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Consideraåii asupra tratamentului gastroschizisului

Introducere: Deşi închiderea primarã a gastroschizisului este
posibilã în multe cazuri, au fost descrise diferite strategii şi
materiale pentru a acoperi viscerele abdominale, pentru 
protecåia viscerelor şi reducerea pierderii de cãldurã şi
lichide, în cazul gastroschizisurilor ireductibile primar. Au
existat sugestii de acoperire ale defectului cu alogrefe de
piele, dura mater liofilizatã, transplant liber de corium şi
autogrefe de piele-mesh (1,2).
Scopul studiului: prezentãm o metodã alternativã de reparare a
gastroschizisului, în cazul în care existã o disproporåie între
mãrimea viscerelor eviscerate şi cea a cavitãåii abdominale
hipoplazice. În cazul închiderii primare a peretelui abdominal,
diferenåa de volum poate determina o creştere importantã a
presiunii intraabdominale
Metodã: În unele cazuri, atunci când închiderea primarã
completã nu este posibilã, am folosit o metodã alternativã
de reparare a defectului parietal folosind patch de cordon
ombilical. 
Rezultate: prin aceastã tehnicã se creeazã o suprafaåã
mezotelialã în contact cu intestinele. Urmãrirea acestor

pacienåi la distanåã a demonstrat rezultate excelente.
Concluzii: Aceastã tehnicã este uşor de aplicat şi foarte utilã în
cazul nou-nascuåilor cu gastroschizis când închiderea primarã a
defectului nu este posibilã. Utilizarea de material autolog, cum
este cordonul ombilical are mai multe avantaje printre 
care: disponibilitatea, o ratã mai scãzutã a infecåiilor şi costuri
semnificativ reduse. 
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Abstract
Background: Although primary closure of the gastroschisis is
possible in many cases, there have been various strategies
published and materials used to cover the eviscerated bowel
when the abdominal wall defect cannot be closed in one
step, providing bowel protection and reduction of heat and
fluid loss. There have been suggestions of coverage materials
such as skin graft, lyophilized dura mater graft, free flap 
corium and meshed skin graft (1,2).
Purpose: We highlight an alternative repair method of 
gastroschisis in those cases where there is a disproportion
between the amount of eviscerated organs and the hypoplastic
abdominal cavity. If in this case primary closure of the 
abdominal wall is chosen, the difference in volume can cause
a significant increase in intraabdominal pressure.
Method: In some cases, when complete primary closure was
not possible, we used an alternative method to repair the
parietal defect using umbilical cord patch.
Results: This technique creates a mesothelial surface in 
contact with the bowel. Remote tracking of these patients
showed excellent results.
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Conclusions: This technique is easy to apply and very useful
for infants with gastroschisis especially when primary closure
is not possible. The use of autologous material, in this case
as the umbilical cord, has several advantages, including wide
availability, a lower rate of infection and significantly
reduced costs.

Key words:gastroschisis, surgical treatment, umbilical cord
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IntroductionIntroduction

Laparoschisis was first described, in 1940, by Barnstein, under
the name of gastroschisis, the name coming from Greek 
language and meaning abdominal cleft. The incidence of 
gastroschisis is assessed at 1/4000-6000 births and has a very
severe prognosis (3). (Fig. 1)

The abdominal cavity is underdeveloped. The wall defect
is always on the right side of the umbilicus, with a diameter of
3-4 cm; the umbilical cord is normally inserted and complete.
The small bowel and the colon, which has not undergone the
normal rotation, from the duodenum all the way down to the 
rectum, is exposed and not covered by peritoneal sac. It floats
freely in the amniotic fluid which has an irritating action on
the intestinal wall, causing an inflammatory reaction (4). The
intestinal wall is thickened, swollen, dark red, changes that are
secondary to ischemia and to the contact with the amniotic
fluid; there are numerous adhesions and the intestine is 
covered by a pseudo membrane containing collagen (5). This
produces shorter intestinal length, which creates significant
functional disturbances. The mesentery is short, thickened
and there is a risk of strangulation when passing through the
parietal defect ring. There is a disorder of the bowel peristalsis
and significant malabsorption (6). (Fig. 2)

The most widely accepted pathogenic theory is that of
intrauterine vascular occlusion of the right umbilical mesen-
teric artery with infarction, rupture of the umbilical ring and 
intestinal evisceration. This theory explains the location of
the defect on the right, in most cases, and sometimes the 
association with intestinal atresia (7).

