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Abstract
Background: Sleeve gastrectomy (SG) represents the fastest
growing bariatric surgical procedure and has been associated
with few long term complications. SG provides the opportunity to
act as a bridge for future procedures in the super obese, improving
comorbidities before laparoscopic Roux-en-Y gastric bypass (RYGB).
With the technological advancement in minimally invasive surgery,
many surgeons have adopted the robotic technique. The purpose
of this meta-analysis was to compare the clinical safety and efficacy
of robotic sleeve gastrectomy (RSG) with laparoscopic sleeve
gastrectomy (LSG).
Methods: A MEDLINE database search was performed and
selected studies included those in which RSG and LSG were compared
in terms of perioperative outcomes. Evaluated variables included
operative time, perioperative bleeding, length of stay, stricture
formation, leak rate, and mean BMI after one year.
Results: Four studies matched the selection criteria and reported
on a total of 3599 sleeve gastrectomy cases. Of these, 280 cases
were RSG and 3319 were LSG. Comparing RSG to LSG, we found
favorable outcomes in regards to mean BMI after one year (SMD:
-0.243; 95% CI: -0.466-0.019; p = 0.033). However, operative time was
increased (SMD: 0.602; 95% CI: 0.417-0.788; p < 0.01). Other results
were not significant, including leak rate (RR: 0.433; 95% CI: 0.115-1.638;
p = 0.218); perioperative bleeding (RR: 0.578; 95% CI: 0.161-2.075; p =
0.401); stricture formation (RR: 1.809; 95% CI: 0.249-13.132; p = 0.558);
and length of stay (SMD: -0.078; 95% CI: -0.260-0.105; p = 0.404).
Conclusions: Robotic sleeve gastrectomy as compared to LSG
shows a significantly increased operative time. In regards to mean BMI
at one year, RSG is superior to LSG. There was no significant difference
in LOS, perioperative bleeding, leak rate, or stricture formation. RSG is
a safe and feasible alternative to conventional LSG [1-4].

Level of Evidence
Level III- Meta-Analysis.
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Bariatric surgery is the only proven modality to promote longterm weight loss in morbidly obese patients, and in doing so, also
decreases the medical comorbidities that accompany obesity, namely
diabetes mellitus, type 2. In light of this data, the National Institute of
Health (NIH) issued a statement in 1991 stating that bariatric surgery
was the most ideal treatment modality for patients with morbid
obesity, defined as a body mass index (BMI) of 35 or higher [6,7].
Today, the sleeve gastrectomy (SG) is one of the surgical
options offered to morbidly obese patients. The SG technique has
evolved since the 1980s when Hess and Marceau et al. performed
a preliminary SG as part of the larger Bilio-Pancreatric Diversion
or Duodenal Switch (BPD-DS) procedure and noted significant
weight loss in their patients. This discovery paved the way for the
SG to be offered to patients undergoing Roux-en-Y Gastric Bypass
(RYGB) as a “bridge” procedure. Then, in the early 1990s, with
the advent of minimally invasive and laparoscopic surgery, the
SG became a stand-alone surgical alternative for patients [8-13].
SG has many favorable attributes when compared to other
bariatric surgical procedures and is reported to be associated with few
long-term complications. Today, most patients undergoing SG are

Recommendation for Practice
RSG is a safe alternative to LSG. RSG is superior to LSG in
regards to mean BMI at one year. With increased robotic experience,
operative times for RSG should decrease.

Introduction
Obesity rates have risen astronomically in the past decade. From
2009-2014, the prevalence of obese individuals increased by 2% so that
in 2014, an astounding 27.7% of the population classified as obese.
Obesity is one of the biggest drivers of chronic disease and as such,
contributes significantly to both human morbidity and mortality
and rising healthcare costs. Obesity is also the second leading cause
of preventable death. If obesity rates continue to follow the current
trajectory, by 2030, the cost of obesity-related comorbidities will be
$66 billion annually [5].

