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Abstract
We aim to summarize the existing evidence to compare the surgical outcomes of robotic Roux-en-Y gastric bypass (RRYGB) and
laparoscopic RYGB (LRYGB) and to determine if these two procedures are equivalent. Literature searches were conducted by a
comprehensive search in PubMed, EMBASE, and the Cochrane Library. Nineteen articles met the inclusion criteria for this
review. The robotic and laparoscopic procedures had no significant differences in hospitalization time, conversion, reoperation,
readmission, and postoperative complications. However, RRYGB was associated with a longer mean operative time. RRYGB
was not found to be superior to LRYGB. Future studies that would report detailed meaningful postoperative outcomes, such as
complications and percentage of excess weight loss, are required to determine any further differences in the efficacy between
RRYGB and LRYGB.
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Introduction

Obesity is a major health epidemic worldwide, and is associ-
ated with damages to multiple organs and poor patient quality
of life [1–4]. Roux-en-Y gastric bypass (RYGB) is one of the
common bariatric surgical procedures [5]. It can greatly im-
prove weight loss and weight-related comorbidities in patients
with obesity compared to lifestyle interventions and medical
therapies [6, 7]. The international diabetes organizations pub-
lished a statement in 2016 indicating that bariatric surgery
should be considered in treating patients with type 2 diabetes
and a body mass index (BMI) greater than 30 kg/m2 when

hyperglycemia is inadequately controlled by optimal pharma-
cological treatment. However, the recommended minimum
BMI for Asian patients was reduced to 27.5 kg/m2 [8].

There are currently three surgical techniques for RYGB:
open, laparoscopic, and robotic. There are major advantages
of laparoscopic techniques compared with open surgery, in-
cluding minimal blood loss, fewer wound related complica-
tions, and shorter length of hospital stay [9]. Thus, laparosco-
py has become the gold standard for bariatric surgery. In re-
cent years, surgical scholars have attempted to combine the
robotic system with surgical techniques to attain the most
benefits for patients. The robotic technique has been applied
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to many surgical fields, including RYGB [10–12]. These sur-
gical techniques have become more delicate and minimally
invasive. The advantages of the robotic system include the
three-dimensional view, resistance to fatigue of robotic hands,
and increased mobility and range of the instrument. It could
even reduce hand dominance in surgical trainees across all
task domains [13]. However, only a few studies have evaluat-
ed the difference between robotic and laparoscopic techniques
in terms of intraoperative and postoperative complications at
present and whether the robotic is superior to laparoscopic.

Although several previous meta-analyses [14–18] have ex-
plored the advantages and disadvantages of robotic RYGB
(RRYGB) and laparoscopic RYGB (LRYGB), there are
newer, more recent trials that are not included in these studies
[14, 16, 18]. Moreover, these studies also had methodological
limitations [15–17]. Thus, the aim of our study is to summa-
rize the existing evidence to compare the surgical outcomes
between RRYGB and LRYGB and to determine if these two
procedures are equivalent.

Materials and Methods

Search Strategy and Selection Criteria

The present study was conducted by a comprehensive search
in PubMed, EMBASE, and the Cochrane Library to select
relevant studies from inception to November 20, 2017. The
search terms included “Roux-en-Y gastric bypass,” “gastric
bypass,” “robotics,” “robot-assisted,” “surgery, computer-
assisted,” “computer-assisted,” “telerobotics,” and “remote
operations.”

The inclusion criteria were as follows: (1) English lan-
guage, (2) human studies, (3) original research, including ret-
rospective and prospective studies, (4) reporting outcomes of
RYGB in obese patients, and (5) comparative studies: com-
paring LRYGB with RRYGB. The exclusion criteria were as
follows: (1) studies involving non-bariatric procedures, (2)
case reports and reviews, (3) animal studies, and (4) revision
surgery.

Study Selection

After the electronic search in all the databases, two reviewers
independently screened the titles and abstracts for excluding
clearly irrelevant articles (articles not involving RYGB). If the
abstract did not contain enough information, two investigators
independently reviewed the full text. When the abstract met
our inclusion criteria, the full text was reviewed. For eligible
trials, the same reviewers extracted the data. If a consensus
could not be reached between the two investigators, then a
third investigator would resolve the disagreement.

