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Abstract
Background Single-incision laparoscopic cholecystectomy (SILC) has gained acceptance among surgeons as there is a trend
to minimize the invasiveness of laparoscopy. The aim of this meta-analysis has been to assess the feasibility and safety of
SILC when compared to conventional multiport laparoscopic cholecystectomy (CMLC).
Methods A literature search for trials comparing SILC and CMLC was performed. Studies were reviewed for the outcomes
of interest: patient characteristics; operative time and conversion rate; postoperative pain; length of hospital stay; postoper-
ative complications; and patient satisfactory score (0–10). Standardized mean difference (SMD) was calculated for contin-
uous variables and odds ratio for qualitative variables.
Results Twelve prospective randomized trials comparing SILC and CMLC were analyzed. Overall, 892 patients were
randomized to either SILC (465) or CMLC (427). Operative time was significantly longer in SILC (63.0 vs. 45.8 min,
SMD01.004, 95% CI00.434–1.573). Patient satisfactory score significantly favored SILC (8.2 vs. 7.2, SMD0−0.759, 95%
CI0−1.064 to −0.455). No other difference was found.
Conclusions SILC is a safe and effective procedure for the treatment of uncomplicated benign gallbladder disease with a
significant patient satisfaction. New multicenter randomized trials are expected to evaluate SILC in more complex circum-
stances such as acute cholecystitis, previous abdominal surgery, and severe obesity.
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Introduction

Currently, laparoscopic cholecystectomy is the gold stan-
dard for the treatment of benign gallbladder-related disease.
After the laparoscopic revolution during the 1980s,1 the tilt
from open to laparoscopic cholecystectomy has become

definite. This procedure has gained acceptance among sur-
geons and patients because of its unquestionable advantages
in terms of smaller incision, reduced postoperative pain,
shorter hospital stay, and faster return to everyday living
when compared to the traditional open approach.2

At the end of the 1990s, a second revolution in the field
of laparoscopic surgery has been the introduction of the so-
called single-incision laparoscopic surgery (SILS), or
single-incision laparoscopic cholecystectomy (SILC) when
used for gallbladder removal.3–5 Hypothetically, the benefits
of SILC would include those of the conventional multiport
laparoscopic cholecystectomy (CMLC) in association with
improved cosmetic results and patient satisfaction as the
operation is performed through just one incision.

Almost all published manuscripts of the 2000s on this
subject concluded that prospective randomized studies are
needed to determine the true advantages and limits of SILC
cholecystectomy. From 2010 and thereafter, 13 prospective
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randomized clinical trials comparing the clinical outcomes
of SILC vs. CMLC cholecystectomy have been
published.6–18 However, most studies have been limited by
a small sample size and a single-institution design. Up to the
present, only some reviews and one meta-analysis have been
performed to compare and summarize the results of SILC
cholecystectomy with those of the CMLC cholecystectomy
by a pooled analysis.19–21 To overcome these limitations, we
performed a new meta-analysis which included the largest
number of patients from all prospective randomized clinical
trials in the literature. The aim of this new study has been to
assess and validate the scientific evidence of the feasibility
and safety of SILC cholecystectomy when compared to the
standard laparoscopic approach and to verify its advantages
and limits.

Materials and Methods

A systematic literature search was performed using Embase,
Medline, Cochrane, and PubMed databases for studies com-
paring SILC to CMLC by using the following keywords:
“single-incision laparoscopic cholecystectomy” or “single-
incision laparoscopic surgery,” or “SILC” or “SILS,” “sin-
gle-port access” or “SPA,” or “laparoendoscopic single-site”
or “LESS,” and “cholecystectomy” and “laparoscopy.” The
search was extended by the “related article” function of
databases and by scanning the references of all relevant
articles. Literature search was completed in March 2012.

For the purpose of this study, we defined SILC cholecys-
tectomy as an operation performed through a single skin
incision regardless of the surgical device used and CMLC
cholecystectomy as the standard four-port procedure.

