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Background: Increasing evidence has indicated that single-incision laparoscopic appendectomy (SILA) is a safe
procedure that has a comparable clinical outcome to conventional multiport laparoscopic appendectomy
(CLA) in adult patients. Nevertheless, the use of SILA in pediatric patients is still controversial, and systematic re-
views that compare SILA and CLA in children are lacking in the current literature.
Methods: A literature search in MEDLINE, EMBASE, Cochrane library, and ClinicalTrials.gov was performed to
identify eligible studies thatwere conducted between January 1998 and September 2014. Primary outcomemea-
sureswere total postoperative complications,wound infection, intra-abdominal abscess, ileus, andwoundhema-
toma. Secondary outcome measures were operative time, length of hospital stay and the frequency of use of
additional analgesics. The random effect model was used for the meta-analysis.
Results: The literature search identified 2 randomized clinical trials and 12 nonrandomized clinical trials that met
the inclusion criteria for the meta-analysis. These studies included a total of 2249 patients: 744 who underwent

SILA and 1505whounderwent CLA. No significant differenceswere observed between the groupswith respect to
the incidence of total postoperative complications, intraabdominal abscess, ileus, wound hematoma, length of
hospital stay, or the frequency of use of additional analgesics. However, SILA was associated with a higher inci-
dence of wound infection (OR = 2.25; 95% = 1.21–4.17; P = 0.01) compared with CLA and required a longer
operative time (WMD = 5.73 minutes; 95% CI = 4.17–7.28; P b 0.00001).
Conclusions: SILA seems to be a relatively feasible and safe procedure without any superiority to CLA. Thus, SILA
may not be a better approach for pediatric patients.

© 2015 Elsevier Inc. All rights reserved.
Appendicitis is one of the most common causes of abdominal pain
worldwide. The annual rate in the United States is 9.38 per 10,000 indi-
viduals, and the highest frequency of appendicitis was found in the
10–19 year age group [1]. Appendectomy is the primary therapeutic
method used to treat appendicitis. Multiport laparoscopic appendecto-
my has been safely and widely used in children because of the benefits
of lower incidence of postoperative wound infection, ileus, less pain,
faster recovery of bowel function, shorter hospital stay, and better cos-
metic outcome [2–4]. Over the years, surgeons have made great efforts
to bestowmore benefits on their patients by the reduction and eventu-
ally elimination abdominal incisions. Single-incision laparoscopic ap-
pendectomy (SILA), which is a potential feasible approach to reduce
incision-related negative outcomes, has gainedmore andmore popular-
ity; this technique has been demonstrated to be comparable to the
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conventional multiport procedure in adults according to numerous ran-
domized controlled trials (RCTs) [5–8] and meta-analyses [9–18].

However, the comparability of SILA with conventional laparoscopic
appendectomy (CLA) has not been established among the pediatric
population, a group that has a relatively high frequency of appendicitis,
owing to the limitation of a small number of RCTs and a lack of meta-
analyses. In addition, children, who are still developing, may gain great-
er benefits from advancedminimally invasive techniques. Furthermore,
evidence from adult patients may be not applicable to children because
the smaller abdominal area of the latter may enhance the technical dif-
ficulties associated with SILA. This study aims to use a meta-analysis to
integrate the results of RCTs and non-RCTs that compare SILA with CLA
in pediatric populations to determinewhether SILA is a feasible and safe
alternative to CLA in children.