Data Extraction

For each qualified study, we recorded the following data: gen-
eral information (i.e., author, publication year, journal, study
location, time period, and type of study), patient demo-
graphics (i.e., number of patients, mean age, sex, preoperative
BMI, and preoperative weight), primary outcomes (i.e., the
percentage of excess weight loss (%EWL) at 1, 3, 6, 12, 24,
and 36 months after surgery, operative time, hospitalization
time, conversions, reoperation and readmission within
30 days, mortality, and postoperative complications), and sec-
ondary outcomes (i.e., cost, leak, pulmonary embolism, stric-
ture, marginal ulcer, and wound infection).

Data on categorical outcomes were 2 × 2 tabulated, divid-
ing patients presenting the outcome and patients free of the
outcome for the laparoscopic and robotic groups. Regarding
continuous outcomes, we extracted the number of patients, the
mean, and the standard deviation (SD). In cases where the
standard deviation was not available, it was calculated using
the available data. For clinical trials that only reported the
mean, range, and size, we used simple and elementary in-
equalities to estimate the mean and the variance [19].

Statistical Analysis

Categorical outcomes were evaluated by the odds ratio (OR)
and 95% confidence interval (CI) using the random-effects
model. For continuous outcomes, we used the weighted mean
difference (WMD) and 95% CI to calculate the means of the
random-effects model. Between-study heterogeneity was
assessed using Cochran’s Q test and by estimating I2, and
was quantified as low, moderate, and high, with upper limits
of 25%, 50%, and 75% for I2, respectively [20]. Statistical
analyses were performed using the R statistical program ver-
sion 3.4.2.

Quality Assessment

The non-randomized controlled trials were evaluated done
using the Newcastle-Ottawa Quality Assessment Scale
(NOS) [21]. The score range of the scale varies from zero to
nine stars, and studies with a score equal to or in excess of five
stars were considered to have a reliable methodological qual-
ity to be included.

Publication Bias Assessment

We used the Egger’s formal statistical test which is described
in the Cochrane handbook to evaluate the existence of publi-
cation bias. If the number of the included studies was more
than ten, the publication bias was evaluated. For the interpre-
tation of the results of test, statistical significance was defined
as p < 0.1 [22].
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Results

Study Selection

The flow diagram of the article research is shown in Fig. 1. A
total of 406 potentially relevant studies have been retrieved
through our search strategy, and 106 articles have been repeat-
ed. Of these studies, 210 were excluded based on title and
abstract. After a full-text review of the 90 remaining articles,
71 were excluded. Finally, 19 articles [23–41] met the inclu-
sion criteria for this review and included 1 randomized con-
trolled trial (RCT) and 18 case controlled trials (CCT).

Characteristics of the Eligible Studies

A total of 177,766 patients underwent RYGB; 172,234 treated
using laparoscopic techniques and 5532 using standard robot-
ic techniques. Fourteen studies were conducted in the USA,
and 5 studies in Europe (France [25], Switzerland [26],
Netherlands [29, 37], and Italy [36]).

Of these included 19 studies, 11 studies [23, 25, 27–29,
32–36, 41] were comparable in age, BMI, and F/M ratio. In
Ayloo et al.’s study [24], the age of robotic group was youn-
ger, while in other two studies [26, 39], the robotic group was
older. As for BMI, one study [39] had a higher BMI in robotic
group, another study [37] had a lower BMI in robotic group.
And the F/M ratio was not comparable in one study [37]. The
age of patients was 18 to 65 years in LRYGB, 20 to 62 years in
RRYGB; preoperative BMI was 23.4 to 70.3 kg/m2 in
LRYGB, 33.7 to 78.2 kg/m2 in RRYGB. Seventeen articles
were single-center studies, two articles [27, 40] were multi-
center studies. Five articles were prospective studies, 14 arti-
cles were retrospective studies. Characteristics of eligible ar-
ticles and the NOS score are reported in Table 1.