To enter our analysis, studies had to meet the following
criteria: compare the characteristics and perioperative out-
comes of patients undergoing SILC and CMLC for benign
gallbladder-related disease (gallstones, mud, polyps); be a
prospective randomized study comparing the two techni-
ques; and be written in English. Studies were not considered
for meta-analysis if (1) the outcomes of interest (as specified
below) were impossible to calculate or the standard devia-
tion and confidence interval of the tested parameters were
not reported and (2) they were retrospective or not random-
ized. Two authors (AP and IR) independently extracted the
following data from each study: institution and year of
publication, study design, patients’ characteristics and the
number of patients operated on with each technique, peri-
operative outcomes, and postoperative results.

Regarding the outcomes of interest for this meta-analysis,
all the studies were reviewed for the following data:

& Patients’ characteristics: age, gender, and body mass
index (BMI)

& Operative outcomes: operative time and conversion to
standard procedure or to laparotomy

& Postoperative recovery: pain on the day of the operation;
pain on postoperative day 1 (evaluated by visual ana-
logue scale (VAS) from 0 to 10, where 0 indicated no
pain and 10 the maximum pain); and length of hospital
stay

& Postoperative complications such as bleeding, biliary
injury, bile leakage, surgical site infection, and incisional
hernia (bile spillage from gallbladder rupture or pene-
tration during surgery was not considered in the out-
come of interest)

& Index of postoperative satisfaction and cosmetic results:
patient satisfaction score from 0 to 10, where 0 indicated
no satisfaction and 10 complete satisfaction

Surgical indications and the inclusion criteria for SILC
eligibility were also reviewed as well as the different surgi-
cal methods used for single-incision laparoscopy. The pres-
ence of an acute cholecystitis was not a criterion of
exclusion from the pooled analysis.

Statistical Analysis

Meta-analysis was performed in accordance with the recom-
mendations from the Preferred Reporting Items for Systematic
Reviews andMeta-Analyses statement.22 Variables were pooled
only if evaluated by three or more studies. All statistical analyses
were carried out using the MedCalc® 2011 statistical software
(version 11.5.1). Meta-analysis was conducted searching for a
numerical estimate of the outcomes of interest. For continuous
outcomes, the Hedges’ g statistic has been used for the calcula-
tion of the standardized mean difference (SMD) under the fixed
effects model, which was adjusted for small sample bias (http://
www.medcalc.org/manual/meta-continuous.php). Under the
fixed effects model, it was assumed that all studies were
homogeneous. This assumption has been tested by the
heterogeneity test, which was included to calculate the
summary SMD under the random effects model accord-
ing to the method of DerSimonian and Laird.23 We
tested for heterogeneity using the random effects model
to calculate the Q test and its associated p value. If this
test yielded a p value <0.05, then the fixed effects
model was considered invalid and the random effects
model as appropriate. The results of the individual stud-
ies have been listed and the total SMD with 95 %
confidence interval (CI) has been given both for the
fixed effects model and the random effects model. If the value
0 was not within the 95% CI, then the SMD was considered
statistically significant at the 5 % level (p<0.05).

This method required the standard deviations and the
confidence intervals of the tested parameters. Those studies
that did not report any of these parameters were excluded
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from the meta-analysis. The results of the different studies,
with 95% CI and the overall SMD, have been summarized
and reported using a forest plot.

For data derived from contingency tables (qualitative
outcomes), we calculated the odds ratio (OR) and 95% CI
(http://www.medcalc.org/manual/meta-oddsratio.php). In
descriptive statistics, the OR is the ratio of the odds of an
event occurring in one group to the odds of it occurring in
another group (http://www.medcalc.org/calc/odds_
ratio.php). When the data on ORs from multiple trials are
combined, the result is a weighted summary OR, also called
pooled OR. Thus, the ORs reported in the results are that of
the pooled analysis method (http://www.medcalc.org/manual/
meta-oddsratio.php). The Mantel–Haenszel method was used
for calculating the weighted summary OR under the fixed
effects model. Then, the heterogeneity test was incorporated
to calculate the summary OR under the random effects model
according to the method of DerSimonian and Laird.23 If this
test yielded a p value <0.05, then the fixed effects model was
considered invalid and the random effects model as appropri-
ate. The results of individual studies have been listed and the
total OR with 95%CI has been given both for the fixed effects
model and the random effects model. If the value 1 was not

within the 95% CI, then the OR was considered statistically
significant at the 5 % level (p<0.05). The results of different
studies, with 95% CI and the overall effect (summary OR)
with 95% CI, have been summarized on a logarithmic scale
using a forest plot.

