care
is provided.

Sharma et al. [3] conducted a large-scale retrospec-
tive study in Australia on newborns with gastroschisis
who were treated at a tertiary NICU to see how out-
comes differed between closing the silo early (within
5 days) and late (beyond 5 days). They found that,
with early closure, patients could start eating normally
sooner and were in the hospital for less time. This find-
ing shows that early surgery using phased closure ap-
proaches leads to better outcomes for newborns and
should be the preferred method in the right clinical
situations. Rasanen and Lilja [8] explored a 20-year ex-
perience of surgical management in Poland to see how
primary and phased silo closure affected the progno-
sis of neonates with gastroschisis. According to their
study, babies who received primary closure had short-
er pain relief periods, started eating sooner, and had
fewer general infections than babies who had staged
closure. However, the type of surgery depended on
the baby’s health and the size of their abdominal cav-
ity. The authors suggested that there is no single best
method and that personalized care remains important.

Kunz et al. [2] conducted a meta-analysis of 20 RCTs
to compare the short-term effects of primary closure
with staged silo closure. When selection bias was mini-
mized, the meta-analysis showed that staged closure
with silos led to fewer days on a ventilator and lower
infection risk. When all of the studies were looked
at together, primary closure showed slightly better
results. The authors concluded that both methods
have pros and cons, but selection bias strongly affects
comparative outcomes; thus, more rigorous RCTs are
needed.
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Table 1. Information extracted from studies included in the review
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Gastroschisis

Author(s . - - .
Year( ) Country Study Setting  Study Objective Management Key Findings Conclusion
Method
Early closure (<5
Comparing out- Surgical: Pre- d.ays) assouaFed Early silo closure
Sharma et al. . . . with shorter time .
Australia Tertiary NICU comes of early vs formed silo (<5 vs improves outcomes
2025 [3] ) to full feeds and ) .
delayed silo closure >5 days) o in gastroschisis
shorter hospitaliza-
tion
gy it Patient’s clinical
Analyzing outcomes FEES ST (EEr condition and
Rasanen & Lilja 20-year hospital : . TPN in staged
Poland : of primary vs staged Surgical resources should
2022 [8] retrospective closure group; X
closure . guide closure
feeding delayed strate
significantly 8y
Comparing primary Silo closure as- Silo closure is
Kunz et al. 2013 . vs staged closure in Meta-analysis of spaatgd with fewer beneficial when
USA Meta-analysis . infections, shorter . .
[2] terms of short-term 20 studies . L selection bias is
ventilator time in S
outcomes ) minimized
selected studies
Comparing immedi- No significant mor- Silo within 5 days
Hawkins et al. Multicenter paring ) tality difference; silo is equivalent to
USA ate closure vs staged Surgical X . "
2020 [6] study (8 centers) >10 days increased  immediate closure
(<5, 6-10, >10 days) o .
complications in safety
Early referral and Early diagnosis, fast
. . e . Age at closure <1 X
Rahayatri et al. . National referral  Identifying mortality closure cam- R referral, and timely
Indonesia . . L day significantly -
2024 [4] hospital risk factors paign indirectly . surgery are crucial
. reduced mortality ]
described in LMICs
Negash & Introducing a new . Bqth neo.nates lleostomy may aid
- . lleostomy-assisted  survived with early .
Temesgen 2021 Ethiopia Case report method in a low- : . outcomes in low-
X primary closure bowel function R
[7] resource setting resource settings
return
Two neonates died Prenatal detec-
Kristianti et al. . Sanglah Hospital, Describing outcomes  Primary surgical due to sepsis; de- tion and prompt
Indonesia ) X X . .
2020 [9] Bali of 5 primary closures closure layed intervention  surgery are vital to
worsened outcome improve survival
Report of 10-vear >95% survival rate; Early referral and
Kitchanan et al. Neonatal surgical po! 7Y€ Surgical: primary ~ complex cases had adequate NICU/
UK R experience in high- . R R
2000 [1] unit : vs staged closure higher complica- surgical resources
income center . .
tions determine outcome
Characteristics Staged closure e
. . . . . Early stratification
Echavarria et al. . Tertiary aca- of neonates with Primary vs staged  more frequently in .
Colombia ) . B ) improves protocol
2024 [5] demic center abdominal wall closure low-birth weight
development
defects preterm neonates
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Hawkins et al. [6] conducted a large multicenter study in
the US on 566 babies with gastroschisis in eight hospitals.
They were divided into two groups: immediate closure and
staged closure. The staged closure group was further divid-
ed into subgroups based on how long they had been using
the silo. The data showed that outcomes including death
rates, sepsis rates, and the time to get complete enteral
feeds were similar for both immediate and staged closure
groups within five days. However, using the silo for a long
time (>10 days) led to longer hospital stays and more ill-
ness. Notably, fast closure was associated with a higher rate
of postoperative ventral hernias, which shows that choos-
ing the right patients and setting the time of the closure
carefully are very important for getting the best results.