%EWL and Weight Loss

Although six articles [24, 26, 34, 36, 37, 39] reported the
postoperative %EWL, we did not have enough data to per-
form a data analysis in terms of postoperative %EWL after 1,
3, 6, 12, 24, and 36 months. After 1 month, the study by Bush
et al. [26] reported that the percentage of excess BMI loss had
no significant difference between the two groups. The study
by Ayloo et al. [24] reported that the %EWL was not signif-
icantly different at 3 and 6 months. Among the eligible arti-
cles, three articles [26, 34, 39] reported that there were no
significant differences in the %EWL between the two
groups at 1 year. The study by Smeenk et al. [37] reported
that the %EWL at 1 year was higher in the laparoscopic
group than robotic group (P = 0.02). The study by Bush et
al. [26] showed that the percentage of excess BMI loss was
higher in laparoscopic group than in the robotic group at

36 months (P = 0.003); however, no significant difference
was observed at 24 months.

Operative Time

Twelve articles [23–27, 29, 31, 34, 36, 37, 39, 41] reported the
operative time in both groups. The operative time ranged from
75 min to 360 min for LRYGB and from 90 min to 405 min
for RRYGB. Three articles [24, 25, 31] showed that the over-
all operative time was significantly shorter for RRYGB than
for LRYGB; the remaining studies showed a longer operative
time. In the present study, the pooled data analysis showed
that RRYGB had a significantly longer operative time as
shown in Fig. 2. However, the result showed a considerable
statistical heterogeneity (I2 = 97%).

Hospitalization Time

Most of the eligible articles reported the hospitalization time.
Six articles [28–31, 33, 38] were excluded because of lack of
relevant data. Our pooled analysis showed the hospitalization
time was not significantly different between the two groups
[MD = − 0.01 days, 95% CI (− 0.24; 0.23); P = 0.95], with a
significant heterogeneity (I2 = 86%) (Fig. 3).

Conversion

Eight articles reported the conversions [23–26, 29, 33, 34, 39].
The number of conversions ranged from 0 to 9 for the
RRYGB and from 0 to 19 for the LRYGB. There was no
significant difference between the two procedures, except in
two studies [26, 29]. In the study by Bush et al. [26], 19
conversions were observed in LRYGB owing to several rea-
sons, including severe adhesions, large left liver lobe, duode-
nal injury, stapler misfire, and other various technical prob-
lems; the number of conversions in LRYGB was higher than
that in RRYGB (n = 3). In the study by Huben et al. [29], the
number of conversions was 9 in RRYGB (4 owing to improp-
er placement of the robotic ports, 2 owing to a previous open
appendectomy with some adhesions, and 3 owing to substan-
tial jejunal tears). The present pooled data analysis showed no
statistical difference between RRYGB and LRYGB [OR =
1.0, 95% CI (0.16, 6.33); P = 1.0], with a significant hetero-
geneity (I2 = 71%) (Fig. 4).

Reoperation within 30 Days

Seven articles reported reoperations within 30 days [23,
25–27, 32, 39, 41]. The percentage of reoperations
ranged from 0 to 2.11% for the RRYGB and from 0 to
2.28% for the LRYGB. The number of reoperations was
not significantly different between the two procedures in
two studies [23, 41]; in RRYGB, it was lower in two
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studies [26, 39] but higher in the remaining studies. The
present pooled data analysis revealed that there was no
significant difference between RRYGB and LRYGB
[OR = 1.34, 95% CI (0.38, 4.74); P = 0.65], with a sig-
nificant heterogeneity (I2 = 82%) (Fig. 5).

Readmission within 30 Days

Seven articles [24, 27, 32, 33, 39–41] reported the number
of patients who returned to the hospital for readmission
within 30 days. All of them indicated that readmission
was not significantly different between robotic and lapa-
roscopic group. The pooled data analysis also showed a

similar finding [OR = 0.86, 95% CI (0.47, 1.58); P = 0.62],
with a high heterogeneity (I2 = 89%).

