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Abstract
Background Single-incision laparoscopic sleeve gastrectomy (SILSG) has been proposed as an alternative to conventional lapa-
roscopic sleeve gastrectomy (CLSG) in obese patients. This study aims to compare the surgical outcomes of these two techniques.
Methods A meta-analysis of existing literature obtained through a systematic literature search in the PubMed, EMBASE, and
Cochrane Library CENTRAL databases from 2009 to 2019 was conducted.
Results Eleven articles including 1168 patients were analyzed. Patients in the SILSG group reported greater satisfaction with
cosmetic scar outcomes than those in the CLSG group (SMD= 2.47, 95% CI = 1.10 to 3.83, P = 0.00). There was no significant
difference between the SILSG group and the CLSG group regarding operative time, intraoperative estimated blood loss, con-
version rate, intraoperative complications, length of hospital stay, postoperative analgesia, postoperative complications, excess
weight loss (EWL), and improvements in comorbidities (P > 0.05).
Conclusions Compared to CLSG, SILSG resulted in improved cosmetic satisfaction and showed no disadvantages in terms of
surgical outcomes; thus, SILSG can serve as an alternative to CLSG for obese patients. Nonetheless, high-quality randomized
controlled trials (RCTs) with large study populations and long follow-up periods are needed.
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Introduction

In recent decades, the number of obese patients has increased
rapidly, and the prevalence of obesity and related metabolic
diseases has also increased substantially worldwide [1].
Bariatric surgery is currently recognized as the most effective
method to treat obesity and related metabolic diseases; it can
not only promote sustained and stable weight loss effects
(WLEs) but also significantly alleviate obesity-related meta-
bolic diseases [2]. As an independent bariatric surgery, lapa-
roscopic sleeve gastrectomy was the most frequently

performed bariatric procedure globally in 2014 [3]. Since the
first case of single-incision laparoscopic sleeve gastrectomy
(SILSG) was reported in 2008 [4], an increasing number of
such cases have been reported. By 2018, 2028 patients had
been reported to have undergone SILSG [5]. Compared with
conventional laparoscopic sleeve gastrectomy (CLSG),
SILSG has certain potential advantages, such as improved
cosmesis and reduced postoperative pain [4–6]. In contrast,
CLSG requires four or five skin incisions to place laparoscop-
ic trocars for surgery [7, 8]. However, when a new technology
emerges, the greatest concerns pertain to the safety of the
procedure, and the single-incision surgical approach has been
reported to be associated with higher incisional hernia rates
[9]. To the best of our knowledge, no direct evidence supports
EWL and improvements in comorbidities with the two types
of approaches.

Based on the above findings, our study aimed to compare
the surgical outcomes of CLSG and SILSG for the treatment
of morbid obesity through a meta-analysis of existing litera-
ture obtained from the PubMed, EMBASE, and Cochrane
Library CENTRAL databases from 2009 to 2019.
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Methods

Literature Search

The meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [10]. A systematic liter-
ature search was conducted in the PubMed, Cochrane Library,
and EMBASE databases to identify articles that compared
CLSG with SILSG using the following terms in every possi-
ble combination: “single-incision,” “single-port,” “single-ac-
cess,” “transumbilical,” “conventional,” “multiport,” “laparo-
scopic,” and “sleeve gastrectomy.” The latest search was con-
ducted in September 2019.

Inclusion Criteria

The inclusion criteria of this study were as follows: (1) studies
that compared CLSG and SILSG in obese patients, (2) studies
published between 2009 and 2019, and (3) studies reporting
original research in English. Conference abstracts, review ar-
ticles, and clinical practice guidelines were excluded from this
analysis. Two independent investigators (S.D.S. and P.P.W.)
extracted data from the included studies. Any discrepancies
between the two reviewers about the inclusion or exclusion of
studies were discussed with the senior author until consensus
was reached.

Data Extraction

Preoperative, intraoperative, and postoperative parameters
were extracted from eleven included articles. The preoperative
data included patient demographics, body mass index (BMI),
and comorbidities. The intraoperative data included the
single-incision devices, the mean operative time, estimated
blood loss, the conversion rate, and intraoperative complica-
tions. Conversion to CLSG in the SILSG group and conver-
sion to open surgery in either or both groups were considered
conversion. The immediate postoperative data included the
length of hospital stay, postoperative analgesia, and postoper-
ative complications. The late postoperative data included the
cosmetic outcome, EWL, and improvements in comorbidities.
Two investigators performed data extraction and compared
the validity of the data until consensus was reached.

