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INTRODUCTION

Gastroschisis is a congenital malformation characterized 
by visceral herniation through a defect in the abdominal 
wall, usually on the right side, with the presence of intact 
umbilical cord and not covered by the membrane.1 The 
word “gastroschisis” is derived from the Greek prefix  
“gaster” = stomach and “schisis” = fissure.2 Although 
this term is not entirely appropriate because it does not 
represent all the features of this entity, its use has been 
accepted. Since 1056 there are Babylonian records of 
this malformation, but it was Lycosthenes in 1557 who 
first described it in the medical literature and Moore and 
Stokes in 1953 who classified it based on its appearance.3

The prevalence of gastroschisis is 0.5-7/10,000 
newborns (NB), with an average of 1/2700 births. The 
frequency of this malformation is higher in Mexico, lower 
in Slovakia and more frequent in the southern cone coun-
tries.4 Gastroschisis is presented in isolation or associated 
with other malformations with a male/female ratio of 1/1.3 
in isolated cases and 4/1 in nonisolated cases.5 Since 1980 
there has been an increase in frequency of 10-20 times 
worldwide, but the specific cause of the increase is un-
known.6,7 This malformation occurs mainly in children of 
young mothers (<20 years of age).8 In Mexico, the Registry 
and Epidemiological Surveillance of External Congenital 
Malformations (RVEMCE) reported in the International 
Clearinghouse for Birth Defects Surveillance and Research 
a prevalence of 0.77 from 1982 to 1986, 1.45 from 1987 
to 1991, 2.09 from 1992 to 1996, 3.75 from 1997 to 2001 
and 5.34 from 2002 to 2006 (Figure 1).9 At present it is the 
fourth leading cause of mortality in children <5 years, only 
after congenital heart malformations, neural tube closure 
defects (NTCD) and Down syndrome.10 

Embryology of the Abdominal Wall
At ~21 days of gestation, the embryo is a trilaminar disk 
located between the amniotic cavity and yolk sac. When 
forming the neural tube, the disc edges are folded to form 
ventral folds that extend downward. Subsequently, after 
24 days, the cephalic and caudal folds are formed, and 
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the folding of the embryo begins to give rise to the yolk 
stalk and body. After 28 days, the opening around these 
stems forms the umbilical ring, which contains the duct 
and vitelline arteries (yolk stalk), the allantois, the stem 
connector and a communicating channel between the intra- 
and extra-embryonic cavities. At 29 days, the intestinal 
tube forms a loop on which the superior mesenteric artery 
is formed by the coalescence of the vitelline arteries. At 
37 days, the vitelline duct and the stem connector unite 
to form the umbilical cord. The forces responsible for this 
union involve the movement and fusion of the outer side 
toward the midline. Different mechanisms are involved in 
the merging process such as apoptosis, cell-cell interaction 
and cellular migration.11

Gastroschisis Development Theories 
Over the years various authors proposed different hypo-
theses for the development of gastroschisis:

1) 	 Duhamel, in 1963, suggested that the failure in the 
differentiation of embryonic mesenchyme (somato-
pleuric) causes growth defects of the lateral abdomi-
nal wall and herniation of the intestine due to terato-
genic exposure during the fourth week of develop-
ment. However, the type of teratogen is unclear and 
how this affects such a small area.12 

2) 	 Shaw, in 1975, suggested that gastroschisis is caused 
by rupture of the amniotic membrane at the base of 
the umbilical cord during the time of physiological 
herniation or by the delayed umbilical ring closure. 
This theory does not explain how the rupture occurs 
and how normal skin exists between the umbilical 
cord and abdominal wall defect.13 

3) 	 De Vries, in 1980, suggested that abnormal invo-
lution of the right umbilical vein leads to adverse 
effects on the adjacent mesoderm, followed by the 
subsequent rupture of the body wall. However, the 
umbilical vein does not drain the mesoderm of the 
umbilical region and veins do not degenerate until 
the second and third month of development, after the 
closure of the body wall has already taken place, ma-
king this an unlikely theory.14 

