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 Introduction 

 Gastroschisis is a birth defect in which the fetal intes-
tine extrudes into the amniotic cavity through a para-
umbilical abdominal wall defect, probably due to the ear-
ly interruption of the fetal omphalomesenteric arterial 
blood supply. The fetal intestine is not covered by a mem-
brane and is exposed to amniotic fluid (AF) during the 
entire fetal period. Gastroschisis requires immediate 
postnatal surgery. The survival rate is over 90%, and is 
mainly influenced by the degree of intestinal inflamma-
tion  [1] . Although the mechanisms are not yet clearly un-
derstood, damage to the exposed intestine is character-
ized by intestinal wall thickening and covering with a 
fibrous peel. AF exchange in gastroschisis, however, has 
been shown to prevent further intestinal damage by en-
hancing the clearance of inflammatory products present 
in AF  [2, 3] .

  The purpose of this report is to demonstrate the use-
fulness of repeated AF exchange and infusion in a case of 
gastroschisis.

  Case Report 

 A 27-year-old primigravida was referred at 15 weeks’ gestation 
due to a fetal abdominal wall defect. Initial ultrasonography dem-
onstrated that the fetus had appropriate growth for its gestational 
age, but had gastroschisis with extruded small bowel contents. 
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 Abstract 

 Despite the good survival rate of fetuses with gastroschisis, 
the length and cost of hospitalization for surgically repaired 
gastroschisis are high. In gastroschisis, prolonged exposure 
of the intestine to amniotic fluid (AF) containing intestinal 
waste products results in intestinal damage, including intes-
tinal wall thickening and fibrous peel formation. The delete-
rious effects of AF on gastroschisis can be prevented by low-
ering the concentration of intestinal waste products. We 
describe the treatment of a case of fetal gastroschisis by re-
peated AF exchange and infusion. Following repeated, suc-
cessful transabdominal AF exchange and infusion, the con-
centrations of various intestinal waste products were 
decreased. AF exchange and infusion may prevent intestinal 
damage and improve postnatal outcome in gastroschisis by 
diluting the AF, probably by lowering the concentrations of 
intestinal waste products.  Copyright © 2008 S. Karger AG, Basel 
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Amniocentesis performed at 19 weeks’ gestation revealed a female 
fetus with normal karyotype, but its maternal  � -fetoprotein level 
was elevated to 142 ng/ml. Serial ultrasonography was performed 
every 2–3 weeks; at 29 weeks’ gestation, oligohydramnios had de-
veloped at 5.5 cm in the amniotic fluid index, but bowel dilatation 
was not observed. The patient was hospitalized and AF exchange 
and infusion was started at 29 weeks. The parents were counseled 
about all possible outcomes, and informed consent was ob-
tained.

  Under ultrasound guidance, a 20-gauge spinal needle was in-
serted transabdominally into the amniotic cavity, and an exten-
sion tube leading to a three-way stopcock was attached to the nee-
dle. A 50-ml injection syringe was attached, and AF exchange was 
performed with preheated normal saline solution, with 50 ml AF 
aspirated and replaced by 50 ml saline, until 300 ml had been ex-
changed, followed by AF infusion for oligohydramnios. AF ex-
changes and infusions were repeated every 2 weeks, for a total of 
four times. AF infusion volume was determined empirically to 
reach 10–13 cm of the amniotic fluid index after each procedure. 
To compare the laboratory findings and evaluate the effects of the 
procedure, AF samples collected before and at the end of the pro-
cedure were assayed for white blood cell (WBC) count, total pro-
tein, and amylase, lipase, and  � -glutamyl transferase ( � -GT) ac-
tivity ( table 1 ). We observed gradual, decreasing patterns in all of 
these parameters over time ( fig. 1 ).

  Fetal intestinal dilatations were detected by ultrasonography 
at 36 weeks’ gestation. The diameter of the largest intestinal loop 
measured 14 mm, with a maximum wall thickness of 1.2 mm. The 
patient was admitted and delivery was induced at 38 weeks’ gesta-
tion. A 1,989-gram female infant was delivered with Apgar scores 
of 5 and 6 at 1 and 5 min, respectively. She had a small bowel pro-
trusion and there was slight meconium staining, but no fibrous 
peeling or severe bowel edema. Small bowel reduction and pri-
mary closure were performed immediately. Oral feedings were 
started at 9 days of age, stopped at 11 days of age due to bilious 
vomiting, and restarted at 13 days of age. The infant was dis-
charged at 30 days of age. She is now 22 months old, has not re-
quired further treatment and is doing well.

