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Literature Review 
Introduction
Gastroschisis is a severe congenital abdominal wall defect, affecting as many as 1 in 2,000 fetuses (Bhatt et al., 2018; Wright & Geraghty, 2017). Derived from the two Greek words meaning stomach (“gastro”) and cleft (“schism”), gastroschisis is clinically identified as the herniation of ileum and jejunum bowel loops outside of the abdominal cavity, not enclosed in a peritoneal sac (Copel & Campbell, 2017; Williams et al., 2003; Wright & Geraghty, 2017).
Background	
First recognized in the 1950s as a unique congenital condition with an individual embryologic origin, gastroschisis is known to occur due to an abnormal folding of the abdominal wall (Copel & Campbell, 2017). This abnormal folding subsequently results in a ventral wall defect allowing the protrusion of the fetuses’ abdominal contents into the amniotic fluid (Bhatt et al., 2018; Wright & Geraghty, 2017). As knowledge regarding the condition has increased over the years, the management of infants with gastroschisis has also advanced greatly. However, despite care advancements and an increased understanding of the condition, controversy remains in best practice management techniques in a variety of areas. Today, variations exist in prenatal care, mode of delivery, presurgical stabilization and evaluation, surgical repair technique, anesthetic management, and post-surgical care and follow-up (Williams et al., 2003). 
Problem Statement 
At a tertiary care facility in central Illinois, the recent acquisition of a new surgeon has created a practice change in the care and management of infants with gastroschisis occurring within the facility. Ultimately, the newly acquired surgeon wishes to operate on the infants in the first 24 hours of life. Previously, attempted surgical closure of the defect did not occur until day 2 or 3 of life. Therefore, the anesthesia group at this facility has requested an integrative review of the available literature examining the variations in surgical care and management techniques of infants with gastroschisis and, thus, subsequent recommendations for anesthetic management of this surgical population based on best-practice surgical findings. As a result, this project aims to provide best practice anesthesia management recommendations in the care of infants undergoing surgical repair of gastroschisis. By December 2021, an integrative review and subsequent anesthesia management recommendations of infants with gastroschisis will be presented to the anesthesia staff at the host facility. Following the presentation, anesthesia staff will report increased awareness, knowledge, and confidence in utilizing various anesthetic management techniques and approaches supporting best-practice surgical repair techniques of infants with gastroschisis. 
Clinical Relevance 
	Unfortunately, gastroschisis continues to be associated with significant morbidity and mortality (Bhatt et al., 2018). Despite advances in neonatal and surgical care, common morbidities that continue to affect infants with gastroschisis include prolonged time to tolerance of enteral feeds, prolonged ventilator support, and increased intensive care unit length of stay and hospital costs, among others (Hawkins et al., 2020). Additionally, since the 1980s, the incidence of gastroschisis has increased worldwide for reasons that are not completely understood, most notably among young mothers (Bhatt et al., 2018; Copel & Campbell, 2017). While infants with gastroschisis account for less than 5% of all major birth defects, these infants have one of the highest length of hospital stay, and gastroschisis is one of the most expensive birth defects to treat in the United States (Bhatt et al., 2018). Bhatt and colleagues found that infants with simple gastroschisis had a median length of hospital stay of 35 days with an average hospital cost of $75,859. Furthermore, while advances in pediatric surgery and neonatal care of infants with gastroschisis have facilitated a large decline in the mortality rates from 60% in the 1970s, overall mortality rates of 5 to 10% persist and have remained unchanged since the 1990s (Bhatt et al., 2018; Kirollos & Abdel-Latif, 2018; Wright & Geraghty, 2017). Moreover, great variability in the care of infants with gastroschisis exists throughout the US (Bhatt et al., 2018). In fact, among the 38 pediatric surgical training programs in existence in the US in 2012, the existence of protocol-driven care of this population was found to be rare (Bhatt et al., 2018). This lack of protocol-driven care leads to great variability in care both within single institutions as well as between institutions. Due to the potential morbidity and mortality associated with gastroschisis, variations in defect presentation, methods of management, and current lack of consensus of best practice management, further review of the available literature is necessary to improve the management and, therefore, outcomes of babies with gastroschisis. Moreover, the development of clinical pathways and protocols may help to standardize the care of infants with gastroschisis and lead to improved outcomes (Bhatt et al., 2018).
Aim Statement
The aim of this literature review is to provide a comprehensive overview of gastroschisis including the underlying pathophysiology, diagnosis of the condition, prenatal care, delivery management, post-delivery care, historical and current surgical management techniques, and anesthetic care. A thorough review of these areas is crucial in order to make a comprehensive recommendation for the anesthetic care of this patient population. Anesthesia best practice management recommendations will be developed from literature discussion of current best practice surgical management of infants undergoing gastroschisis repair in addition to the other above-mentioned related topic areas. 
Search Strategy
	Electronic databases searched included the Cumulative Index to Nursing and Allied Health Literature (CINAHL) Plus with Full Text and MEDLINE Complete. All searches were performed by one investigator. Keywords searched within the electronic databases included gastroschisis, incidence, cause, management, delivery, repair, surgical, closure, anesthesia, and anesthetic in varying search combinations in order to retrieve pertinent literature. Only articles of the English language were selected. Limits were not placed on publication dates as literature discussing the historical perspectives and management of infants with gastroschisis was desired. With all database searches performed, article titles, abstracts, and introduction sections were scanned to determine pertinence. When selecting articles, preference was given to articles published within the last 10 years. However, older articles were included for review if information presented was found to be valuable and more recent publications on the same topic were not found. Articles without immediate full-text availability were requested using SIUE ILLiad service and then skimmed for pertinence upon receipt. Studies were included based on their relevance to the literature review and doctoral project aims. 
Results
The initial search of “gastroschisis” retrieved 3,242 articles. To further limit and narrow the search to pertinent topics, the above-mentioned keywords were used, with 30 articles ultimately being included for review. Areas of focus included gastroschisis incidence, basic overview of the condition, etiology, embryologic origin, detection of the condition, prenatal care and management, delivery mode and timing, pre-surgical care, surgical management, anesthesia considerations, and post-op care.