4) 	 Hoyme et al., in 1981, formulated the theory that the 
disruption of the right vitelline artery (omphalome-
senteric) in the umbilical region causes infarction 
and necrosis of the base of the umbilical cord, rupt-
ure of the body wall and intestinal herniation through 
the defect. This hypothesis is no longer accepted be-
cause it has recently been clarified that the vitelline 
arteries supply both the intestine and the yolk sac, 
but not the abdominal wall, as this area is irrigated 
by the dorsolateral branches of the aorta.15 

Figure 1. Graph demonstrating prevalence of gastroschisis in five geographical regions during different periods (1974-2006). There is a 
tendency in the increase of cases particularly in Mexico, followed by countries in South America. 
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5) 	 Feldkamp et al., in 2007, argued that the abnorma-
lities in the body fold are responsible for the body 
wall defects. However, most of these cases occur in 
the midline and not on the right side (as occurs in 
gastroschisis), probably due to asymmetry in body 
folds, position of organs and vascular development. 
The portion of skin between the defect and the um-
bilical cord may be the result of the growth of ecto-
dermal tissues. It is important to note that this hypo-
thesis was based on previous studies in mice where 
the malformation tends to be massive and lethal and 
would generate a defect of the limb body wall in hu-
mans.16

All of the previously mentioned theories have been 
refuted. Recently, Stevenson et al. proposed that gastro-
schisis is caused by the failure of the sac and yolk duct, as 
well as of the vitelline vessels, to initially incorporate to 
the allantois and later to the body stem. It has been deter-
mined that there is a second perforation in the abdominal 
wall, as well as that of the umbilical ring, through which 
the midpoint of the intestine (Meckel point) is connected 
to the externalized vitelline structures. These are attached 
to the bowel abnormally, separating it from the body stem, 
which causes a failure in the incorporation of the umbilical 
stalk. As a result, the gut is extruded into the amniotic 
cavity without remnants of yolk sac or amnion so that the 
midpoint of the intestine is always externalized and there 
is an absence of vitelline remnants in the umbilical cord.17 
The location on the right of the defect can be explained 
by the tendency of the yolk stalk to move to this side due 
to the presence of the heart and more rapid growth of the 
left lateral wall.17,18

Clinical Features 
Gastroschisis is a paramedian defect commonly located to 
the right of the umbilical cord, although in rare occasions 
it can present itself on the left side with visceral protrusion 
that can be of distal ileum, stomach (48%), liver (23%) or 
other organs (31%).1,19-22 The umbilical cord is found to be 
intact and lateral to the defect with a normal skin bridge. 
The size usually ranges from 2-8 cm (rarely is it a small 
defect <2 cm) and involves all layers of the abdominal 
wall in the epigastrium, mesogastrium or hypogastrium 
(Figure 2). The bowel loops are almost always noted to 
be edematous and covered by a thick gelatinous matrix, 

the result of chemical peritonitis induced by exposure 
of the fetal intestine to urine after 30 weeks of gestation 
(WG).23,24 Weight at birth on average is 2400-2500 g and 
gestational age is 36-37 WG. Intrauterine growth retarda-
tion (IUGR) and increased fetal mortality and morbidity 
may be associated with malabsorption or loss of fetal 
amino acids toward the amniotic fluid.25,26 Occasionally, 
gastroschisis is associated with intestinal complications 
(10-20%).23

Patients with gastroschisis may have other associated 
primary congenital malformations (5-53%). It has been ob-
served that such a large variation may be related to how the 
data are collected, whether it is a uni- or multicenter study 
and the country or geographic area where it is performed. 
For example, in Beijing, China it is associated with hydro-
cephalus and in Mexico with NTCD.23, 27.28 Fetuses with 
gastroschisis also have an increased risk of prematurity 
(22-38%), symmetric IUGR (38-77%), oligohydramnios 
(36%) or to be aborted (7%).29,30

Epidemiology and Risk Factors 
Although causes for gastroschisis are still poorly known, 
major risk factors involved are as follows.