Rahayatri et al. [4] provided regional statistics from the
national referral hospital in Jakarta, Indonesia. Their retro-
spective cohort study showed a death rate of 69% in babies
with gastroschisis, which is a much greater rate than that
in high-income countries. They found that surgical closure
done within the first 24 hours of life led to a lower risk of
death. Other risk factors that seemed important, such as
birth weight and gestational age, were not significant pre-
dictors. Their study highlighted the importance of identi-
fying neonatal surgical emergencies early, having quick
referral systems, and being ready to manage them in low-
resource settings.

Putri AMRY. Primary Versus Staged Closure in Neonatal Gastroschisis. J Pediatr Rev. 2026; 14(2):223-230.
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Negash and Temesgen [7] described a new surgical ap-
proach in Ethiopia that involved ileostomy-assisted pri-
mary closure. In their case report, two newborns with
gastroschisis had surgery early to create an ileostomy,
which helped relieve pressure on the gut and made
it easier to close. Both babies lived, and their bowels
worked again soon after. This new technique is espe-
cially useful in LMICs where it is hard to have access to
NICUs and staged silo closure equipment. Their study
found that ileostomy-assisted closure could be a good
option in resource-limited areas.

Kristianti et al. [9] studied five newborns in Bali, Indo-
nesia, who had primary closure for gastroschisis. Three
newborns lived, but two died from sepsis, showing how
important it is to get help quickly and have good prena-
tal care. The babies who were sent from remote regions
without proper prenatal care or who had to wait longer
to get surgery were more likely to have bad outcomes.
Their study showed the importance of education for
people about prenatal screening and neonatal referral
systems through campaigns.

Kitchanan et al. [1] studied 132 babies with gastroschisis
who were treated at a high-income tertiary care center in
the UK over ten years. Their study found that more than
95% of babies who underwent surgery survived. It also
showed that complicated cases of gastroschisis needed
longer hospital stays and had more complications. The
authors suggested that better results might be due to
the availability of trained newborn surgical teams, timely
interventions, and high-quality intensive care facilities.
Their study highlighted the importance of centralized
surgical care and good healthcare infrastructure.

Finally, a study in Colombia by Echavarria et al. [5] exam-
ined traits of newborns with abdominal wall abnormali-
ties who needed primary or staged closure. The study in-
dicated that neonates who needed staged closure were
female, had early birth, and had low birth weight. These
results suggest that some clinical factors may help pre-
dict the need for staged closure. They can also help fami-
lies with planning and counseling before surgery.

Discussion

All reviewed studies showed that surgical procedures
for gastroschisis have advanced and outcomes have
improved in high-income countries. However, many
problems remain in LMICs. Survival is strongly affected
by the timing of closure, the baby’s health at birth, and
systemic factors such as early detection, referral logis-
tics, and institutional preparedness. Public health initia-
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tives should make prenatal care more accessible, raise
clinician awareness, and establish strong procedures
for transporting newborns. According to the most re-
cent research, there is no one-size-fits-all way to treat
gastroschisis. Instead, treatment should be based on
available resources, the severity of the condition, and
each newborn’s specific needs. In the future, research
should bring everyone together to reduce differences
and encourage standard care methods across all health
systems.

