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Abstract

Background: Gastroschisis has increased worldwide over several decades; however, there are
significant gaps in understanding risk factors for development of the defect, particularly those that
might be modifiable. Despite advances in survival, little is known about longer-term outcomes for
affected individuals.

Methods: On April 27— and 28, 2023, the National Center on Birth Defects and Developmental
Disabilities at the Centers for Disease Control and Prevention (CDC) and March of Dimes
sponsored a meeting entitled “Public Health Priorities for Gastroschisis”. The meeting goals were
to review current knowledge on gastroschisis, discuss research gaps, and identify future priorities
for public health surveillance, research, and action related to gastroschisis. Meeting participants
encompassed a broad range of expertise and experience, including public health, clinical care

of individuals with gastroschisis, affected individuals and families, and representatives from
professional organizations and federal agencies.

Results: Several goals were identified for future public health surveillance and research,
including focused theory-driven research on risk factors and increased study of longer-term effects
of gastroschisis through improved surveillance. Certain public health actions were identified, that
which could improve the care of affected individuals, including increased education of providers
and enhanced resources for patients and families.

Conclusions: These efforts may lead to an improved understanding of pathogenesis, risk factors,
and outcomes and to improved care throughout the lifespan.
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Developmental Disabilities, Centers for Disease Control and Prevention, Atlanta, GA, USA. ntepper@cdc.gov.
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1| INTRODUCTION

Gastroschisis is a birth defect in which a portion of the intestines extrude through a defect in
the abdominal wall. The incidence of gastroschisis has increased in the U.S. and worldwide
over several decades (Jones et al., 2016), although the reason for the increase remains
unknown. It occurs most frequently among infants of younger mothers and the reason for
this inverse association has been studied extensively but, similar to the temporal trend,
remains unknown. Many risk factors have been examined for possible associations with
gastroschisis, with variable findings, and none appears to explain either the increasing
occurrence over time or increasing risk with younger maternal age. Advances in treatment
have improved survival among infants with gastroschisis (Suominen & Rintala, 2018) and
have highlighted a need for better understanding of the clinical course of disease and
longer-term morbidity and outcomes. On April 27— 28, 2023, the National Center on Birth
Defects and Developmental Disabilities at the Centers for Disease Control and Prevention
(CDC) and March of Dimes sponsored a meeting entitled “Public Health Priorities for
Gastroschisis”. The 45 participants represented public health, clinical care, patient advocacy,
professional organizations, and federal agencies. Specific expertise included epidemiology,
birth defect surveillance and research, general pediatrics, pediatric surgery, pediatric
gastroenterology, adolescent pediatrics, neonatology, obstetrics and gynecology, maternal-
fetal medicine, and patient and family education and advocacy. Participants reviewed
current knowledge on gastroschisis pathogenesis, risk factors, and longer-term outcomes
and research gaps related to these areas. Discussions focused on identifying priorities for
future surveillance, research, and public health actions to address key gaps.

2| REVIEW OF CURRENT KNOWLEDGE

To frame the meeting discussions a series of presentations was given, which included

two virtual webinars in March 2023 and five presentations at the meeting in April 2023.
Information was presented on the current state of knowledge about gastroschisis and gaps in
understanding.

The mechanism of gastroschisis development is not fully understood. The diagnosis is
considered only after 12 weeks’ gestation, due to physiologic umbilical herniation of the
midgut before that time which then resolves (Bargy & Beaudoin, 2014). Although there are
several theories for the development of gastroschisis, the pathogenesis remains unknown
(Haddock & Skarsgard, 2018). Intrauterine bowel injury is variable and is potentially related
to exposure to amniotic fluid or vascular mesenteric impairment (Beaudoin, 2018). The
severity of bowel injury is an important determinant of prognosis, with infants who have
severe bowel injury at birth having higher risk for neonatal death, sepsis, short bowel
syndrome, and prolonged mechanical ventilation and parenteral nutrition needs (Haddock
& Skarsgard, 2018). Studies continue to examine the optimal management of gastroschisis
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during pregnancy and after delivery, including timing of delivery, post-delivery management,
and defect closure mechanism (ClinicalTrials.gov, 2023; Haddock & Skarsgard, 2018;
Mowrer et al., 2022).

