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The International Clearinghouse for Birth Defects Surveillance and Research defines gastroschisis as "a congenital
malformation characterized by visceral herniation usually through a right side abdominal wall defect to an intact umbilical
cord and not covered by a membrane". Approximately 10% of infants with gastroschisis have intestinal stenosis or atresia
resulting from vascular insufficiency due to a volvulus or compression of vascular pedicle by a narrowing abdominal ring.
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| 1. Introduction

In recent years, the subject of gastroschisis (Figure 1) has received considerable attention due to: (1) the controversy
surrounding its pathogenesis in light of our understanding of its developmental biology; (2) a temporal increase in
incidence of gastroschisis for reasons that are not entirely clear; (3) improvements in our ability to diagnose the condition
early in pregnancy and identify "high-risk" fetuses; (4) improvements in operative techniques; and (5) advances in
parenteral and enteral nutritional support during the postoperative period.

The first case of an abdominal wall defect was reported by Conrad Wolffhart (Lycosthenes), an Alsatian humanist and
theologist, who described an infant, born in 1547, with "a large extrusion of intestines from abdomen and chest, feet by
the head, and a tall, pointed skull" &I, The term "gastroschisis" (from ancient Greek, gastro = stomach, and schisi = split),
first coined by Taruffi in 1894, is actually a misnomer, since it is the anterior abdominal wall, not the stomach, that is split.
In 1953, Moore and Stokes first described the features differentiating gastroschisis from omphalocele .

Figure 1. Term infant with simple gastroschisis. The picture shows a small abdominal wall defect to the right of the site of
umbilical cord insertion.

| 2. Pathogenesis

Several embryologic hypotheses have been proposed to elucidate the pathogenesis of gastroschisis including a failure of
differentiation of the embryonic mesenchyme due to a teratogenic exposure 31, rupture of the amniotic membrane at the
base of the umbilical cord ), abnormal involution of the right umbilical vein, leading to impaired viability of surrounding
mesenchyme B!, interruption of the omphalomesenteric artery leading to localized necrosis of the abdominal wall at the
base of the cord &, abnormal folding of the embryo leading to a ventral body wall defect [, failure of the yolk sac and



related vitelline structures to be incorporated into the umbilical stalk, leading to a perforation in the abdominal wall
separate from the umbilicus &, and amniotic rupture in the pars flaccida part of the umbilical cord secondary to a genetic
predisposition or exogenous factors e.g., toxins, drugs, viruses, or radiation £,

More recently, Lubinsky proposed a binary vascular—-thrombotic model for gastroschisis, where the normal involution of
the umbilical vein creates a potential site for thrombosis adjacent to the umbilical ring. Subsequent thrombosis, associated
with factors increasing maternal estrogen levels, weakens the umbilical ring, creating a site for potential herniation. This
model can explain the morphological findings (location at the umbilical ring, typical right-sidedness, and amniocyte
inclusions) as well the epidemiologic risk factors (rising incidence due to increasing environmental contamination with
estrogen disruptors) 9. However, evidence for this to be occurring in humans is lacking.

Recent human evidence appears to support the theory that gastroschisis is not a defect of the abdominal wall, but an
abnormality of the rudimentary umbilical ring, resulting in a separation of the fetal ectoderm from the amnion's epithelium
on the right side [2ILLI112],

| 3. Epidemiology

The epidemiology of gastroschisis has been a subject of considerable interest, given the steady increase in its prevalence
over the past three decades. In the US, the prevalence of gastroschisis nearly doubled during the period from 1995 to
2005 3], However, this increasing trend is not universal; low and stable rates have been reported from Southern Europe
(particularly Italy) and the Middle East 24, The current prevalence rate of gastroschisis in the US is 4.5 per 10,000 live
births 151,