The diagnosis of the parietal defect must be recognized
early in the intrauterine life, by performing foetal morphology
ultrasound, starting in the second trimester of pregnancy and
by an abnormal high level of alpha-fetoprotein in the 
maternal blood (level much higher than for omphalocele) (8).
It is unacceptable to leave the diagnosis of this condition to
chance, given the complications, difficulties in treatment and
the vital and functional unfavourable prognosis.

The ultrasound parameters to be followed are: abdominal
defect size, presence or absence of intestinal peristalsis, the
presence of superior mesenteric artery Doppler flow, foetal 
biometry, amniotic fluid quantity and quality (hydramnios may
be a sign of intestinal obstruction). The hypotrophy and foetal

distress, the look of the intestinal loops (over 3 mm thick wall,
hiperechoic) and the quality of the mesenteric vascularization
are important factors that could indicate the necessity of
preterm birth induction for improved prognosis. (Fig. 3)

Sometimes it can be associated with moderate hypotrophy
and foetal distress, which can be aggravated by severe oligo-
hydramnios. The appearance of the bowel loops and quality of
the mesenteric vascularization are important prognostic 
factors: the diameter of the herniated bowel loops over 17 mm
and thickness of the bowel wall of more than 3 mm, with
hyperechoic aspect is a sign of intestinal distress. 

The size of the parietal defect rarely exceeds 4-5 cm. Not
very often, associated with eviscerated intestines, the hernia
pouch can contain the liver (5 cases), gall bladder (3 cases),
stomach (5 cases), adnexa in girls (3 cases) or ectopic testis in
boys (1 case).

Figure 1. Cross-section of a foetal abdomen with gastroschisis

Figure 2. Gastroschisis
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For a more accurate diagnosis a foetal MRI can be done.
(Fig. 4)

The differential diagnosis must be done with a ruptured
omphalocele, but usually there are sufficient elements for the
diagnosis of the gastroschisis: examination of the viscera, the
paraumbilical defect, the normal aspect of the umbilicus (4).
(Fig. 5)

Treatment

Probably the most important aspect in the treatment of this
condition is the quality of care. Given the possibility of 
antenatal diagnosis of this condition there have been 
discussions regarding the preferred method of birth, but there
is no proof of positive outcome if cesarean delivery is chosen
in order to prevent mechanical injury to the exteriorized 
intestinal loops compared to natural birth (8). It is very 
important to assess the possible antenatal complications or

Figure 3. 2D ultrasound in a patient with gastroschisis: Doppler
flow is observed in the mesenteric artery (A) and the
intestinal loops floating in the amniotic fluid (B) foetus
with gastroschisis - 13 weeks old (C)
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Figure 4. Foetal MRI – normal insertion of the umbilicus and
intestinal loop floating in amniotic fluid

Figure 5. Ruptured omphalocele
AA BB
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foetal distress, which would be indications for cesarean 
section. Preterm birth of these children was proposed in order
to limit the bowel lesions through prolonged contact with
amniotic fluid, but there have been no proven benefits. It is
essential to reduce the time between birth and integration of
the viscera into the abdomen.