Studies have consistently found that the incidence of gastroschisis has increased worldwide
since the 1970s (Beaudoin, 2018; Loane et al., 2007; St Louis et al., 2017). The National
Birth Defects Prevention Network (NBDPN) examines select birth defects in surveillance
programs in the U.S. The NBDPN found that the national prevalence of gastroschisis was
estimated to be 4.3 per 10,000 live births in 2012-2016, with an estimated 5349 cases
during this period (Stallings et al., 2019). This estimate was derived from 30 state programs,
with estimates differing between those programs that ascertained cases actively (prevalence
4.7/10,000 live births) versus passively (prevalence 3.9/10,000 live births). The differences
in estimates underscore the importance of considering case ascertainment methods, such

as data sources used and pregnancy outcomes included, in birth defect surveillance and
research.

Young maternal age has consistently been associated with gastroschisis among infants.
The NBDPN found that the highest prevalence was observed among infants of mothers
ages <20 years (15.5/10,000 live births) and 20— 24 years (8.5/10,000 live births), with
prevalence declining sharply with increasing age (0.7/10,000 live births among those =40
years) (Stallings et al., 2019). However, the reason for the association with young maternal
age is not known. The NBDPN found that prevalence differed by maternal race/ethnicity,
with prevalence highest among infants of American Indian or Alaska Native (7.2/10,000 live
births) and Hispanic (5.0/10,000 live births) versus white (4.3/10,000 live births) mothers
(Stallings et al., 2019). Infants of black mothers had a lower prevalence of gastroschisis
(3.2/10,000 live births). In analyses adjusted for maternal age, the risk of gastroschisis

was lower in infants of non-Hispanic black mothers than in infants of non-Hispanic white
mothers. The risk was not statistically significantly different in infants of Hispanic mothers
and infants of non-Hispanic white mothers (Baldacci et al., 2020).

Additional risk factors have been found to be independently associated with gastroschisis
after adjusting for maternal age. Maternal smoking, alcohol, and illicit drug use have been
associated with gastroschisis (Baldacci et al., 2020). Maternal body mass index (BMI) has
been found to have an inverse relationship with gastroschisis, with lower BMI associated
with a higher risk for gastroschisis among infants (Baldacci et al., 2020). Other studies have
found associations between gastroschisis and certain maternal infections (e.g., urinary tract
infections) (Yazdy et al., 2014), medical conditions (e.g., depression) (Given et al., 2017),
medications (e.g., nonsteroidal anti-inflammatory drugs) (Interrante et al., 2017; Werler et
al., 2009), and stress (Carmichael et al., 2017). Some studies have found associations with
perinatal exposure to certain environmental agents, such as pesticides and atrazine, but
these findings have not been consistent (Brender & Weyer, 2016; Souther et al., 2017).
Although gastroschisis usually occurs without other birth defects, a certain proportion

of cases are found to have cooccurring birth defects, with cardiovascular defects being

the most common, found among 11.9% of gastroschisis cases (Stallings et al., 2019).
While gastroschisis is not generally associated with chromosomal abnormalities, some
studies have found associations with gene variants (Padula et al., 2016) and researchers
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have hypothesized potential interactions between genetic and environmental factors in the
development of gastroschisis.

