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(Odds ratio = 0.51; 95% CI 0.40–0.66; p < 0.01; I2: 0%). The 
overall risk of bias was considered serious.
Conclusions  Our results, based on observational studies, 
indicate that laparoscopy for ASBO was associated with 
less postoperative complications compared to conventional 
laparotomy. However, the quality of evidence is very low. 
A well-controlled study is needed to assess the efficacy of 
laparoscopy for pediatric patients with ASBO.
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Introduction

Postoperative adhesive small bowel obstruction (ASBO) 
is one of the major complications of abdominal surgery 
in children [1–4]. Although the incidence of postoperative 
ASBO varies according to the type of operation performed, 
its incidence of in children has been estimated between 1 
and 5% in children [1–4]. An operation is often needed for 
the management of ASBO in children (35–45%) to avoid 
the risk of developing intestinal perforation and gangrene 
[1]. In recent years laparoscopic surgery has been utilized 
for the treatment of ASBO and a good outcome has been 
reported after this minimally invasive approach in children 
[5–7]. However, many surgeons are concerned about a lapa-
roscopic approach in patients with ASBO for the risk of 
causing a iatrogenic injury to the obstructed and distended 
bowel. There is no consensus in both adult and pediatric 
literature on which approach is preferable: laparoscopic or 
traditional laparotomy. The aim of this study is to review 
the current evidence in children comparing the safety and 
efficacy of laparoscopy versus laparotomy for the surgical 
treatment of ASBO.

Abstract 
Purpose  Adhesive small bowel obstruction (ASBO) is 
one of the most important cause of postoperative morbid-
ity in children who underwent abdominal surgery. Lapa-
roscopic management for ASBO in pediatric patients has 
been reported. However, its safety and efficacy has not been 
evaluated in details. The aim of this study is to compare the 
outcomes of laparoscopy and laparotomy for the treatment 
of ASBO in children.
Methods  A systematic review and meta-analysis were per-
formed following the Cochrane Handbook for systematic 
reviews of intervention and the preferred reporting item 
for systematic reviews and meta-analysis (PRISMA) and 
a protocol registered in PROSPERO (CRD42017067914). 
The primary outcome was the number of intraoperative and 
postoperative complications. The secondary outcome was 
length of hospital stay. The risk of bias in non-randomized 
studies of interventions (ROBINS-I) tool was used to assess 
the risk of bias. Quality of evidence was summarized using 
the grades of recommendation, assessment, development 
and evaluation (GRADE) approach.
Results  We identified three observational studies and no 
randomized controlled trials. The meta-analysis was done 
only for the primary outcome. Complications were sig-
nificantly fewer after laparoscopy compared to laparotomy 
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Materials and methods

This systematic review and meta-analysis was performed 
following the Cochrane handbook for systematic reviews of 
intervention and the preferred reporting item for systematic 
reviews and meta-analysis (PRISMA) [8, 9]. The protocol 
of the systematic review was registered on the PROSPERO 
online database (PROSPERO 2017:CRD42017067914) on 
June 6, 2017 [10]. We searched MEDLINE, EMBASE and 
Cochrane Central database using the combination of fol-
lowing terms: “pediatric”, “children”, “laparoscopy”, “lapa-
roscope”, “ileus” and “bowel obstruction”. In addition, a 
manual search of the references of retrieved articles was 
performed. The date of the last search was June 13, 2017. 
We planned to include all published randomized controlled 
trials (RCTs) and observational studies. Intraoperative and 
postoperative complications were the primary outcomes for 
this meta-analysis. We considered length of postoperative 
length of stay (LOS) as secondary outcome. We included all 
studies comparing the above outcomes in children less than 
18-year-old who underwent laparoscopy or laparotomy for 
ASBO. There was no language restriction.