Statistical Analysis

Statistical analysis was performed using Stata (version 15.1,
StataCorp LP, TX, USA), and significance tests were two-
sided at the 5% level. Dichotomous variables were analyzed
using the random effects models (Mantel-Haenszel
heterogeneity) and odds ratios (ORs) with 95% confidence
intervals (CIs). ORs < 1 denoted outcomes that were more

frequent in the SILSG group than in the CLSG group. If the
values of the obtained continuous variables were mean- and
median-cross-checked with maximum and minimum values,
Hozo’s method was applied to estimate the mean and standard
deviation (SD) [11]. Continuous variables were assessed using
random effects models (inverse variance heterogeneity) and
standard mean differences (SMDs) with 95% CIs. In cases
where SMDs < 0, values in the SILSG group were increased.
Heterogeneity among the included studies was examined
using the I2 statistic. Statistical heterogeneity was evaluated
using the I2 statistic. Statistical heterogeneity was evaluated
using methods described by Higgins et al. [12]. I2 values of
0% to 25%, 25% to 75%, and > 75% were considered to
indicate low, moderate, and high heterogeneity, respectively.

Results

Overview of Studies

The flow diagram of the systematic literature search is
shown in Fig. 1. In total, eleven publications including
1168 patients were analyzed [13–23]; one was a random-
ized controlled trial [16], three were prospective cohort
studies [13, 15, 20], and seven were retrospective cohort
studies [14, 17–19, 21–23] (Tables 1, 2, and 3). The in-
cluded studies were from Austria, Italy, India, Spain, and
the USA. In total, 1168 patients were included, of which
581 underwent CLSG and 587 underwent SILSG.

Intraoperative Data

Single-Incision Devices

The single-incision devices used in the included studies are
listed in Table 1. The Covidien SILS™ Port (Covidien
Surgical, Mansfield, MA) was the most frequently used de-
vice, which was used in seven studies [13, 15, 16, 19–22],
while the LESS Triport/Quadport (Olympus Medical,
Nagano, Japan) was used in only two studies [13, 14].

Operative Time

The mean operative time was reported in all eleven articles.
No significant difference was observed (SMD = 0.27, 95%
CI = − 0.01 to 0.55, P = 0.06) (Fig. 2a). The heterogeneity
was moderate (I2 73.7%). A sensitivity analysis was per-
formed and indicated that the study conducted by Delgado
et al. [13] was responsible for the inconsistency. After remov-
ing this publication from the analysis, heterogeneity decreased
to 60.4% (moderate heterogeneity), and the results remained
unchanged (SMD= 0.15, 95% CI = − 0.09 to 0.38, P = 0.21).

OBES SURG (2020) 30:2186–2198 2187



Estimated Blood Loss

Estimated blood loss was reported in five of the eleven articles
[16–18, 21, 22]. No significant difference was observed
(SMD= − 0.59, 95% CI = − 1.36 to 0.17, P = .13) (Fig. 2b).
The heterogeneity was high (I2 84.9%). A sensitivity analysis
was performed and indicated that the study conducted by
Saber et al. [22] was responsible for the inconsistency. After
removing this publication from the analysis, the heterogeneity
decreased to 62.3% (moderate heterogeneity), and the results
remained unchanged (SMD = − 0.18, 95% CI = − 0.68 to
0.31, P = 0.47).

Conversion Rate

Three [13, 18, 19] of the eleven articles reported conversion to
CLSG in the SILSG group. No conversion to open surgery
was observed in the two groups. However, there was no sig-
nificant difference (OR = 0.46, 95% CI = 0.07 to 3.02, P =
0.42). No heterogeneity was observed (I2 0%).

Intraoperative Complications

Intraoperative complications were reported in four [18–21] of
the eleven articles, and they all occurred in the SILSG groups.
Stapler line failure was reported in three studies [18–20].
Nguyen et al. [18] reported liver laceration, and Rogula et al.

[21] reported air leakage. No significant difference was ob-
served (OR = 0.32, 95% CI = 0.06 to 1.59, P = 0.16), and no
heterogeneity was observed (I2 0%). The mortality was 0 in
four [18–21] of the eleven articles.

Immediate Postoperative Data

Length of Hospital Stay

Length of hospital stay was reported in seven [14, 18–23] of
the eleven articles, and no significant difference was observed
(SMD= − 0.25, 95% CI = − 0.74 to 0.23, P = 0.31). The het-
erogeneity was high (I2 80.3%). A sensitivity analysis was
performed and indicated that the study conducted by
Nguyen et al. [18] was responsible for the inconsistency.
After removing this publication from the analysis, the hetero-
geneity decreased to 70.3% (moderate heterogeneity), and the
results remained unchanged (SMD= − 0.43, 95% CI = − 0.86
to 0.01, P = 0.05).