Advances in treatment have led to improved short-term outcomes and long-term survival
(88%—-94% at 1 year of life, 86%—94% at 5 years of life, 82% at 25 years of life)
(Glinianaia et al., 2020; Wang et al., 2011). However, less research has focused on longer-
term outcomes of gastroschisis, including gastrointestinal, neurodevelopmental, physical
growth, and quality of life parameters. Gastrointestinal issues are prevalent, with one

study finding that 84% of individuals followed through 8 years of life experienced
gastrointestinal complications, for example, small bowel obstruction, perforation, and atresia
bowel dysmotility; necrotizing enterocolitis; enteric fistulas; and short bowel syndrome
(Durfee et al., 2013). In another study, approximately 30% of individuals with gastroschisis
followed through a median of 7 years of life experienced chronic abdominal pain and
constipation and 37% experienced small bowel obstruction by 10 years of life (van Eijck

et al., 2008). Some studies found that individuals with gastroschisis experienced motor
function delays, visual and hearing impairments, and diminished cognitive and behavioral
function (Hijkoop et al., 2018; Lap et al., 2017; van Manen et al., 2013). Because the
optimal gestational age for delivery of infants with gastroschisis is not known, some infants
are delivered early and these complications may be attributable to prematurity (Mowrer

et al., 2022). One study found that despite early growth delays, the majority showed
improvement in growth, particularly in those with a less complicated disease course (Harris
et al., 2014). One study found that quality of life was generally positive and comparable

to published controls (Arnold et al., 2018). Nonetheless, interpretation of these results is
limited by study design issues, including small numbers of individuals with gastroschisis,
lack of population base, and non-standardized measurements of outcomes; therefore, these
results may not be generalizable to the larger population.

A study of individuals with short bowel syndrome found that specific surveys, rather

than generic quality of life measures, are needed to examine quality of life related to the
condition and that 40% of caregivers report that the condition has a high impact on the
child’s overall wellbeing (Neumann et al., 2022). Communication from patients and families
highlights that research findings do not always adequately reflect lived experiences and
stressed the importance of including those with lived experience in research development.
One anecdotal concern is that the healthcare community’s focus on immediate surgical
outcomes minimizes the profound longer-term challenges and traumas faced by patients

and families that have likely contributed to morbidity and mortality. In addition, individuals
experience a lack of attention to chronic symptoms and challenges in finding caregivers
with knowledge about the specific issues after repaired gastroschisis and/or short gut.
Misdiagnosed pain and inadequate pain management among adolescents and adults with
repaired gastroschisis further diminish the quality of life. Individuals may not be aware that
they had gastroschisis because the family may be informed that the condition was resolved
with the repair. As a result, patients who experience complications later in life may not know
to inform their healthcare provider that gastroschisis could be a contributing factor, and that
could impact the care received (personal communication, Meghan Rauen).
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3| PRIORITIES FOR PUBLIC HEALTH RESEARCH ON GASTROSCHISIS

The meeting discussion was framed by asking participants to identify key gaps in knowledge
of gastroschisis risk factors, epidemiology, and longer-term outcomes and to highlight public
health surveillance and research approaches to address these gaps. Participants identified
several activities that might improve understanding and awareness of the disease.

3.1| Focus research on potentially modifiable risk factors

Studies that have examined risk factors for the development of gastroschisis have focused
on many varied maternal factors including demographics, behaviors, medical conditions
and medications, environmental exposures, and genetics. The association with young
maternal age has been consistently found; however, the pathogenesis of this association

is not understood. Other risk factors have been less consistently associated across studies
(Baldacci et al., 2020), and there could be potential interactions. Although complex and
likely multifactorial, the etiology of gastroschisis may be better understood by focusing on
common underlying risk factors. Accurate exposure assessment is critical with regard to the
timing, amount, and duration of exposure. A focus on potentially modifiable risk factors,
such as social determinants of health, might translate to more actionable results and future
preventive measures.

3.2 | Improve understanding of impact throughout lifespan

While the abdominal wall defect is often repaired soon after birth, the impact of the intra-
uterine environment and the treatment can extend beyond infancy and can impact survival,
growth, development, and quality of life into adulthood. Clinical research has largely
focused on management and outcomes during infancy and the first few years of life. As
survival has increased, it has become increasingly important to understand how gastroschisis
affects the health and well-being of affected individuals and families throughout their
lifespan.