The studies showed how closely the clinical outcomes
in gastroschisis are tied to the larger health system in
which care is given. In high-income countries like the
UK, US, and Australia, the survival rate of newborns with
gastroschisis is more than 95%. These good results are
not just because of new surgical techniques; they also
reflect a strong care system that includes routine anom-
aly screening for early prenatal diagnosis, planned de-
liveries in tertiary centers with pediatric surgical teams,
and immediate postnatal stabilization in advanced
NICUs. Interdisciplinary teamwork among neonatolo-
gists, pediatric surgeons, anaesthesiologists, and neo-
natal nurses, all of whom follow evidence-based clinical
standards and protocols for when to operate and how
to care for patients after surgery, also supports these
settings. These system-level enablers work together to
enable faster decision-making and quicker surgery, both
of which are important for reducing complications such
as sepsis, delayed feeding, and longer hospital stays [1,
3]. In contrast, LMICs like Indonesia, Ethiopia, and Co-
lombia have institutional and infrastructure problems
that make it difficult to treat gastroschisis early. These
include low prenatal screening coverage, lack of coun-
seling during pregnancy, delays in referrals after birth,
lack of pediatric surgical skill, and limited access to neo-
natal intensive care services. Because of these condi-
tions, neonates often come to clinics late, in bad shape,
with a higher risk of infections, intestinal ischemia, and
fluid-electrolyte imbalances. Rahayatri et als study in
Indonesia found that 69% of newborns with gastros-
chisis died, which shows the danger of bad outcomes
when closure is not done within 24 hours [4]. Negash
and Temesgen (2021)’s study in Ethiopia showed how
poor outcomes can be when surgical options are lim-
ited. They also showed that context-specific methods,
such as ileostomy-assisted closure, can save lives when
standard resources are not accessible [7]. These results
strongly suggest that in LMICs, the survival of newborns
with gastroschisis depends less on how complicated the
surgery is and more on how ready the system is and
how quickly the surgery can be done.

Putri AMRY. Primary Versus Staged Closure in Neonatal Gastroschisis. J Pediatr Rev. 2026; 14(2):223-230.
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Taken together, these results show that the choice of
surgical technique—whether primary closure or silo
reduction—remains an important clinical decision, but
the health system’s ability to deliver timely, safe inter-
ventions ultimately determines patient outcomes. The
reviewed studies showed that the timing of closure is
a key factor in recovery. Neonates that get closure, ei-
ther immediately or with a silo within the first five days
of life, have better enteral feeding tolerance, need less
ventilator support, and stay in the hospital for a shorter
time [2, 6]. Focusing on when to perform surgical clo-
sure shifts the question from “which technique is bet-
ter” to “how soon can any surgical technique be safely
performed?” This shift can have a big impact on policies
and practice, especially in places where resources are
limited and improvisation is often needed.

Also, there is a strong chance to close the gap in global
surgical equity through new ideas and collaboration.
The use of ileostomy-assisted closure in Ethiopia is an
example of how surgical principles can be changed to
fit the needs of a specific area. These low-cost, easy-
to-replicate ideas should be systematically tested and
shared in similar settings. At the same time, making
cost-effective, sterilizable silo devices from materials
that are easy to get locally can help the solution work
in places where commercial silos are too expensive or
hard to find. Implementing mobile health or telemedi-
cine programs to improve prenatal monitoring, espe-
cially in rural and deprived areas, can further support
these ideas. Telehealth platforms can help with proac-
tive birth planning, faster referrals, and shorter pre-sur-
gical delays by making it possible to find problems early
and sort them by risk during pregnancy. These are all
connected to better survival.

Moreover, establishing national surgical registries and
standard reporting systems across hospitals, especially
in LMICs, can provide useful epidemiological data to
identify patterns, monitor outcomes, and inform policy
changes. By comparing institutional performance, iden-
tifying delays in the care process, and highlighting suc-
cessful improvements, these systems can help improve
quality. Combining these data-driven methods with di-
rect patient care can not only make care more transpar-
ent and accountable, but also encourage learning from
other countries and collaboration on neonatal surgery
research.

Journal of Pediatrics Review

Conclusion

The review revealed a new, more complex way to think
about treating gastroschisis: the best results come from
a combination of good surgical decisions, system-level
preparation, and situation-appropriate innovation. The
debate over primary versus staged closure for treating
gastroschisis is still ongoing, but the studies show that
timely closure, ideally during the first five days of life,
can lead to better outcomes in newborns. Of course,
this benefit only works if the health system functions
well and responds quickly. A hybrid approach, where
surgery is done with technical perfection and everyone
has equal access and the flexibility to adapt, is the best
way to move forward. To improve care for newborns
with gastroschisis, we need more than just technical
skills. We need to invest in health infrastructure, cre-
ate innovations specific to each area, and make a global
commitment to closing gaps in neonatal surgery.
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