Genetic Factors 
The specific role of the genetic component in the etiology 
of gastroschisis is unclear. Although there are reports of 

Figure 2. Newborn with gastroschisis. Note the right paramedian 
defect with protrusion of the ileum and stomach.
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familial cases, gastroschisis occurs mostly as a sporadic 
event. It was observed that 4.7% of cases have at least 
one affected relative and the risk of recurrence is 3.5% 
among siblings.31

Torfs et al. analyzed 32 single nucleotide polymor-
phisms (SNPs) of candidate genes at risk for developing 
gastroschisis. This study identified a positive association 
for the gene NOS3 (nitric oxide synthase 3), ANP (atrial 
natriuretic peptide), ADD1 (alpha adducin 1) and ICAM1 
(cell adhesion molecule 1).32 These genes are related to 
mechanisms of angiogenesis, dermal and epidermal re-
sistance and blood vessel integrity, which would support 
the hypothesis of vascular compromise in the etiology of 
gastroschisis.

The same authors also observed a strong interaction 
between allelic variants of these genes with maternal 
smoking because it increases the risk five times among 
subjects with one (heterozygous) or two (homozygous) 
variants of the gene: NOS3, ANP, ADD1 and ICAM1. 
The odds ratios (OR) of each gene for heterozygous and 
homozygous smoking mothers are shown in Table 1.32

It has been suggested that cadmium and CO2 contained 
by the tobacco induce the expression of inflammatory 
factors such as TNF and NFK-β, activating NOS3 and 
ICAM1, which would be involved in gastroschisis pa-
thophysiology.33 The gene NOS3 encodes for nitric oxide 
3 synthase, a membrane protein involved in second mes-
senger and signal transduction pathways. When activated, 
this protein is translocated to the cytoplasm. Here it can 
convert arginine to nitric oxide (NO) and participate as 
a mediator of vascular tone, regulating endothelial cell 
migration in vascular remodeling and angiogenesis, while 
maintaining the integrins that are important in regulating 
cell migration. Tobacco would decrease the production 
of NO, inhibiting endothelial cell migration and capillary 

formation in endothelial cells of the umbilical vein, cau-
sing poor angiogenesis control and vascular remodeling, 
increasing the risk for gastroschisis. On the other hand, 
the ICAM-1 gene encodes for the intercellular 1 adhesion 
molecule, which modulates endothelial migration through 
the activation of NOS3 and the organization of actin in 
the cytoskeleton.34

There are several animal models through which gastros-
chisis study is carried out. In mice this pathology has been 
reproduced by exposure to various external agents such as 
radiation, carbon monoxide, ethanol, ochratoxin A, afla-
toxin B, benzopyrene and medications such as ibuprofen 
and aspirin. There are also knockout mice (null) for the 
genes pitx2, ap-2α, aebp1, aclp, alx-4, bmp-1 y mab21-
l2, although it has been observed that mutations in these 
genes do not fully represent what happens in humans.35

In most cases gastroschisis occurs as an isolated defect 
(83.3-93%) but less frequently (12.2-35%) can also be part 
of other syndromes and/or chromosomal abnormalities. 
In the latter case, syndromes such as trisomy 13, 18, 21 
and sex chromosome anomalies (1.2-3.7%) are included 
as well as other diseases: skeletal dysplasia, disruptive 
sequence, congenital amyoplasia, anomaly of Poland, 
Hanhart syndrome, partial or total colonic aganglionosis 
of the small intestine, biliary atresia, Hirschsprung disea-
se, schizencephaly (0.7%) and multiple nonsyndromatic 
congenital anomalies (12.2%). Contrary to what occurs 
in isolated cases that are associated with young maternal 
age, cases with chromosomal abnormalities and multiple 
congenital anomalies are associated with advanced ma-
ternal age.36,38

Environmental Factors 
The finding of discordant monozygotic and concordant 
dizygotic twins for gastroschisis suggests that environ-

Table 1. Associated genotypes

Gene and SNP Heterozygote1 Homozygote1 Hetero- and homozygote with current smoking habit1,2

NOS3 7002G>T 1.9 (1.1–3.4) 1.2 (0.4–3.7) 5.2 (2.4–11.4)
ANP 553T>C 1.9 (1.0–3.4) 7.5 (1.7–33.5) 6.4 (2.8–14.6)

ADD1 1378G>T 1.5 (0.8–2.8) 4.9 (1.9–12.9) 4.3 (1.7–10.8)
ICAM1 778G>A 1.7 (1.0–3.2) 2.1 (0.4–10.3) 5.2 (2.1-2.7)