1. Materials and methods

1.1. Study selection

An electronic literature searchwas performed inMEDLINE, EMBASE,
Cochrane library, and ClinicalTrials.gov, for all studies that were
published between January 1998 and September 2014 that compare
single-incision laparoscopic appendectomy with conventional
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laparoscopic appendectomy in a pediatric population; we placed no
limitations on the language of publication. The following search terms
were used: “appendicitis[Mesh]/appendectomy[Mesh]/appendecto-
my/appendicectomy/appendicitis/appendectomies,” “single incision/
singe site/single port/single access/single trocar/single wound/one
incision/one site/one port/one access/one trocar/one wound/
transumbilical/SILA/SILS-A/TULAA/SSLA/SPLA,” “adolescent[Mesh]/
child[Mesh]/pediatrics[Mesh]/adolescent/children/child/paediatric/pe-
diatric.” In addition, we reviewed the published abstracts from 2006 to
2013 from meetings of the International Pediatric Endo-surgery Group
(IPEG), the Society of American Gastrointestinal and Endoscopic Sur-
geons (SAGES), and the European Association of Endoscopic Surgeons
(EAES). The reference lists of the obtained studies were also reviewed
to identify relevant citations. The abstracts or full texts of all potentially
relevant studies were assessed independently by two reviewers, and
any disagreements were resolved by discussion.

1.2. Inclusion and exclusion criteria

To qualify for this meta-analysis, studies had to (1) compare SILA
and CLA in pediatric patients, (2) report on at least one of the outcome
measuresmentioned below, (3) contain a patient group thatwas not re-
ported previously (if the sample group was reported in more than one
article, we chose the most recent and informative article or merged in-
formation from the publications). Studies were excluded if (1) it was
impossible to extract or calculate the necessary data with respect to
the outcomes of interest from the published results and if there was
no response to our attempt to contact the authors, (2) only the mean
for continuous outcomes (length of operative and hospital time)was re-
ported without standard deviation while the incidence and types of
complications were also absent, and (3) the study was observational
with a score below 5 in the Newcastle-Ottawa Quality Assessment
Scale (NOS) [19].

1.3. Data extraction and quality assessment

The results from each study were extracted by two independent re-
viewers. To reach a final decision, any disagreement was resolved by
discussion between the two reviewers or by discussion with a third re-
viewerwhen necessary. The following data were extracted: first author,
year of publication, countrywhere the studywas performed, study type,
sample size, characteristics of the study population, mean cost, severity
of the appendicitis, themode of division of appendix in SILA, conversion
rate, complications during surgery and during the postoperative period,
length of operation and hospital stay, postoperative pain, and cosmetic
results. The Newcastle-Ottawa Quality Assessment Scale (NOS) was
used as an assessment tool to evaluate non-RCTs. The scale varies
from zero to nine stars, and studies with a score equal to or higher
than seven were considered to have high methodological quality. The
methodological quality of the RCTs was analyzed with the tools that
are used to evaluate the risk of bias according to the Cochrane Hand-
book for Systematic Reviews of Interventions [20], as represented in
Table 3.

1.4. Statistical analysis

Statistical analyses were performed with Review Manager 5.3 (Re-
view Manager Version 5.3). Weighted mean differences (WMDs) with
95 % confidence intervals (CI) were calculated for the effect of SILA on
continuous variables such as the duration of surgery, duration of hospi-
tal stay and the frequency of use of additional analgesics. Pooled odds
ratios (ORs) were calculated for the effect of SILA on dichotomous vari-
ables such as total postoperative complications, wound infection,
intraabdominal abscess, postoperative ileus and postoperative wound
hematoma. TheWMDs and ORswere both considered to be statistically
significant when the P value was b0.05. The random effect model was
used for the meta-analysis. We used Cochrane's Q-statistic to evaluate
the statistical heterogeneity between studies and considered significant
heterogeneity to be present when the associated P value was below
0.10.We used the I2 statistic to estimate themagnitude of the heteroge-
neity, and judged values less than 25% to beminimal, less than 50% to be
moderate, and equal to or greater than 50% to be substantial [21]. Pub-
lication bias was assessed by a funnel plot.

