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Abstract
Objective. To assess the outcomes of three surgical techniques 

in the management of simple gastroschisis. 
Materials and methods. An observational, descriptive, retro-

spective, longitudinal study was carried out. Medical records of 
patients diagnosed with simple gastroschisis and treated with differ-
ent surgical techniques –Simil-Exit, primary closure, and deferred 
closure– were reviewed.

Results. 38 gastroschisis patients undergoing either the 
Simil-Exit (n= 10), the primary closure (n= 11), or the deferred 
closure (n= 17) techniques were analyzed. The Simil-Exit technique 
involved a shorter operating time than primary closure and deferred 
closure. Both Simil-Exit and primary closure patients required a 
shorter mechanical ventilation time, fewer days of parenteral nutri-
tion, shorter time to oral feeding initiation, and a shorter hospital 
stay than deferred closure patients. The deferred closure technique 
had more frequent complications, such as sepsis. 

Conclusions. The Simil-Exit and the primary closure tech-
niques demonstrated favorable outcomes in patients with simple 
gastroschisis. In addition, the former involved shorter operating 
times, it required less exposure of the small bowel loops to the 
environment, it was easily reproducible, and it provided a better 
cosmetic result.

Key Words: Gastroschisis; Surgical procedures, operative; Neo-
natology.

Resultados del tratamiento quirúrgico  
de la gastrosquisis simple en un hospital  

de alta especialidad

Resumen
Objetivos. Evaluar los resultados de tres técnicas quirúrgicas 

para la resolución de gastrosquisis simple. 

Material y métodos. Se realizó un estudio observacional, des-
criptivo, retrospectivo y longitudinal. Fueron revisados los expe-
dientes clínicos de pacientes con diagnóstico de gastrosquisis simple 
tratados con diferentes técnicas quirúrgicas, Símil-Exit, cierre de 
pared primario y cierre de pared diferido. 

Resultados. Se analizaron los datos de 38 pacientes con gas-
trosquisis que fueron intervenidos quirúrgicamente con técnica 
Símil-Exit (n= 10), con cierre de pared primario (n= 11) y con 
cierre de pared diferido (n= 17). La técnica Símil-Exit mostró 
menor tiempo quirúrgico que el cierre de pared primario y que el 
cierre de pared diferido; tanto los pacientes intervenidos con Símil 
Exit como los de cierre de pared primario, con respecto a los de 
cierre de pared diferido, requirieron menor tiempo de ventilación 
mecánica, menor número de días de apoyo con nutrición paren-
teral, menor intervalo de tiempo para el inicio de alimentación 
oral y menor tiempo de estancia hospitalaria. La técnica de cierre 
diferido de pared presentó con mayor frecuencia complicaciones 
como sepsis. 

Conclusiones. La técnica Símil-Exit y el cierre de pared prima-
rio mostraron resultados favorables en pacientes con gastrosquisis 
simple; la primera, además, requirió de menor tiempo quirúrgico, 
menor exposición de asas intestinales al medio ambiente, fácilmente 
reproducible y mejor resultado estético.

Palabras Clave: Gastrosquisis; Técnica quirúrgica; Neonatología.

 
INTRODUCTION

Gastroschisis is the most common congenital abdomi-
nal malformation. It occurs as an organ herniation through 
the abdominal wall, typically on the right side, with an 
intact umbilical cord and no membrane covering it. Gas-
troschisis incidence and prevalence have experienced a 
growing trend(1-4).

Various embryological theories regarding etiology  
–such as failed embryonic mesenchyme differentiation and 
abdominal wall folding, vascular disorders, or amnion rup-
ture, among others– have been proposed. However, there 
is no general consensus(2,5). 
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Among the primary elements associated with the pres-
ence of gastroschisis, maternal age < 20 years –which has 
been correlated with the exposure of this age group to 
predisposing factors such as drug, tobacco, and alcohol 
abuse– stands out(6,7).

Embryologically speaking, the physiological hernia-
tion of the middle intestine is present before gestational 
week (GW) 11, which means prenatal ultrasonography 
between GWs 11 and 12 is the primary study in terms of 
diagnosis(8). 

Today, delivery timing and approach remain contro-
versial in those cases where gastroschisis is prenatally 
detected. A good cost-effectiveness relationship has been 
reported in births scheduled at GW 38(8,9). However, there 
is consensus when it comes to advancing birth in patients 
with a high risk of intestinal injury, thus limiting contact 
with the amniotic fluid(10).

Gastroschisis has been described to predispose patients 
to a higher risk of sepsis, necrotizing enterocolitis, growth 
impairment, malnutrition, late enteral feeding initiation, 
need for multiple surgeries, use of mechanical ventilation, 
and long hospital stay(11,12).