Modified from Torfs CP et al. Birth Defects Res A Clin Mol Teratol 2006;76:723-730. With permission of John Wiley & Sons, Inc.
1OR (95% CI).
2No significant differences reported between heterozygote and homozygote smokers. 
SNP, single nucleotide polymorphism. OR, odds ratio; CI, confidence interval.
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mental factors play an important role as a risk factor.39 
Those nongenetic factors found to be strongly associated 
with this malformation are presented below:

1. 	 Maternal ageaverage age of mothers of children 
affected is 21.1 years. Women aged 14-19 are 7.2  
times more likely to have a child with gastroschi-
sis compared to those 25-29 years of age. Less than 
7% of cases occur in mothers >29 years of age. This 
is the most consistent risk factor. The reason is un-
known but is thought to be due to environmental ex-
posure in this age group.40  

2. 	 Paternal agefathers aged 20-24 are 1.5 times more 
likely to have a child with gastroschisis than those 
25-29 years of age (OR 1.5, 95% CI 1.1-1.9).5,40  

3. 	 EthnicityCaucasian and Hispanic women aged 20-
24 years have a higher risk of having children with 
gastroschisis (OR 2.5, 95% CI 1.4-4.5 and OR 1.5, 
95% CI 1.1-2.0, respectively).40  

4. 	 Socioeconomic statusthese factors include pater-
nal absence (OR 4.0, 95% CI 1.4-11.5) and low in-
come (OR 4.5, 95% CI 1.4-14.4).5,40  

5. 	 Parityin contrast to initial reports, subsequent stu-
dies have not observed statistical effects regarding 
parity or gravidity.40,41 

6. 	 Exposure to drugs during pregnancydrugs that sig-
nificantly increase the risk are mainly analgesics and 
cold medicines such as aspirin (OR 4.7, 95% CI 1.2-
18.1), ibuprofen (OR  4.0, 95%  CI 1.0-16.0), pseu-
doephedrine (OR 2.1, 95% CI 0.8-5.5), phenylpropa-
nolamine (OR 10, 95% CI 1.2-85), pseudoephedrine 
with paracetamol (OR 4.2) and nasal decongestants 
such as oxymetazoline and epinephrine (OR  2.4, 
95% CI 1.5-2.4).40,42  

7. 	 Maternal smokingapproximately 42% of mothers 
of children with gastroschisis smoked during preg-
nancy. Malnourished mothers who smoked 3 months 
before or during the first trimester (>1 pack/day) 
have a very high risk (OR 26.5, 95% CI 7.9-89.4).40,42 

8. 	 Alcoholintake during the first trimester increases 
the risk (OR 2.4, 95% CI 1.4-3.7).40,42 

9. 	 Illegal drugsconsumption during the first trimester 
increases the risk (OR 2.2, 95% CI 1.2-4.3). When 
limited to vasoconstrictor drugs such as cocaine, the 
OR is higher (OR 3.3, 95% CI 1.0-10.5). When it is 
combined with tobacco it increases (OR 2.1, 95% CI 

1.0-4.4) and when tobacco consumption is intense, 
the risk is greater (OR 3.6, 95% CI 1.3-10.3).5,40 

10. 	Nutritional factorsthere is an association bet-
ween BMI <18.1 kg/m2 with gastroschisis (OR 3.2, 
95% CI 1.4-7.4). Being overweight seems to have a 
protective effect (OR 0.2, 95% CI 0.04 to 0.8) as the 
risk decreases 11% for each BMI unit increase. The 
higher prevalence among young mothers may be re-
lated to a competition for essential nutrients between 
the mother, who is in a growth phase, and the fetus.43 

11. 	Maternal infectionsthere is no association between 
the frequency of upper respiratory infections, fever 
and/or allergies, but there is with sexually transmitted 
infections and urinary tract infections during the first 
trimester of pregnancy (OR 4.0, 95% CI 1.4-11.6).44 

12. 	Medical exposureexposure to x-rays before or 
during the first trimester of conception presented an 
OR of 2.5 (95% CI 1.2-5.5).3 