2. Results

2.1. Literature search

A total of 345 studieswere identified in the electronic searches. After
the exclusion of duplicates, 272 articles remained, 242 of which were
excluded for the following reasons: 138 were not relevant, 25 were
not comparative studies, and 22 were reviews/letters/comments. The
30 articles under consideration were reviewed in depth, and a full ex-
amination of the text was conducted. Eight studies that were meeting
abstracts were excluded because the data for the outcomes of interest
were not reported in the publication and we failed to make contact
with the authors to obtain the outcomes. Four studies [3,22–24] were
excluded because they were subsequent follow-up questionnaire anal-
yses of previously reported series. Finally, two [24,25], two [26,27],
and three [28–30] studies were performed by the same author, respec-
tively; therefore, we chose the most informative and recent article or
merged information from multiple publications (different publications
that used the same study sample). Eventually, fourteen studies
[25,27,28,31–41] matched the selection criteria and were suitable for
the meta-analysis. These included 9 retrospective studies
[25,27,31,34,35,37,39–41], 3 prospective nonrandomized studies
[28,32,36] and 2 prospective randomized studies [33,38], with a com-
bined total of 2249 subjects. Out of these subjects, 744 (33%) underwent
SILA and 1505 (67%) underwent CLA. A flowdiagram that details the lit-
erature search is shown in Fig. 1.

2.2. Study characteristics

The characteristics of these studies are summarized in Table 1. The
study designwas retrospective in 9 [25,27,31,34,35,37,39–41], prospec-
tive nonrandomized in 3 [28,32,36], and randomized in 2 studies
[33,38]. The included studies were conducted in the USA, Europe and
Asia, and were published between 2008 and 2014. The sample size
ranged from 39 to 684 patients. Severe cases, identified by the presence
of perforation, gangrene or abscess, were not included in four studies
[25,34,37,41]. In some studies [27,28,31,37,38,40,41], the surgeon divid-
ed the peritoneal attachments to the appendix and cecum during lapa-
roscopy and mobilized the appendix to the umbilicus in SILA. Then, the
inflammatory appendix was exteriorized and an extracorporeal appen-
dectomywas performed. In the groups of subjects who underwent SILA
in the other studies [25,32–34,36,39], the mesoappendix and
appendiceal base were ligated and then resected during laparoscopy.
Next, the appendiceal specimen was removed through the single port
in the abdominal wall; a retrieval bag may have been used. The two
methods used to resect the appendix(SILA) were defined as “extracor-
poreal” and “intracorporeal”, respectively, and are presented in
Table 2. The insertion of additional ports (one or two) was required in
64 (8.6%) of 744 SILA procedures, and the cases of conversion to open
procedure are also presented in Table 2.

2.3. Primary outcomes

2.3.1. Total postoperative complications
All fourteen studies [25,27,28,31–41] reported the total number of

postoperative complications after appendectomy. The incidence of
postoperative complications was 6.5% (48 of 743 cases) for the SILA
group compared with 7.5% (112 of 1495 cases) for the CLA group. A



Table 1
Characteristics of the included studies.

Reference (year) Country Study type Sample size Age (years) Sex (M:F) Mean cost ($)b Weight (kg)

SILA CLA SILA CLA SILA CLA SILA CLA SILA CLA

Bergholz 2014 Germany PNR 20 20 12.42a 12.93a 4:16 4:16 – – – –

Chandler 2010 USA R 50 45 11.1 (3.6) 11.7 (3.8) 26:24 34:11 – – 43.3 (19) 50.9 (29)
Deie 2013 Japan R 40 48 10.3 (2.6) 10.5 (2.76) 24:40 31:48 405 1291 32.3 (9.8) 33.7 (11.3)
Kang 2012 Korea R 30 25 9.3 (4.0) 8.7 (3.5) 17:13 14:11 – – – –

Langness 2011 USA R 83 138 10.58 9.7 52:31 83:55 – – – –

Lee 2014 Korea PNR 31 114 10.5 (3.6) 11.1 (4.1) 22:9 72:42 1163.7 1131.4 48.2 (18.4) 42.9 (17.1)
Miyauchi 2011 Japan R 11 22 9.9 (4–14) 10.7 (6–15) 8:3 13:9 – – – –

