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Abstract

Background The authors sought better outcomes for uncomplicated gastroschisis through development of clinical practice
guidelines.

Methods The authors and the American Pediatric Surgical Association Outcomes and Evidenced-based Practice Committee
used an iterative process and chose two questions to develop clinical practice guidelines regarding (1) standardized nutrition
protocols and (2) postnatal management strategies. An English language search of PubMed, MEDLINE, OVID, SCOPUS,
and the Cochrane Library Database identified literature published between January 1, 1970, and December 31, 2019, with
snowballing to 2022. The Appraisal of Guideline, Research and Evaluation reporting checklist was followed.

Results Thirty-three studies were included with a Level of Evidence that ranged from 2 to 5 and recommendation Grades
B-D. Nine evaluated standardized nutrition protocols and 24 examined postnatal management strategies. The adherence to
gastroschisis-specific nutrition protocols promotes intestinal feeding and reduces TPN administration. The implementation
of a standardized postnatal clinical management protocol is often significantly associated with shorter hospital stays, less
mechanical ventilation use, and fewer infections.

Conclusions There is a lack of comparative studies to guide practice changes that improve uncomplicated gastroschisis out-
comes. The implementation of gastroschisis-specific feeding and clinical care protocols is recommended. Feeding protocols
often significantly reduce TPN administration, although the length of hospital stay may not consistently decrease.
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Introduction

Infants with gastroschisis consume a disproportionately
greater share of resources when compared to other Neo-
natal Intensive Care Unit (NICU) groups [1]. Gastroschi-
sis is estimated to occur between 2 and 6 in 10,000 live
births. The incidence is increasing in every location where
it is studied [2-4]. Uncomplicated gastroschisis involves
no additional complications other than those stemming
from bowel inflammation and irritation [5]. The definition
of complicated gastroschisis includes intestinal atresia,
volvulus, perforation, or necrosis present at birth [6-8].
Gastroschisis infants are at risk of poor outcomes from
TPN administration, multiple anesthetics, mechanical ven-
tilation, infections, prolonged hospital stay and mortality
[9]. The key elements of a postnatal gastroschisis manage-
ment strategy to optimize outcomes are not well-defined
[10]. The authors sought to improve outcomes for infants
with uncomplicated gastroschisis through development of
enteral feeding and postnatal management guidelines.

Methods

The authors, in collaboration with the American Pediatric
Surgical Association Outcomes and Evidence-based Prac-
tice Committee (APSA OEBPC), used an iterative pro-
cess and chose two questions, a priori, for clinical practice
guideline development.

1. Do standardized nutrition protocols facilitate early
enteral feeding and improve outcomes?

2. Have any postnatal management strategies demonstrated
superior outcomes such as reduced hospital stay, anes-
thesia and mechanical ventilation use, infection inci-
dence and mortality rates?

Data sources

On July 1, 2020, a healthcare librarian utilized Covidence
software to perform an English language search of Pub-
Med, MEDLINE, OVID, SCOPUS, and the Cochrane
Library database [11]. The Medical Subject Headings
(MeSH) included “gastroschisis” and “abdominal muscles/
abnormalities.” The search identified publications between
January 1, 1970, and December 31, 2019. The initial 1340
abstracts were collected and evaluated by the authors (JB,
DM, IM, SS, MS). Non-unanimous decisions were eval-
uated by a second review and a majority opinion about
exclusion or inclusion was applied. After initial screen-
ing, 518 articles were selected for manuscript review. The
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snowballing technique captured the most recent, applica-
ble studies to 2022 (Fig. 1).

The level of evidence (LOE) and grade of recommen-
dation were assigned based on the Oxford Centre for Evi-
dence-Based Medicine (OCEBM) criteria (OCEBM levels
of evidence working group, 2011). Guideline development
followed the international Appraisal of Guideline, Research
and Evaluation (AGREE) reporting checklist (Appendix
A. AGREE Reporting Checklist in Supplementary) [12].
The Methodological Index for Non-randomized Studies
(MINORS) criteria were recorded for each study to evaluate
the potential impact of bias (Appendix B in Supplemental
Table) [13].

Exclusion criteria

Non-English publications, animal studies, case reports,
studies with incomplete data, and abstracts without a cor-
responding manuscript were excluded. Studies that included
infants with complicated gastroschisis were excluded.