13. 	Occupational chemical exposurethere is an increa-
sed risk with exposure to solvents (OR 6.3, 95% CI 
2.2-18.3).40 

14. 	Other factorsit has been observed that women who 
change partners (change of paternity) in the index have 
an increased risk (OR 13.6, 95% CI 4.0-46.7). This is 
probably due to an autoimmune mechanism similar to 
what happens in some cases of preeclampsia. It has also 
been observed that short cohabitation time (time with 
the partner before the last menstrual period of pregnan-
cy of the index case) represents a risk; when <1 year it 
has an OR 2.4 (95% CI 1.5-3.7) and is greater in mul-
tigravidas (OR 8.7, 95% CI 2.9-21.2). This is probably 
due to changes in lifestyle or lack of maternal time to 
produce tolerance to paternal antigens.41

Diagnosis 
Gastroschisis is usually detected by ultrasound after 
18  WG because before week 14, the process of phy-
siological herniation of the mid-intestine has not been 
completed.45-48 Measurement of AFP (α-fetoprotein) 
in maternal serum between 16-18 WG is useful for the 
detection of abdominal wall defects and the acetylcholi-
nesterase/pseudocholinesterase index to distinguish wall 
defects such as gastroschisis with NTCDs.31

When the fetus dies, it is important to perform a ne-
cropsy to assess the size and location of the defect, both 
of the umbilical ring and the presence or not of primary 
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or secondary associated anomalies and to evaluate the 
structure and integrity of the abdominal wall and assess the 
amniotic epithelium in search of lipid vacuoles. The latter 
are characterized by being composed of triglycerides and 
cholesterol esters with an “unusual” pattern of fatty acids 
because they are rich in palmitic and palmitoleic acid and 
lacking in essential fatty acids. It has been suggested that 
these vacuoles may be a consequence of different dietary 
factors involved in gastroschisis pathogenesis and, in addi-
tion, allow the differentiation of gastroschisis from other 
defects of abdominal wall closure such as omphalocele.29,49 
Cytogenetic and/or molecular analysis is not indicated for 
cases of isolated gastroschisis.50

Treatment and Prognosis 
Multidisciplinary pre- and postnatal management is re-
quired. Controversy remains today regarding the timing 
and route by which delivery should be performed. It is 
known that elective termination via cesarean section 
after 36-37 WG and before the onset of labor prevents 
passage through the birth canal, which decreases the risk 
of contamination with bacterial flora and mechanical da-
mage in the viscera. However, a significant difference has 
not been shown in terms of complications or survival.30 
Definitive treatment is surgical. The timing and technique 
for surgical closure depends on the degree of intestinal 
inflammation, size of the defect and the newborn’s general 
condition.51-54 Primary surgical closure before 24 h after 
birth (extrauterine life, EUL) is preferred, but if there is 
viscero-abdominal disproportion (present in 20-49% of 
cases), gradual reduction with silo is necessary to avoid 
complications. Surgical repair should be performed 
between 6 and 10 days of EUL.55 Exchange of amniotic 
fluid to reduce inflammatory mediators has not shown any 
benefit.56 In general, the prognosis is good with a survival 
≥90%, but in developing countries the risk of death may 
be as high as 50-60%. The leading causes of mortality 
are related to prematurity, neonatal sepsis, intestinal 
complications related to intestinal ischemia, acute renal 
failure or multiple organ failure.32,57 Of patients diagnosed 
prenatally, 10% die at this stage and elective termination 
of pregnancy is performed in 26.5% of cases.49

Differential Diagnoses 
It has been determined that up to 20% of patients with 
abdominal wall defects are misdiagnosed as gastroschi-

sis. The differential diagnosis of omphalocele, bladder 
exstrophy, limb body wall complex, amniotic band syn-
drome, ectopia cordis and pentalogy of Cantrell must 
be established.31 If one takes into account the clinical 
features mentioned above, it is relatively easy to establish 
the correct diagnosis of gastroschisis. Gastroschisis is a 
congenital defect of the abdominal wall with a significant 
increase in incidence worldwide in recent years, particu-
larly in Mexico. To date, there are six different theories 
to explain the development of this malformation. The 
hypothesis that proposes “the escape of the yolk sac” is 
the most current and accepted. A pattern of multifactorial 
inheritance with genetic risk factors and environmental is-
sues is involved. Among the most important genetic factors 
are homozygous polymorphisms of genes ANP (553T>C) 
and ADD1 (1378G>T). It has been observed that both 
genotypes interact significantly with maternal smoking. 
Among the environmental factors, history of maternal 
age, exposure to drugs (particularly phenylpropanolami-
ne), solvents, maternal smoking and change in paternity 
stand out. Future studies with adequate study design will 
allow determination of the risk factors associated with this 
congenital malformation in our population, which will lead 
to the development of novel and improved strategies for 
diagnosis and prevention.

