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Abstract

Objective The aim of this meta-analysis is to evaluate the safety and efficacy of bariatric surgery (BS) in patients with obesity
by robotic bariatric surgery (RBS) compared with laparoscopic bariatric surgery (LBS).

Methods The study was performed through searching in Pubmed, Web of Science, Embase database and Cochrane Library
until March 31, 2020 comparing RBS with LBS. Data were calculated on the following endpoints: operative time, length
of hospital stay, reoperation within 30 days, overall complications, leak, stricture, pulmonary embolisms, estimated blood
loss and mortality. Data as relative risks (OR), or weighted mean difference (WMD) were summarized with 95% confidence
interval (CI). Risk of publication bias was assessed through standard methods.

Results Thirty eligible trials including 7,239 robotic and 203,181 laparoscopic surgery cases showed that RBS was referred
to attain longer operative time [WMD =27.61 min; 95%CI (16.27-38.96); P <0.01] and lower mortality [OR 2.40; 95% CI
(1.24-4.64); P=0.009] than LBS. Length of hospital stay [WMD =—0.02; 95% CI (—0.19-0.15); P=0.819], reoperation
within 30 days [OR 1.36; 95% CI (0.65-2.82); P=0.411], overall complications [OR 0.88; 95% CI (0.68-1.15); P=0.362],
leak [OR 1.04; 95% CI (0.43-2.51); P=0.933], stricture [OR 1.05; 95% CI (0.52-2.12); P =0.895], pulmonary embolisms
[OR 1.97; 95% CI (0.93-4.17); P=0.075], estimated blood loss[WMD =—1.93; 95% CI (—4.61-0.75); P=0.158] were
almost similar in both RBS group and LBS group. Three was no statistically significant difference between RRYGB and
LRYGB in EWL%, no statistical significance between RSG and LSG after 1 year, 2 years and 3 years.

Conclusion RBS presented lower mortality within 90 days and longer operative time in this meta-analysis with similar safety
and efficacy for the obesity compared with LBS in other outcomes. Additionally, RBS might be beneficial in the future if it
would be evaluated in comprehensive and long-term endpoints.
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Obesity is a worldwide chronic disease among all the costly
disorders [1]. Lots of therapies could be chosen for the
patients with obesity, (e.g., drugs, dietary therapies physical
exercise and bariatric surgery). In fact, the effect of drugs,
physical exercise and dietary therapy was unobvious for
the compliance was not optimistic all around the world [2].
Hence, some patients would like to choose bariatric surgery
as an alternative option.
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Bariatric surgery is commonly performed to help the
obesity lose weight and has been proved valuable for its
comorbidities [3]. There were four surgeries could be
applied in clinical practice including RYGB(Roux-e-Y Gas-
tric Bypass), SG(sleeve gastrectomy), AGB(adjusted gastric
band) and BPD-DS(Biliopancreatic diversion with duodenal
switch) [4-6]. Furthermore, all the four types of surgeries
can be performed in either laparoscopic or robotic surgery
in a minimally invasive way.

Except for the all the merits that laparoscopic bariatric
surgery obtained, which includes minimally invasive tech-
niques, high definition vision and precise operation [9],
robotic bariatric surgery may acquire more advantages for
both patients and surgeons in the long run. Although some
meta-analyses [6—8] on this topic have been published, they
did not conclude precise results between RBS and LBS; on
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the other hand, they did not include all the four surgeries
and some new trials have been published recently [21, 27].
Therefore, we performed this meta-analysis to compare RBS
and LBS so as to indicate a preferred surgical approach.

Materials and methods
Literature research

A comprehensive systematic literature research in the
Pubmed, Web of Science, Embase database and Cochrane
Library were performed to retrieve all the relevant articles
following the recommendation of the Preferred Reporting
Items for Systematic review and Meta-analyses(PRISMA)
Statement. All the studies were searched before March 31,
2020 with the limit of “human” and papers in English. The
initial search strategies included using random combina-
tion of following Medical Subject Heading (Mesh) search
terms: “robotic surgery” and “laparoscopic surgery” and
“bariatric surgery” and “obesity”. The reference list of
the identified articles were manual searched to additional
studies(Supplementary Table S1).

Criteria for inclusion and exclusion

To be eligible for selection of this meta-analysis, studies
were required to meet the following criteria: (1) compare
the therapeutic effects of RBS and LBS for the treatment of
obesity, (2) report at least one of the outcomes mentioned
below, (3) patients were confirmed to have obesity, (4) arti-
cles were published as papers only in English. Abstracts,
letters, and reviews without original data were excluded.
Besides, the following studies were also excluded: (1) stud-
ies dealing with open surgery for patients with obesity, (2)
case reports and studies lacking control groups, (3) studies
with no clearly reported outcomes of interests, (4) patients
with drug and dietary therapy.

The primary endpoints were EWL(excess weight loss)%
and BMI loss, operative time, length of hospital stay, over-
all complications reoperations within 30 days. The second
endpoints were leak, stricture, estimated blood loss and pul-
monary embolisms.