Oltmann 2010 USA R 19 20 8.7 (3.31) 10.5 (3.89) 12:7 12:8 – – 32a (14.5–80.3) 45.25a (12–101)
Perez 2013 USA PR 25 25 8.7 (3) 8.9 (3) 10:15 15:10 – – 36.25a(14.5–80.3) 35.17a(12–101)
Stanfill 2010 USA R 48 83 10.45 (0.65) 11.51 (0.93) 33:15 55:28 1640.5 2053.5 – –

Peter 2011 USA PR 180 180 11.1 (3.5) 11.1 (3.3) 99:81 92:88 17600 16600 42.7 (18.5) 42.5 (17.4)
Visnjic 2008 Croatia R 29 43 – – – – – – – –

Snyder 2012 USA R 102 582 9.7 10.4 62:40 360:222 628 1025 – –

Muensterer 2010 USA PNR 75 151 11 (2–19) – 46:29 – – – 45 (12–132) –

Data are expressed as the mean (standard deviation), unless stated otherwise.
R indicates retrospective; PNR, prospective nonrandomized; PR, prospective randomized; SILA, single-incision laparoscopic appendectomy; CLA, conventional laparoscopic
appendectomy.

a Median (range).
b Deie 2013, Stanfill 2010: Operative cost. Lee 2014, Peter 2011: Hospital cost. Snyder 2012: Material cost.
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meta-analysis demonstrated no statistically significant difference be-
tween the SILA and CLA groups (OR = 1.12; 95% = 0.67–1.85; P =
0.67). Additionally, no evidence of statistically significant heterogeneity
was observed between the groups (Q statistic = 16.90, P = 0.20; I2 =
23%) (Fig. 2).

2.3.2. Wound infection
Ten studies [25,27,28,34,36–38,40,41] reported postoperative

wound infection. The incidence of postoperative wound infection was
4.3% (25 of 586 cases) in the SILA group compared with 2.0% (26 of
1287) in the CLA group, and ameta-analysis demonstrated a statistically
significant difference between the two groups(OR = 2.25; 95% =
1.21–4.17; P = 0.01). No evidence of statistical heterogeneity was
found between the two groups (Q statistic = 6.27, P = 0.71; I2 = 0%)
(Fig. 3). However, no significant difference was observed when only
the RCTs [38] and high scoring non-RCTs [27,28,34] (quality score ≥7
in the Newcastle-Ottawa scale) were included in the analysis(OR =
1.97; 95% CI = 0.65–5.92; P = 0.23), and no evidence of statistically
heterogeneity was observed when these studies were included (Q
statistic = 2.94, P = 0.40; I2 = 0%).

2.3.3. Intraabdominal abscess
Six studies [34,36–38,40,41] reported the occurrence of postopera-

tive intraabdominal abscess. The incidence of postoperative abscess
Table 2
Mode of single-incision laparoscopic appendectomy procedure and histology of appendix.

Reference (year) Division of appendix (SILA) Severity (% gangrene,
perforation, abscess)

SILA CLA

Bergholz 2014 Extracorporeal 15 15
Chandler 2010 Intracorporeal 0 0
Deie 2013 Extracorporeal 40 27.
Kang 2012 Intracorporeal/Extracorporeal 26.7 28
Langness 2011 – 8.4 26.
Lee 2014 Intracorporeal 37.5 59.
Miyauchi 2011 Intracorporeal 0 0
Oltmann 2010 Intracorporeal 5.3 33.
Perez 2013 Intracorporeal 20 12
Stanfill 2010 Extracorporeal 22.9 16.
Peter 2011 Extracorporeal 0 0
Visnjic 2008 Extracorporeal 0 0
Snyder 2012 Extracorporeal 23.5 39.
Muensterer 2010 Intracorporeal 21.3 17.

SILA, single-incision laparoscopic appendectomy; CLA, conventional laparoscopic appendectom
was 2.1% (10 of 484 cases) in the SILA group compared with 3.5% (38
of 1084 cases) in the CLA group. A meta-analysis demonstrated no sta-
tistically significant difference between the groups (OR = 0.98;
95% = 0.47–2.05; P = 0.96). There was also no evidence of statistical
heterogeneity between these two groups (Q statistic = 1.93, P =
0.86; I2 = 0%) (Fig. 4).