Mortality

Sixteen articles reported the mortality [23–30, 32, 33,
35–37, 39–41], and 11 studies showed that the number
of patients who died was zero in both LRYGB and
RRYGB [23, 24, 28–30, 32, 33, 35, 37, 39, 41]. The
pooled data analysis showed that the number of patients
who died was significantly lower in RRYGB than in
LRYGB [OR = 2.37, 95% CI (1.21, 4.67); P = 0.01].
Adding the study by Celio et al. [27] had a significant

Fig. 1 Robotic vs. laparoscopic
Roux-en-Y gastric bypass flow
diagram
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impact on the result when we performed sensitivity anal-
yses to assess the robustness of our outcome. After omit-
ting their study, the mortality in the two groups had no
significant difference [OR = 1.1, 95% CI (0.25, 4.86),
I2 = 0, P = 0.9].

Postoperative Complications

Fourteen articles reported the total postoperative compli-
cations [24–28, 31, 33–39, 41]. The pooled data analysis
demonstrated no significant differences in the total sur-
gical complications between the two groups. Regarding
the major complications after surgeries, our meta-analysis
also showed that there were no significant differences in
terms of leak, stricture, pulmonary embolism, wound in-
fection, and marginal ulcer between RRYGB and
LRYGB (Table 2).

Cost

Five articles [28–30, 36, 40] reported the cost in the two
groups, and all of them showed that the cost in RRYGB was
higher than that in LRYGB.

Sensitivity Analyses

There was a considerable statistical heterogeneity in the
operative time, hospitalization time, conversion, leaks,
and reoperation and readmission within 30 days in the
present pooled meta-analysis (Table 2). We performed sen-
sitivity analyses to assess the strength of our results and
investigate the potential source of the high heterogeneity.
Almost all results were not altered, except for mortality,
when one large sample study was excluded by conducting
sensitivity analyses [OR = 1.1, 95% CI (0.25, 4.86), I2 = 0,
P = 0.9)]. After omitting each of the included studies for
each outcome, we found that the study by Villamere et al.
[40] might be the source of heterogeneity for readmission.
The heterogeneity of the pooled data analysis markedly
decreased after their study was excluded [OR = 1.18, 95%
CI (0.88, 1.58), I2 = 11%, P = 0.26]. Similarly, the study by
Bush et al. [26] contributed to the high heterogeneity for
postoperative leak, and the heterogeneity became low after
their study was excluded [OR = 1.4, 95% CI (0.71, 2.78),
I2 = 34%, P = 0.33). Adding the studies by Bush et al. [26]
and Huben et al. [29] probably resulted in the considerable
heterogeneity for conversion, and the heterogeneity has
become low after they were excluded [exclusion of the
study by Bush et al.: OR = 1.96, 95% CI (0.33, 11.73),

Fig. 2 Forest plot describing the
differences in operative time, and
mean operative time was
significantly greater in RRYGB
than in LRYGB group

Fig. 3 Forest plot describing the
differences in hospitalization
time, and hospitalization time was
not significantly different
between the robotic and the
laparoscopic group
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I2 = 46%, P = 0.46; exclusion of the study by Huben et al.:
OR = 0.47, 95% CI (0.11, 1.93), I2 = 45%, P = 0.29].

Publication Bias

We used the Egger’s regression test to explore the publication
bias of our meta-analysis. The Egger’s test showed no evi-
dence of publication bias in operative time (P = 1), hospitali-
zation time (P = 0.81), total postoperative complications (P =
0.39), and leaks (P = 0.49). Publication bias was not calculat-
ed for the remaining outcomes because less than 10 eligible
studies were included in the analysis.

Discussion

Our meta-analysis evaluated the safety and efficiency of
RRYGB by comparing its surgical outcomes to those of an-
other alternative technique. Overall, 18 CCTs and one RCT
were included (172,234 LRYGB and 5532 RRYGB). The pres-
ent pooled analysis demonstrated that the robotic and laparo-
scopic procedures were comparable, although the former was
associated with longer mean operative time and higher cost.