Incidence and Prevalence
	While the incidence of gastroschisis has varied over the years and among sources, recent data supports an incidence as high as 1 in 2,000 fetuses (Wright & Geraghty, 2017). The most recent figures project an occurrence rate of approximately 1 in 2,200 live births (Haddock & Skarsgard, 2018) A 5-year study conducted by Bhatt et al (2018) from 2010-2014 revealed an overall average incidence of 4.6 per 10,000 livebirths, making gastroschisis less common than congenital heart defects, cleft lip, cleft palate, and neural tube defects (Haddock & Skarsgard, 2018). Of concern, however, the incidence of gastroschisis has been on the rise since the 1980s (Bhatt et al., 2018). In fact, a staggering 30% increase in incidence has been observed over recent decades, increasing from 3.6 per 10,000 live births in 1995-2005 to 4.6 per 10,000 live births in 2014 (Bhatt et al., 2018; Copel & Campbell, 2017). Haddock & Skarsgard (2018) cite an increase in occurrence rates between 2 and 10-fold over the past three decades, depending on geographic region studied. While the rising incidence of gastroschisis has been fairly well documented over recent years, the exact reason for this increase is less clear. Some proposed causes of the rise in incidence of gastroschisis include rising rates of premature births and survival of premature infants, improved distinction from omphalocele and subsequent improvement in insurance coding practices, increased drug use during pregnancy, increased rates of teen pregnancy, and more frequent chemical exposure during pregnancy (Souther et al., 2017). Despite the well documented increase in incidence rates over recent decades and numerous proposed beliefs of causation, the etiology of gastroschisis remains somewhat unclear (Bhatt et al., 2018). 
Etiology 
While gastroschisis is often considered a sporadic defect and the exact etiology is unclear, a greater understanding of risk factors has been achieved over recent years (Haddock & Skarsgard, 2018; Wright & Geraghty, 2017). Historically, many proposed etiologies of gastroschisis have primarily revolved around environmental and lifestyle exposures. However, the only risk factor related to the occurrence of gastroschisis that has been consistently identified over recent decades is young maternal age, with an age of less than 20 years old often cited (Bhatt et al., 2018; Haddock & Skarsgard, 2018). As much as a 7-fold higher rate of occurrence of gastroschisis has been observed in women younger than age 20, leading to many experts to believe young maternal age is the single strongest risk factor in the development of fetal gastroschisis (Copel & Campbell, 2017). However, average maternal age has increased in the United States over recent years, with fewer infants being born to mothers less than 20 years of age. Despite the increase in maternal age, the incidence of gastroschisis has yet to trend downward, leading some experts to debate the correlation between maternal age and the incidence of gastroschisis (Bhatt et al., 2018). 
Additional potential risk factors in the development of gastroschisis include nulliparity, male sex of the fetus, use of NSAIDs, carbon monoxide exposure, maternal smoking of tobacco and cannabis products, ingestion of pseudoephedrine, use of bronchodilators, ingestion of acetaminophen, illicit maternal substance use including alcohol, opioids and methamphetamines, exposure to pesticides, low BMI, poor diets lacking essential fruits and vegetables, and low socioeconomic status (Bhatt et al., 2018; Frolov et al., 2010; Haddock & Skarsgard, 2018; Kirollos & Abdel-Latif, 2018; Leftwich et al., 2012; Wright & Geraghty, 2017). Of note, over the course of the 5-year study period by Bhatt et al. (2018), neonates born with gastroschisis were most often of white race (50.1%), born at 33-36 weeks gestation (53.4%), born to a household with a median income less than the 50th percentile (64.7%), and covered by Medicaid insurance (72.2%). Despite the many suspected and proposed causes of gastroschisis, an agreed upon etiology among experts remains debated. 
Pathophysiology
Similar to the etiology of gastroschisis, the pathophysiology of gastroschisis is highly debated. When considering gastroschisis, the embryologic origin of the abdominal wall defect must be discussed. During embryonic development, the anterior abdominal wall is composed of four separate folds, including the cephalic, caudal, right lateral, and left lateral folds (Howell, 1998). These four folds join midline to form the umbilical vein and yolk sac. If any of these four folds fail to develop appropriately, an abdominal wall defect will occur (Howell, 1998). The development of gastroschisis occurs during the first trimester of pregnancy, between the fourth and tenth week of embryologic development, as a result of the incomplete infolding of the lateral fold resulting in incomplete formation of the abdominal wall and, thus, herniation of the gut (Haddock & Skarsgard, 2018; Howell, 1998; Wright & Geraghty, 2017). At approximately 6 weeks gestation, the fetus’s ventral body wall closes, followed by a period of rapid midgut growth and resultant herniation of midgut into the umbilical cord. By about 12 weeks gestation, the midgut naturally returns to the abdominal cavity as part of the normal physiologic development (Copel & Campbell, 2017). If this process does not occur normally, a resultant gut herniation may result. 
While many theories have been developed in an attempt to explain the embryonic cause of gastroschisis, the precise mechanism remains unknown (Haddock & Skarsgard, 2018). A popular theory suspects gastroschisis occurs due to a vascular insult during pregnancy as a result of occlusion of the omphalomesenteric artery, resulting in ischemia of the fetal abdominal wall near the base of the umbilical cord, thus allowing for herniation of bowel and other abdominal organs (Copel & Campbell, 2017; Haddock & Skarsgard, 2018; Howell, 1998; Leftwich et al., 2012). A second theory suggests teratogenic exposure during the fourth week of pregnancy results in a failure of embryonic mesenchyme differentiation leading to an abdominal wall defect (Haddock & Skarsgard, 2018). A third theory suggests gut herniation occurs as a result of amniotic membrane rupture occurring at the base of the umbilical cord leading to a weakened body wall, although this theory has not been supported by embryopathology (Haddock & Skarsgard, 2018). Lasty, a fourth theory suggests that an abnormal involution of the right umbilical vein results in diminished viability of the surrounding mesenchyme and localized tissue weakness surrounding the umbilical cord resulting in a right lateral wall defect (Haddock & Skarsgard, 2018). Additionally, left sided gastroschisis may rarely occur if abnormal involution of the left umbilical vein occurs (Wright & Geraghty, 2017).
Key Characteristics and Presentation 
First described in the 1940s, gastroschisis was once thought to be a variation of another similar condition, omphalocele, and until the 1950s & 1960s the defect was not recognized as having a different embryologic origin (Copel & Capmbell, 2017; Williams et al., 2003). Because the two conditions are both abdominal wall defects and carry some similarities, the two conditions are often discussed together. However, the two conditions have many differences including embryologic origin, anatomy, clinical presentation, and associated problems (Frolov et al., 2010). Thus, they cannot be considered one condition and must be managed in different ways.
When considering the differences in the presentation of gastroschisis and omphalocele, there are numerous discussion points. In gastroschisis the defect in the abdominal wall is often less than 4 cm, occurs lateral to the umbilical cord, occurs most often on the right side of the umbilicus, and lacks a protective membrane covering (Copel & Campbell, 2017; Frolov et al., 2010). With gastroschisis, the intestines protrude through the opening in the abdominal wall, potentially in addition to other abdominal contents including the stomach, liver, spleen, and genitourinary tract (Copel & Campbell, 2017; Frolov et al., 2010). In contrast, omphalocele is a large (greater than 4 cm) abdominal defect where the intestines herniate midline, protrude from the base of the umbilical cord, and are enclosed within a membranous sac (Copel & Campbell, 2017; Frolov et al., 2010; Williams et al., 2003). In omphalocele, the small intestines and liver are most often contained within the sac, although the bladder, spleen, and stomach may also be involved (Frolov et al., 2010). Furthermore, in omphalocele, there is a defect in the rectus muscles whereas patients with gastroschisis typically have intact and normal rectus muscles (Frolov et al., 2010). 