Results

The flowchart for systematic review is shown in Fig. 1. Twelve
randomized prospective trials comparing SILC and CMLC
were considered suitable for the meta-analysis.6–10,12–18 One
prospective randomized trial was excluded because it showed
the preliminary data of another study.11 The articles included in
the quantitative synthesis were published between February
2010 and February 2012. Three studies were conducted in
China, two in the USA, two in Italy, one in Greece, one in
Japan, one in Switzerland, one in Taiwan, and one in Turkey.
These studies included overall 892 patients with laparoscopic
cholecystectomy randomized to either SILC (465, 52.1 %) or
CMLC (427, 47.9 %). The methods of randomization used in
the included trials were patient random assignment using a
closed envelope in three studies6,8,15; envelope opened by an

Fig. 1 Systematic search and
selection of articles for meta-
analysis
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assistant in one study13; blinded envelope system in one
study7; envelope by randomization card in one study10; enve-
lope with computer-generated randomization in two
studies9,14; allocation by randomization table in one study16;
random allocation software in one study;18 and random-
ization by computerized mathematical algorithm in an-
other study.12 The trial by Asakuma et al.17 was quasi-
randomized because allocation to SILC or CMLC cho-
lecystectomy was based only on the day of the week. In
the sensitivity analysis, the results were similar after
exclusion of this study, so its inclusion did not bias
the meta-analysis. Two reviewers were found to be
100 % in agreement about the data extracted from the
studies.

The characteristics of the included studies as well as
the different surgical methods used for single-incision
laparoscopy, surgical indications, and inclusion criteria
for SILC eligibility are shown in Tables 1, 2, and 3.
Only two prospective randomized trials considered acute
cholecystitis as an inclusion criterion for SILC eligibil-
ity, which was insufficient for pooled analysis.15,16

Patients’ Characteristics

The baseline characteristics of patients are summarized in
Table 1. Patients in both groups were similar with respect to
age (50.3 vs. 49.8 years, SMD00.134, 95% CI0−0.052 to
0.320; no heterogeneity was found: Q013.66, p00.057;
Fig. 2) and rates of female gender (0.65 vs. 0.63, OR0

0.86, 95% CI00.626–1.182; no heterogeneity was found:
Q06.36, p00.70; Fig. 3).

BMI was 26.1 vs. 26.7 for the SILC group and the CMLC
group, respectively (SMD0−0.121, 95%CI0−0.315 to 0.073;
no heterogeneity was found: Q08.93, p00.177; Fig. 4).

Operative Outcomes

Mean operative time was significantly longer in the SILC
group than in the CMLC group (63.0 vs. 45.8 min, SMD0

1.004, 95% CI00.434–1.573). However, the random effects
model was considered as appropriate, the test for heteroge-
neity being statistically significant (Q042.09, p<0.0001;
Fig. 5). The conversion rate to laparotomy was similar in
the two groups, without significant difference (0.004 vs.
0.007, OR00.86, 95% CI00.318–2.335; no heterogeneity
was found: Q01.11, p00.99; Fig. 6 and Table 4).

Postoperative Recovery

The meta-analysis of postoperative abdominal pain evaluation
showed no statistical difference between SILC and CMLC
with respect to pain 6 h after the operation (mean VAS score0
2.9 vs. 2.7, SMD0−0.02, 95% CI0−0.645 to 0.593; hetero-
geneity was found for Q06.14 and p00.04; Fig. 7) and pain
24 h postoperatively (mean VAS score02.2 vs. 2.5, SMD0
−0.28, 95% CI0−0.861 to 0.296; heterogeneity was found for
Q015.34 and p00.001; Fig. 8).

Despite the mean postoperative hospital stay being shorter
in the SILC group than in the CMLC group (2.0 vs. 2.2 days),
this difference was not significant (SMD0−0.33, 95%
CI0−0.704 to 0.040; heterogeneity was present for Q015.68
and p00.007; Fig. 9).