Results
Question 1

Do standardized nutrition protocols facilitate earlier enteral
feeding and improve outcomes?

Nine studies that evaluated uncomplicated gastroschisis
were evaluated. Hobson et al. obtained survey data from
NICU clinicians and reported the primary barriers to feed-
ing protocol standardization in one NICU were (i) clinician-
specific practice and (ii) an emphasis on gastric residuals
to determine volume and timing of feeding advancements.
Survey data of clinician practice were utilized to develop a
gastroschisis-specific feeding protocol. Trophic feeds were
introduced earlier, and residual volumes were ignored. The
protocol appeared to facilitate faster discharge, without any
increase in complications. The study concluded more com-
parative data are needed [10].

Table 1 illustrates eight studies that evaluated the impact
of feeding protocol implementation on outcomes. Six docu-
mented outcomes after implementation of a specific feed-
ing protocol [14—19]. Two reported outcomes after feeding
protocols were implemented as part of broader clinical care
pathways (Table 1) [20, 21].

One multicenter study compared outcomes of infants
from eleven institutions that were fed with and without a
protocol; no two protocols were identical (Table 1) [17].

Five of eight studies reported that the implementation
of a feeding protocol resulted in significantly fewer days of
TPN administration [14-16, 18, 21]. However, five studies
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Fig. 1 Study selection and data
extraction, articles selected
between 1990 and 2022

Identification

Screening

Eligibility

Included

also reported no significant decrease in LOS [14] [16, 17, 20,
21]. Three studies compared data from historical controls to
prospective data from infants fed according to a prospective
protocol [19-21].

One protocol commenced feeding volumes at 5 mL every
3 h, with advancement by 5 mL per day as tolerated until the
volume of 30 mL was achieved. At 30 mL, approximating
half-goal volume, infants were fed as tolerated. Advance-
ment volumes of up to 30 mL/kg/day were considered com-
pliant with the protocol. After protocol implementation,
infants undergoing delayed defect closure achieved enteral
feeds significantly faster (P=0.04) [19].

One protocol commenced breast milk or Pedialyte within
48 h after nonbilious gastric output was observed. Feeds
were advanced at 20 ml/kg/day as tolerated, to goal. The
time to initiate feeds was significantly reduced, but no
change in LOS was observed [20].

Others commenced nasogastric tube clamping for three
consecutive days after non-bilious output was observed [21].
When the total drainage was below 40 ml/day, feeds were
initiated at 20 ml/kg/day and increased by 24 ml/kg/day until
goal. The volume of 40 ml/day was arbitrary. Cisapride was
administered in all infants and TPN was discontinued when
the oral volume was 120 ml/kg/day [20]. No significant

D:;:l::se Duplicates
n=1347 removed n=7
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n=1340
In Covidence
n=1340 Excluded
| —\— n=822
Full
manuscripts
n=518
Excluded
n=485
Author
review
n=33
Question 1 Question 2
n=9 n=24

reduction in LOS was observed. However, the days of TPN
administration were significantly reduced in the protocol
group (P=0.026), as was the incidence of surgical site infec-
tions (P=0.009) [21]. It must be noted that Cisapride is not
available in the United States, and therefore, the protocol
may not generalize in its entirety.

Passaro et al. compared three protocols [14]. One
advanced feeding volume by 12 ml/kg/day, one advanced
by 12 ml/kg every 3 days, and one gastroschisis-specific pro-
tocol advanced by 12 ml/kg every 48 h until 50% of goal was
met, after which, there were daily increases. The gastroschi-
sis-specific protocol appeared to reduce practice variation.
There were three cases of NEC in the first group (10%) with
daily advancements and none in the gastroschisis-specific
protocol group (P <0.01)[14].

With a protocol of cycling between increasingly longer
intervals of increased human milk volume, and a shorter
orogastric tube decompression time, Lemoine et al. reported
improved outcomes such as a decreased time to initiate
feeds, decreased LOS, and reduced sepsis incidence [15].
Like previous reports, the study demonstrated that early min-
imal enteral feeding and advancement at 12 ml/kg/day, at 5
days after closure, may improve outcomes by significantly
reducing total days of TPN administration (P =0.004) [15].
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A multicenter study of eleven institutions compared
infants fed with any institution-specific protocol to infants
fed without adherence to a specific protocol. Subgroup
analysis of closure technique found a significant decrease in
surgical site infections in those fed according to any institu-
tional protocol undergoing a sutured closure (p =0.026). No
significant differences in any other specified outcomes were
identified (Table 1) [17].