Postoperative Analgesia

Postoperative analgesia was reported in seven [15–17, 19–22]
of the eleven articles. Pain visual analog scale (VAS) ratings at
postoperative day (POD) 1, pain VAS ratings at POD 2, and
doses of analgesics were used to measure postoperative anal-
gesia more frequently than other indicators. Therefore, we

Fig. 1 Flow diagram of the
systematic literature search
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decided to include these three indicators in the analysis
(Fig. 3). The pain VAS rating at POD 1 was approximate-
ly the same in the CLSG and SILSG groups (SMD = −
0.39, 95% CI = − 1.15 to 0.37, P = 0.31), with high het-
erogeneity (I2 83.5%) (Fig. 3a). A sensitivity analysis was
performed and indicated that the study conducted by
Morales et al. [16] was responsible for the inconsistency.
After removing this publication from the analysis, the
heterogeneity decreased to 72.2% (moderate heterogene-
ity), and the results remained unchanged (SMD = − 0.08,
95% CI = − 0.71 to 0.56, P = 0.81). The pain VAS rating
at POD 2 also appeared to exhibit a nonsignificant differ-
ence between the CLSG and SILSG groups (SMD = −
0.63, 95% CI = − 1.38 to 0.12, P = 0.10), with high het-
erogeneity (I2 79.4%) (Fig. 3b). A sensitivity analysis was
performed and indicated that the study conducted by
Morales et al. [16] was responsible for the inconsistency.
After removing this publication from the analysis, the
heterogeneity decreased to 0% (no heterogeneity), and
the results remained unchanged (SMD = − 0.20, 95%
CI = − 0.50 to 0.11, P = 0.21). There was no difference
in the dose of analgesics between the two groups
(SMD = 0.02, 95% CI = − 0.29 to 0.34, P = 0.88), with
no heterogeneity (I2 0%) (Fig. 3c).

Postoperative Complications

Postoperative complications were reported in nine [13–15,
17–21, 23] of the eleven articles. Bleeding, wound infec-
tion, leaks, and incisional hernias were the major compli-
cations (Fig. 4). Bleeding was reported in five articles [13,
14, 16, 19, 23], and no significant difference was ob-
served (OR = 1.18, 95% CI = 0.32 to 4.31, P = 0.81)
(Fig. 4a). The risk of wound infection was also compara-
ble between the two groups in four articles (OR = 0.51,
95% CI = 0.10 to 2.50, P = 0.41) [15, 17, 18, 20]
(Fig. 4b). The incidence of leaks was comparable between
the two groups (OR = 0.43, 95% CI = 0.06 to 2.98, P =
0.40) according to Lakdawala et al. [15] and Sucher et al.
[23] (Fig. 4c). Only one study [15] reported a delayed
incisional hernia at the trocar site in 3 patients (1%) in
the SILSG group, and no incisional hernias were reported
for the CLSG group. Moreover, reoperations were report-
ed in five studies [13, 14, 17, 20, 23], and no significant
difference was observed (OR = 0.81, 95% CI = 0.23 to
2.88, P = 0.74) (Fig. 4d). No heterogeneity was observed
(I2 0%) for these four outcomes. One patient in the SILSG
group developed a pulmonary embolus and recovered
[19]. The mortality was 0 in all the articles.

Table 3 Dichotomous data of included studies

Study ID Group Conversion (n) Intraoperative
complications (n)

Bleeding (n) Wound
infection (n)

Leak (n) Reoperation (n) Incisional
hernia (n)

Delgado SILSG 1 0 2 0 0 2 0

CLSG 0 0 1 0 0 1 0

Gomberawalla SILSG ns 0 0 0 0 0 0

CLSG ns 0 1 0 0 1 0

Lakdawala SILSG 0 0 0 2 2 0 3

CLSG 0 0 0 0 1 0 0

Morales SILSG 0 0 0 0 0 0 0

CLSG 0 0 0 0 0 0 0

Muir SILSG ns 0 1 0 0 1 0

CLSG ns 0 0 1 0 0 0

Nguyen SILSG 1 2 0 1 0 0 0

CLSG 0 0 0 0 0 0 0

Park SILSG 1 1 0 0 0 0 0

CLSG 0 0 0 0 0 0 0

Porta SILSG 0 1 0 1 0 0 0

CLSG 0 0 3 0 0 1 0

Rogula SILSG 0 1 1 0 0 0 0

CLSG 0 0 0 0 0 0 0

Saber SILSG ns 0 0 0 0 0 0

CLSG ns 0 0 0 0 0 0

Sucher SILSG 0 0 1 0 1 2 0

CLSG 0 0 1 0 0 1 0

SILSG single-incision laparoscopic sleeve gastrectomy, CLSG conventional laparoscopic sleeve gastrectomy, ns not stated
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Fig. 2 Forest plot. a Operative time. b Estimated blood loss
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Fig. 3 Postoperative analgesia. a VAS at POD 1. b VAS at POD 2. c Doses of analgesics
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Late Postoperative Data