In gastroschisis, the shock of expulsion is very high; the
child is generally low weighted and has important electrolyte
loss from the exposed intestinal loops. Sometimes, the small and
fibrous parietal wall defect can be a source of strangulation and
needs to be enlarged to allow a good blood flow. The intestinal
loops can be twisted during labour, and should be uncoiled after
birth with as little aggression as possible, not allowing the loss of
fluids. Placing the child on the side with the defect seems to
improve the vascularization of the bowel, which also needs to be
wrapped in sterile gauze soaked with warm physiological saline
solution; the baby should be wrapped in a sterile bag up to the
chest in order to preserve the humidity and temperature, and
after a short preoperative preparation directed to the OR (9).

The therapeutic principles for gastroschisis repair remain
the same, visceral reintegration and primary fascial closure of
the defect or progressive reduction achieved with a Silastic silo
(Silon) (9,10). Using this mesh closure was not a successful
method, as previously thought (11). Surgical treatment has
evolved greatly from the first therapeutic success of Grob,
Gross and Schuster (12). There are still cases when the reduc-
tion is considered unsafe, physically impossible due to viscero-
abdominal disproportion, or dangerous because of abdominal
compartment syndrome. Abdominal compartment syndrome
is defined by increased intra-abdominal pressure and its 
consequences on the cardiovascular system, lungs and kidneys.
There are 2 methods for measuring the intra-abdominal 
pressure: monitoring the intragastric or the intravesical 
pressure. Both techniques measure the intermittent abdominal
pressure indirectly. Reducing of the eviscerated bowel into the
abdomen can lead to abdominal compartment syndrome,
increased intra-abdominal pressure causing cardio-respiratory
compromise/failure with lifting of the diaphragm and abdomi-
nal organ hypoperfusion secondary to compression.

Often, if there is no surgical intervention, the condition
can be fatal. The pressure in the stomach and bladder with
a value of 20 cm H2O correlates with values of 9 - 9.4 cm
H2O direct intra-abdominal pressure (13).

The use of the umbilical cord as an autologous material in
the repair of abdominal wall defects has been known since the
early 1970s. Compared with free flaps and synthetic Silo, the
human umbilical cord was associated with lower inflammatory
reaction, lower incidence of wall dehiscence, faster healing
and highest overall survival rate in experimental abdominal
wall defects in rats (14,15). The first successful repair in
humans was published in 1974, when the umbilical cord was
used to cover a 2 cm² defect in a patient with gastroschisis.
Closure was completed using this material at the top (16).
However, the final closure of the primary defect using only the 
umbilical cord resulted in ventral hernia (17). A Spanish group
reported a primary closure technique in two premature 
newborns with a split umbilical cord and reinforced by

polypropylene mesh attached to the fascia and covered with
skin (18). Other groups have used a "sutureless" approach after
progressive reduction of the eviscerated bowel covering the
defect with the umbilical cord and applying a dressing for 
secondary epithelialization. All of these techniques result in a
higher incidence of ventral hernia, but the rate of complica-
tions related to intra-abdominal pressure and use of hetero-
geneous materials is much lower (19,20).

Materials and MethodMaterials and Method

This study includes 12 infants with gastroschisis. The 
following parameters were evaluated: preoperative preparation
of the newborn, gestational age, birth weight, other associated
malformations, the surgical technique used, hemodynamic 
tolerance after primary closure, parenteral nutrition, pre-and
postoperative intraabdominal pressure, mechanical ventila-
tion, postoperative scar healing, length of hospitalization. 

We used the umbilical cord patch to close the abdominal
wall defect, creating a mesothelial surface in contact with the
intestines. This technique is very useful in infants with 
gastroschisis when primary closure is not possible. 

In preparation for this operative technique, obstetricians
are usually instructed to keep the cord in its full length. The
umbilical cord is cut at its insertion into the placenta and
placed in a sterile plastic bag together with the eviscerated
bowel. After stabilization of the newborn, it is transferred to
the operating room. A nasogastric tube is placed for gastric
decompression and an enema with normal saline is ordered
preoperatively to facilitate evacuation of the meconium. The
abdominal wall and the bowel are prepared with povidone
iodine solution. Under general anesthesia the bowel is 
carefully inspected for intestinal atresia and other possible 
malformations. Manual milking of the small intestine from
proximal to distal direction including the colon is performed
in order to decompress the intestine. If the abdominal wall
defect is too small for bowel reintegration, one can use cranial
or caudal incisions around the defect. This direction of 
incision extension is important when we use the umbilical
cord patch.