Finally, it is important to inform all pregnant women, 
especially those of young age, to avoid being exposed to 
the agents mentioned and emphatically insist about the 
importance of no smoking during pregnancy.

REFERENCES

1.	  McKusick VA. Gastroschisis. Online Mendelian Inheritance in 
Man. Available at: http://www.ncbi.nlm.nih.gov/omim/230750.

2.	 Opitz JM. Invited comment: Gastroschisis. Am J Med Genet 
A 2007;143A:635-638.

3.	 Warkany J. Congenital Malformations: Notes and Comments. 
St. Louis: Year Book Medical Publishers; 1971. pp. 761-762.

4.	 Castilla EE, Mastroiacovo P, Oriol IM. Gastroschisis: interna-
tional epidemiology and public health perspectives. Am J Med 
Genet C Semin Med Genet 2008;148C:162-179.

5.	 Fillingham A, Rankin J. Prevalence, prenatal diagnosis and 
survival of gastroschisis. Prenat Diagn 2008;28:1232-1237.

6.	 Di Tanna GL, Rosano A, Mastroiacovo P. Prevalence of gas-
troschisis at birth: retrospective study. BMJ 2002;325;1389-
1390.

7.	 Keys C, Drewett M, Burge DM. Gastroschisis: the cost of an 
epidemic. J Pediatr Surg 2008;43:654-657.



230 Bol Med Hosp Infant Mex

Jaime Asael López Valdéz, Dulce María Castro Cóyotl and Carlos Alberto Venegas Vega

  8.	 Kilby MD. The incidence of gastroschisis. BMJ 2006;332:250-
251.

  9.	 International Clearinghouse for Birth Defects Surveillance and 
Research. Annual Report 2008. Rome: International Centre 
for Birth Defects; 2008.

10.	 Venegas C, Peña-Alonso R, Lozano R, Kofman-Alfaro S, 
Queipo G. Mortalidad por defectos al nacimiento. Bol Med 
Hosp Infant Mex 2005;62:294-304.

11.	 Sadler TW, Felkam M. The embryology of body wall closure: 
relevance to gastroschisis and other ventral body wall defects. 
Am J Med Genet C Semin Med Genet 2008;148C:180-185.

12.	 Duhamel B. Embryology of exomphalos and allied malforma-
tions. Arch Dis Child 1963;38:142-147.

13.	 Shaw A. The myth of gastroschisis. J Pediatr Surg 1975;10:235-
244.

14.	 deVries PA. The pathogenesis of gastroschisis and omphalo-
cele. J Pediatr Surg 1980;15:245-251.

15.	 Hoyme HE, Higginbottom MC, Jones KL. The vascular pa-
thogenesis of gastroschisis: intrauterine interruption of the 
omphalomesenteric artery. J Pediatr 1981;98:228-231.

16.	 Feldkamp ML, Carey JC, Sadler TW. Development of gastros-
chisis: review of hypotheses, a novel hypothesis, and implica-
tions for research. Am J Med Genet A 2007;143A:639-652.

17.	 Stevenson RE, Rogers RC, Chandler JC, Gauderer MW, 
Hunter AG. Escape of the yolk sac: a hypothesis to explain the 
embryogenesis of gastroschisis. Clin Genet 2009;75:326-333.

18.	 Jones KL, Benirschke K, Chambers CD. Gastroschisis: etiology 
and developmental pathogenesis. Clin Genet 2009;75:322-
325.

19.	 Fraser N, Crabbe DC. An unusual left-sided abdominal-wall 
defect. Pediatr Surg Int 2002;18:66-67.

20.	 Orpen NM, Mathievathaniy M, Hitchcock R. Left-sided gastro-
schisis and pseudoexstrophy: a rare combination of anomalies. 
Pediatr Surg Int 2004;20:551-552. 

21.	 Yoshioka H, Aoyama K, Iwamura Y, Muguruma T. Two cases 
of left-sided gastroschisis: review of the literature. Pediatr Surg 
Int 2004;20:472-473.