2.3.4. Postoperative ileus
Four studies [27,31,32,40] reported the occurrence of postoperative

ileus. A meta-analysis showed a lower incidence of postoperative ileus
of 0.7% (1 of 149 cases) in the SILA group compared with 3.3% (9 of
270 cases) in the CLA group, although this differencewas not statistical-
ly significant (OR = 0.40; 95% = 0.10–1.62; P = 0.20). No evidence
of statistical heterogeneity was found between the two groups (Q
statistic = 0.30, P = 0.96; I2 = 0%) (Fig. 5).

2.3.5. Postoperative wound hematoma
Four studies [28,31,33,39] reported the occurrence of postoperative

wound hematoma. A meta-analysis showed a higher incidence of post-
operative wound hematoma of 5.3% (5 of 94) in the SILA group com-
pared with 1.1% (1 of 89) in the CLA group, although this difference
was not statistically significant (OR = 2.52; 95% = 0.56–11.21; P =
0.23). There was also no evidence of statistical heterogeneity between
the two groups (Q statistic = 0.15, P = 0.99; I2 = 0%) (Fig. 6).
Additional port Conversion to open Quality score

SILA CLA

0 0 0 8
0 0 0 7

1 4/40 0 0 7
5/30 0 0 7

1 13/83 0 8/138 6
7 0 0 0 6

0 0 0 6
3 0 2/19 0 8

0 0 0 –

9 9/48 0 0 6
18/180 0 0 –

0 0 0 5
5 – – – 5
9 15/75 0 0 6

y.



Table 3
Risk of bias summary: a review of the authors' judgments with regard to the risk of bias for each item of each included RCT.

References Random sequence
generation

Allocation
concealment

Blinding of participants
and personnel

Blinding of outcome
assessment

Incomplete outcome data Selective reporting

Perez 2013 Low risk Unclear risk Low risk Low risk Low risk Low risk
Peter 2011 Low risk Low risk High risk High risk Low risk Low risk
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2.4. Secondary outcomes

2.4.1. Duration of surgery
The duration of surgery was reported in ten studies

[25,27,31–35,38–40]. A meta-analysis demonstrated a statistically sig-
nificant increase in the mean operating time for the SILA group com-
pared with the CLA group (WMD = 5.73 minutes; 95% CI =
4.17–7.28; P b 0.00001), and substantial heterogeneity was observed
(Q statistic = 53.06, P b 0.00001; I2 = 83 %). Similar results were
achieved following a subgroup analysis of the studies [27,38,40]
where the appendix was resected extracorporeally during SILA
(WMD=4.82 minutes; 95% CI= 2.28–7.36; P b 0.0002); no significant
heterogeneity was observed (Q statistic = 1.58, P = 0.45; I2 = 0%). A
subgroup analysis of the studies [25,31–35,39] where the appendix
was resected intracorporeally during SILA also showed a statistically
significant increase in themean operating time for the SILA group com-
pared with the CLA group (WMD= 6.27 minutes; 95% CI= 4.30–8.24;
P b 0.00001); substantial heterogeneity was observed between the
groups (Q statistic = 50.70, P b 0.00001; I2 = 88%) (Fig. 7).

2.4.2. Length of hospital stay
The length of hospital stay was reported in eight studies

[25,27,31,32,34,35,38,40]. A meta-analysis demonstrated a shorter
length of hospital stay in the SILA group compared with the CLA
group, although this difference was not statistically significant
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Embase, Cochrane library)
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Fig. 1. Flow diagram of this meta-analysis in
(WMD = −0.26 day; 95% CI = −0.58 to 0.05; P = 0.10). However,
substantial significant statistical heterogeneity was observed between
the two groups (Q statistic = 42.09, P b 0.00001; I2 = 83%) (Fig. 8).
When only the RCTs [38] and high scoring non-RCTs [27,31,34] (quality
score ≥7 in the Newcastle-Ottawa scale) were included, no significant
difference was found between the SILA and the CLA groups(WMD =
−0.05 day; 95% CI = −0.22 to 0.13; P = 0.61), and the magnitude of
heterogeneity decreased to a moderate level (Q statistic = 5.84, P =
0.12; I2 = 49%).