Question 1—section summary
and recommendations

Do standardized nutrition protocols facilitate early enteral
feeding and improve outcomes?

e For uncomplicated gastroschisis, feeding protocols, and
broader clinical care pathways that include a feeding pro-
tocol, may standardize intestinal feeding, and reduce the
total days of TPN administration.

e Volume increases of 12-30 ml/kg, advanced every
24-48 h, may promote feeding tolerance and reduce
necrotizing enterocolitis incidence.

e For infants undergoing delayed closure, implementation
of a feeding protocol was associated with significantly
more rapid achievement of full enteral feeds.

Grade C Recommendation supported by Levels III and
IV evidence.

Question 2

Have any postnatal management strategies demonstrated
superior outcomes such as reduced hospital stay,
anesthesia and mechanical ventilation use, infection
incidence and mortality rates?

Twenty-four manuscripts were reviewed that examined the
following postnatal management strategies: i. monitoring
during gastroschisis closure, ii. implementation of a dedi-
cated care team and care protocol, iii. hospital volume, and
iv. use of anesthesia, opioids, and fluids.

i. Monitoring during closure
The impact on outcomes of two categories of moni-
toring strategies to guide abdominal wall closure and
prevent abdominal compartment syndrome were
examined: (i) bladder pressure monitoring and (ii)
evaluation of bowel perfusion and/or motility.

(i) Bladder pressure monitoring
One animal study, and one human study, dem-
onstrated visceral and renal blood flow were
preserved if intra-abdominal pressure remains

@ Springer

(ii)

below 20 mmHg or 20 cm H20 [20, 23]. Based
on these reports, two institutions instituted pro-
tocols to measure bladder pressure in the oper-
ating room during management of uncompli-
cated gastroschisis and proceed with closure if
the pressure remained below these respective
measurements [24, 25].

Olesevich reported outcomes from an uncon-
trolled, descriptive, prospective study [24].
Thirty-three (79%) neonates with a mean blad-
der pressure of 16 mm Hg underwent primary
closure and were compared to 9 with a mean
of 27 mm Hg that underwent delayed closure
with a non-spring-loaded silo. Patients treated
with primary closure demonstrated a faster
return to full feeds and a significantly shorter
LOS compared to infants treated by delayed clo-
sure (P=0.04). All infants required only one
definitive surgical procedure with no subsequent
manipulations [24].

An intraoperative bladder pressure below
20 cm H20 was used to determine primary
or staged closure in a cohort of 45 newborns
with gastroschisis and reviewed retrospectively
[25]. In 24(53.3%), delayed primary closure was
achieved, while the remaining 21(46.7%) under-
went staged reduction and closure. No signifi-
cant differences in the frequency of complica-
tions, time to commence oral feeding, infection
rates, total days of TPN or LOS were identified.
The average incidence of oliguria or anuria was
similar in each group (33%) [25].

Two reports describe that a bladder pres-
sure threshold of 20 mmHg or 20 cm H20 may
successfully guide timing, frequency, extent
of silo reduction and use of a prosthetic patch
for infants undergoing staged closure. Compli-
cations such as bowel necrosis and prolonged
oliguric renal failure were avoided [24, 25].
Bowel Perfusion

Visceral perfusion has been evaluated as a
method to assist gastroschisis closure. In 1996,
Pistor et al. used intraoperative ultrasound
to ensure < 50% vena cava lumen compres-
sion during closure [26]. This metric guided
the use of a biologic patch. Others measured
intragastric pressure with the same technique
used to measure bladder pressure and found
that a splanchnic perfusion pressure (mean
arterial blood pressure—intragastric pressure)
of >43 mmHg determined that a primary clo-
sure is feasible with>90% specificity [27].



Pediatric Surgery International

(2024) 40:246

Page70f15 246

ii.

Williams performed a prospective observa-
tional study of 23 infants and employed mag-
netic resonance imaging (MRI) to assess motil-
ity and superior mesenteric artery (SMA) flow
[28]. Images were obtained at abdominal wall
closure, initiation of feeds, and achievement of
full feeds. The study reported that increased
SMA flow at the time of closure significantly
correlated with earlier establishment of full
intestinal feeds. An MRI has limited clinical
application. However, the study findings suggest
a less cumbersome method such as ultrasound,
may confirm perfusion and motility, and, there-
fore, guide feeding success [28].