Table 1 Demographic characteristics as reported in the included studies

Study Year No. of patients Age (years) Sex F/M BMI (kg/m2)

SILC CMLC SILC CMLC SILC CMLC SILC CMLC

Sinan et al.18 2012 17 17 48.5±8.9 48.7±14.3 13/4 9/8 27.3±3.1 27.2±2.9

Phillips et al.10 2012 117 80 45.6 44.1 89/28 56/23 28.9 31.0

Zheng et al.9 2012 30 30 43.6±11.3 46.8±14.4 17/13 14/16 24.7±3.4 25.9±4.1

Asakuma et al.17 2011 24 25 57 66 13/11 12/13 24.0 24.1

Bucher et al.16 2011 75 75 42 44 – – 26.0 25.0

Cao et al.15 2011 57 51 62.2±5.1 59.7±4.4 34/23 29/22 28.6±4.4 29.1±5.1

Lai et al.14 2011 24 27 51.7±13.3 54.3±12.0 16/8 16/11 25.0±3.0 24.4±2.8

Lirici et al.13 2011 20 20 45 50 14/6 14/6 25.0 27.0

Ma et al.12 2011 21 22 57.3±16.0 45.8±11.9 – – 28.2±5.3 30.7±6.1

Aprea et al.8 2011 25 25 45.5±9.4 44.0±10.0 16/9 19/6 25.9±5.8 23.7±4.6

Lee et al.7 2010 35 35 51±13.5 53.3±15.5 22/13 20/15 24.2±3.4 25.8±3.0

Tsimoyiannis et al.6 2010 20 20 49.2±16.9 47.9±9.8 15/5 19/1 – –

Total 465 427

All values are the mean±SD

SILC single-incision laparoscopic cholecystectomy, CMLC conventional multiport laparoscopic cholecystectomy, BMI body max index
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Postoperative Complications

The overall morbidity rate was higher in the SILC
group than in the CMLC group, but this difference
was not statistically significant (0.13 vs. 0.09, OR0
1.16, 95% CI00.740–1.827; no heterogeneity was found
for Q03.11 and p00.98; Fig. 10). Postoperative bleed-
ing was shown in 1.0 % of SILC cholecystectomies and

in 0.9 % of CMLC cholecystectomies, but this differ-
ence was not significant (0.010 vs. 0.009, OR01.19,
95% CI00.377–3.813; no heterogeneity was found for
Q00.99 and p00.91; Fig. 11).

The prevalence of surgical site infection was 4.0 % in the
SILC group vs. 1.6 % in the CMLC group, and the site of
infection was always the umbilical incision in both groups.
However, this difference was not statistically significant

Table 2 Inclusion criteria for SILC eligibility

Study Age
(years)

BMI (kg/m2) Comorbidities
ASA score

Stones
in CBD

Acute/chronic
cholecystitis/
pancreatitis

Previous
abdominal
surgery

Gallstones
diameter (cm)

Umbilical
hernia

Sinan et al.18 – <40 – – No No – No

Phillips et al.10 >18, <85 <45 ≤3 No No No – No

Zheng et al.9 >18 <28 No No No No – –

Asakuma et al.17 >20, <85 – – No No No – –

Bucher et al.16 >18 <35 – – Yes Yes – –

Cao et al.15 <70 <30 ≤2 – Yes No – –

Lai et al.14 >18, <80 – ≤3 No No No <3.0 –

Lirici et al.13 >18, <75 ≤30 ≤3 No No No – –

Ma et al.12 >18, <85 <40 – – No – <2.5 –

Aprea et al.8 – <30 ≤3 – No No – –

Lee et al.7 – <35 – No No No – –

Tsimoyiannis et al.6 – <30 No – No – – –

SILC single-incision laparoscopic cholecystectomy, CMLC conventional multiport laparoscopic cholecystectomy

Table 3 Methods for single-incision laparoscopic cholecystectomy as reported in the included studies

Study Device Position Assisted gallbladder retraction Intraoperative
cholangiography

Sinan et al.18 Single port (Covidien, North Haven, CT) American Percutaneous suture for fundus
retraction