Overall, gastroschisis is less often associated with additional malformations and chromosomal abnormalities when compared to omphalocele (Copel & Campbell, 2017; Frolov et al., 2010). An international study from 1995-2005 identified an approximately 14% occurrence rate of additional birth defects in infants with gastroschisis, with central nervous system anomalies being the most common (Copel & Campbell, 2017). Additionally, only 1.2% of infants with gastroschisis had associated chromosomal abnormalities (Copel & Campbell, 2017). In contrast, omphalocele carries a 60-70% association rate with other structural anomalies (Copel & Campbell, 2017). Additionally, omphalocele diagnosis carries a greater than 50% risk of associated chromosomal abnormalities as well as other major syndromic and somatic malformations, many of which are often lethal. While omphalocele is most often associated with other congenital abnormalities, when gastroschisis is associated with other abnormalities they are typically of gastrointestinal origin. (Segel et al., 2001). It is important to recognize the difference in the conditions given the differences in associated malformations (Haddock & Skarsgard, 2018).
Additionally, the severity of gastroschisis can vary greatly as infants born with gastroschisis can present with varying levels of intestinal abnormalities and additional complications (Bhatt et al., 2018; Wright & Geraghty, 2017). Thus, the overarching diagnosis of gastroschisis may be further described as simple or complex (Bhatt et al., 2018). While infants with a diagnosis of simple gastroschisis present without any associated intestinal defects, those with complex gastroschisis may present with additional abnormalities and bowel injury, such as intestinal perforation, stenosis, atresia, ischemic or necrotic bowel segments, or volvulus (Bhatt et al., 2018; Williams et al., 2003). These bowel injuries are thought to be related to fetal vascular mesenteric impairment and/or the prolonged exposure of the herniated bowel to amniotic fluid inflammatory markers (Wright & Geraghty, 2017). 
After birth, infants with complex gastroschisis are at highest risk of neonatal death, necrotizing enterocolitis (NEC), sepsis, short bowel syndrome, prolonged hospitalization and length of mechanical ventilation, and increased duration of parental nutrition (Bhatt et al., 2018; Haddock & Skarsgard, 2018). Haddock & Skarsgard reported infants born with complex gastroschisis are at 5-times greater risk for in-hospital mortality compared to infants with simple gastroschisis, with mortality rates as high at 17% in complex cases (Copel & Campbell, 2017). In accordance, infants with complex gastroschisis often have a longer hospital length of stay (median stay of 89 days) and increased hospital costs (median cost of $163,667) (Bhatt et al., 2018). Unfortunately, from 2010-2014, while most infants born with gastroschisis were diagnosed with simple gastroschisis (87.7%), the incidence of neonates born with complex gastroschisis increased from 12.1% in 2010 to 13.6% in 2014 (Bhatt et al., 2018). Severity of the gastroschisis presentation should be determined during prenatal diagnosis, including if the presentation of the defect is simple or complex, in order to prepare for postnatal management (Haddock & Skarsgard, 2018).
Detection
	Due to the implementation of prenatal high-resolution ultrasound screening programs and prenatal testing, early detection of fetal structural anomalies is possible (Howell, 1998). Early prenatal screening of maternal serum alpha-fetoprotein levels can alert the provider to a number of potential problems (Haddock & Skarsgard, 2018; Howell, 1998). High levels of alpha-fetoprotein have been found to correlate with potential structural defects including neural tube defects, abdominal wall defects, or renal anomalies (Howell, 1998). While high levels of alpha-fetoprotein are not diagnostic, further testing including fetal ultrasound can either confirm or rule out any potential abnormalities, including gastroschisis (Haddock & Skarsgard, 2018; Howell, 1998). Thanks to maternal serum screening of alpha-fetoprotein levels and fetal ultrasound, antenatal detection of gastroschisis has reached over 90% (Haddock & Skarsgard, 2018). 
As early as the tenth week of pregnancy, some fetal anatomy including the abdominal cavity is discernable on ultrasound, making early detection of abdominal wall defects possible (Howell, 1998). Gastroschisis is often detected on routine ultrasound screenings during the first and second trimesters of pregnancy and may be seen on ultrasound as early as 8 to 10 weeks gestation (Wright & Geraghty, 2017). By the 13th week of gestation, the fetal intestines should have returned to the abdominal cavity as part of normal development (Howell, 1998). Additionally, Wharton’s jelly, the mucoid substance that encapsulates the two umbilical arteries and one umbilical vein to help form the infant’s umbilical cord, may stretch and fill a potential abdominal herniation during this time period (De Giacomo et al., 2019; Wright & Geraghty, 2017). Therefore, a true diagnosis of gastroschisis should not be made until after 12 weeks gestation (Wright & Geraghty, 2017). Due to first trimester nuchal screening ultrasound, up to 25% of cases of gastroschisis may be diagnosed as early as 14 weeks (Haddock & Skarsgard, 2018). 
On ultrasound, fetuses with gastroschisis appear to have a small peritoneal cavity and a cluster of cystic structures appears somewhere near the normally inserted umbilical cord (Howell, 1998). As development continues, dilated bowel and thickening of the bowel wall may be seen free-floating in the amniotic fluid. The appearance of gastroschisis is often described as “cauliflower like” due to the presence of amniotic fluid between bowel loops (Copel & Campbell, 2017). Visualized on ultrasound, fetal growth restriction, altered amniotic fluid volume, dilated bowel, bowel wall thickening, and echogenicity may be indicative of a diagnosis of complex gastroschisis (Haddock & Skarsgard, 2018). However, bowel dilation is also often present in simple gastroschisis. 
Continued ultrasound throughout pregnancy plays an important role in monitoring many parameters, including the amniotic fluid index (AFI), which may predict the neonate’s parenteral nutrition requirements following birth (Wright & Geraghty, 2017). Once an infant has been diagnosed with gastroschisis, delivery should be arranged to occur at a specialized center with neonatal intensive care and pediatric surgery expertise (Haddock & Skarsgard, 2018). As there is no cure for gastroschisis, management focuses on prenatal diagnosis, proper prenatal care and monitoring, and timely surgical intervention (Wright & Geraghty, 2017).