Cosmetic Outcome

Cosmetic outcome was reported in four [15, 20, 21, 23] of the
eleven articles. A cosmetic satisfaction scale was used in Porta
et al. [20], Rogula et al. [21], and Sucher et al. [23], and
outcome satisfaction was significantly higher in SILSG pa-
tients than in CLSG patients (SMD= 2.47, 95% CI = 1.10 to
3.83, P = 0.00), with very high heterogeneity (I2 92.8%)
(Fig. 5a). According to a questionnaire by Lakdawala et al.
[15], patients in the SILSG group reported greater satisfaction
with their cosmetic outcome than those in the CLSG group.
Rogula et al. reported that cosmetic satisfaction was high in
the SILSG group (all patients scored 3/3) [21].

Excess Weight Loss

EWL was reported in all eleven articles. Only three articles
[14–16] reported the mean and SD of the percentage of EWL
(EWL%) at 6 months postoperatively, and the rest reported
EWL or EWL% at different follow-up intervals. Therefore,
we decided to include only these three articles in the analysis.
No significant difference was observed (SMD = 0.06, 95%
CI = − 0.09 to 0.20, P = 0.46) (Fig. 5b), and there was no
heterogeneity (I2 0%) (Fig. 5b).

Improvements in Comorbidities

Improvements in comorbidities were reported in three [15, 20,
22] of the eleven articles. Diabetes mellitus, hypertension,
dyslipidemia, and sleep apnea were the major comorbidities
that were improved. However, there were no significant dif-
ferences between the two groups. Sucher et al. [23] found no
improvements in comorbidities.

Discussion

This meta-analysis identified eleven articles that compared
CLSGwith SILSG, measured patient outcomes, and was pub-
lished from 2010 to 2017. The preoperative data were not
different between these two groups. However, there were
trends indicative of younger ages and lower BMIs in the
SILSG groups than in the CLSG groups, which is potentially
problematic in interpreting these results. To the best of our
knowledge, this was the first meta-analysis to compare the
estimated blood loss, EWL, and improvements in comorbidi-
ties associated with SILSG and CLSG in obese patients.

The main principle of SILSG is to perform the entire sur-
gery through a single incision using a multiport device, while
the greatest limitation is triangulation of the instruments and

Fig. 4 Postoperative complications. a Bleeding. b Wound infection. c
Leak. d Reoperation; SILSG single-incision laparoscopic sleeve
gastrectomy, CLSG conventional laparoscopic sleeve gastrectomy
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difficulties related to the parallel vision of the camera [24, 25].
Either a single-incision instrument or multiple trocars operated

through a single incision can be used [26]. The most frequent-
ly used device in the included studies was the Covidien

Fig. 5 Late postoperative data. a Cosmetic satisfaction scale. b Excess weight loss(%)
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SILS™ Port. However, Muir et al. used the SPIDER™ device
(TransEnterix Surgical, Inc., Durham, NC) without the loss of
triangulation in the restricted space of the abdominal cavity,
which offers true instrument triangulation and simulation of
CLSG [17]. Therefore, SILSG can be a feasible and safe al-
ternative to CLSG for obese patients.

With the restricted operating space due to a single incision,
which increases the difficulty for the operator, the operative
time may potentially be longer in the SILSG group. However,
operative time was not significantly different between two
groups. A sensitivity analysis indicating moderate heteroge-
neity was conducted by Delgado et al., who reported that the
operative time was significantly increased in the first 10 cases
due to the learning curve, probably due to the critical points of
SILSG [13]. Another factor contributing to the high heteroge-
neity was the vast range of operative times among these stud-
ies, which included operations involving different single-port
devices and surgical procedures.

Our study is the first meta-analysis to compare CLSG with
SILSG to evaluate the outcome of estimated blood loss. In our
analysis, the estimated blood loss was similar between the two
groups, suggesting that SILSG can be safely performed in
obese patients. The study by Saber et al. [22] was responsible
for the high heterogeneity as they reported an obvious reduc-
tion in the estimated blood loss in the SILSG group compared
with that in the CLSG group, although they did not mention
the significance. It was believed that the surgeon was able to
avoid dangerous zones of epigastric vessels by staying in the
safe umbilical zone, further reducing the risk of trauma to
abdominal wall blood vessels [27].