Bowel reintegration is performed manually, while monitor-
ing the pressure in the bladder. When the pressure reaches 20
cm water, reintegration must be stopped to prevent abdominal 
compartment syndrome.

The umbilical cord is cut longitudinally on the right side
in all its length. A curved clamp is carefully inserted in the
incision and gently separated (Fig. 1). The two umbilical 
arteries and umbilical veins are exposed in full-length; they are
ligated with 4-0 silk at the base, and excised. This avascular
membrane cord which is being created comes from the left side
of the defect. The three sides of the membrane are sutured
with 4-0 Vicryl to the edges of the parietal defect, covering it,
followed by skin suture and dressing. (Fig. 6, 7)

The newborn is transferred to the neonate intensive care
unit. Intravesical pressure should be monitored for another
day. Newborn extubation is possible when breathing is 
effective. 
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Figure 6. Surgical technique. After the stretching of the abdominal wall and partial reduction of the viscera in the abdominal cavity (A) the
umbilical cord is cut on the midline and opened like a book, this way providing a sufficient area to cover the defect. The 
dotted line on the abdominal wall marks the line for further enlargement of the initial wall defect. (B) the umbilical vessels are 
ligated and excised. (C) The free edges of the created membrane are sutured to the wall defect

Figure 7. Intraoperative aspects of the gastroschisis
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After the surgery the nasogastric tube is maintained with
total parenteral nutrition, via peripheral or central veins.
The initiation of enteral nutrition is encouraged to decrease
the gastric reflux and to stimulate the bowel transit. Child's
position is irrelevant. 

Usually after 6 to 8 weeks, patients were discharged from
the hospital with a small ventral hernia.

ResultsResults

Between 2008 and 2011 we had 12 cases of gastroschisis (4 girls
and 8 boys). The gestational age of these children ranged from
33 to 38 weeks. Birth weight ranged between 1500 g and 3300
g. Only 3 of 12 patients with gastroschisis were diagnosed by
antenatal ultrasound, the rest were unscreened pregnancies.
There was one case with associated malformations, namely 
agenesis of the ascending and descending colon.

In 7 cases, we tried to use primary abdominal wall closure
when the abdominal cavity volume allowed reintegration of the
intestinal loops without increasing the abdominal pressure or
ventilatory pressure. The intra-abdominal pressure was 
monitored intravesically or intragastric not exceeding 20 cm
H2O to prevent abdominal compartment syndrome.

It was necessary to increase the size of the abdominal wall
defect for the reintegration of the protruding bowel in 3 cases. 

In 5 cases out of 12, primary abdominal closure was not 
possible (important intestinal edema in 3 cases, small 
abdominal cavity in 2 cases) so we decided to close the defect
using the following methods:

a) umbilical cord patch at the aponeurotic defect in 2 cases;
b) the progressive closure method: over several days, using a

Silastic silo bag attached to the margins of the 
aponeurosis in 3 cases. This "silo" was closed 
progressively from top to bottom, thus favoring gradual
reintegration of the viscera in the abdomen while 
intestinal edema regressed. Median time to complete
closure of the wall was 7 days. The duration of 
parenteral nutrition ranged from 7 to 39 days, especially
in those with low gestational age and low birth weight
(1500g - 1700g) and with extensive intestinal edema.
Duration of mechanical ventilation ranged from 3 days
to 13 days as a result of increased pressure limiting
diaphragm excursion during respiration. Average length
of stay was 6.6 weeks (range: 23 -135 days).

There were no cases of infection due to umbilical cord
patch or the postoperative wound dehiscence. There were 2
patients who died.