Gastroschisis is unusual among birth defects in that it disproportionately affects younger mothers, with the highest
prevalence among mothers aged <20 years (15.7 per 10,000 live births) L4ILSILEIL7II8IAN Approximately 70% of infants
with gastroschisis are born to women under 25 years of age, and the incidence among teenage mothers is more than
seven times that among mothers aged =25 years (15, The prevalence rates are higher among white and Hispanic mothers
than among black mothers 14115][18]

In a recent meta-analysis of 29 studies, maternal smoking (relative risk (RR), 1.56; 95% confidence interval (Cl), 1.40—
1.74), illicit drug use (RR, 2.14; 95% ClI, 1.48-3.07), and alcohol consumption (RR, 1.39; 95% ClI, 1.13-1.70) during early
pregnancy were associated with an increased risk of gastroschisis 29. A younger age of the father has been found to be a
risk factor in some studies 21221231241 A recent ecologic analysis found that gastroschisis prevalence was higher in areas
with high or medium opioid prescription rates, compared with that in areas with low rates 5. In a Canadian cohort study
involving two large databases, smoking (odds ratio (OR), 2.86; 95% CI, 2.22-3.66), a history of pregestational or
gestational diabetes (OR, 2.81; 95% CI, 1.42-5.5), and use of medication to treat depression (OR, 4.4; 95% CI, 1.38—
11.8) emerged as significant associations with gastroschisis pregnancies L4, The National Birth Defects Prevention Study
1997-2011 reported genitourinary tract infections during the periconceptional period to be significantly associated with
gastroschisis (OR, 1.5; 95% Cl, 1.3-1.9) [23],

There appears to be a spatial variation in the rates of gastroschisis, with "case clusters" in discrete areas relative to
surrounding areas [24l251261[27] g ggesting the possible role of agrichemicals as an etiologic factor (281291,

| 4. Types of Gastroschisis

First proposed by Molik et al. B9 gastroschisis is classified into simple and complex types based on the condition of the
bowel. In simple gastroschisis, the bowel is in good condition with no intestinal complications. Complex gastroschisis, on
the other hand, is gastroschisis associated with congenital intestinal complications in the form of an atresia, perforation,
ischemia, necrosis, or volvulus. Closed or closing gastroschisis is a subset of complex gastroschisis, in which the
abdominal wall defect closes around the prolapsed bowel, resulting in exit and/or entry intestinal stricture, atresia,
ischemia, necrosis, or resorption. These intestinal complications result from a combination of exposure to digestive
compounds in the amniotic fluid and ischemia due to mesenteric constriction at the level of the defect. Infants with closing
gastroschisis tend to have a high incidence of short-bowel syndrome (SBS). In extremely-rare cases, known as the
"vanishing gut syndrome”, the abdominal wall defect closes completely prenatally, resulting in extreme short gut B, In a
recent meta-analysis 32, infants with complex gastroschisis, occurring in 17% of cases, have significantly higher mortality
rates (16.67%) compared to those with simple gastroschisis (2.18%). Infants with complex gastroschisis also suffer from
significantly-higher rates of morbidities. They are started on enteral feeds later, they take longer to reach full enteral
feedings, and require a longer duration of parenteral nutrition (PN). They have a higher risk of sepsis, SBS, and
necrotizing enterocolitis (NEC). They tend to stay longer in the hospital and are more likely to be sent home with enteral



tube feedings and PN. Left-sided gastroschisis is a rare entity, where the abdominal wall defect occurs in the left
paraumbilical region. It is more common in females, and associated with a higher incidence of extraintestinal anomalies
compared with the right-sided lesions 231,

| 5. Surgical Management

The goals of surgical management of gastroschisis include reduction of the herniated viscera into the peritoneal cavity
while avoiding direct trauma to the bowel and excessive intra-abdominal pressure, and closure of the abdominal wall
defect. While the condition of the exposed bowel and the degree of abdominovisceral disproportion primarily dictate the
type and timing of surgical intervention, other factors such as gestational maturity and the infant's weight and co-
morbidities also need to be considered. The surgical options for closure include:

(a) Primary reduction, with either immediate sutured closure or sutureless closure; 5.1. Primary
(b) Prosthetic silo placement, gradual visceral reduction followed by delayed sutured or sutureless closure.Reduction

Primary reduction of the gastroschisis is usually performed if the herniated bowel can be safely placed back into the
abdominal cavity without causing excessive intra-abdominal pressure. If the herniated bowel loops appear near-normal,
this can be performed in the neonatal intensive care unit (NICU) under mild sedation/analgesia. Although rare, in infants
with closing gastroschisis, the narrow fascial defect can compromise intestinal blood flow, and may require urgent
enlargement of the defect to preserve bowel perfusion and facilitate reduction.

"Abdominal compartment syndrome”, a serious and potentially-life-threatening complication after primary closure, is
characterized by respiratory compromise, and/or lower limb, renal and intestinal ischemia. Intra-gastric or intra-vesical
pressures >20 mmHg, or central venous pressure >4 mmHg have been shown to correlate with decreased perfusion to
the kidneys and bowel, and potential risk of compartment syndrome [B433l peak inspiratory pressures of <25 cm H,O on
the ventilator after closure also predicts low risk for abdominal compartment syndrome €. Following the reduction of the
bowel into the abdominal cavity, the defect is closed either by sutured fascial closure technique or by sutureless closure
technique.

5.2. Staged Reduction

Staged reduction is achieved by the placement of a spring-loaded silo that provides coverage to the exposed bowel, with
subsequent definitive closure of the defect. This method can be used as initial therapy and also following failure of primary
reduction. The spring-loaded ring of the silo is inserted through the abdominal wall defect and rests beneath the fascia
inside the abdominal cavity without the need for placement of fascial sutures. The procedure can be performed at the
bedside under mild sedation/analgesia, without the need for endotracheal intubation. The transparent bag covers the
eviscerated bowel, which is reduced daily by tying umbilical tapes around the bag (Figure 2). Once the bowel is

completely reduced into the abdomen (Eigure 3), closure is performed using either the sutured fascial closure or the

sutureless closure techniques.



Figure 3. Staged reduction of gastroschisis. Shown is a picture with the bowel loops reduced into the abdomen using a
silo.

5.3. Sutureless Closure

First described by Sandler et al. BZ, the "plastic" sutureless closure technique utilizes the umbilical cord, left deliberately
long at the time of birth, as a biologic dressing. After careful reduction of the eviscerated bowel into the abdomen, the
gastroschisis defect is covered with the umbilical cord cut and tailored to fit the opening. A clear plastic dressing
(Tegaderm 3M) is placed over the defect, which is then allowed to heal by secondary intention. The umbilical-cord-
covered defect contracts circumferentially resulting in a scarless abdomen and a cosmetically-acceptable appearance of



the umbilicus in 2—-4 weeks (Figure 4). This technique can be used after primary reduction as well as following staged
reduction with silo placement. In the latter case, the cord is wrapped in Vaseline gauze and kept moist while the silo is in
place or placed inside the silo to maintain viability.

Figure 4. The infant shown in Figure 1 underwent a primary sutureless closure soon after birth. Shown at 19 days of age,
he is on full oral feeds.

5.4. Primary Reduction vs. Staged Reduction

The optimal timing of abdominal wall closure in gastroschisis remains debatable, with general agreement that early
reduction is best.

Staged reduction with silo placement has the theoretical advantage of achieving reduced intra-abdominal pressure at the
time of definitive closure, leading to improved splanchnic perfusion, resulting in faster return of bowel function, reduced
rates of infection and NEC and decreased risk of long-term bowel dysfunction 832, placement of a silo also allows for
ongoing assessment of bowel perfusion through the transparent bag. Prolonged use of the silo, however, can lead to
pressure necrosis around the silo ring.

In a meta-analysis that included studies with least selection bias, staged closure with silo was associated with better
outcomes and a significant reduction in ventilator days, time to first feed, and infection rates ¥%. However, in the same
meta-analysis, when all studies were included, primary closure was associated with improved outcomes.