Two reviewers (HM and SS) independently screened all 
retrieved abstracts with a low threshold for selecting stud-
ies for full-text review. Full texts were then independently 
reviewed to identify the included studies. In this step, we 
extracted the following data from each article: first author 
and year of publication, study design, country, years of 
study, sample size, age of patients, conversion rate in lapa-
roscopy group and outcomes. Disagreement regarding inclu-
sion were resolved through a discussion between reviewers, 
reaching consensus at each stage of the screening process.

We performed the meta-analysis using Review manager 
5.3. We estimated statistical significance using a two-sided p 
value of 0.05. Effect sizes were calculated and presented as 
pooled odds ratio (OR) along with a 95% confidence interval 
(CI). A random-effects model was implemented using the 
Inverse Variance method.

The grading of recommendations and assessment, devel-
opment and evaluation (GRADE) system was used to assess 
the quality of the evidence [11–18]. Quality of evidence was 
rated as high, moderate, low and very low for each outcome. 
Observational studies start with a low quality of evidence. 
The quality of evidence was rated down in the presence of 
risk of bias, inconsistency, indirectness, imprecision and 
publication bias. For assessment of risk of bias in observa-
tional studies, we used the Risk of Bias in Non-randomized 
Studies of Interventions (ROBINS-I) tool [19]. The follow-
ing domains were assessed for each outcome: bias due to 
confounding, bias in selection of participants into the study, 
bias in classification of interventions, bias due to deviations 
from intended interventions, bias due to missing data, bias 
in measurement of outcomes and bias in selection of the 

reported result. Each domain was scored as low, moderate, 
serious and critical risk of bias. Overall risk of bias was 
then scored. Inconsistency was determined according to 
heterogeneity. I2 statistics was used to determine heteroge-
neity. I2 value of 0–40, 30–60, 50–90, and 75–100% were 
considered as low, moderate, substantial, and considerable 
heterogeneity, respectively. Imprecision was assessed using 
optimal information size (OIS), which was based on 25% 
relative risk reduction, 0.05 of α error and 0.20 of β error 
[20]. We planned to assess publication bias using funnel 
plots if 10 or more studies were available. The quality of 
evidence was upgraded in the presence of large magnitude 
of effects, dose–response gradient and plausible confound-
ers. Large magnitude of effect was present if relative risk 
(RR) was greater than 2 or less than 0.5. We summarized the 
results of the meta-analyses and the assessment of quality 
of evidence for each outcome using GRADEpro GDT [21].

Results

We identified 880 articles after removing duplicates. 850 
articles were excluded during title and abstract screening. 

Fig. 1   Flow diagram for data extraction according to PRISMA state-
ment
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Full-text screening was performed and there was no RCT. 
Three retrospective cohort studies were selected for meta-
analysis (Fig. 1) [22–24]. As no RCT was found, the meta-
analysis was performed only for observational studies. The 
characteristics of included studies are shown in Table 1. Of 
the three included studies, two were single center cohorts 
and the remaining was a multicenter cohort study. In one 
study, median age was significantly higher in laparoscopy 
group compared to laparotomy [23]. In the remaining two 
studies, mean age at surgery was reported but differences 
between study group were not statistically analyzed [22, 
24]. In laparoscopy group, the conversion rate to laparot-
omy ranged from 13 to 33% (Table 1). Our meta-analysis 
performed for the primary outcome of postoperative com-
plications showed that the incidence of complications was 
5.7% (66/1148) in laparoscopy group compared with 10.4% 
(915/8771) in laparotomy group. This indicates that the inci-
dence of complications was significantly lower after laparos-
copy compared to laparotomy (OR 0.51, 95% CI 0.40–0.66, 
p < 0.00001, I2 = 0%) (Fig. 2). Extracted data for LOS are 
shown in Table 2. All three analyzed studies reported LOS 
but we couldn’t get enough information to perform a meta-
analysis on this secondary outcome. In two out of three 
studies, LOS was significantly shorter after laparoscopy 

compared to laparotomy [23, 24]. In the remaining study, 
no statistical analysis of LOS was performed [22]. In the 
laparoscopic group, conversion rate to laparotomy ranged 
from 13 to 33% (Table 1).