2.4.3. Frequency of use of additional analgesics
The frequency of use of additional analgesics was reported in four

studies [25,31,34,38]. No significant difference was observed with re-
spect to the frequency of use of additional analgesics between the SILA
and CLA groups (WMD = −0.06 time; 95% = −0.38 to 0.26; P =
0.70). Moderate heterogeneity among the studies was observed (Q
statistic = 8.75, P = 0.03; I2 = 66%) (Fig. 9).

2.5. Publication bias

The funnel plots generated in this study that indicate the overall
postoperative complications and wound infection are shown in
Fig. 10. The shapes of the funnel plots did not reveal asymmetry,
which indicates no evidence of publication bias.
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Non-comparative studies:25

Case series/Case reports:22
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Fig. 2. Forest plot andmeta-analysis for total postoperative complications. CI confidence interval, SILA single incision laparoscopic appendectomy, CLA conventional laparoscopic appendectomy.
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3. Discussion

SILA has emerged as a potential less invasive approach, and has been
demonstrated to be comparable to CLA among the adult population by
numerous meta-analyses [9–18], but systematic reviews that are fo-
cused on pediatric populations are still lacking. A child half as tall as
an adult only provides one-eighth of the working space in the abdomen
to the surgeon [42]. Because of the relatively small peritoneal cavities of
children, the technical difficulties of SILA, especially the loss of triangu-
lation, may be magnified in pediatric patients. This may lead to instru-
ment crowding and “sword-fighting” of the instruments, which may
Study or Subgroup

Bergholz 2014

Chandler 2010

Deie 2013

Lee 2014

Miyauchi 2011

Muensterer 2010

Peter 2011

Snyder 2012

Stanfill 2010

Visnjic 2008
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Total events
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Test for overall effect: Z = 2.56 (P = 0.01)
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Fig. 3. Forest plot and meta-analysis for wound infection. CI confidence interval, SILA singl
be difficult to avoid. In addition, the smaller volume decreases the
room for error.Minor errors can seriously damage nearby organs, the tis-
sues of which are relatively weaker in pediatric patients. Moreover,
Blinman and Ponsky [42] indicated that the use of laparoscopic proce-
dures in children could lead to hypothermia and hypercarbia, and a rel-
ative long operative time may aggravate the situation. Therefore, the
duration of surgery in pediatric patients seems to be a more important
measure compared with that in adult patients. Thus, the data that com-
pare SILA and CLA in adult populationsmay not be applicable to children.
Thismeta-analysis of 2 RCTs and12non-RCTs that compare SILA andCLA
in children aims to pool together the data on this topic for an analysis.
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Fig. 4. Forest plot and meta-analysis for intra-abscess. CI confidence interval, SILA single incision laparoscopic appendectomy, CLA conventional laparoscopic appendectomy.

6 Z. Zhang et al. / Journal of Pediatric Surgery xxx (2015) xxx–xxx
Safety that is always reflected in complications is an essential mea-
sure for the evaluation of an innovative approach. Only two studies
[35,36] included in this meta-analysis reported the intraoperative com-
plications, and the overall incidence seems quite low.

Previous meta-analyses demonstrated that laparoscopic appendec-
tomy in pediatric populations reduces the incidence of postoperative
complications compared with open appendectomy [2]. However, evi-
dence that clearly confirms whether SILA in children is associated
with a similar rate of complications compared with CLA is few. This
meta-analysis demonstrated no significant differences between the
groups in terms of the overall incidence of postoperative complications
and specifically for the presence of intraabdominal abscess, ileus, and
wound hematoma, and no significant heterogeneity was observed,
which indicated that different studies included in the meta-analysis ar-
rived at relatively consistent results. Nevertheless, it is important to
note that homogeneity in the definition of the criteria of complications
were absent among the different studies, and several of them did not
even include a description of the defining criteria. Moreover, a demon-
stration that complications such as ileus were not present at the start of
the study was absent in almost all of the included studies. In addition,
given that most of the included studies were non-RCTs where selection
bias was unavoidable, the results must be interpreted with caution.