The first death was a male newborn with a gestational age
of 39-40 weeks and birth weight of 2700 g. The 3D ultrasound
performed at 21 weeks of age was apparently normal. The repair
was performed using a synthetic mesh. On postoperative day 2,
alloplastic prosthetic defect reduction is performed, splitting the
defect from the right edge and suturing the aponeurotic edge of
the defect and the suture aponevrotic edge to reduce the size of
the mesh. After 3 days the defect is finally closed with the suture
of the aponeurosis defect by joining the edges and keeping a 
portion of 0.5 mm width of the mesh. Skin is sutured on the

midline. After 8 days we explored the suture and the next day
the patient died from cardiac arrest, septic shock with multiple
organ failure from a Candida infection, respiratory shock,
mechanical ventilation.

The second death: female neonate with a gestational age of
38 weeks and birth weight of 2300 g, natural birth, resuscitated
at birth. We performed gastroschisis repair using a synthetic
mesh. The evolution of the patient is severe with wound 
bleeding, abdomen distension, cyanosis of the skin, generalized
edema, heavy bleeding from puncture sites, TGP 4839 U / L,
ALT 7700 U / L. The patient died due to cardiac arrest, 
respiratory distress, sepsis, interstitial pneumonia.

DiscussionDiscussion

Primary closure results are much better compared to procedures
using Silo bag, free flaps, lyophilized dura mater and other 
techniques for coverage of the wall defect and intestine (2).
Primary fascial closure is possible in 90% of infants and 
the mortality rate is about 10% (21).

A tight closure during primary fascia repair can increase the
intra-abdominal pressure and lift the diaphragm increasing the
need for mechanical respiratory support. On the other hand,
we must also take into consideration the morbidity associated
with mechanical ventilation (22). In some patients, due to the
direct pressure on the newly reintegrated bowel and the 
diminished blood flow from the superior mesenteric artery to
the intestinal wall vessels, perforation or diffuse necrosis of the
bowel and even death can occur (2,23,24). Another intra-
operative problem that can occur with primary closure of the
wall defect is inferior vena cava obstruction/compression with
severe cyanosis in the legs. In some of these patients early 
surgical reintervention might be necessary with the use of the
Silo technique (12). Morbidity associated with Silo use is
caused by sepsis, enteric fistula, prolonged ileus, and the need
for more surgeries. The Silo bag can often lead to an infection
along the suture line. It cannot create any symphysis between
the Silo and patient tissues (23).

Our repair method of the gastroschisis is a combination of
procedures used in primary closure and patch technique. Almost
the entire exposed bowel is reduced into the abdominal cavity,
except for a few loops, which will be covered with an umbilical
cord patch. We used this technique only in neonates with 
gastroschisis in whom the defect could not be closed primarily.
By this we tried to avoid compromising the respiratory status,
venous return and bowel ischemia (24). To prevent abdominal
compartment syndrome, one should monitor the intravesical
pressure, during the operation and at least one more day after
(24,25,26). The maximum allowed value is 27 cm H2O.

The umbilical cord patch is an autologous tissue. The
umbilical cord patch and the edges of the abdominal wall
defect, subcutaneous tissue and the skin heal completely 
within a few days when the defect was extended laterally. We
had no cases of surgical site infection. On the other hand, this
natural patch prevented the formation of adhesions between
the intestine and the umbilical cord patch. It forms a ventral
hernia, which is usually small and easy to fix.
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ConclusionsConclusions

Whenever it is possible to preserve the umbilical cord we 
recommend this technique because of its availability, easy 
technique and perfect tolerance of the autologous tissue.
Infection rate is low and mechanical complications are 
uncommon. There is only one disadvantage: the umbilical cord
patch should be prepared in the operating room. Primary 
closure of the umbilical cord patch was applied successfully in
all neonates with gastroschisis, the postoperative intravesical
pressure not exceeding the mentioned values. We intend to
collect more cases to verify the benefits of this procedure and
to provide statistical power.
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