–

Phillips et al.10 SILS™ port system – – –

Zheng et al.9 Tri-port (Advanced Surgical Concepts,
Wicklow, Ireland)

French No assisted retraction –

Asakuma et al.17 Glove port with three 5-mm slim trocars French Percutaneous suture to elevate the
falciform ligament

12/24

Bucher et al.16 Tri-port (Advanced Surgical Concepts,
Wicklow, Ireland)

American – 57/75

Cao et al.15 One port of 10 mm and 2 ports of 5 mm
introduced trough a single incision

– Percutaneous suture for fundus
retraction

–

Lai et al.14 SILS port (Covidien Inc, Norwalk, CT) American Two percutaneous suture for fundus
and Hartmann pouch retraction

–

Lirici et al.13 TriPort (Olympus America, Center Valley, PA) French Needlescopic grasper when needed –

Ma et al.12 Tri-port (Advanced Surgical Concepts,
Wicklow, Ireland)

– 3-mm grasper when needed No

Aprea et al.8 TriPort Laparoscopic Access Device
(Olympus)

French Percutaneous suture for fundus retraction 3/25

Lee et al.7 QuadraPort Laparoscopic Access Device – – –

Tsimoyiannis et al.6 One port of 10 mm and 2 ports of 5 mm
introduced trough a single incision

French Percutaneous suture for fundus retraction No

1794 J Gastrointest Surg (2012) 16:1790–1801



(0.040 vs. 0.016, OR01.84, 95% CI00.890–3.821; no het-
erogeneity was found for Q04.86 and p00.93; Fig. 12).

Postoperative incisional hernia was always found at the
umbilical port site in both groups. The prevalence of inci-
sional hernia was 1.3 % in the SILC group vs. 0.2 % in the
CMLC group, but this difference was not statistically sig-
nificant (0.013 vs. 0.002, OR02.346, 95% CI00.607–
9.067; no heterogeneity was present for Q00.45 and p0
0.97; Fig. 13 and Table 5).

Postoperative Satisfaction and Cosmetic Results

Only three studies reported the results of patient satisfac-
tion score from 0 to 10.7,9,14 Other studies reported no
results about patient satisfaction6,17,18 or reported different

scores insufficient for pooled analysis.8,10,13,15,16 In the
trial by Lee et al.,7 cosmetic outcome was self-assessed
by patients 1 and 6 months after surgery using a scale
ranging from 1 (poor) to 10 (excellent). During follow-up,
a questionnaire was administered, which partly considered
the appearance of scars. Zheng et al.9 assessed the degree
of satisfaction with the operation by a questionnaire where
0 indicated no satisfaction and 10 complete satisfaction.
Lai et al.14 assessed the cosmetic satisfaction of the sur-
gical scar. The appearance of each incision was rated on a
scale of 1 (worst) to 10 (best) at the 3-month follow-up
visit by patients. Ma et al.12 rated patient cosmetic satis-
faction using a ten-point scale, with a 9.3 score in the
SILC group vs. 8.9 in the CMLC group, without signifi-
cance difference between the groups. This study was

Fig. 2 Meta-analysis of patient characteristics with respect to age

Fig. 3 Meta-analysis of patient characteristics with respect to gender

Fig. 4 Meta-analysis of patient characteristics with respect to body
mass index (BMI)

Fig. 5 Meta-analysis of patient characteristics with respect to opera-
tive time
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excluded from the meta-analysis of cosmetic outcome
because the standard deviations and the confidence inter-
vals were not reported. Finally, the pooled analysis for
patient satisfactory score after the operation favored the
SILC group, and this difference was statistically signifi-
cant with no heterogeneity (8.2 vs. 7.2, SMD0−0.759,
95% CI0−1.064 to −0.455, Q00.15, p00.92; Fig. 14
and Table 6).