A recent large, multicenter retrospective observational study involving 866 neonates with gastroschisis compared infants
who underwent immediate closure with those who had a silo placed for <5 days %1, The two groups had generally-
equivalent outcomes, except for a higher incidence of ventral hernias in infants who underwent immediate closure
compared to those who had silo placed for a short duration. There were no significant differences between the two groups
in terms of mortality, time to tolerance of full enteral feeds, duration of TPN, or hospital LOS. Infants who require a silo for
longer than 5 days likely represent a subset of patients with more severe disease and less favorable outcomes, and
therefore, may not be appropriate to compare to those infants who underwent immediate closure.

Two small prospective randomized trials demonstrated no difference between infants undergoing primary closure and
those undergoing silo placement with delayed closure in terms of time to full enteral feeds, duration of ventilatory support,
LOS, or incidence of sepsis “243l |n one of these studies 43, patients in the silo group were closed at a median of 4 days
after silo placement (interquartile range (IQR), 2-5.8 days).

5.5. Sutured Closure vs. Sutureless Closure

The sutureless closure method has gained popularity in recent years due to its simplicity, and purported advantages of the
ability to perform the procedure at the bedside without the need for general anesthesia, lower intra-abdominal pressures
after closure, shorter duration of mechanical ventilation, decreased need for pain medication, superior cosmetic
appearance of the umbilicus, and lower hospital cost [2724145],



In a large, single-center cohort study of 97 infants with gastroschisis, sutureless repair was associated with significant
reduction in duration of mechanical ventilation and pain medication requirements, but with an increased risk of umbilical
hernias, compared to sutured closure 8l In a prospective randomized controlled trial involving 39 infants with
gastroschisis, sutureless repair was associated with a significant increase in time to full feeds and time to discharge 44. A
meta-analysis of studies comparing flap closure with fascial closure for gastroschisis by Yousseff et al. demonstrated no
significant differences in mortality, LOS, or feeding parameters between the two groups 48, The infants who underwent
flap closure had significantly fewer wound infections, but had an increased risk of umbilical hernia.

In infants with gastroschisis with associated ileal atresia, the surgical management must be individualized based on
gestational maturity, birth weight, clinical status, and the condition of the bowel. If the bowel is in good condition, primary
anastomosis with abdominal wall closure can be performed. Otherwise, options include creation of stoma with closure or
reduction of unrepaired bowel into the abdomen with closure and delayed exploration to establish bowel continuity 28!,
The musculature of the abdominal wall is normal in gastroschisis.

Figure 5 provides an algorithm for the choice of optimal surgical procedure based on the type of gastroschisis and the
ability to safely reduce the bowel.

Gastroschisis
Simple Complex
Reducible Irreducible
Primary Reduction Delayed Reduction Ind ividualized closure plan
»  Sutured or auhureless & Silo placement « Prnmary sutwed or sutureless

imm ediate closure *  Sutured or sutureless closure

delayed cloaure *  Creation of stoma and closure
» Reduction of unrepaired bow el and
closure

+  Silo placement, staged reduction and
delayed closure

# Delayed exploraton to establish
bowel contimuity

Figure 5. Algorithm for reduction and closure of gastroschisis. (Adapted from Ref. 38,

| 6. Postoperative Management

The postoperative course in infants with gastroschisis is primarily dependent upon the extent and severity of intestinal
injury. Most infants tend to have some degree of adynamic ileus, intestinal dysmotility, and nutrient malabsorption and
require nasogastric decompression via a Replogle (nasogastric) tube and TPN via a secure central venous catheter,
either a peripherally-inserted central catheter (PICC) or a tunneled Broviac catheter. Feeding is initiated upon return of
bowel function (resolution of abdominal distension and bilious gastric drainage). The time to initiation of feeds can range
from one to two weeks, or longer, depending on the condition of the bowel. Early initiation of trophic feeds can improve
peristalsis, prevent villous atrophy, and reduce bacterial overgrowth. Feeds are advanced slowly as feeding intolerance is
common due to intestinal dysmotility. Feeding with maternal expressed breast milk, when available, may help to protect
the infant from developing NEC 49, Early oral stimulation is important to preserve sucking/swallowing reflexes and
prevent oral aversion. Infants with gastroschisis have been shown to have abnormal esophageal motor function leading to
delayed acquisition of oral feeding milestones, and the possible need for chronic tube feeding BY. In a multicenter,
randomized, double-blind, placebo-controlled trial, enterally-administered erythromycin conferred no advantage in the time
taken to achieve full enteral feeding after primary repair of uncomplicated gastroschisis B2,