Prenatal Care
	After diagnosis in utero, serial ultrasounds should be performed to monitor fetal growth, amniotic fluid volume, fetal heart rate, and bowel health (Wright & Geraghty, 2017). Close monitoring must occur as infants are at risk of bowel atresia, volvulus, ischemia, intrauterine growth restriction, preterm labor, and fetal death. Intrauterine death in the third trimester occurs in approximately 10% of pregnancies involving a fetus with gastroschisis (Haddock & Skarsgard, 2018). On ultrasound, stomach herniation can be predictive of intrauterine fetal death in the late third trimester (Wright & Geraghty, 2017). Additionally, routine cardiotopography screenings after 32-34 weeks gestation are often used to detect early changes in fetal heart rate variability (Haddock & Skarsgard, 2018). Loss of fetal heart rate variability, dilated bowel loops, intrauterine growth restriction, or small for gestational age should prompt further investigation and potential early delivery (Haddock & Skarsgard, 2018; Wright & Geraghty, 2017). Approximately 50% of all pregnancies carrying a fetus with gastroschisis will require emergency cesarean section (c-section) as result of fetal distress in utero (Wright & Geraghty, 2017). As a result of the complex management of infants diagnosed in utero with gastroschisis, multidisciplinary management should be implemented involving obstetricians, neonatologist, pediatricians, and pediatric surgeons. During the second trimester, a detailed fetal anatomical survey and a fetal echocardiogram should be completed to rule out other structural abnormalities (Copel & Campbell, 2017). Invasive testing is not routinely recommended as a result of the low association rates of chromosomal abnormalities. Invasive testing is only recommended if the infant is found to have additional anomalies (Copel & Campbell, 2017).
Delivery Mode and Neonatal Outcome
	Similar to many other discussions surrounding the care and management of infants with gastroschisis, the optimal mode of delivery to reduce mortality and morbidity remains controversial (Fraga et al., 2018; Kirollos & Abdel-Latif, 2018; Leftwich et al., 2012). When comparing vaginal delivery (VD) versus cesarean section (CS) delivery, historically CS delivery has been preferred for a number of reasons. Some providers have argued CS delivery will result in improved neonatal outcomes, as CS delivery protects the infants abdominal contents from trauma associated with VD, reduces ischemia caused by uterine contractions, reduces contamination of the abdominal contents by vaginal flora, decreases the likelihood of birth obstructions during labor, and allows for proper post-delivery neonatal care and surgery preparation (Kirollos & Abdel-Latif, 2018; Leftwich et al., 2012; Segel at al., 2001). Fraga and authors (2018) suggested medical centers who favor CS delivery over VD may do so for the purpose of simply electively delivering the infant preterm. Meanwhile, proponents of VD have argued that allowing a mother to delivery her infant vaginally reduces maternal morbidity and allows for decreased length of maternal hospital stay without increased risk to the infant, provided that immediate neonatal care is available at delivery (Leftwich et al., 2012; Segel et al., 2001). 
In order to better understand the relationship between delivery mode and outcome of the infant, numerous pieces of literature have been published. Salihu and authors (2004) conducted a retrospective cohort study during the late 1980s through the 1990s examining infants with isolated cases of gastroschisis, finding that delivery mode had no correlation with neonatal survival. A study by Fraga and authors looked at 125 infants born with simple uncomplicated gastroschisis, finding no statistical difference in the outcomes of infants born by CS or VD. Outcomes analyzed included the time to initiation of enteral feeds, time to discontinuation of parenteral nutrition, and length of stay. Additionally, a 2018 meta-analysis of 38 studies examining the relationship between delivery mode and outcomes of infants with gastroschisis considered a variety of outcomes including overall mortality, neonatal mortality, NEC development, rates of primary repair, rates of secondary repair, sepsis, duration until first enteral feeding, hospital length of stay duration, and occurrence of short gut syndrome (Kirollos & Abdel-Latif, 2018). Despite the historical preference of CS delivery, no significant difference in outcomes was found. These findings by Kirollos & Abdel-Latif were consistent with a 2001 meta-analysis by Segel et al., a 2014 review by Lepigeon et al., and a 2016 review by Skarsgard and colleagues. Segel and authors included 15 retrospective cohort studies in their meta-analysis and found no relationship between mode of delivery and variables including the occurrence of sepsis, overall mortality, presence of ischemic bowel, presence of small bowel obstruction, occurrence of NEC, length of hospital stay, and time until initiation of enteral feeding. Furthermore, How and colleagues (2000) found no difference in the rate of primary closure, neonatal sepsis, or neonatal mortality between infants with gastroschisis and omphalocele delivered by VD or CS delivery. In addition, Lewis and colleagues (1990) found no difference in neonatal morbidity and mortality among infants with gastroschisis and omphalocele delivered by VD or CS delivery. 
Thus, researchers argue there is no indication for creating a standardized CS delivery process in order to improve neonatal outcomes (Kirollos & Abdel-Latif, 2018; Segel et al., 2001). In addition, Fraga and authors (2018) proposed VD does not impose any additional risks on infants with simple gastroschisis. In accordance, authors recommend VD of infants with abdominal wall defects, such as gastroschisis, unless other obstetric indications necessitating cesarean section delivery are present (Fraga et al., 2018; Segel et al., 2001; Haddock & Skarsgard, 2018). This recommendation follows current trends, as seen in a recent population-based study showing a 59.7% attempted vaginal delivery rate in 2005, compared to 68.8% in 2013 (Copel & Campbell, 2017).
	In contrast, a 2012 study by Leftwich and authors stated fetuses with gastroschisis, “may have improved short-term outcomes with delivery by cesarean section” (p. 475). Variables showing potential favor of CS over VD in this study included decreased length of stay, decreased length of ventilation, and reduced occurrence of sepsis and bowel obstruction, although statistical significance was not found. Many institutions typically favor one delivery method over the other and have set protocols based on provider experience and comfort levels (Leftwich et al., 2012). 
Delivery Timing and Neonatal Outcome
	In addition to delivery route, optimal gestational age at birth is also debated. In individuals who undergo spontaneous delivery of an infant with gastroschisis, average gestational age is less than 37 weeks (Haddock & Skarsgard, 2018). This has led many to believe infants with gastroschisis should be delivered preterm (before 37 weeks gestation) in order to reduce sepsis, bowel injury, improve outcomes, and reduce the occurrence of late third trimester death (Haddock & Skarsgard, 2018; Wright & Geraghty, 2017). Despite this belief, many studies including a 2013 Cochrane review showed no benefit or increased adverse neonatal outcomes associated with delivery before 36 weeks (Haddock & Skarsgard, 2018). Meanwhile, Copel & Campbell (2017) argued earlier gestational age at delivery has been associated with worse prenatal outcomes. Salihu and authors (2004) found infants with isolated gastroschisis who were born preterm were three times as likely to die during the first 28 days of life when compared to their non-premature counterparts. Elective CS delivery at 38 weeks was suggested as the most cost-effective option with the least amount of required neonatal intervention (Wright & Geraghty, 2017). Delivery prior to 39 weeks gestation is not currently a standard of care and should be reserved if obstetrical indications are present (Copel & Campbell, 2017). However, due to the increased risk of intrauterine death as gestational age advances, delivery planning should occur by 39 weeks (Copel & Campbell, 2017). 
Surgical Management 
Shortly following birth surgical intervention is needed (Williams et al., 2003). Due to an increase in early diagnosis and maternal prenatal care, most infants born with gastroschisis are delivered at facilities capable of performing the surgical correction promptly (Dogra et al., 2019). Despite surgical management being necessary for all infants with gastroschisis, as a result of the differing presentations and severities of gastroschisis, various management techniques exist. Moreover, institution and surgeon preference also play a role in surgical management (Gurien et al., 2017).