Thse complications may be less severe if an adequate 
surgical treatment is implemented. Indeed, surgical treat-
ments have significantly progressed, increasing survival 
and reducing morbidity. The surgical techniques reported 
include primary closure –reduction of small bowel loops 
within the abdominal cavity with definitive wall closure on 
the first day of life–, deferred closure or “Silo” technique 
–progressive introduction of the extra-abdominal content 
within the cavity using a preformed Silastic silo for vari-
ous days, followed by elective closure(13)–, and the Simil-
Exit technique –reduction of the herniated organs while 
maintaining the support of the feto-placental circulation to 
prevent air swallowing when crying and avoid greater diffi-
culty in loop reduction, a technique that has been applied in 
various Latin-American countries since 2005(14). This study 
aims to assess the outcomes of the three surgical techniques 
used for the management of simple gastroschisis.

MATERIALS AND METHODS

An observational, descriptive, retrospective, longitudi-
nal study was carried out. Medical records of patients from 
the Pediatric Surgery and Neonatology Department were 
reviewed. Newborns diagnosed with simple gastroschisis 
undergoing surgery using the Simil-Exit, the primary clo-
sure, or the deferred closure techniques in a highly special-
ized medical unit were included. Patients with complicated 
gastroschisis –intestinal perforation, intestinal atresia, or 
intestinal necrosis– were excluded.

Demographic and perinatal variables –gestational 
age at birth, sex, weight at birth, and Apgar score– were 
recorded.

The surgical techniques assessed in this study were the 
Simil-Exit, the primary closure, and the deferred closure 
techniques. 

Simil-Exit technique
The Simil-Exit technique (ex-utero intrapartum 

treatment) involved a total intrapartum reduction of the 
herniated organs while maintaining the support of the 
feto-placental circulation. The loop reduction maneuvers 
were gently performed to achieve a total organ reduction 
and organ repositioning with immediate support of the 
feto-placental circulation. It started with the reduction of 
the small bowel within the abdominal cavity on the right 
side. Only in those cases where the stomach curvature 
was herniated, gastric reduction was carried out before 
intestinal reduction. 

Umbilical cord ligation for placental circulation inter-
ruption was conducted once pulse had ceased or after organ 
reduction had been completed. Following cord ligation, 
neonate care was pursued by the neonatologist, with place-
ment of an orogastric probe in all newborns.

Given that gastroschisis had been prenatally detected 
in all cases, a strict follow-up was established for each 
patient. Ultrasound criteria for pregnancy completion 
included intestinal dilatation > 18 mm after GW 30, and 
presence of parietal inflammation or thickening as this 
could be a sign of intestinal impairment. In those cases 
where intestinal dilatation was > 18 mm before GW 34 
and there was another indication to perform the Cesarean 
section scheduled, close fetal monitoring was maintained, 
and Cesarean section was scheduled at GW 34. Based on 
prenatal ultrasonography, Svetliza reducibility index (SRI) 
–calculated according to the largest small bowel loop diam-
eter–, loop wall thickness, and abdominal wall defect size 
were recorded. If SRI was ≤ 1.5, the Simil-Exit correction 
was regarded as likely and applicable, and birth was sched-
uled between GWs 36 and 37; if SRI was > 1.5 and < 2.5, 
the Simil Exit correction was regarded as possible and 
applicable; and if SRI was 2.5, the Simil-Exit correction 
was regarded as unlikely. If the index was progressively 
increasing, and before the 2.5 threshold was surpassed, 
the patient was scheduled for surgery at GW 34 or at the 
gestational age where it was detected. In those cases where 
pre-term pregnancy interruption was required, pulmonary 
maturation completion was prioritized. In the context of 
this surgical technique, both ultrasound findings and the 
immediate availability of a surgical team were considered. 

Once the mother was in hospital for Cesarean sec-
tion purposes, a cross-disciplinary team consisting of 
an obstetrician gynecologist, an adult anesthesiologist, a 
pediatric anesthesiologist, a neonatologist, and a surgical 
nursing team was gathered. In all cases, the operating room 
was prepared with all the human and material resources 
required for maternal and fetal care. The Simil-Exit tech-
nique was attempted in all cases on the maternal surgical 
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field to maintain feto-placental circulation, and once loops 
had been reduced, anesthetic infiltration of the abdomi-
nal wall was conducted for abdominal wall closure and 
plasty(14-16). 

Primary closure
Small bowel loop reduction within the abdominal cav-

ity with definitive wall closure on the first day of life.