Discussion

Nowadays, SILC cholecystectomy is gaining more and more
popularity, and there is a trend to replace CMLC cholecystec-
tomy with the aim of minimizing the invasiveness of the
procedure, achieving better quality of life in terms of reduced
postoperative pain and optimized cosmesis.13 To the best of our
knowledge, this is the second meta-analysis well matching the

Fig. 6 Meta-analysis of patient characteristics with respect to conver-
sion rate to laparotomy

Table 4 Operative outcomes and postoperative recovery

Study Operative time (min) Conversion to
laparotomy

Pain, day 0 (VAS) Pain, day 1 (VAS) Hospital stay (days)

SILC CMLC SILC CMLC SILC CMLC SILC CMLC SILC CMLC

Sinan et al.18 124.4±29.7 64.1±26.1 0/17 0/17 2.0 3.0 1.0 1.0 – –

Phillips et al.10 57.2 45.2 0a/117 0/80 4.9 4.4 4.8 4.5 – –

Zheng et al.9 55.6±25.7 42.7±18.6 0a/30 0/30 – – 2.78 2.62 3.7±1.3 3.8±0.8

Asakuma
et al.17

110 100 1/24 2/25 – – 2.4 4.5 3.0 3.0

Bucher et al.16 66 64 0/75 0/75 2.0 3.0 1.0 3.0 0 1.0

Cao et al.15 55.2±12.4 46.3±10.8 1/57 0/51 – – 2.3±0.9 2.6±1.2 2.1±1.1 2.8±0.8

Lai et al.14 43.5±15.4 46.5±20.1 0/24 0/27 4.5 4.0 – – 1.5±0.6 1.8±0.20

Lirici et al.13 76.75 48.25 0/20 1/20 3.8±1.85 3.15±1.9 2.55 2.25 2.5 2.65

Ma et al.12 88.5 44.8 0/21 0/22 – – 2.7 1.8 – –

Aprea et al.8 41.3±12 35.6±5.6 0/25 0/25 3.9±1.8 3.5±1.6 2.8±1.3 2.2±1.3 1.2±0.4 1.16±0.37

Lee et al.7 71.7±11.6 48.4±10.5 0/35 0/35 – – 2.1±0.9 2.2±0.8 2.4±0.8 2.9±0.4

Tsimoyiannis
et al.6

49.65±9 37.3±9.2 0/20 0/20 1.0±0.85 1.60±0.88 0.5±0.6 1.55±0.94 1.25±0.44 1.1±0.44
2/465 3/427

All values are the mean±SD

SILC single-incision laparoscopic cholecystectomy, CMLC conventional multiport laparoscopic cholecystectomy, SD standard deviation, VAS
visual analogue scale
a Conversion from SILC to CMLC: Phillips et al. 1/117; Zheng et al. 2/30

Fig. 7 Meta-analysis of patient characteristics with respect to pain
evaluation 6 h after the operation
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results of SILC cholecystectomy with those of CMLC chole-
cystectomy. The previous study included seven randomized
clinical trials for a total of 375 patients,21 while our pooled
analysis included 12 clinical trials for a total of 892 patients
randomized for both techniques. The results of our meta-
analysis show that SILC cholecystectomy is a safe and effective
procedure for the treatment of non-complicated, benign gall-
bladder disease with postoperative outcomes comparable to that
of the standard laparoscopic cholecystectomy.

This pooled analysis shows no significant difference be-
tween groups regarding the demographic characteristics of
patients such as age and gender. However, the prerequisite
of a BMI <30 or <35 as inclusion criteria in the majority of
considered trials does not allowmeaningful conclusions about
the indications of SILC cholecystectomy in obese patients.

The main disadvantage of SILC cholecystectomy has
been the duration of the operation as the mean operative
time was significantly longer in the SILC group than in the
CMLC group (63.0 vs. 45.8 min, SMD01.004, 95% CI0
0.434–1.573). The significantly longer duration of SILC is
related to technical problems of a new and evolving tech-
nique and to the need of completing a learning curve, as
previously documented.11,24 At the beginning, SILC chole-
cystectomy may be technically cumbersome, and the diffi-
culties include achievement of similar critical views of
safety because of the lack of triangulation; multiple colli-
sions of instruments; handling the roticulating instruments
on a mirror image because the right hand controls the left-
sided instrument on the screen and the left hand operates the
right-sided instrument; and the need for both an experienced