Figure 1: Flow chart of literature review.
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offered a laparoscopic procedure, which enhances visualization for
the surgeon and provides the patient with a less painful postoperative
course. The traditional open approach, on the other hand, is associated
with a larger incision with difficult and often cumbersome closure and
an increased length of stay. With the technological advancement of
the da Vinci Robotic Surgical System (Intuitive Surgical, Sunnyvale,
CA), some surgeons have adopted the robotic technique, which
further improves surgeon visualization, maneuverability, and better
triangulation [14]. For these reasons, Robotic Sleeve Gastrectomy
(RSG) is gaining popularity in the treatment of morbid obesity in
Europe and North America. Nevertheless, some members of the
surgical community criticize the RSG, stating that operating with
the robot has a steep learning curve, which threatens to compromise
patient outcomes [15]. The purpose of the current study is to perform
a meta-analysis to compare the clinical safety and efficacy of RSG and
LSG.

Methods
A search was conducted through the MEDLINE database
using PubMed. Our search terms included: ((“Gastrectomy/
methods”[Mesh] OR “Gastrectomy/therapy”[Mesh])) AND
(“Obesity”[Mesh] OR “Obesity, Abdominal”[Mesh]). We filtered all
articles from 1967 to 2015, selecting only those that contained the key
terms “sleeve gastrectomy” and “obesity.” Additional searches were
performed using the Google Scholar and Scopus databases. A manual
forward and backward search of key relevant bibliographies was also
performed. All searches were conducted in October 2014 and again
in January 2015. Abstracts were screened to identify studies that
included an internal comparison between RSG and LSG and reported
on our outcomes of interest: operative time, perioperative bleeding,
length of stay, stricture formation, leak rate, and/or mean BMI after
one year.
Data extraction
Two investigators performed the search and independently
reviewed all selected articles and extracted data according to a prespecified protocol. Discrepancies in coding required a consensus
between both investigators to be considered resolved.
Inclusion and exclusion criteria
Studies were selected based on the following inclusion criteria:

-

Report on patients undergoing sleeve gastrectomy in the

Table 1: Study characteristics.
Study

Figure 2: Results of meta-analysis.
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Year

Type of
Study

No. of
Patients

Age (Mean)

BMI (mean
kg/m2)

RSG
LSG

RSG
LSG

RSG
LSG

Ayloo (US)

2011

P

30
39

38
38

57
56

Romero
(US)

2013

R

134
3148

43
41

45
44

Schraibman
(Brazil)

2014

P

16
32

43
46

41
39

Vilallonga
(Spain)

2013

P

100
100

44
43

49
48

280
3319

42
42

48
47

Total Mean
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Table 2: Perioperative outcomes.
Study

Operative time (mins)
RSG

RSG

LSG

RSG

LSG

2.6

2.4

1

0

39

43

107

95

2.3

3.2

1

108

--

--

148

138

3.0

3.0

0

0

27

29

108

96

4.0

3.0

5

8

32

33

125

111

3.0

2.9

7

116

33

35

135

Romero
Schraibman
Vilallonga
Total Mean

RSG

LSG

setting of morbid obesity [16]

-

Include only adult patients (18 years and older)

-

Contain an internal comparison between RSG and LSG

-

Follow a prospective or retrospective cohort design

-

Available in English

outcomes

Studies were excluded by any one of the following criteria:

-

Non-human patients were included

-

Only non-surgical treatments were provided

-

Meeting abstracts or Letters to the Editor

Statistical analysis
For all studies, we reported on one or more of the primary
outcomes of interest (operative time, perioperative bleeding, length
of stay, stricture formation, leak rate and mean BMI after one year).
In addition, we extracted study type, year of publication, number of
patients, mean patient age and mean preoperative BMI.
A study level meta-analysis was performed. Stata 12 software
(StataCorp LP, College Station, TX) was used for all quantitative
analyses. We used two different pooled statistics. Relative risk (RR)
was determined for categorical outcomes, and standardized mean
difference (SMD) was calculated for continuous outcomes.
For continuous variables, we reported the median and
interquartile range. We then calculated the standardized mean
difference (SMD) and the relative risk (RR) with the corresponding
95% confidence interval and p-value. The SMD is defined as the
difference between the mean and standard deviation of the robotic
group minus that of laparoscopic group for each study. The SMD was
weighted by the sample size of each individual study.
For categorical variables, we first calculated the degree of
heterogeneity across the studies and tested its significance using both
Cochrane Q-test (significance level < 0.05) and the I squared statistic
(> 50%) to determine the underlying statistical model. We calculated
the relative risk (RR) of having an event for categorical outcomes using
fixed effect model if no heterogeneity was present between studies or
the random effects model when heterogeneity in study design was
present. The effect size of each study was calculated by subtracting the
proportion of affected individuals from those unaffected and dividing
by the pooled standard deviation. A risk difference of zero favors the
null hypothesis, meaning there is no difference in outcome measures
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BMI after 1 year (kg/m2)

114

Ayloo

LSG

Complications (bleeding,
leak, stricture)

Length of stay (days)

between patients treated with either therapy. Statistically significant
differences were considered at the p < 0.05 level.

Results
Description of studies
The search yielded 630 publications of which 44 were fully
reviewed and 4 met inclusion and exclusion criteria and were selected
for our meta-analysis (Figure 1).
The characteristics of each selected study are summarized in
Table 1. Three studies had a prospective design and one study had
a retrospective design. Mean patient age for each study ranged from
38-46 years. Four studies comprised 3,599 sleeve gastrectomy cases.
The sample size of studies ranged from 48 to 3,282 patients. In total,
280 cases were RSG and 3,319 were LSG. Mean preoperative BMI
ranged from 39.4 to 56 kg/m2 and 41.3 to 57 kg/m2 for LSG and RSG,
respectively.
Outcomes of each study are documented in Table 2, and metaanalysis forest plots are demonstrated in Figure 2. Four studies
reported operative time. Operative time was significantly greater
for patients undergoing RSG (SMD: 0.494; 95% CI: 0.245-0.743; p <
0.01). Four studies reported length of stay. There was no statistically
significant difference in length of stay for patient undergoing LSG
and RSG (SMD: -0.062; 95% CI: -0.637-0.513; p = 0.833).
Perioperative complications reported in studies included leakage
from the staple line, bleeding and stricture formation. Two studies
reported on leak rate and no statistically significant differences were
found between patients undergoing LSG and RSG (RR: 0.43; CI: 0.111.64; p = 0.218). Two studies reported on postoperative bleeding and
no statistically significant differences were found between groups
(RR: 0.58; CI: 0.16-2.07; p = 0.401). Two studies reported on stricture
formation and no statistically significant differences were found
between groups (RR: 1.81; CI: 0.25-13.13; p = 0.558).
BMI after one year was reported in three studies. Weight loss was
greater for patients undergoing RSG compared to LSG (SMD: -0.24;
CI: -0.47- -0.02; p = 0.033).