Since 1943 following the first successful primary surgical closure of gastroschisis by D. Watkins, the surgical management of patients with gastroschisis has varied and advanced greatly (Cauchi et al., 2006). The discussion surrounding the most optimal surgical management, including time to closure and method of defect closure, is perhaps one of the most controversial and widely debated areas of gastroschisis management (Dariel et al., 2015). Variations in the size of the gastroschisis defect, condition of the infant, and status of the herniated viscera lead to variations in surgical management (Wong et al., 2020). Regardless of technique, the overall goal of surgical closure of gastroschisis is to reduce the viscera and prevent abdominal compartment syndrome by avoiding any compromise in abdominal perfusion or ventilation (Haddock & Skarsgard, 2018).
Typically, infants with gastroschisis fall in two surgical repair categories: those who undergo primary fascial repair and those who undergo a staged repair (Haddock & Skarsgard, 2018). Regardless of repair technique, the primary concern is avoidance of high intra-abdominal pressures in order to avoid bowel hypoperfusion, the development of abdominal compartment syndrome, and respiratory compromise (Dariel et al., 2015). As survival of infants with gastroschisis has grown and more infants present for surgical repair, many surgeons have argued for the superiority of one repair type over the other (Sauter et al., 1991). Historically all infants underwent closure in the operating room under general anesthesia, but as the management has improved, alternative closure techniques have been developed (Dariel et al., 2015). 
Immediate primary repair was the initial option for surgical treatment until the early 1990s when the spring-loaded silo was introduced (Hawkins et al., 2020). A recent study published by Hawkins and authors suggested primary closure leads to shorter hospital LOS and fewer overall complications. Typically, primary repair occurs soon after birth, sometimes occurring during the first few hours of life (Haddock & Skarsgard, 2018). Primary closure has been argued as the preferred method of surgical management due to the risk of sepsis and hypovolemia (Williams et al., 2003). Through primary repair, the intestines are placed back into the abdominal cavity shortly after birth, protecting them from further mechanical injury, environmental exposure, and compression (Haddock & Skarsgard, 2018). As a result of performing primary repair, introduction of enteral feeds may occur earlier, hospital length of stay may be reduced, and lower rates of infection may occur when compared to staged closure. 
Preoperative gastric decompression is accomplished via nasogastric (NG) tube (Brusseau & McCann, 2010). Extension of the fascial defect should occur only when absolutely necessary, such as in the case of mesenteric compromise (Haddock & Skarsgard, 2018). If extension of the fascial defect is required, manual stretching of the abdominal wall may be necessary (Croom III & Thomas, 1971; Sauter et al., 1991). Excessive intra-abdominal pressure should be avoided during primary repair to avoid respiratory or cardiac compromise (Haddock & Skarsgard, 2018). Infants with matted, thickened or dilated bowel, or abdominovisceral disproportion may not be candidates for primary closure as abdominal compartment syndrome may occur (Haddock & Skarsgard, 2018). For these infants, staged closure is the optimal approach.
During the 1970s and 1980s, primary fascial closure gained favor with many surgeons touting decreased rates of sepsis, decreased rates of bowel obstruction, decreased occurrence of fistula, fewer operations, faster bowel recovery, decreased hospital stay, and overall decreased mortality (Sauter et al., 1991; Segel et al., 2001). Croom III & Thomas (1971) argued infants born with gastroschisis should undergo early operation to prevent additional complications. In line with this belief, immediate primary repair was the preferred surgical repair method for infants with gastroschisis until the 1990s when the spring-loaded silo was introduced (Hawkins et al., 2020). In fact, the strong preference for primary closure during this time period resulted in the development of a surgical technique using autogenous tissue including rotation flaps of skin, abdominal muscle wall, and umbilical cord to enlarge the abdominal cavity and facilitate the reduction of large eviscerations (Croom III & Thomas, 1971). This technique touted providing tension-free primary closure in infants with large abdominal defects, while reducing cardiorespiratory compromise and overall morbidity and mortality rates, despite being an extensive surgical operation and requiring further reconstruction of the abdominal wall (Croom III & Thomas, 1971). 
Despite the historical favor of primary repair, Sauter and authors (1991) found no difference in a number of measured variables including postoperative ventilation, length of stay, days to feeding, morbidity, and overall survival when compared to staged repair. Recently, a large multicenter retrospective observational study conducted from 2005-2013 found infants who underwent immediate primary closure had similar outcomes as infants who underwent a staged silo closure less than or equal to five days in length, with respect to similar mortality rates, time to tolerance of full enteral feeds, TPN duration, rates of sepsis, and hospital length of stay (Hawkins et al., 2020). Infants in this study were also found to have fewer ventilatory days when compared to infants who underwent staged silo closure of less than or equal to five days. Similarly, a 2017 study by Gurien and colleagues found infants who underwent primary closure had a significantly reduced hospital length of stay and rate of surgical site infections. Despite these favorable findings, Gurien and colleagues also discovered infants who underwent primary closure had a greater number of ventilator days when compared to infants who underwent staged closure between 4 to 14 days. Hawkins and colleagues found infants who underwent primary closure had a significantly higher risk of developing a postoperative ventral hernia, when compared to infants who underwent staged silo closure less than or equal to five days (12% versus 3%). Infants who underwent silo closure for greater than 10 days, ventral hernia rates became equivalent to those who underwent primary closure.
In contrast to primary repair, staged repair involves a prosthetic silo, or plastic pouch, and gradual closure of the abdominal wall defect over one to three days (Copel & Campbell, 2017; Haddock & Skarsgard, 2018). A 2017 study by Gurien and colleagues discusses staged silo closure may be prolonged for as long as 14 days for infants with larger defects. Following the introduction of the spring-loaded silo in the 1990s, staged silo closure gained popularity (Hawkins et al., 2020). Hawkins and authors noted staged closure leads to reduced abdominal wall tension and earlier tolerance of enteral feeding. Today, due to advances in the types of silos available, placement of newer silos can be done at the bedside on an awake patient (Haddock & Skarsgard, 2018). 
With a silo, sequential bedside reduction of the eviscerated bowel occurs using gentle pressure to gradually reduce the viscera (Haddock & Skarsgard, 2018). A clip or other similar mechanism is placed around the empty portion of the silo to maintain the sequential reductions (Dariel et al., 2015). Infants who have a large abdominal defect or whose bowel is in poor condition due to edema, have thick rigid loops of bowel known as “peel,” or short mesentery will often require a staged silo closure (Fraga et al., 2018). Often times, staged silo repair is reserved for infants who are sicker, who have other associated congenital anomalies, and those who experienced meconium aspiration at birth (Sauter et al., 1991). Staged repair may also occur on infants where primary repair is attempted, but unsuccessful due to high intra-abdominal and ventilatory pressures (Dariel et al., 2015). In some cases, surgeons prefer staged repair as the first-line treatment for infants with gastroschisis. During the sequential bedside reductions, intra-abdominal pressure and bowel health/color is closely monitored. Following staged silo reduction, secondary surgical closure of the abdominal wall defect has been the classic closure approach, typically occurring in the OR under general anesthesia.