Evidence for GRADE assessment is shown in Table 3. 
Outcomes from the 3 included studies had serious risk 
of bias according to ROBINS-I (Table 4). Inconsistency 
was not considered to be serious as heterogeneity was 
low (I2 = 0%). Indirectness was also considered not seri-
ous. Overall OIS was 9720. Thus, our result met OIS, and 
imprecision was considered not serious. As this meta-anal-
ysis included only 3 studies, we did not perform funnel plot 
analysis. There was no evidence to support publication bias. 
Because of serious risk of bias (Table 4), we rated down 
the quality of the evidence. Overall, the quality of the evi-
dence in this systematic review was considered “very low” 
(Table 3).

Discussion

This systematic review and meta-analysis indicate that the 
available evidence for the use of laparoscopy in children 
with ASBO is based on retrospective studies. Although the 

Table 1   Characteristics of included studies in the meta-analysis

NA not available
*p < 0.001 comparing laparoscopy and laparotomy

Study Study design Country Years of study Sample size Age (year) Conversion to 
laparotomy during 
laparoscopy

van der Zee [22] Single center
Retrospective cohort

Netherland 1993–1998 Laparoscopy 9
Laparotomy 11

Laparoscopy 7.6
Laparotomy 2.2 

(mean)

33% (3/9)

Lee [23] Multicenter
Retrospective cohort

US 1997, 2000, 
2003, 2006, 
2009

Laparoscopy 1126
Laparotomy 8736

Laparoscopy 13
Laparotomy 10 

(median)*

17% (191/1126)

Albertos Mira-Marcelí 
[24]

Single center
Retrospective cohort

Spain 2004–2012 Laparoscopy 15
Laparotomy 22

Laparoscopy 6.31
Laparotomy 4.32 

(mean)

13% (2/15)

Fig. 2   Forest plot of complications after laparoscopy versus laparotomy
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incidence of complications seems to favor the use of lapa-
roscopy compared to laparotomy, the quality of evidence is 
very low and a prospective well-controlled study is needed.

Development of ASBO is a serious complication of 
abdominal surgery. A population-based study from Scot-
land revealed that the incidence of readmissions after sur-
gery due to intestinal adhesions was 5.3% (if appendectomy 
was excluded) and 1.1% (if appendectomy was included) 
[4]. Festen reported that 2.2% of patients with previous 
abdominal surgery needed re-laparotomy due to ASBO [2]. 
From these reports, the incidence of postoperative ASBO 
is estimated between 1 and 5% [1]. Although conservative 
management is selected in some cases, majority of children 
with ASBO undergo surgery at the end [25].

Systematic reviews and meta-analyses revealed that lapa-
roscopic surgery has better outcome for adult patients with 
ASBO [26–28]. Li et al. reported that laparoscopic surgery 
had lower complication rate for patients with ASBO, com-
pared to laparotomy [27]. Wiggins et al. also reported shorter 
LOS in laparoscopy compared to laparotomy [28]. A recent 
cohort study from a single center in Finland also reported 
that laparoscopy was associated with lower morbidity and 
shorter length of stay [29]. These studies suggest that lapa-
roscopy has beneficial effects on safety and efficacy for adult 
patients with postoperative ASBO, compared to laparotomy. 
However, a large population-based cohort study in Canada 
reported that laparoscopy for adult ABSO was associated 
with greater likelihood of intervention for bowel injury and/
or repair. The authors speculate that this increase might be 
due to challenges inherent with laparoscopic approaches in 
patients with distended small bowel [30]. These opposed 
results suggest that the indication of laparoscopy for adult 
ASBO is still controversial.