Table 1. Changes in intestinal waste products following serial AF exchange and infusion

Week 29 Week 31 Week 33 Week 35

pre post pre post pre post pre post

WBC/mm3 224 53 100 50 80 20 20 10
Total protein, g/dl 1.7 0.6 1.2 0.4 0.6 0.3 0.5 0.2
Amylase, U/l 161 53 147 41 107 31 85 25
Lipase, U/l 450 127 158 50 30 13 12 8
Alkaline phosphatase, IU/l 400 134 136 33 131 46 –1 –1

�-GT, IU/l 1,510 513 928 246 244 62 –1 –1

Amniotic fluid index, cm 5.5 10.0 8.0 11.0 7.5 13.0 5.0 13.0
Exchange volume, ml                 300              300               300            300
Total infusion volume, ml                 110              160               300            300

1 Not available.

10,000

1,000

100

10

1

0

Pre Post

29 weeks 31 weeks 33 weeks 35 weeks

Pre Post Pre Post Pre Post

WBC (/mm3)

Total protein (g/dl)

Amylase (U/l)

Lipase (U/l)

Alkaline phosphatase (IU/l)

�-GT (IU/l)

  Fig. 1.  WBC counts and concentrations of total protein, amylase, 
lipase, alkaline phosphatase and  � -GT in AF over time following 
repeated AF exchanges and infusions.   
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  Discussion 

 Due to its sporadic occurrence and low recurrence 
rate, as well as its non-association with gastrointestinal 
anomalies and chromosomal abnormalities, gastroschi-
sis probably does not have a genetic cause  [4] . Although 
the incidence of gastroschisis is relatively low, about 2–4 
per 10,000 live births  [5] , the average length of hospital 
stay for newborns with surgically repaired gastroschisis 
was longer (41 days) than that required by newborns with 
other birth defects requiring hospitalization, such as om-
phalocele or diaphragmatic hernia. In addition, gastros-
chisis is expensive, with an average neonatal hospital 
charge in excess of USD 150,000 in the USA  [6] . Follow-
ing prenatal AF exchange and infusion, however, the in-
fant described here was able to start oral feeding at 9 days 
of age and she had a relatively short hospital stay.

  The etiology of intestinal damage in gastroschisis is 
unclear  [7] . Recent experimental and clinical studies have 
shown that inflammatory reactions due to changes in AF 
content and prolonged exposure of the intestine to AF are 
responsible for the intestinal damage in gastroschisis  [3, 
7, 8] . AF contains various intestinal and urinary waste 
products. Removal of intestinal waste products from the 
AF by AF exchange and infusion prevented intestinal 
damage in gastroschisis, suggesting that intestinal rather 
than urinary waste products were responsible for the in-
testinal damage  [8] . We did not measure changes in the 
concentrations of urinary waste products, but we con-
firmed that concentrations of intestinal waste products 
decreased gradually in AF as AF exchange and infusion 
was repeated.

  Intestinal damage from prolonged exposure to the AF 
can lead to thickening of the bowel by fibrous peel. It is 
not always possible to repair the primary abdominal wall 
defect, and postoperative morbidity and hospitalization 
may be increased by hypoperistalis, intestinal atresia, 
malrotation and even necrotizing enterocolitis. Despite 
recent developments in fetal surgery, high complication 
rates in fetuses with gastroschisis make this unfeasible. 
In addition, earlier preterm delivery of the fetus with gas-
troschisis to ameliorate the intestinal damage did not 
show significant benefits  [9] , and a recent report showed 
that prognosis in gastroschisis was better in newborns 
with high gestational age or high birth weight than in 
those with low gestational age or low birth weight  [10] .

  Instead of preterm delivery, the deleterious effects of 
AF on gastroschisis can be prevented by lowering the 
concentration of the intestinal waste products. In fetuses 
with oligohydramnios, AF infusion can be performed by 

introducing into the amniotic cavity a volume of physi-
ologic saline proportional to the severity of the oligohy-
dramnios. In fetuses with a normal AF volume, AF ex-
change can be performed by removing some of the AF 
and replacing it with physiologic saline  [7, 11] .

  Many molecular components of the AF may be in-
volved in inflammatory damage to the intestine, includ-
ing interleukins, matrix metalloproteinases, ferritin, to-
tal protein, and digestive compounds (e.g.  � -GT, lipase, 
and amylase)  [1, 3, 12] . In the case described here, WBC 
counts and concentrations of total protein, alkaline phos-
phatase, amylase, lipase and  � -GT in the AF were ini-
tially higher than reference values  [3] , but decreased 
gradually after AF exchange and infusion. We also found 
that the concentrations of these markers in AF prior to 
repeat procedures were not as high as the initial concen-
trations.

  We have presented here a case report of a fetus with 
gastroschisis treated by repeated AF exchange and infu-
sion. Our results suggest that repeated AF exchange and 
infusion may ameliorate intestinal damage by reducing 
inflammatory reactions and exposure to intestinal waste 
products. This case furthers our understanding of the 
mechanism of intestinal damage in gastroschisis. Con-
sidering the risk of the procedure, further investigations 
of exchange solutions, inflammatory markers for intesti-
nal damage, timing and interval of procedure and the 
thresholds of inflammatory markers are warranted.
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