Deferred closure
Progressive introduction of the extra-abdominal content 

using a preformed Silastic silo for various days, followed 
by elective closure.

In all cases, the newborns were delivered by Cesarean 
section. In all study patients, the first option was the Simil-
Exit technique. Only if total loop reduction at birth using 
this technique was not feasible or if the loops showed signs 
of serositis, the patient was referred to the operating room 
to try primary closure. 

Once the patient was under general anesthesia and 
endotracheal intubation, primary closure was attempted 
according to the peak inspiratory pressure (PIP) of the 
mechanical ventilator. If PIP was < 20 cm H2O, once the 
loops had been reduced and introduced within the abdomi-
nal cavity, wall closure was performed. If PIP was ≥ 20 cm 
H2O, given the risk of compartment syndrome, decision 
was made to place the silo and schedule the patient for 
subsequent deferred closure.

Perioperative (time from birth to wall closure, operating 
time for abdominal wall closure, mechanical ventilation 
time) and postoperative (time with total parenteral nutrition 
support, time from birth to oral feeding initiation, hospital 
stay) variables, as well as complications following surgery, 
were recorded.

The outcomes of the various surgical techniques used 
were assessed by measuring the operating time required for 
abdominal wall closure, mechanical ventilation time, total 
parenteral nutrition time, time to oral feeding initiation, 
total hospital stay, and presence of complications. Out-
comes were regarded as favorable when surgery involved 

shorter resolution times regarding the variables analyzed 
and fewer complications.

As for the statistical analysis performed, qualitative 
variables were expressed as number and percentages, 
whereas the normality distribution of quantitative variables 
was determined using the Shapiro test. Data demonstrated 
to have a free distribution and was therefore reported as 
median and interquartile range. The NCSS Statistical Soft-
ware 2024® package was used.

Given that medical records were analyzed without any 
interaction with the patients, the study was regarded as a 
riskless research, according to article 17 of the Mexican 
Health Research Regulation. Confidentiality and privacy 
of patient data were ensured. The research was approved 
by the Health Research Ethics Committee and the medical 
unit’s Local Health Research Committee.

RESULTS

41 patients diagnosed with simple gastroschisis were 
analyzed. 3 cases –1 case with intestinal perforation, 1 
case with intestinal atresia, and 1 case with intestinal 
necrosis– were excluded. Of the total of patients included 
in the study, the Simil-Exit technique was applied in 10 
(26.3%) patients, primary closure was used in 11 (29%) 
patients, and deferred closure was employed in 17 (44.7%) 
patients. Patient clinical characteristics were similar among 
the study groups (Table 1). Similar to Svetliza et al.(14), no 
predominance in terms of sex was observed.

The outcomes of the three surgical techniques were 
assessed. The Simil-Exit technique involved shorter oper-
ating times than primary closure and deferred closure. 
Regarding other variables analyzed, both the Simil-Exit 
and the primary closure techniques required fewer days 
of mechanical ventilation, shorter time with parenteral 
nutrition support, shorter time from birth to oral feeding 
initiation, and shorter hospital stay than the deferred clo-
sure technique (Table 2).

Complications occurred in 19 (50%) patients in total. 
Sepsis was more frequent in the deferred closure technique. 

Table 1. General characteristics of the study population.

Variable
All

n= 38
Simil-Exit

n= 10
Primary closure

n= 11
Deferred closure

n= 17

Gestational age (weeks)a 36 (35-37) 36 (35-36) 37 (35-38) 36 (35-38.5)

Weight at birth (grams)a 2,430 (2,310-2,640) 2,592.5 (2,311-2,860) 2,500 (2,269-2,800) 2,400 (2,025-2,662)

APGAR at minute 5 ≥ 8b 36 (94.7) 10 (100) 11 (100) 15 (88.2)

GSex (male)b 19 (50) 4 (40) 5 (45.4) 10 (58.8)

aValues expressed as median and interquartile range. bValues expressed as number and percentage.
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Only 1 case of complications –compartment syndrome– 
was noted in the primary closure technique (Table 3).

DISCUSSION 

Gastroschisis predisposes patients to complications and 
higher mortality rates as a result of organ exposure to the 
extra-abdominal environment. The development of sepsis 
is directly related to the exposure time of small bowel 
loops to the amniotic fluid. Indeed, sepsis was the most 
frequent complication in the study patients, predominantly 
in deferred closure cases(17,18). 

Patient prognosis is correlated with the degree of “in 
utero” intestinal injury, which means prenatal diagnosis, 
adequate surgical treatment, and postoperative care can have 
a favorable impact on prognosis, progression, morbidity, 
and mortality in patients with this complex pathology(19,20).