This pooled analysis suggested that SILA increases the risk of postop-
erative wound infection, which seems to be the most criticized disad-
vantage of this approach, but no significant difference was observed
when only RCTs and high scoring non-RCTs were included. Further-
more, two studies [36,38] included in the analysis found that a low in-
fection rate may be secondary to experience with the technique
because the wound infection rate decreased over time.
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Deie 2013
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Stanfill 2010
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Fig. 5. Forest plot and meta-analysis for ileus. CI confidence interval, SILA single incis
With regard to the concern about the potential increased incidence
of incisional port-site hernia caused by the weakening or a defect in
the fascia owing to SILA, a long-term follow-up is necessary to provide
reliable evidence; the follow-up time in most of the included studies
was too short. So far, studies with long follow-up periods that focus
on incisional port-site hernia after single-incision procedure in pediatric
patients, whose tissues heal much faster than those of adults, are few
and required in the future.

The duration of surgery was significantly longer for the SILA ap-
proach, no matter the approach by which the appendix was divided. It
is important to note that most of the studies included in this analysis
were nonrandomized trials, which may contain selection bias in that
the individuals with more severe appendicitis may have automatically
undergone the conventional laparoscopic procedure; SILA, as opposed
to CLA, would therefore more likely be performed by a senior surgeon.
On the condition that these confounders were controlled, the difference
in the operation time between the SILA and CLA groups may be en-
hanced. The longer duration of surgery may be owing to the loss of tri-
angulation and the inefficient ergonomics associated with the single-
incision laparoscopic technique. This makes SILA a more challenging
technique, especially in the much smaller abdominal cavities of chil-
dren. Padilla et al. [43] reported a modified SILA technique in which
magnetic instruments were used to provide excellent triangulation
and to improve ergonomics; this technique may eventually play a role
in the reduction of the duration of surgery. Additionally, it should also
be noted that the ability to overcome the initial steep learning curve as-
sociated with the adoption of a new surgical technique as well as prac-
tice and experience with single-incision laparoscopic surgeries could
also assist in the reduction of the operation time. Several of the included
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Fig. 6. Forest plot and meta-analysis for wound hematoma. CI confidence interval, SILA single incision laparoscopic appendectomy, CLA conventional laparoscopic appendectomy.
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studies [33,34,39] demonstrated an obvious reduction in the mean op-
erating time for SILA in subsequent cases compared with prior cases.

No difference in hospital stay was observed between the two ap-
proaches, while the heterogeneity was mainly caused by the different
discharge criteria among the hospitals in the studies. After all, CLA is al-
ready associated with a quite short hospital duration, so much so that
routine same-day discharge after pediatric patients who undergo CLA
for acute appendicitis was studied and determined to be safe with
good parent satisfaction [44]. Thus the results that SILA did not lead to
a shorter hospital stay than CLA were reasonable. Two of the included
studies [28,38] both found superiority with SILA, although insignificant,
in terms of the number of days that patients required to return to full
physical activity and to return to school or kindergarten,which is of par-
amount importance for pediatric populations. This would lessen the
long-term negative psychosocial impact of sickness and hospitalization
for these children.
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Fig. 7. Forest plot and meta-analysis for operative time. CI confidence interval, SILA single
Themain difficulty in the analysis of postoperative painwas the het-
erogeneousmethodology employed for pain assessment in the included
studies, four [25,31,34,38] of which reported the frequency of use of ad-
ditional analgesics to evaluate pain. No difference was found between
the two techniques, although St. Peter et al. [38] believed that larger
transumbilical fascial incisions in a single-incision laparoscopic ap-
proach may lead to more postoperative pain.