Similarly, the evidence in children to support the use of 
laparoscopy in children with ASBO appears suboptimal 
and controversial. Recent report from population-based 
survey in US from 1997 to 2009 revealed that 11.4% 
(1126/9862) of children with ASBO underwent laparos-
copy [23]. The continuing increase in the use of laparos-
copy in children is likely to result in a greater proportion 
of children undergoing laparoscopy for ASBO [31]. There-
fore, it is important to assess systematically the literature 

Table 2   Length of stay in analyzed studies

NA not available
a Mean (± SD)
b Median

Study Laparoscopy Laparotomy p value

van der Zee [22] 3.9a 10a NA
Lee [23] 6b 8b < 0.001
Albertos Mira-Marcelí [24] 7.77 ± 4.19a 13.05 ± 8.93a 0.027
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to evaluate the safety and efficacy of laparoscopic surgery 
in children with postoperative ASBO. To our knowledge, 
this is first systematic review and meta-analysis regarding 
this condition. We assessed safety and efficacy of lapa-
roscopy by analyzing the incidence of postoperative com-
plication and LOS. Our meta-analysis revealed that the 
incidence of complications was significantly lower after 
laparoscopic surgery compared to laparotomy, suggesting 
that laparoscopy can be safe in children. Unfortunately, 
we could not obtain a pooled effect size of LOS due to 
the quality of the reported data. Two of the three included 
study reported significantly shorter LOS after laparoscopic 
repair [23, 24]. In the remaining study [22], the mean LOS 
was described as shorter after laparoscopy, but no sta-
tistical analysis was available. These results indicate that 
laparoscopic surgery compared to laparotomy seems to 
shorten the LOS after surgery.

The present systematic review reveals limitations in 
the current evidence. Because of the nature of the retro-
spective cohort studies, patients’ characteristics in each 
group (laparoscopy versus laparotomy) were dissimilar 
in all three included studies. Age at surgery appeared to 
be higher in laparoscopy group compared to laparotomy 
group making the interpretation of results difficult. Eeson 
et al. reported that in children with ASBO a younger age 
was associated with bowel compromise and need for bowel 
resection [25]. Therefore, age can be confounder for the 
development of ASBO related complications.

For GRADE assessment, we considered the risk of 
bias as serious due to confounding factors. The quality of 
the evidence for the primary outcome of complications is 
scored as “very low” (Table 3). To obtain more reliable 
results with higher quality of evidence, prospective stud-
ies are needed.

The indications for laparoscopy need to be carefully eval-
uated to conduct a future well-designed controlled study in 
children with ASBO. In addition, the risk factors for failure 
of laparoscopy highlighted in previous reports [5, 32–34] 

need to be considered. The conversion rate from laparoscopy 
to open ranged from 23 to 33% in the above studies which 
is similar to the rate reported in the three studies included 
in our meta-analysis. Shalaby et al. reported that the most 
frequent cause for conversion was inadequate visualization 
due to bowel distension (6/10), multiple adhesions (2/10) 
and gangrenous bowel (2/10) [33]. Apelt et al. reported the 
reasons for the conversion to laparotomy from three pooled 
studies: the most frequent reason was “technical difficulty”, 
including failed pneumoperitoneum, bad visualization and 
insufficient working space [5]. The requirement of intestinal 
resection and enterotomy were also important reasons for 
conversion (resection: 7/41, enterotomy: 6/41). Although it 
may be difficult to predict failure of laparoscopy before sur-
gery, potential risk factors for failure should be considered 
in future prospective studies.

Conclusion

This meta-analysis seems to indicate that in children with 
ASBO laparoscopy is associated with lower incidence of 
complications compared to laparotomy. However, there 
is a severe risk of bias in confounder and the quality of 
evidence is very low. The current evidence is insufficient 
to evaluate the efficacy of laparoscopy in children with 
ASBO and a well-controlled study is needed.
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Table 4   Risk of bias 
assessment using ROBINS-I

van der Zee [22] Lee [23] Albertos 
Mira-Marcelí 
[24]

Domain
Bias due to confounding Serious Serious Serious
Bias in selection of participants into the study Low Low Low
Bias in classification of interventions Low Low Low
Bias due to deviations from intended interventions Low Low Low
Bias due to missing data Low Low Low
Bias in measurement of outcomes Low Low Low
Bias in selection of the reported result Low Low Low
Overall Serious Serious Serious
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