22.	 Suver D, Lee SL, Shekherdimian S, Kim SS. Left-sided 
gastroschisis: higher incidence of extraintestinal congenital 
anomalies. Am J Surg 2008;195:663-666.

23.	 Hunter AG, Stevenson RE. Gastroschisis: clinical presenta-
tion and associations. Am J Med Genet C Semin Med Genet 
2008;148C:219-230.

24.	 Fernández-Calderón C, Zorrilla-Presas L, Landa-García 
RA, Lavalle-Villalobos A, Flores-Nava G. Onfalocele y gas-
trosquisis. Cuatro años de experiencia. Rev Mex Pediatr 
2007;74:208-211.

25.	 Kale A, Kale E, Akdeniz N, Canoruc N. Elevated amniotic fluid 
amino acid levels in fetuses with gastroschisis. Braz J Med 
Biol Res 2006;39:1021-1025.

26.	 Netta DA, Wilson RD, Visintainer P, Johnson MP, Hedrick HL, 
Flake AW, et al. Gastroschisis: growth patterns and a proposed 
prenatal surveillance protocol. Fetal Diagn Ther 2007;22:352-
357.

27.	 Forrester MB, Merz RD. Structural birth defects associated with 
omphalocele and gastroschisis, Hawaii, 1986–2001. Congenit 
Anom (Kyoto) 2008;48:87-91.

28.	 Aguinaga-Ríos M, Hernández-Trejo M. Evolución neonatal 
de pacientes con gastrosquisis. Perinatol Reprod Hum 
2007;21:133-138.

29.	 Nichol PF, Byrne JL, Dodgion C, Saijoh Y. Clinical consi-
derations in gastroschisis: incremental advances against a 
congenital anomaly with severe secondary effects. Am J Med 
Genet C Semin Med Genet 2008;148C:231-240.

30.	 Santiago-Munoz PC, McIntire DD, Barber RG, Megison SM, 
Twickler DM, Dashe JS. Outcomes of pregnancies with fetal 
gastroschisis. Obstet Gynecol 2007;110:663-668.

31.	 Stevenson RE, Hall JG, Goodman RM. Human Malformations 
and Related Anomalies. New York: Oxford University Press; 
1993. pp. 882-885.

32.	 Torfs CP, Christianson RE, Iovannisci DM, Shaw GM, Lam-
mer EJ. Selected gene polymorphisms and their interaction 
with maternal smoking, as risk factors for gastroschisis. Birth 
Defects Res A Clin Mol Teratol 2006;76:723-730.

33.	 Green RF, Moore C. Incorporating genetic analyses into birth 
defects cluster investigations: strategies for identifying candidate 
genes. Birth Defects Res A Clin Mol Teratol 2006;76:798-810.

34.	 Lammer EJ, Iovannisci DM, Tom L, Schultz K, Shaw GM. 
Gastroschisis: a gene–environment model involving the 
VEGF–NOS3 pathway. Am J Med Genet C Semin Med Genet 
2008;148C:213-218.

35.	 Williams T. Animal models of ventral body wall closure defects: 
a personal perspective on gastroschisis. Am J Med Genet C 
Semin Med Genet 2008;148C:186-191.

36.	 Mastroiacovo P, Lisi A, Castilla EE, Martínez-Frías ML, Berme-
jo, E, Marengo L, et al. Gastroschisis and associated defects: 
an international study. Am J Med Genet A 2007;143A:660-671.

37.	 Stoll C, Alembik Y, Dott B, Roth MP. Omphalocele and gas-
troschisis and associated malformations. Am J Med Genet A 
2008;146A:1280-1285.

38.	 Feldkamp ML, Botto LD. Developing a research and public 
health agenda for gastroschisis: how do we bridge the gap 
between what is known and what is not?. Am J Med Genet C 
Semin Med Genet 2008;148C:155-161.

39.	 Fajardo-Ochoa F, Olivas-Peñuñuri MR. Gastrosquisis en dos 
gemelos dicigóticos y prematuros. Bol Clin Hosp Infant Edo 
Son 2008;25:31-35.