In previous studies, the conversion rate in the CLSG group
was 1.96% [28] and that in the SILSG group was very low as
well [29–32]. There was no conversion to open surgery in the
two groups and three conversions to CLSG in the SILSG
group in our study. Intraoperative complications and the
length of hospitalization were comparable between the
CLSG and SILSG groups, suggesting that SILSG can be a
safe technique for obese patients.

Interestingly, SILSG was considered to cause less post-
operative pain than CLSG in some included studies [15,
17, 19], although the result was not significantly different
between the two groups in our study. A similar observation
was reported between single-incision and conventional
laparoscopic cholecystectomy [33]. Although previous
studies recommended that postoperative analgesics can be
expressed in morphine equivalents and paracetamol usage,
these values were reported in only one article that found
similar postoperative analgesic use in the two groups [20,
34, 35]. Notably, the provided data were very heteroge-
neous regarding the methods assessing pain and adminis-
tered analgesics, and a certain publication bias exists.

Regarding postoperative complications, there was no sig-
nificant difference between these two groups. Notably,

incisional hernias are a substantial concern with the single-
incision surgical approach as one study reported incisional
hernia rates as high as 5.8% for single-incision laparoscopic
cholecystectomy [9], but the rate was only 1% in our study.
We believe that incisional hernia rates for single-incision sur-
gery can be reduced by allocating appropriate attention to
prevention measures during surgery and ensuring proper clo-
sure of the sheath. However, more RCTs with larger popula-
tions are needed to assess incisional hernias and other events.
Unlike a previous study that found a mortality rate of 0.1%
(n = 1 patient) in the SILSG group due to pulmonary embo-
lism on POD 10 [36], the mortality was 0 in all eleven articles
included in our meta-analysis.

Improvement in the cosmetic outcome was a prominent
advantage of SILSG [37]. We found that cosmetic scar satis-
faction was significantly higher in the SILSG group than that
in the CLSG group, with very high heterogeneity. This very
high heterogeneity was likely due to different definitions of
the cosmetic satisfaction scale. The scale ranged from 1 to 4
(1 = poor; 2 = acceptable; 3 = good; 4 = excellent) in Porta
et al. [20], while it ranged from 1 to 5 (1 = excellent; 2 = good;
3 = fair; 4 = acceptable; 5 = poor) in Sucher et al. [23]. When
the single incision was a 2.5-cm umbilical incision, the spec-
imen was extracted from the solitary port without extending
the umbilical incision in the SILSG group, while the trocar
incision located in the right upper quadrant required extension
in the CLSG group. Furthermore, the site of the incision bur-
ied in the umbilicus yields an almost scarless surgery in the
SILSG group. When given a choice, most patients select the
scarless approach over the conventional laparoscopic ap-
proach as observed among many female patients in our study.
Moreover, according to Saber et al. [22] and Porta et al. [20], a
2.5-cm incision is needed to extract the gastric specimen,
making the single-incision approach ideal for this particular
procedure, negating the claims that SILSG is a step back in
minimally invasive surgery toward minilaparotomy.
Therefore, due to greater patient satisfaction with cosmesis,
SILSG can be an alternative to CLSG for obese patients.

To the best of our knowledge, our meta-analysis is also
the first to compare EWL associated with CLSG and
SILSG. We found no significant difference between the
two groups regarding EWL. However, 6 months postop-
eratively may not be enough time to judge the effective-
ness of obesity surgery [38]. Improvements in comorbid-
ities were similar between the SILSG and CLSG group as
well. A plethora of factors contribute to improvements in
comorbidities after sleeve gastrectomy, including gastric
restriction and related neurohumoral changes [39]. The
nonsignificant difference between SILSG and CLSG sug-
gests that these factors are likely to help improve comor-
bidities more or less equally across the two groups.

Our meta-analysis had two limitations. First, our study in-
cluded only one randomized controlled trial (RCT), and the
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remaining ten articles were likely subject to bias. Second, we
restricted our analysis to those studies that only compared CLSG
with SILSG,which limited the sample size. In the future, if more
studies are available, particularly studies with RCT designs,
large sample sizes, and long follow-up periods, a new meta-
analysis without these limitations can be conducted.

Conclusion

This meta-analysis identified eleven studies that compared
CLSG with SILSG for the treatment of obese patients.
Compared to CLSG, SILSG resulted in improved cosmetic
satisfaction and showed no disadvantages in terms of other
surgical outcomes; thus, SILSG can be an alternative to
CLSG for obese patients. Nonetheless, high-quality RCTs with
large study populations and long follow-up periods are needed.
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