Fig. 8 Meta-analysis of patient characteristics with respect to pain
evaluation 24 h after the operation

Fig. 9 Meta-analysis of patient characteristics with respect to postop-
erative hospital stay

Fig. 10 Meta-analysis of overall postoperative morbidity

Fig. 11 Meta-analysis of postoperative outcome with respect to
bleeding
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surgeon and a camera assistant.15,18,20 Education, training,
and experience can shorten the operative time, while the
evolution of the instrumentation will certainly enhance the
overall ergonomics of SILC.13,20 Unfortunately, data from
the included trials were insufficient to define a learning
curve measuring how quickly surgeons with good experi-
ence with CMLC can master SILC safely. Further studies
are needed to prospectively evaluate this subject, although a
number of cases ranging from 5 to 10 have been suggested
to reach a plateau in operative time,12,25 and a learning curve
of 20–25 cases has been recommended for the safe handling
of SILC.26

In the current meta-analysis, the similar conversion rate
to laparotomy of SILC and CMLC and the irrelevant num-
ber of SILC converted to CMLC demonstrate the feasibility

of the procedure in the case of non-complicated gallbladder
disease. All but two of the considered trials excluded
patients with acute cholecystitis and those cases submitted
to previous abdominal surgery, making applying the results
to all patients undergoing cholecystectomy impossible. Our
analysis showed that only two trials included patients with
acute cholecystitis with similar results when treated with the
SILC technique.15,16 Acute cholecystitis has been previous-
ly considered as a significant factor for failure of SILC with
a cumulative success rate of 59.9 vs. 93 % for studies
excluding acute cholecystitis.20

The overall morbidity rate was higher in the SILC group
(13.1 vs. 9.8 %), and it was mainly represented by the
surgical site infection and postoperative incisional hernia
at the umbilical site. However, the difference in total adverse
events was not statistically significant, showing that SILC
was as safe as CMLC (OR01.16, 95% CI00.740–1.827).
The higher rates of surgical site infection (4.0 vs. 1.6 %) and
incisional hernia (1.3 vs. 0.2 %) in SILC than in CMLC,
respectively, have been ascribed to local ischemia induced
by the placement of a single larger port or by multiple ports
at a single site, which could weaken the fascia.10,19 The too
short follow-up suggests approaching the result on inci-
sional hernia as no definitive because all included studies
have been published from 2010 to 2012. Moreover, the
expected cosmetic results could be compromised by these
complications in individual patients.19

The safety of the SILC procedure is mainly related to the
absence of major biliary injuries both in the SILC group and
in the CMLC group, as demonstrated in this study. Howev-
er, this result must not create a false sense of security in
surgeons until the processes of SILC standardization will be
completed.21,27 When SILC cholecystectomy is performed
in a center specializing in minimally invasive surgery and
patients are included in controlled trials, biliary injuries are
approaching the nadir incidence without major damage.
Indeed, the uncontrolled diffusion of SILC has been consid-
ered as responsible for an increased number of bile duct
injuries that have already been reported with a complication
rate as high as 0.7 %.28

One of the expected outcomes of SILC cholecystectomy is
the reduced postoperative pain when compared to traditional
CMLC.6,19 The results of the present investigation show that
there is no significant difference between SILC and CMLC
with respect to postoperative pain intensity when assessed by
the VAS score. Difficulty in pain control after SILC has been
noted in the literature, and this procedure was shown to be
even associated with increased early postoperative pain.10,29 It
is likely that the increased size of the incision and the higher
pressure around the umbilical port during SILC may increase
the intensity of postoperative pain sensation.12,13,20

The analysis of the outcomes of interest showed that the
mean postoperative hospital stay was shorter in the SILC

Fig. 12 Meta-analysis of postoperative outcome with respect to sur-
gical site infection

Fig. 13 Meta-analysis of postoperative outcome with respect to inci-
sional hernia
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group than in the CMLC group (2.0 vs. 2.2 days, re-
spectively), but this difference was not statistically sig-
nificant. At this point, the hypothesis that the higher
operative costs of SILC could be balanced by an earlier
patient discharge from the hospital needs to be further
verified. The higher operative cost of SILC cholecystec-
tomy depends on the particular dedicated instruments
used. In this meta-analysis, only one trial estimated the
additional cost of SILC cholecystectomy at US $400 per
procedure.16 On the other hand, the cost for SILC does
not differ significantly from that for CMLC when

standard materials are used.30 However, further prospec-
tive studies are expected to better analyze the true cost
effectiveness of the SILC procedure.