Another feasibility study assessed intestinal
motility in gastroschisis patients using ultra-
sound [29]. The authors used daily bedside,
real-time ultrasound to document peristalsis.
Full intestinal motility was defined as observa-
tion of peristalsis in all four abdominal quad-
rants. The primary care team was blinded to
the ultrasound results and determined feeding
initiation by traditional clinical criteria. Initia-
tion of feeds based solely on clinical indicators
of bowel function, was significantly delayed
by three full days when compared to initiation
based on ultrasound documented motility [29].

Dedicated care team/standardized clinical care proto-
col

Seven studies examined the benefit of a specialized
care team for simple gastroschisis [20, 21, 30-34].
Wide institutional variability was observed. Each
study hypothesized that standardized care should
improve outcomes.

Gover et al. defined a multidisciplinary care team
as three or more disciplines (e.g., neonatology, sur-
gery, gastroenterology) involved in weekly rounds
for uncomplicated gastroschisis infants, before the
initiation of feeds [30]. This comparative study of
396 gastroschisis infants documented those managed
by the care team had significantly longer duration of
parenteral nutrition and LOS. The paradoxical find-
ings were attributed to overall improved survival of a
greater number of high-risk infants [30].

Five studies [20, 21, 31, 32, 34] documented
improved outcomes when standardized care pro-
tocols were implemented for simple gastroschisis
(Table 2). The outcomes included significant reduc-
tion in anesthesia use, silo days, LOS, use and dura-
tion of mechanical ventilation, antibiotics, sepsis/
surgical site infection, TPN duration, time to initiate
feeds, and mortality. No impact on surgical complica-

iii.

tions, average per-patient costs, central catheter days,
or cholestasis was found.

In one study of combined data from two administra-
tive databases, the proportion of sutureless bedside
closures increased significantly after implementa-
tion of a clinical care protocol. (32.5% between 2008
and 2011, N=53 vs. 71.0% between 2015 and 2019,
N=43, P<0.01). Median time for post procedure
mechanical ventilation decreased significantly from
4 to 2 days (P <0.01). However, the duration of TPN
administration was not significantly reduced [34].

Because comparative studies are limited, Baird
proposed the methodology of evidence-based practice
improvement in quality (EPIQ) and plan—do-study—
act (PDSA) cycles to replace randomized controlled
trials (RCTs) [33]. Mansfield adapted the recommen-
dation and utilized quality improvement methodology
with statistical process control charts and subgroup
analysis to evaluate specific endpoints at one insti-
tution [31]. After implementation of a best practice
protocol, length of hospital stay was decreased by 5
days in a prospective cohort (N=94) as compared to
historical controls (N=25). These methods may rep-
resent realistic approaches to optimize gastroschisis
care given the challenges of comparative study design.
Hospital volume

Two studies addressed whether hospital volume
impacts uncomplicated gastroschisis outcomes [35,
36]. Definitions of high, medium, and low-volume
centers vary, but most define low as <5, medium as
between 5 and 9, and high as>9 cases annually [33,
35]. Youssef analyzed the CAPSNet database and
included only infants with uncomplicated gastroschi-
sis born between 2005 and 2013. Infants with atresia,
perforation or necrosis at birth were defined as com-
plicated and were excluded [35]. Data for CAPSNet is
collected prospectively and analyzed retrospectively.
The report found that hospitals with a moderate vol-
ume of cases (3-9) per year had a slight outcome
advantage over high volume hospitals (> 9 cases per
year) with reduced TPN days of less than the median
of 24 days [OR 0.59(0.38-0.92), P=0.02], and a
shorter hospital stay of less than the median of 34 days
[OR 0.61 (0.40-0.93), P=0.02]. Overall survival was
above 96% [35].

Gonzalez analyzed the Pediatric Health Informa-
tion System database between 2005 and 2013. After
subtracting complicated cases, a subset of 3533
uncomplicated cases were included [36]. Infants who
underwent early closure (within 1 day of birth) were
compared to delayed closure defined as closure after
the first day of life. When controlling for hospital vol-
ume, the report found that uncomplicated infants with
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iv.

delayed closure had a significantly longer duration of
TPN and hospital stay (P <0.05) [36].