Interestingly, a study conducted from 2010-2016 at a large tertiary care center in the US, found staged silo repair was associated with an increased total hospitalization cost, increased length of stay, increased time in the intensive care unit, greater time on ventilatory support, and prolonged time to reach goal enteral feeds (Wong et al., 2020). Similarly, a study published in 2017 found infants who underwent staged silo closure had longer hospital stays when compared to infants who underwent primary closure (Gurien et al., 2017). In contrast, a large multicenter retrospective observational study conducted from 2005-2013 found infants who underwent staged silo closure less than or equal to 5 days in length had generally equivalent outcomes as infants who underwent primary closure, with respect to similar mortality rates, time to tolerance of full enteral feeds, TPN duration, rates of sepsis, and hospital length of stay (Hawkins et al., 2020). In contrast, infants who underwent silo closure were found to have a significantly longer duration of mechanical ventilation when compared to the infants who underwent immediate primary closure (median 5 days versus 3 days) (Hawkins et al., 2020). 
In contrast to the findings by Hawkins and authors, Gurien and authors reported infants who underwent staged silo closure experienced less ventilator days, by a difference of 2 days. Hawkins and authors noted increased silo duration and time to closure was a significant independent predictor of length of stay, ventilator duration, time to full enteral feeds, and TPN duration. Perhaps the infants who required longer silo closure duration likely had a more severe form of gastroschisis, which should be considered when analyzing the outcomes of these infants (Hawkins et al., 2020). Lastly, Gurien and colleagues observed infants who underwent staged repair with a length between 4 and 14 days, were more likely discharged home (as compared to another hospital) and were less likely to need nutritional support at discharge. 
Advances in neonatal intensive care, parenteral nutrition, and ventilatory support have allowed for increased success with primary repair, while antibiotic therapy allows for improved outcomes of children managed using a staged repair technique (Sauter et al., 1991). Optimal closure method remains a debated topic among field experts. Variations in the size of the gastroschisis defect, condition of the baby, and status of the herniated viscera must be considered when determining appropriate closure technique (Wong et al., 2020). Optimal surgical closure method is debatable.
Plastic/Sutureless Closure 
Recently, an alternative to the classic secondary surgical closure technique has been emerged. Dariel and colleagues (2015) discussed a secondary plastic closure following either staged silo repair or primary closure as a promising alternative. Secondary plastic closure occurs at the infant’s bedside and involves nonoperative closure without general anesthesia. Following complete reduction either through primary reduction methods or staged silo reduction, the umbilical cord is positioned across the defect and secured by a dressing (Haddock & Skarsgard, 2018). As described by Dariel and authors, a nonadherent dressing of tefla and duoderm is applied to the defect while the infant is sedated. By approximately four to six weeks, the wound is fully epithelialized and resembles a near normal umbilicus (Haddock & Skarsgard, 2018). The dressing was changed initially after five days, and then subsequently every two days following the initial dressing change until complete secondary closure of the defect occurred (Dariel et al., 2015). In this closure method, antibiotics were continued until the first dressing change which occurred five days post-secondary plastic closure. 
Secondary plastic closure offers the advantage of avoiding surgical intervention and general anesthesia and decreases the incidences of mechanical ventilation (Dariel et al., 2015). By decreasing the incidence of mechanical ventilation, patients avoid the risk of barotrauma, pulmonary infections, and other complications secondary to endotracheal tubes. Secondary plastic closure following staged silo reduction should be first-line treatment for patients with uncomplicated gastroschisis. When a 2016 meta-analysis compared secondary plastic closure to traditional secondary surgical closure, no difference in feeding outcomes, length of hospital stay, and overall mortality rates were discovered (Haddock & Skarsgard, 2018). Additionally, lower surgical site infection rates were seen with secondary plastic closure.
Anesthesia Management Considerations 	
As an increasing number of infants with gastroschisis are surviving and presenting for surgical repair, anesthetic management of this population has grown increasingly important. While surgical management plays an obvious important role in the survival of infants with gastroschisis, anesthetic management also contributes to best outcomes (Dogra et al., 2019). When developing an anesthetic management plan of these critically ill infants, many areas must be considered. 
Preoperative Considerations. There are numerous preoperative considerations to appraise before formulating an anesthetic plan. Most importantly, a thorough preoperative assessment, including history and physical exam, should occur. This includes an overview of all systems, plus special attention to the patient’s physiology, disease process, and implications that may affect the surgical or anesthetic plan (Brusseau & McCann, 2010).
Basic Considerations. When first assessing the infant, consider gestational age because this correlates closely with survival (Brusseau & McCann, 2010). Premature infants are at greater risk of a number of conditions including intraventricular hemorrhage, respiratory distress syndrome, apnea, bradycardia, glucose imbalances, electrolyte imbalances, and sepsis. Investigating the infant’s mode of delivery, APGAR scores, and required neonatal resuscitation may also help quantify a neonate’s overall health status. After basic information is gathered, a thorough physical assessment must be conducted, paying special attention to gross anomalies, skin coloring, activity level, cry, and abdominal appearance (Brusseau & McCann, 2010).
Cardiac Considerations. Cardiovascular system assessment is vitally important, as newborns undergoing gastroschisis repair may arrive to the OR while still undergoing transitional circulation. Four extremity blood pressures, pulses, cardiac rate and rhythm, and the presence of heart murmurs should be assessed. If intrauterine circulation fails to terminate following delivery, communicating shunts may persist resulting in shunting, depending on the infant’s pulmonary vascular resistance and systemic vascular resistance. If an infant experiences left-to-right shunting, a low-cardiac output state and pulmonary edema may result. In contrast, if an infant experiences right-to-left shunting, impaired oxygenation may result in cyanosis and acidosis (Brusseau & McCann, 2010). During the perioperative period, avoid hypoglycemia, hypercarbia, hypoxia, hypotension, bradycardia and acidosis as these conditions create increased physiologic stress in the newborn and may cause neonatal circulation to revert to fetal circulation, resulting in right-to-left shunting (Biswas et al., 2006).
Respiratory Considerations. If the infant is premature, respiratory distress syndrome may be present, necessitating respiratory intervention. Lack of surfactant often causes respiratory distress syndrome in infants born before 34-36 weeks gestation (Brusseau & McCann, 2010). Low functional residual capacity and impaired ventilation can cause rapid desaturation. If respiratory support is required preoperatively for any number of reasons, effort should be made to smoothly transition the infant to the OR with similar ventilatory settings. Additionally, infants are at risk for apnea due to a number of reasons including airway obstruction (due to immature airway and respiratory structures), hypoxemia, sepsis, or hypothermia. Thus, the infant must be closely monitored for apnea, especially in the postoperative period (Brusseau & McCann, 2010).