Discussion
In our meta-analysis we found no difference between RSG and
LSG with regards to length of stay, stricture formation, perioperative
bleeding, and leak rate. The mean BMI at 1-year was significantly less
for patients undergoing RSG compared to LSG. Operative time was
significantly longer in the RSG group.
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In terms of operative time, docking the robot is likely responsible
for the time discrepancy between RSG and LSG groups. The docking
time at each institution is both surgeon and staff dependent. A
knowledgeable, trained staff can dock a robot in eight minutes, but
due to inexperience, robot docking times have been reported as
high as 20 minutes [14-16]. Console working time is also surgeon
dependent and improves with surgeon experience. The learning
curve for robotic surgery is less than that for laparoscopic surgery. It
is possible that some of the surgeons performing RSG in our included
studies were still improving their surgical efficiency and proficiency
on the robot and this may have, in part, also accounted for the time
difference between groups.
The difference in mean BMI after 1-year between groups was
perplexing, as one would expect no difference in the mean BMI as
a consequence of surgical approach. One hypothesis is that the
visualization and triangulation provided by the robotic platform
increases the precision of formation of the gastric sleeve. Perhaps,
the laparoscopic approach has less maneuverability when retracting
the stomach fundus from around the bougie to make a tight sleeve
as compared to the robotic approach. As an alternative, our findings
could represent a type I error. This result needs to be further
investigated with larger studies to either confirm or refute the validity
[17,18].
Our meta-analysis has limitations. First, all included studies
had a retrospective or prospective cohort design and were not
randomized controlled trials. Also, we performed a study-level, not
individual-level meta-analysis, and as such, the study design may not
be sufficiently sensitive to account for all biases. In addition, while all
included studies contained an internal comparison between studies,
only three studies included an internal comparison in which the
same surgeons performed both the LSG and RSG procedures. In one
study, RSGs performed at the author’s institution were compared
to a systematic review of LSGs. This comparison arm is less valid, as
differences in surgeon skill and technique, as well as differences in
surgical institution are likely to play a role in outcome data.
An additional limitation is that portions of the surgical procedure
varied between studies. For example, the method of reinforcing the
staple line differed, with some surgeons over sewing the staple line,
others utilizing a buttress material, and some surgeons chose to not
reinforce the staple line. While staple line reinforcement has been
shown to not affect complication rates in sleeve gastrectomy, ideally,
surgical technique should be held constant between studies to make a
more meaningful comparison [19]. Another important fact to note is
that the robotic stapling portion of the procedures was similar to that
in the laparoscopic - both arms in both studies utilized a laparoscopic
linear bowel stapler to complete sleeve creation. This fact can argue
that the comparison of leak rates is not valid, as the technique for
staple line creation is effectively the same in both procedures.
Lastly, we utilized the outcomes of interest as defined by the
individual study authors. Operative time was defined differently
across studies with some authors including the robot docking time
as a part of operative time, while other authors did not. For example,
Vilallonga reported operative time and docking time as separate
entities in their study. This meta-analysis would be stronger if
J Surgery 5(1): 5 (2017)

outcome measures were uniformly defined across all included studies.
The use of robotic surgery for bariatric operations is still debated
because of controversy surrounding true perioperative benefits and
cost. In urologic and gynecologic surgery, the benefit of visualization
and maneuverability in the pelvis help argue that robotic surgery
is safer than the standard open or laparoscopic methods. General
surgery has questionably limited value for robotic surgery with the
exception of low colon resections and operations in the esophageal
hiatus [20]. Although not demonstrated in the literature to date, we
can reasonably hypothesize that the benefits associated with robotic
operations in the esophageal hiatus can be extended to bariatric
surgery as most of the critical dissection occurs in the hiatus near the
angle of His. Triangulation in this area is difficult to achieve when
using standard laparoscopic instruments. A more precise dissection
in this area may allow for avoidance of surgical complications, such
as postoperative bleeding and leaks. However, no differences were
found between groups with regards to these complications in our
meta-analysis.

Conclusion
Robotic sleeve gastrectomy for morbid obesity as compared
to LSG shows a significantly increased operative time. In regards
to mean BMI at one year, RSG is superior to LSG. There was no
significant difference in terms of LOS, perioperative bleeding, leak
rate, or stricture formation. RSG is a safe and feasible alternative to
conventional LSG. Further comparative studies may shed additional
light on perioperative outcomes.

Strengths and Limitations
Robotic surgery has been shown to improve surgeon visualization,
maneuverability, and triangulation but its use in bariatric surgery is
controversial. This paper highlights the benefits of RSG in regards
to mean BMI at one year compared to LSG. Strengths of our study
include the high number of patients studied and the consistency in
outcomes documented by the individual institutions, which allowed
us to reasonably compare the two groups. There are no other studies
of this nature in the current literature.
This paper is a meta-analysis and there are intrinsic limitations
in regards to heterogeneity of the studies. There are no published
randomized control trials on the subject matter, which may impact
the results. Nonetheless, the conclusions are relevant for future
practice and further studies in regards to long-term outcomes of
RSG in bariatric patients may shed additional light on perioperative
outcomes.
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