Infants with complicated gastroschisis frequently
have a significantly longer hospital stay and higher
inpatient mortality [37]. A systematic review by
Morche followed PRISMA guidelines and evaluated
the outcomes of large database studies that included
both complicated and uncomplicated infants [33, 38—
44]. When complicated cases are included in outcome
analysis, high volume hospitals may have a lower mor-
tality rate. However, the systematic review found no
article that examines the impact of surgeon-specific
volume [38].

Anesthesia, Opioids, Fluids

Bianchi and Dickson proposed in 1998, and further
reported in 2002, their experience with the “minimal-
ist approach” whereby anesthesia and paralysis are
avoided for gastroschisis infants [45, 46]. While these
initial studies demonstrated that such an approach
was feasible, comparison groups were not included.
In 2012, van Manen et al. studied 79 infants who
received pre-closure paralysis versus 88 who received
none [47]. Infants receiving paralysis required an aver-
age of three extra days to achieve closure (8 vs. 5 days;
P <0.001) and required significantly more days of
mechanical ventilation (12 vs. 7 days; P <0.001).
The relationship between paralysis and days to clo-
sure remained after adjusting for other variables [47].
Subsequent reports, including the studies described
in the immediately preceding section, document simi-
lar findings that avoidance of anesthesia and paraly-
sis were associated with reduced days of mechanical
ventilation [20, 32] and improved resource utilization
with no impact on LOS (Table 2) [20, 21].

Opioid minimization is a component of modern
gastroschisis care; however, few studies have directly
evaluated the long-term impact of opioids on gas-
troschisis outcomes. Significant variation in opioid
administration prior to fascial closure is reported [48].

Opioid administration has been identified as a risk
factor for prolonged mechanical ventilation for neo-
nates after intestinal surgeries including gastroschisis
closure [49]. Twenty-two GS infants were compared
to 191 infants with 5 other conditions undergoing
operation. The GS infants had the longest median
duration of opioid administration of 9 days which
was 2 days longer than infants undergoing operation
for NEC (median:7 days) [49]. Gastroschisis infants
may receive a longer duration of opioid administration
than other neonatal intestinal conditions that require
surgery, but it remains unclear whether the practice is
beneficial or necessary. An observational study of 48
infants reported 22(45.8%) that received a local anes-

thetic block had a significant reduction in the need for
postoperative ventilation (P <0.05) [50]. The differ-
ence was observed in both term and preterm infants.

One evaluation of quality of life with a 6-year fol-
low-up, found that gastroschisis infants who received
an overall longer duration of opioids had lower scores
in the “communication” and “problem solving” items
of a validated developmental assessment tool [51].

Between 2010 and 2014, Bonasso et al. examined
the total volume of intravenous fluid administered in
a cohort of 24 gastroschisis infants [52]. The study
documented that regardless of closure approach (pri-
mary versus staged), gastroschisis infants received
fluids more than required of typical newborns, with
correspondingly excessive urine output. In addition,
hyponatremia and hypoalbuminemia significantly cor-
related with increased days of mechanical ventilation
[53]. These studies, while only descriptive, support the
concept that infant perfusion requires frequent evalua-
tion. Fluid administration should be goal-directed and
correlate to volumes that maintain adequate organ per-
fusion.

Question 2—section summary
and recommendations

Have any postnatal management strategies demonstrated
superior outcomes such as shorter hospital stay, reduced
use of mechanical ventilation, and fewer infections?

i

ii.

Monitoring techniques

Monitoring techniques such as maintaining blad-
der pressure below 20 mm Hg or 20 cm H20 dur-
ing operative closure exist. The measurements may
select infants with adequate abdominal domain and,
therefore, guide an uncomplicated primary closure.
Ultrasound assessment of intestinal motility and per-
fusion to guide feeding initiation are reported. How-
ever, no prospective comparative studies were found
for any monitoring technique.

No recommendation for monitoring can be made
from the available literature.

Use of a dedicated care team and protocol
Superior outcomes such as shorter hospital stay,
reduced use of mechanical ventilation, and fewer

infections are often achieved when a dedicated care
team and protocol are implemented. Use of a stand-

@ Springer
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ardized gastroschisis management protocol is recom-
mended.