Preoperative Care. Care of an infant with gastroschisis following delivery focuses on the physiologic condition of the infant, health of the infant’s intestines, and local practice patterns within the facility and/or region (Haddock & Skarsgard, 2018). After birth, the infant is immediately at risk for many complications including visceral trauma, NEC, bowel obstructions, hypothermia, dehydration, and infection due to the large exposed bowel area (Kirollos & Abdel-Latif, 2018; Wright & Geraghty, 2017). Care of the infant in the neonatal intensive care unit (NICU) is crucial in order to treat and manage these conditions. Therapeutic goals following delivery include physiologic homeostasis in addition to providing the infant with intravenous hydration, respiratory support, temperature regulation, and bowel protection (Haddock & Skarsgard, 2018). 
 In the NICU, vascular access will need to be obtained, while taking care to avoid the umbilical vessels (Haddock & Skarsgard, 2018). Typically, one to two 22g or 24g peripheral IVs are sufficient, although placement of a central venous catheter may be considered in very small or premature infants (Brusseau & McCann, 2010). The volume status of the infant with gastroschisis should be optimized preoperatively (Biswas et al., 2006). Fluid resuscitation is often necessary as most babies with gastroschisis are born hypovolemic due to third space fluid loss. Crystalloid fluids, such as normal saline or lactated ringers, should be used for bolus administration to replace fluid deficits and third space losses while fluids containing 10% dextrose and saline should be used for maintenance (Haddock & Skarsgard, 2018). 
Fluid management should be guided by capillary refill, urine output, and vital signs. Care should be taken to not overload the infants as excessive resuscitative fluid volume has been found to increase adverse neonatal outcomes such as days requiring mechanical ventilation, length of hospital stay, and sepsis (Haddock & Skarsgard, 2018). In neonates, basic hourly fluid requirements can be calculated using the 4-2-1 rule. Using this rule, 4ml/kg should be administered for the infants first 10kg of body weight. For 10 to 20kg, an additional 2ml/kg should be added for every kg the infant weighs over 10kg. For infants greater than 20kg, 1ml/kg should be added for every kg over 20kg (Brusseau & McCann, 2010). 
An NG tube should be placed to facilitate intestinal decompression and bowel protection should occur via the placement of a saline wrap or medical grade plastic bag. Bowel compression should be avoided. The lateral decubitus position may be beneficial in reducing the risk of these complications (Copel & Campbell, 2017; Haddock & Skarsgard, 2018).
Anesthetic Choice. Anesthetic management can vary greatly based on a number of factors. Some providers may choose to deliver a classic general anesthetic with opioids for pain management while others may prefer to deliver strictly regional anesthesia utilizing spinal or caudal blocks. Still, others may prefer a combined anesthetic technique utilizing a general anesthetic plus a regional block, such as a spinal or caudal block. Recently, a combined technique had been preferred by many providers (Dogra et al., 2019). 
Dogra and authors found infants who received general anesthesia plus regional anesthesia for pain management required less postoperative mechanical ventilation, and those who required postoperative ventilation achieved extubation earlier when compared to infants who received general anesthesia plus opioids for analgesia. By administering a regional anesthetic (RA) in combination with a general anesthetic (GA), many benefits have been noted. Muscle relaxants and opioids can often be avoided utilizing a combined technique. RA plus GA technique affords the use of a smaller amount of inhalational agent intraoperatively, thus, reducing the cardiac and respiratory depressant effect of the inhalation agent (Dogra et al., 2019). Most importantly, utilizing GA the infant’s airway is protected and secured, allowing for optimal ventilation and decreased aspiration risk. Dogra and authors discussed spinal anesthesia in combination with general anesthesia with success. In this technique, general anesthesia affords airway protection while the spinal block provides surgical anesthesia and analgesia and avoidance of perioperative muscle relaxants and opioids. 
Occurring less often and less favorably, gastroschisis surgical repair under regional anesthesia only has also been documented. A study published in 2017 by Kasat and authors discussed administering a caudal block as the sole anesthetic technique, utilizing 2mg/kg of 0.5% bupivacaine plus 7mg of 2% lidocaine with epinephrine 1:200,000. This local anesthetic combination was diluted in normal saline to deliver a total desired volume of 1.25ml/kg of the mixed solution. This method was successful and allowed for avoidance of opioids and decreased postoperative ventilation, but an unprotected airway is less than desirable. However, caudal anesthesia with fentanyl may be considered to aid in postoperative pain management and decrease diaphragmatic splinting and respiratory compromise (Biswas et al., 2006).
Intraoperative Considerations. Intraoperatively, numerous considerations must be made. First, proper monitoring must be utilized to ensure patient safety. Preductal and postductal pulse oximetry can detect potential circulatory shunting (Brusseau & McCann, 2010). In addition, standard heart rate, blood pressure, and temperature monitoring should be utilized. If sudden hemodynamic changes are expected or frequent lab draws are desired, placement of an arterial catheter may be considered. Central venous catheters and pulmonary artery catheters are used rarely. Precordial stethoscopes may prove to be useful to aid in the detection of cardiac or respiratory changes (Brusseau & McCann, 2010).
Due to parasympathetic system dominance, any stimulation or stress (such as laryngoscopy) may result in severe bradycardia. Thus, atropine administration should be considered (Brusseau & McCann, 2010). In addition, adequate anesthesia and analgesia should be provided in order to suppress the infants stress response and promote improved outcomes (Brusseau & McCann, 2010). If the stress response is not controlled, pulmonary vascular resistance may increase and result in a right-to-left shunt and subsequent hypoxia.
If intubation is chosen as part of the anesthetic plan, laryngoscopy should occur via a straight blade with the infant’s head in a neutral position (Brusseau & McCann, 2010). Securement of the airway can be achieved with cuffed or uncuffed endotracheal tube. If a cuffed tube is chosen, an air leak at 20-40cm H2O is ideal. Often, a 3.0 cuffed tube and a 3.5 uncuffed tube is appropriate for a term infant weighing roughly 3 kg (Brusseau & McCann, 2010). 