Meeting participants discussed the range of impacts gastroschisis can have throughout the
lifespan, including negative effects on the gastrointestinal system (e.g., abdominal pain,
bowel motility), quality of life, and mental health. Meeting participants identified some gaps
in information about certain critical outcomes, including the following:

. What is overall survival of affected individuals?

. What proportion of affected individuals have chronic abdominal pain?

. What proportion of affected individuals have other comorbidities?

. What proportion of affected individuals have reduced quality of life, related to

chronic pain, school performance, feeding difficulties, and other concerns?
. What proportion of affected individuals have mental health issues?

In order to address the long-term impacts of gastroschisis on families and patients, several
approaches were proposed to enhance the scientific community’s understanding of the
condition and to improve how the healthcare system communicates about the condition.
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Improve approaches to long-term surveillance

To better examine long-term outcomes, it is important to use and improve upon existing
data as well as consider the potential to conduct new studies. Administrative datasets may
present opportunities to identify individuals with gastroschisis nationwide and to examine
medical encounters, hospitalizations, mortality, and comorbidities. Leveraging existing
databases may be preferable with respect to cost, data availability, and timeliness of results.
However, it is important to note that administrative datasets are likely limited by potential
underascertainment of affected individuals if the original diagnosis is not included beyond
infancy and early childhood. Assessment of the prevalence of gastroschisis among all ages
and associated outcomes hinges on accurately identifying individuals in a population-based
approach, which relies on improving recognition of the condition by healthcare providers
when an affected individual presents for care later in life. Existing studies with identified
patients such as the Gastroschisis Outcomes of Delivery (GOOD) study (ClinicalTrials.gov,
2023) may present opportunities to follow affected individuals prospectively and gather
additional information on the disease course, quality of life, and access to care.

Improve educational materials for healthcare community

Meeting participants discussed concerns that individuals who present for medical care may
not be recognized by care providers as having had gastroschisis, particularly when seen
beyond early childhood. Educational efforts can be focused on improved identification

of individuals with gastroschisis, so healthcare providers might better understand that
symptoms later in life, such as chronic abdominal pain, may be related to their gastroschisis.
In addition, it is important that healthcare providers become informed about the possibility
of longer-term outcomes of gastroschisis, which might occur despite the defect being
repaired. The onus of informing clinicians about gastroschisis sometimes falls on the patient
and their family, which could be facilitated with an easily accessible online source that
would provide state-of-the-art information about gastroschisis. However, a multipronged
approach to education would likely be most effective, including publications and online
information, continuing education activities, and materials from professional organizations.
Future gatherings of specialists and key stakeholders could serve to advance understanding
of the condition and develop educational materials for the healthcare community.

Improve information for affected individuals and families

Affected individuals and families may not have access to educational information including
disease course, self-advocacy, and navigating the healthcare system. It is particularly
important to ensure that affected individuals have continuity and quality of care throughout
the lifespan. Creation and dissemination of resources for individuals and families may
improve their ability to engage with the healthcare system and maximize their care.

4| CONCLUSIONS

Significant gaps exist in the understanding of etiology and risk factors for gastroschisis.
Research efforts aimed at examining modifiable risk factors would improve understanding
of the etiology and potentially identify opportunities for prevention. The incidence of
gastroschisis has increased and, with improvements in treatment and survival, there
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is a critical need for enhanced understanding of the natural course and longer-term

effects after the initial repair. Surveillance and research examining longer-term outcomes,
including mortality, pain, quality of life, and mental health, may lead to targeted efforts

to improve these outcomes. Enhanced education and resources for healthcare providers,
affected individuals, and families could improve recognition of the defect during healthcare
encounters, identify challenges in access to care, and improve continuity and quality of care
for individuals throughout their lifespan.
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