Grade C recommendation supported by Level III
Evidence.

iii. Hospital volume
e No recommendation for minimal volume of patients
to improve outcomes can be made from available lit-
erature.
iv. Use of anesthesia, opioids, and fluids

e Avoid anesthesia and paralysis when feasible.

e Specific goal-directed use of fluids, and reduced opi-
oid administration, may decrease use of anesthesia
and mechanical ventilation, and are recommended.

Grade D recommendation supported by Level 11—
IV evidence.

Discussion

For infants with uncomplicated gastroschisis, prematurity
and lower birth weight are known significant independ-
ent predictors of a longer hospital stay [54]. In addition,
examination of the literature by the APSA OEBPC found
the implementation of a standardized feeding protocol sig-
nificantly reduces the time to introduction of enteral feeds
and decreases overall TPN administration. This finding was
consistent across studies. However, the length of hospital
stay was not consistently reduced. Some hypothesize that
the inherent intestinal inflammation of gastroschisis remains
a rate-limiting factor in achieving full enteral feeds and is
not consistently overcome with implementation of a feeding
protocol [29].

In contrast, for uncomplicated gastroschisis infants under-
going primary repair, a nutritional protocol that incorpo-
rated 20 ml/kg/day feeding advancements resulted in faster
attainment of goal feeds and a shorter hospital stay [18].
For infants undergoing delayed closure, protocolized feeding
promoted significantly earlier attainment of full enteral feeds
[55]. This recommendation is applicable to daily practice
in NICUs that care for uncomplicated gastroschisis infants.
Further studies are needed to identify modifiable barriers to
feeding that may promote early discharge for gastroschisis
infants.

The implementation of a standardized gastroschisis clini-
cal care team and care protocol are recommended because
superior outcomes such as shorter hospital stay, reduced
use of mechanical ventilation, fewer infections, and reduced
mortality rates are achieved. Interventions within the care
protocol which may decrease hospital stay include (i) avoid-
ance of anesthesia and paralytics around the time of clo-
sure, (ii) goal-directed fluid administration, and (iii) minimal

@ Springer

opioid exposure. Reduction in opioid use to improve gas-
troschisis outcomes is a modifiable practice that warrants
further evaluation within care protocols.

No recommendations can be made for use of specific
monitoring techniques at closure or minimal patient vol-
ume to improve outcomes, as no comparative studies were
identified. The benefits of high-volume hospitals, which may
be important for some complex pediatric surgery diagno-
ses, are not yet well-defined for treatment of uncomplicated
gastroschisis.

The development of evidence-based guidelines for
uncomplicated gastroschisis postnatal management, is com-
plicated by a lack of comparative data [56]. One consist-
ent limitation of studies that evaluate feeding protocols and
clinical care strategies is the comparison of prospective data
to historical controls. These studies must be interpreted with
caution as neonatal critical care, feeding implementation,
and parenteral nutrition formulations were refined over time,
and likely contribute to outcome differences [57].

Similarly, the examination of the impact of minimal
patient volume on outcomes had several limitations. Patient
factors such as the severity of the bowel findings may con-
tribute to the results but are difficult to characterize and ana-
lyze. Infants with greater abdominal domain, better intestinal
condition, higher gestational age, fewer signs of infection
and a stable cardiopulmonary status may remain at lower
volume hospitals. High-volume centers may accept transfers
of more complex patients and change the cohort. Large stud-
ies of administrative databases did not consistently demon-
strate improved gastroschisis outcomes at high volume hos-
pitals and often include complicated cases in the analysis.
For all factors, studies that rely on large databases have the
inherent limitations of inaccurate or missing information.
Some data points rely on clinician-specific evaluation and
its inherent bias.

For both recommendations, the results of guideline
implementation through future case control comparison of
uncomplicated gastroschisis infants with infants of similar
gestational age and weight is warranted. Prospective out-
comes data collection from the recommendations should
include time of TPN administration, length of hospital stay,
cost, mortality, infection incidence, fluid administration, opi-
oid dosing, use of anesthesia and mechanical ventilation,
and necrotizing enterocolitis incidence. Others promote a
gastroschisis core outcome set that also includes growth,
number of operations, liver disease, number of severe gastro-
intestinal complications and a quality of life evaluation [58].
The use of quality improvement methodology to study gas-
troschisis outcomes warrants further evaluation to address
the barriers to randomization.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00383-024-05819-5.
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