Aggressive fluid management must continue during the intraoperative period and blood loss must be monitored closely (Biswas et al., 2006). In order to closely monitor an infant’s fluid balance, a urinary catheter should be used intraoperatively (Brusseau & McCann, 2010). At minimum, two peripheral intravenous catheters should be available for fluid and medication management intraoperatively (Biswas et al., 2006). As discussed previously, crystalloid fluids, such as normal saline should be used for bolus administration, while fluids containing 10% dextrose and normal saline should be used for maintenance (Haddock & Skarsgard, 2018). The 4-2-1 fluid management rule should continue to deliver an appropriate maintenance rate, while also considering third-space losses (Brusseau & McCann, 2010). For infants undergoing large abdominal procedures, third space losses may require replacement rates as high as 10 ml/kg/hr. Additionally, all blood loss should be replaced in a 1:1 ratio with colloid (5% albumin or blood) or 3:1 with crystalloid. If a neonate’s fluid status is in question, a 10 to 20ml/kg fluid bolus can be administered to assess for responsiveness as indicated by an increase in blood pressures and/or a decrease in heart rate (Brusseau & McCann, 2010). Neonates undergoing gastroschisis repair have large fluid requirements, but providers should avoid unchecked fluid administration which may cause both bowel and laryngotracheal edema. To aid in adequate thermoregulation, fluids should be warmed. Moreover, increasing the OR temperature and using radiant warmers and forced air blankets should be considered in order to reduce heat loss (Brusseau & McCann, 2010). 
Liberal use of muscle relaxants is often necessary in order to facilitate defect closure, especially with primary closure (Dogra et al., 2019). However, use of muscle relaxants depends on the anesthetic choice used. If non-depolarizing neuromuscular agents are used, the provider should acknowledge the infant’s increased sensitivity due to lower amounts of acetylcholine released from immature motor nerves (Dogra et al., 2019). At the conclusion of the case, care should be taken to ensure full reversal of neuromuscular blockade (Brusseau & McCann, 2010). In addition, dosing must be carefully considered for any anesthetic drug excreted by the kidneys as function is immature at birth (Brusseau & McCann, 2010). 
During surgical closure, the anesthesia provider should keep in constant communication with the surgeon regarding airway pressures (Biswas et al., 2006). If high intraabdominal pressures cause high airway pressures and respiratory compromise, a staged operation may be necessary (Biswas et al., 2006; Dogra et al., 2019). Additionally, Dogra and authors suggested that bladder pressure can be monitored as a way to indirectly monitor intraabdominal pressure. If bladder pressures are less than 20 mmH20, airway pressures are reasonable, and the infant can be safely extubated (Dogra et al., 2019). 
Alternative Management Without Anesthesia 
Interestingly, a study by Cauchi and authors (2006) investigated if general anesthesia was necessary for infants undergoing primary closure. The study, completed at a U.S. children’s hospital, observed differences in the outcomes between infants repaired under general anesthesia and infants repaired at the bedside without general anesthesia. The idea a gastroschisis defect could be repaired at the bedside without general anesthesia was first studied by Bianchi and colleagues in 1998. In an attempt to further consider this idea, Cauchi and authors performed an ambispective cohort study on 51 neonates with uncomplicated gastroschisis. Infants underwent bedside repair without general anesthesia within four hours of birth, with 66% receiving only sedation via midazolam for reduction of the abdominal contents. Following complete reduction, the umbilical defect was closed via absorbable sutures under local anesthetic infiltration. Repair without general anesthesia was successfully completed in all infants attempted. Age at which closure occurred and the total reduction time was significantly decreased in infants who did not have general anesthesia (Cauchi et al., 2006). Admission to the intensive care unit following closure and overall cost of management was greater in the group who had general anesthesia. Mortality was also slightly reduced in infants who underwent closure without general anesthesia. No difference was found in the need/use of central line access, length of parenteral nutrition, or length of stay. Cauchi and authors suggested gastroschisis closure without general anesthesia is safe and effective. In addition, early closure should be attempted following delivery, resuscitation, and the administration of antibiotics and analgesia, to reduce temperature and fluid loss and the development of bowel edema. 
Postoperative Considerations
	Postoperative ventilatory support is common, except for in extremely small abdominal wall defects (Sauter et al., 1991). Infants who have undergone primary closure may require muscle relaxation for the first few days until the abdominal tension decreases. Fluid management should be judicious, and parenteral nutrition weaned as enteral nutrition is advanced and tolerated (Haddock & Skarsgard, 2018). Monitoring of abdominal compartment syndrome is crucial, as this is a life-threatening complication. Abdominal compartment syndrome may manifest as ventilatory compromise, decreased cardiac output, renal and intestinal ischemia, and lower limb vascular compromise. Monitoring of bladder or ventilatory pressures may aid in the detection of abdominal compartment syndrome. If abdominal compartment syndrome develops, the abdomen will need opened promptly. Hospital stays in infants with simple gastroschisis average one month and can be even longer if subsequent operations are needed or infection occurs (Haddock & Skarsgard, 2018). Fortunately, due to advancement in the management of gastroschisis, ‘good to excellent quality of life’ is reported in over 80% of grown children (Wright & Geraghty, 2017).
Discussion
Following a thorough review of the literature, management of infants with gastroschisis varies greatly. Once a condition with high mortality rates, advances in pediatric surgery and neonatal care have greatly improved survival and long-term outcomes (Hawkins et al., 2020). Recent research has focused on a variety of areas within gastroschisis management, primarily including etiology, delivery timing and method, and surgical repair techniques. Through recent research, a greater understanding of gastroschisis has developed. Though exact etiology remains debated, a number of potential environmental and lifestyle factors have been suggested (Haddock & Skarsgard, 2018; Wright & Geraghty, 2017). Optimal delivery time appears to be somewhere between 36 and 40 weeks gestation (Copel & Campbell, 2017; Haddock & Skarsgard, 2018; Salihu et al., 2004; Wright & Geraghty, 2017). Younger gestational age at delivery may be associated with poorer outcomes, although there is no clear consensus (Bhatt et al., 2018; Copel & Campbell, 2017). While the most beneficial timing of delivery is debatable, vaginal delivery is recommended unless other obstetric indications exist for a scheduled cesarean section (Fraga et al., 2018; Haddock & Skarsgard, 2018; Kirollos & Abdel-Latif, 2018; Segel et al., 2001). Literature suggests a primary repair be performed shortly after birth in cases of uncomplicated gastroschisis, as long as intraabdominal pressures are acceptable (Haddock & Skarsgard, 2018; Hawkins et al., 2020; Williams et al., 2003). Complex gastroschisis or failed primary closure due to increased intrabdominal and/or airway pressures, will require staged closure using a silo followed by secondary closure (Biswas et al., 2006; Dogra et al., 2019). Moreover, while basic anesthetic management largely remains unchanged, scarce research has suggested GA for repair of gastroschisis may not be necessary (Cauchi et al., 2006). Bedside closure utilizing sedation has been utilized with similar outcomes. Regional anesthetic techniques utilizing spinal and caudal anesthesia combined with GA are gaining favor to improve outcomes (Dogra et al., 2019).
Conclusion
	Care of an infant with gastroschisis is multidisciplinary and involves prenatal care, delivery planning, presurgical stabilization and evaluation, surgical repair, anesthetic care, and postsurgical care and follow-up. More research regarding the condition and management of gastroschisis has led to a greater understanding and decreased morbidity and mortality. While research is ongoing and a lack of consensus regarding best practice management in a number of areas continues, great strides have been made over the last few decades. Gastroschisis defects vary in complexity and individualized care must remain a priority in order to continue to improve outcomes.
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