There appears to a wide variation in the use of prophylactic antibiotics following abdominal wall closure 2. Based on a
multi-institutional review of practice and outcomes, it is recommended that antibiotics be discontinued within 48 h of
abdominal wall closure in the absence of culture-positive sepsis or clinical instability (23,



The incidence of NEC in infants with gastroschisis is approximately 5%, which is higher than that predicted based on their
gestational age. However, NEC in gastroschisis tends to be clinically less severe than that seen in preterm infants, with
only one-quarter of these infants requiring surgery for NEC 241,

Despite infants with gastroschisis having some degree of malrotation, the incidence of midgut volvulus is relatively low at
approximately 1% B3l This may relate to bowel inflammation and handling leading to formation of protective adhesions.
Given the low risk of midgut volvulus and the risk of bowel adhesions and obstruction, Ladd's procedure is not routinely
performed in gastroschisis. However, the diagnosis of volvulus must be considered in any infant with gastroschisis
presenting with delayed bowel obstruction.

SBS can occur in infants with complex gastroschisis with extensive bowel injury resulting from jejunoileal atresia, midgut
volvulus, NEC, or refractory intestinal failure. These infants are dependent on PN for prolonged periods and therefore
require placement of indwelling central venous catheters. As a result, they can develop intestinal bacterial overgrowth,
bacteremia due to translocation of enteric bacteria, or intestinal failure-associated liver disease. The risk of liver injury can
be reduced by using ursodeoxycholic acid, which acts by displacing hydrophobic, more toxic bile salts 58, use of
SMOFlipid, an intravenous lipid emulsion containing soybean oil, medium-chain triglycerides, olive oil, and fish oil B, and
cycling of PN to reduce hepatic steatosis 28], Using enteral antibiotics and probiotics can be helpful in treating bacterial
overgrowth. Other pharmacologic interventions used in SBS include use of gastric-acid-suppressing agents, e.g., Ho-
receptor blockers and proton pump inhibitors, prokinetic agents such as erythromycin, anti-diarrheal agents such as
loperamide and codeine, absorbent agents such as pectin and guar gum, or cholestyramine 22, The surgical approaches
to SBS include intestinal lengthening procedures, e.g., longitudinal intestinal lengthening and tailoring (LILT) and serial
transverse enteroplasty (STEP), and in patients with irreversible hepatic and intestinal failure, intestinal transplantation
9 Management of SBS often requires multidisciplinary “intestinal failure" teams that include neonatologists,
gastroenterologists, surgeons, nutritionists, pharmacists, nurses, and social workers.

Cryptorchidism is common in gastroschisis, occurring in approximately 35% of all male infants B162l |t has been
postulated that increased intra-abdominal pressure is responsible for the normal descent of the testis, and in
gastroschisis, forces that promote testicular descent are absent. However, there is a high rate of spontaneous migration
during the first year of life, with nearly 50% of the testes relocating without intervention (€162 The watch-and-wait
approach is recommended for management of cryptorchidism in gastroschisis due to a high rate of spontaneous migration
during the first year of life and greater than 90% of testes being viable on follow-up. Laparoscopic orchidopexy is a safe
and feasible option for testes that remain intraabdominal at follow-up [€2. In contrast, the rate of spontaneous testicular
descent was only 10% in boys with omphalocele 62,
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