Only three of the included trials reported the results
of patient satisfaction score from 0 to 10, and they were
related to the excellent cosmetic outcome assessed from
1 to 6 months after the operation.7,9,14 Other studies
reported no results about patient satisfaction and cosm-
esis or the different scores used being insufficient for
pooled analysis. Patient satisfactory score after the op-
eration favored the SILC group with a statistically sig-
nificant difference (8.2 vs. 7.2, SMD0−0.759, 95% CI0
−1.064 to −0.455). On the other hand, the results on the
cosmetic outcome after CMLC cholecystectomy are
quite high, and the analysis can also be interpreted as
there is little difference between SILC and CMLC.

Table 5 Postoperative complications

Study Overall morbidity Bleeding Biliary injury Bile leakage Surgical site infection Incisional hernia

SILC CMLC SILC CMLC SILC CMLC SILC CMLC SILC CMLC SILC CMLC

Sinan et al.18 1 1 0 0 0 0 0 0 0 0 1 0

Phillips et al.10 45 27 – – 0 0 0 0 12 2 4 1

Zheng et al.9 2 1 0 0 0 0 0 0 2 0 0 0

Asakuma et al.17 0 0 0 0 0 0 0 0 0 0 – –

Bucher et al.16 3 2 3 2 0 0 0 0 0 0 0 0

Cao et al.15 2 1 0 0 0 0 0 0 2 0 – –

Lai et al.14 0 1 0 0 0 0 0 0 0 1 – –

Lirici et al.13 1 3 1 2 0 1 0 0 0 0 – –

Ma et al.12 6 4 1 0 0 0 0 0 3 4 1 0

Aprea et al.8 0 0 0 0 0 0 0 0 0 0 – –

Lee et al.7 0 0 0 0 0 0 0 0 0 0 – –

Tsimoyiannis et al.6 1 2 0 0 0 0 1 2 0 0 – –

Total 61/465 (13.1 %) 42/427 (9.8 %) 5 4 0 1a 1 2 19 7 6 1

SILC single-incision laparoscopic cholecystectomy, CMLC conventional multiport laparoscopic cholecystectomy
aMinor injury

Fig. 14 Meta-analysis of patient satisfactory score

Table 6 Patient satisfaction score

Study Satisfactory score

SILC CMLC

Zheng et al.9 8.9±0.7 8.1±1.5

Lai et al.14 7.0±1.1 6.0±1.4

Lee et al.7 8.7±1.0 7.7±1.4

Only these studies where 0 indicated no satisfaction and 10 complete
satisfaction

SILC single-incision laparoscopic cholecystectomy, CMLC conven-
tional multiport laparoscopic cholecystectomy
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Indeed, the satisfactory score of SILC cholecystectomy
must be verified by a long-term follow-up as it could
depend upon the timing of the survey. A thorough
analysis of the outcome of interest for this study shows
that the expectation of an excellent cosmetic result is
reasonable with the SILC procedure provided that safety
is guaranteed by a correct and controlled surgical
indication.

Conclusions

SILC cholecystectomy is a safe and effective procedure for
the treatment of uncomplicated benign gallbladder disease,
and it has a good impact on patient satisfaction and cosmetic
results. SILC may be proposed as an alternative for chole-
cystectomy in properly selected patients and in experienced
hands. Nevertheless, there are some unanswered questions
that need further investigation, such as the prospective as-
sessment of a learning curve and the cost–benefit analysis of
the procedure. The indication for SILC cholecystectomy
will be extended on a progressive basis, as happened with
CMLC cholecystectomy. New larger prospective, multicen-
ter randomized studies are needed to better assess the tech-
nique and to demonstrate the feasibility and safety of SILC
in more complex circumstances such as acute cholecystitis,
previous abdominal surgery, and severe obesity.
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