Similar to Baeza et al., median gestational age was 
36 weeks and median weight at birth was 2,430 g in our 
study(21).

Over the years, since it was first documented, vari-
ous techniques have been proposed for the management 
of this pathology(17). There are few studies assessing the 
results achieved in gastroschisis repair using the Simil-Exit 
technique. Most have been carried out in Latin America 
since this technique was first described by Svetzila et al., 
but some of them have a small sample size(14,22). To our 
knowledge, there are few studies assessing the outcomes 
of the three techniques discussed in this paper. 

Regarding the time required for organ reduction, 
median time was similar to that reported by Svetliza et 
al.(14) with the Simil-Exit technique, with lesser need for 
mechanical ventilation. In Oliveira et al.’s study(15), patients 
undergoing the Simil-Exit technique had shorter ventila-
tion times and shorter parenteral nutrition support times 
than patients undergoing deferred closure, consistent with 
our results. Rodríguez et al.(23) reported results similar to 
ours, with a shorter hospital stay and a shorter time to 
oral feeding initiation when comparing the same surgical 
techniques as in this paper.

The results achieved with the Simil-Exit and the pri-
mary closure techniques prove advantageous for simple 
gastroschisis patients in terms of the variables analyzed 
in this study. Even though the results regarding the vari-
ables assessed were similar between the Simil-Exit and 
the primary closure techniques –except for the operating 
time required for wall closure–, a tendency towards shorter 
times with the former can be observed. This results in a 
shorter exposure of small bowel loops to the environment, 
easier reproduction, and better cosmetic outcomes. Overall, 
the results were more favorable with the Simil-Exit and 
the primary closure techniques. Therefore, in our view, 
gastroschisis should be managed using either of these tech-
niques in order to prevent the inflammation of the small 
bowel loops exposed to the amniotic fluid, thus facilitating 
reduction within the abdominal cavity while feto-placen-
tal circulation is maintained, without the need for general 
anesthesia or mechanical ventilation, as it is the case with 
the Simil-Exit technique.

Table 3. Complications associated with the surgical technique used in the management of simple gastroschisis.

Surgical technique
Simil-Exit

n= 10
Primary closure 

n= 11
Deferred closure

n= 17

Sepsis, n (%) 3 (30) 2 (18.2) 13 (76.8)

Compartment syndrome, n (%) 0 (0) 1 (9) 0 (0)

Values expressed as number and percentage.

Table 2. Outcomes of the surgical techniques used for the management of simple gastroschisis.

Variables
All

n= 38
Simil-Exit

n= 10
Primary closure

n= 11
Deferred closure

n= 17

Operating time (minutes) 6 (5-7) 4 (4-5.25) 7 (5-8) 6 (5-7)

Mechanical ventilation (days) 2.5 (0-5) 0 (0-2) 2 (0-4) 4 (2.5-6.5)

Total parenteral nutrition (days) 15.5 (14.2-17.7) 15 (12.75-15.25) 15 (11-17) 17 (15-19)

Oral feeding initiation (days) 13 (12-15) 12.5 (11-13) 13 (10.5-14) 15 (12.5-16)

Hospital stay (days) 26 (22.2-31) 20.5 (18.75-23.25) 25 (21-26) 31 (27-33)

Values expressed as median and interquartile range. 
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It is worth noting that sepsis is not regarded as a direct 
complication of the surgical technique. However, its pres-
ence within these procedures in relation with the risk of 
pathogen exposure can be evidenced. Our study showed a 
shorter resolution time and a lower frequency of sepsis with 
the Simil-Exit and the primary closure techniques, but the 
former significantly reduces small bowel loop exposure to 
the environment. This lowers the risk of injury as a result 
both of exposure and of reduced distension and potential 
injuries in subsequent procedures. It should be highlighted 
that the defect requires no enlarging with the Simil-Exit 
technique, which means the cosmetic outcomes are poten-
tially more favorable than with the other two techniques. 
Therefore, we believe this aspect should be approached 
in future papers. 

It should be noted that the availability of a cross-disci-
plinary team allows for better results in the management of 
this pathology. Given that there are few studies assessing 
the outcomes of the Simil-Exit technique, comparing the 
aforementioned results is uneasy. 

Regarding our study limitations, patient follow-up 
was conducted during postoperative hospital stay only, 
and therefore, this should be considered in future papers. 
A longer follow-up period would be required to assess 
other types of complications or potential benefits over 
time with the use of the Simil-Exit or the primary clo-
sure techniques to provide these patients with a better 
treatment option.
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