Economic considerations must also be taken into consideration
when choosing the technique for appendectomy. Of the 14 studies in-
cluded in this meta-analysis, five reported the cost-effectiveness of the
treatment. Two studies enumerated the hospital charges: one [38] dem-
onstrated an increased cost associated with SILA while the other [32]
suggested a similar cost between the groups. Two studies [27,40] used
operative cost, and one study [37] used material cost to assess medical
spending, but they unanimously agreed that SILA was associated with
a lower cost. Therefore, it seems that SILA does not significantly
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Fig. 8. Forest plot and meta-analysis for length of hospital stay. CI confidence interval, SILA single incision laparoscopic appendectomy, CLA conventional laparoscopic appendectomy.
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augment the cost of treatment. Further studies that account for the costs
associatedwithmany factors such as surgery, equipment, analgesia and
care are required to evaluate the comprehensive cost-effectiveness.

Few studies included in this meta-analysis assessed the cosmetic
outcomes because a reliable evaluation requires a long-term follow-
up. In a follow-up analysis of one study included in this pooled-
analysis, Chandler et al. [3] evaluated the postoperative scar and found
similar outcomes of SILA and CLA in children. While St. Peter et al. [38]
demonstrated superior scar assessment after SILA early in the follow-
up, but this difference is not present in the long-term.

This meta-analysis indicates that SILA is a feasible and safe proce-
dure compared with CLA. However, it is important to address the limi-
tations of this meta-analysis, which were as follows: first, the most
obvious deficiency of our study was that the majority of included stud-
ieswere nonrandomized trials,whichmay contain selection bias;more-
over, additional RCTs focused on SILA versus CLA in children are
required to provide a higher level of evidence, which would make a
pooled analysis based on RCTs feasible. Second, it is important to note
only one nonrandomized study [28] included in the pooled analysis
was a matched study, according to sex, age, and histology of the
resected appendix.We acknowledge that thismeta-analysis was unable
to account for the effects of the severity of appendicitis, the position of
the appendix and the effect of the surgeon's experience on the outcome.
These parameters clearly influence the postoperative complications and
operative time and may alter the conclusions. A portion of the included
studies even did not give the weight or BMI of the patients. Third, the
follow-upperiod of the included trials was too short in that somepoten-
tial complications might not have been revealed. Therefore, we were
unable to address the cosmetic satisfaction of the patients or their risk
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Fig. 9. Forest plot andmeta-analysis for use of additional analgesics. CI confidence interval, SILA
of incisional hernia. Further randomized studies that compare SILA
and CLA in pediatric patients are required to address the above-
mentioned limitations and obtain a higher level of evidence.
4. Conclusion

The results of thismeta-analysis show that SILA is comparable to CLA
with respect to the total postoperative complications, intraabdominal
abscess, ileus, wound hematoma, length of hospital stay, and frequency
of use of additional analgesics. However, SILA was associated with a
higher incidence of wound infection and a longer operative time,
which indicates that SILAmay not be a better approach for pediatric pa-
tients based on this study at least when non-RCTs are included.
Disclosure

All authors have no conflicts of interest.
Acknowledgments

This study was supported by The National High Technology Research
andDevelopment Programof China (863 Program) issued by theMinistry
of Science and Technology of China, no. 2012AA021103, Research Fund of
Public welfare in Health Industry (no. 201502039), National Health and
Family Planning Commissionof China andKeyClinical Specialty Discipline
Construction Program. The authors have no conflicts of interest to declare.
, Fixed, 95% CI

0 [-0.95, -0.05]

40 [-0.17, 0.97]

07 [-0.74, 0.88]

30 [-0.37, 2.97]

6 [-0.38, 0.26]

n Difference Mean Difference

IV, Fixed, 95% CI

-2 -1 0 1 2

Favours [experimental] Favours [control]

single incision laparoscopic appendectomy, CLA conventional laparoscopic appendectomy.



Fig. 10. Funnel plots of total postoperative complications and wound infection. OR odds ratio, SE (log[OR]) standard error of the natural logarithm of the odds ratio.
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