40.	  Rasmussen SA, Frías JL. Non-genetic risk factors for gastro-
schisis. Am J Med Genet C Semin Med Genet 2008;148C:199-
212.

41.	 Chambers CD, Chen BH, Kalla K, Jernigan L, Jones KL. Novel 
risk factor in gastroschisis: change of paternity. Am J Med 
Genet A 2007;143A:653-659.

42.	 Werler MM, Sheehan JE, Mitchell AA. Maternal medication 
use and risks of gastroschisis and small intestinal atresia. Am 
J Epidemiol 2002;155:26-31.

43.	 Waller DK, Shaw GM, Rasmussen SA, Hobbs CA, Can-
field MA, Siega-Riz AM, et al. Pregnancy obesity as a risk 
factor for structural birth defects. Arch Pediatr Adolesc Med 
2007;161:745-750.

44.	 Feldkamp ML, Reefhuis J, Kucik J, Krikov S, Wilson A, Moore 
C, et al. Case-control study of self reported genitourinary infec-
tions and risk of gastroschisis: findings from the national birth 
defects prevention study, 1997-2003. BMJ 2008;336;1420-
1423.

45.	 Nyberg DA, McGahan JP, Pretorius DH, Pilu G. Diagnostic 
Imaging of Fetal Anomalies. Philadelphia PA: Lippincott Wi-
lliams & Wilkins; 2002. pp. 511-519.

46.	 Weir E. Congenital abdominal wall defects. CMAJ 
2003;169:809-810.



231Vol. 68, May-June 2011

New embryological hypothesis, genetics and epidemiology of gastroschisis

47.	 Badillo AT, Hedrick HL, Wilson RD, Danzer E, Bebbington 
MW, Johnson MP, et al. Prenatal ultrasonographic gas-
trointestinal abnormalities in fetuses with gastroschisis 
do not correlate with postnatal outcomes. J Pediatr Surg 
2008;43:647-653.

48.	 David AL, Tan A, Curry J. Gastroschisis: sonographic diagno-
sis, associations, management and outcome. Prenat Diagn 
2008;28:633-644.

49.	 Opitz JM, Pysher TJ. Invited editorial comment: further reflec-
tions on gastroschisis. Am J Med Genet C Semin Med Genet 
2008;148C:192-198.

50.	 Heinrich JK, Machado IN, Vivas L, Bianchi MO, Cursino 
Andrade K, Sbragia L, et al. Prenatal genomic profiling of 
abdominal wall defects through comparative genomic hybri-
dization: perspectives for a new diagnostic tool. Fetal Diagn 
Ther 2007;22:361-364.

51.	 Duncan ND, Brown B, Dundas SE, Wierenga K, Kulkarni S, 
Pinnock-Ramsaran C, et al. “Minimal intervention manage-
ment” for gastroschisis: a preliminary report. West Indian Med 
J 2005;54:152-154.

52.	 Lund CH, Bauer K, Berrios M. Gastroschisis: incidence, com-
plications, and clinical management in the neonatal intensive 
care unit. J Perinat Neonatal Nurs 2007;21:63-68.

53.	 Weinsheimer RL, Yanchar NL, Bouchard SB, Kim PK, Laberge 
JM, Skarsgard ED, et al. Gastroschisis closure—does method 
really matter? J Pediatr Surg 2008;43:874-878.

54.	 Walter-Nicolet E, Rousseau V, Kieffer F, Fusaro F, Bourdaud N, 
Oucherif S, et al. Neonatal outcome of gastroschisis is mainly 
influenced by nutritional management. J Pediatr Gastroenterol 
Nutr 2009;48:612-617.

55.	 van Eijck FC, Wijnen RM, van Goor H. The incidence and 
morbidity of adhesions after treatment of neonates with gas-
troschisis and omphalocele: a 30-year review. J Pediatr Surg 
2008;43:479-483.

56.	 Islam S. Clinical care outcomes in abdominal wall defects. 
Curr Opin Pediatr 2008;20:305-310.

57.	 García H, Franco-Gutiérrez M, Chávez-Aguilar R, Villegas-
Silva R, Xequé-Alamilla J. Morbilidad y mortalidad en recién 
nacidos con defectos de pared abdominal anterior (onfalocele 
y gastrosquisis). Gac Méd Méx 2002;138:519-526.