There were five previous meta-analyses that compared the
safety and efficiency between RRYGB and LRYGB among
patients with obesity; however, their results were inconsistent.
Markar et al. [18] published a meta-analysis in 2011 that in-
cluded seven trials, which exhibited lower incidences of anas-
tomotic stricture in RRYGB; however, their study only com-
pared limited parameters, which did not include conversion,
reoperation, and readmission. Fourman et al. [16] did not

perform a sensitivity analysis nor assess the risk of bias in
their systematic review. Although Bailey et al. [14] reported
the overall complications, leak, stricture, bleeding, and reop-
eration, they did not find significant differences between the
two procedures. However, they only involved 10 trials and did
not contain currently available evidence. One study that in-
cluded 25 trials, 11 of which were non-comparative trials,
showed that RRYGB was associated with significantly less
frequent anastomotic strictures, reoperations, and decreased
length of hospital stay than LRYGB [15]. According to a
recent meta-analysis [17], RRYGB and LRYGB were compa-
rable; however, some of the articles in that study were reported
from the same medical center and the study time period
overlapped.

Conversely, 3 studies showed that the operative time
was significantly longer in LRYGB; however, the pooled
data analysis demonstrated that it was higher in RRYGB,
which is consistent with the analysis results by Li et al.
[17]. In our eligible studies, only four studies [24, 25, 37,
41] have specifically defined the operative time; however,
the definitions varied. And most articles did not clearly
state the surgeon have finished the learning curve of robot
or laparoscopy. Previous studies [24, 25, 35, 37] showed
the learning curve for RRYGB varies from 10 to 30 proce-
dures. With the completion of the learning curve and the
increase of the operator’s experience, the operative time
gradually decreased and became stable. There was a learn-
ing curve of 35 patients before RRYGB had been per-
formed; thus, the study by Huben et al. [29] revealed that
the operative time, including the robot setup time, was not
significantly different between LRYGB and RRYGB when

Fig. 4 Forest plot describing the
differences in conversions, and
there was no significant
difference between the robotic
and the laparoscopic group

Fig. 5 Forest plot describing the
differences in reoperations, and
there was no significant
difference between the robotic
and the laparoscopic group
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performed by the same surgeon. Thus, we suspect the in-
creased time in RRYGB greatly might be the docking and
setup time of robot. The unclear definition of operative
time and surgeon experience might be the sources of het-
erogeneity. We also attempted to perform a subgroup study
according to the definition of operative time; unfortunately,
we failed because we lacked sufficient data. Three previous
meta- analyses [14, 15, 18] reported that the overall oper-
ative time was not significantly different between RRYGB
and LRYGB. A possible reason for the differing conclu-
sions of previous meta-analyses and the present meta-
analysis is that there have been more recently published
trials associated with RRYGB in the interim.

Conversion is an important parameter to assess the fea-
sibility of these minimally invasive techniques. According
to our pooled data analysis, there were no differences in
conversion, reoperation, and readmission within 30 days
between the two techniques, which are in accordance with
the findings of previous meta-analyses [14, 15, 17]. This
indicates that RRYGB could be regarded as a safe and
feasible procedure.

As major parameters for the evaluation of the safety of
these surgical techniques, the anastomotic leak rate was
1.15%, and the pulmonary embolism rate was 1.17%, as
determined by a systematic review that included 71 studies
and 107,874 patients who underwent bariatric surgery [42].
Although the robotic system provided surgeons with en-
hanced visual control and dexterity, it did not reduce the
overall complications of RYGB [14, 15], including leak,
pulmonary embolism, stricture, wound infection, and

marginal ulcer. Similar results were found in other surger-
ies [12, 43, 44], including sleeve gastrectomy [12], which
confirms that our results were accurate.

We found that adding one study [27] that greatly influ-
enced the result when we compared the mortality under the
two approaches. In their study, there was a significant re-
duction in the number of patients who had an American
Society of Anesthesiologists (ASA) classification > 2 in
the RRYGB group, and 135,040 underwent laparoscopic
RYGB which account for 78.4% of totally LRYGB. Thus,
the risk of death was greater in laparoscopic group, and this
study should be excluded to avoid serious bias. After omit-
ting the study, the mortality in two groups had no signifi-
cant difference. Therefore, as indicated by our study and
previous data [14, 15, 17], the robotic technique might not
affect the safety or mortality rate during the intraoperative
or postoperative period.

Postoperative weight loss is an important outcome to
evaluate the effectiveness of bariatric surgery. However,
we did not perform a meta-analysis in terms of postopera-
tive %EWL because the data cannot be extracted.
Currently, the eligible articles have showed the weight loss
from both techniques was not significantly different at 1, 3,
and 6 months. A few studies [26, 29] reported that the
weight loss in LRYGB was greater than that in RRYGB
after 12 months. However, there is insufficient evidence on
long-term outcomes indicating that LRYGB is superior to
RRYGB. Therefore, to assess how RRYGB and LRYGB
perform over time accurately, more high-quality studies are
needed to detail the weight loss and follow-up on the ma-
jority of the study group to minimize bias.

Five articles included in our analysis revealed that the cost
of RRYGBwas higher than that of LRYGB. However, we did
not perform the pooled analysis due to 4 studies only showed
the mean of cost. But the result was in accordance with other
studies of robotic cost [12, 45]. A study with a large sample
size demonstrated that the cost positively correlated with the
length of hospital stay, which could double after a week, and
that robotic-assisted surgeries have the highest impact on costs
[46]. The increased expense for robotic surgery can be attrib-
uted to the maintenance, instrument, and equipment costs, and
the unnecessary financial burden might be the reason why
many medical centers and insurances had difficulties in
adopting the robotic approach. However, some studies
have found that the robotic approach has lower costs be-
cause it reduces complications and has shorter hospital
and ICU stays, which indicates that the robotic method
is cost-effective [45, 47].

The majority of the eligible articles in our meta-analysis
were retrospective trials and only one article was an RCT.
Therefore, the inherent pitfall of the present meta-analysis is
important because low quality articles and limited data might
pose a certain bias [48, 49]. Finally, most articles did not report

Table 2 Summary of the analysis of the categorical and continuous
outcomes

Categorical outcomes OR (95% CI) Heterogeneity

I2 P

Leaks 0.92 (0.38, 2.19) 62% 0.84

Wound infection 1.17 (0.45, 3.08) 0% 0.75

Pulmonary embolisms 1.97(0.93, 4.17) 0% 0.08

Strictures 1.01 (0.53, 1.93) 44% 0.98

Marginal ulcer 1.30 (0.61, 2.76) 31% 0.49

Conversions 1.0 (0.16, 6.33) 71% 1.00

Total complication 0.94 (0.75, 1.15) 40% 0.52

Mortalities 2.37 (1.21, 4.67) 0% 0.01

Reoperation within 30 days 1.34 (0.38, 4.74) 82% 0.65

Readmission within 30 days 0.86 (0.47, 1.58) 89% 0.62

Continuous outcomes MD (95%CI) I2 P

Operative time 27.84 (12.85, 42.83) 97% < 0.01

Hospitalization time − 0.01 (− 0.24, 0.23) 86% 0.95

Volume of intraoperative bleeding − 2.01 (− 4.80, 0.78) 0% 0.16

OR odds ratio, MD mean difference, CI confidence interval
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a follow-up period, and only a few studies reported the
%EWL after surgery; thus, we were unable to assess the effi-
cacy of RRYGB fully because this datum was unavailable.

Conclusion

This meta-analysis of studies comparing RRYGB and
LRYGB indicated that their clinical outcomes were compara-
ble. RRYGB had similar clinical outcomes and was not found
to be superior to LRYGB. However, this result should be
confirmed by additional high-quality studies. Future studies
that would report detailed meaningful postoperative out-
comes, such as complications and %EWL, are required to
demonstrate any further differences in the efficacy between
RRYGB and LRYGB.
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