Data extraction and outcome measure

The titles and abstracts of all identified articles were read
independently by two reviewers (Lele Miao, Zhijian Ren),
and irrelevant ones were excluded according to the PICO
principles. Parameters extracted included first author, year of
publication, the country in which the study was performed,
study design, patient characters, and all available short-term
and long-term outcomes. If any disagreement or discrepancy

occurred in the studies, the two reviewers consulted a third
reviewer (Zhengchao Zhang) until a consensus was reached.

Assessment of methodological quality

The methodological quality of the included studies was
assessed by the two reviewers independently using the New
castle-Ottawa Scale. Scores were assigned for patient selec-
tion, comparability of the study groups, and outcome assess-
ment [10].

Statistical analysis

The effect measures estimated were OR and WMD with a
95% CI for dichotomous variables. Pooled OR and WMD
were calculated using either the fixed effects model or ran-
dom effects model. Heterogeneity was evaluated by X> and
. I <25% and I*> 50% reflect small and large inconsist-
ency, respectively. A funnel plot based on the survival out-
comes was conducted to explore the possibility of publi-
cation bias(Supplementary Fig. S1). Statistical analyses
were performed with State SE 12 software (Stata Corp,
College Station, Texas, 77845 USA). A value of P <0.05
was considered statistically significant. Subgroup analysis
was attempted because there were three types of surgeries in
the meta-analysis. In order to draw publication bias, funnel
plots and Egger’s test were carried out to evaluate the bias
according to the Cochrane Handbook. Sensitivity analysis
was performed if more than 10 studies were included for
one outcome.

Results
Study selection

A comprehensive and systematic research was performed
in all the databases and 1092 articles were yielded. After
excluding duplicates, 202 articles were reviewed. Finally,
26 studies were identified comparing RBS with LBS for the
obesity through our reading titles, abstracts and full texts,
while 2 studies were identified after our manual search.
Hence, the 28 studies [11-38] compromising 30 trials were
included in this meta-analysis (Fig. 1).

Characteristics and risk of bias

The studies compromised 210,962 patients with obesity,
among whom 7547 patients underwent RBS and 203,415
patients underwent LBS. There were 1 RCT, 5 prospective
studies and 22 retrospective studies among them. Addition-
ally, 1 study from Brazil, 4 studies from Europe with 23
studies from America reported the outcomes comparing
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Fig. 1 Follow chart of studies identified, included, and excluded

RBS and LBS. 2 studies were from multi-centers and the
rest were from single center. There was 1 study reported 3
trials comprising 3 surgical approaches. More detailed infor-
mation of the characters is presented in Table 1.

The studies pooled in our meta-analysis of operative

time, length of hospital stay, reoperation within 30 days

@ Springer

and leak presented high heterogeneity. Therefore, we per-
formed funnel plots and Egger’s test. Finally, the funnel
plots showed a symmetric distribution and the Egger’ test
confirmed no publication bias in the incidence of operative
time, length of hospital stay, reoperation within 30 days.
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Operative time

15 trials [11-13, 15, 17, 19-21, 24, 25, 27, 29, 31, 32, 35]
reported operation time comparing RBS and LBS includ-
ing 141,009 participants [WMD =27.61 min; 95% CI
(16.27-38.96); P <0.01] with heterogeneity (I?=96.4%,
P <0.001). There was slightly significantly difference in the
operation time indicating LBS taking shorter time.

In RYGB group, RBS showed a longer operation time
with 12 trials [11-13, 15, 17, 19-21, 24, 25, 27, 29]
[WMD =27.55 min; 95% CI (12.67-42.42); P <0.001] with
heterogeneity (=97.1%, P <0.001). 1 trial [19] indicated
no significant difference, 2 trials [12, 13] indicated shorter
operative time in RBS and 9 studies [11, 15, 17, 20, 21, 24,
25, 27, 29] indicated longer operative time in RBS.

In SG group, RBS also showed a longer operative time
with 3 trials [31, 32, 35] [WMD =28.69 min; 95% CI
(22.84-34.53); P <0.001] with heterogeneity (’=28.9%,
P=0.245) (Fig. 2).

Length of hospital stay

There was no significant difference in length of hospital
stay for RBS [21 trials [11-14, 18-20, 24, 25, 28-35, 37],
189,685 participants, WMD =-0.02; 95% CI (- 0.19-0.15);
P=0.819] with heterogeneity (I*=83.2%, P <0.001).

In RYGB group, 2 trials [12, 14] reported shorter length
of hospital stay in RBS, 1 trial [13] reported longer length
of hospital stay in RBS and the rest [18-20, 24, 25, 28,
29] reported no statistical significance in RBS and LBS
[WMD =-0.06; 95% CI (—0.29-0.17); P=0.608] with
heterogeneity (I* =84.6%, P <0.001).

In SG group, 2 trials [32, 35] reported shorter length of
hospital stay in RBS, 1 trial [34] reported longer length of
hospital stay in RBS and the rest [30, 31, 33] reported no
statistical significance in RBS and LBS [WMD =0.00; (95%
CI - 0.38-0.38); P=0.987] with heterogeneity (I2 =84.6%,
P <0.001).

In AGB group, 1 trial [37] reported no statistical signifi-
cance in RBS and LBS [WMD=0.15; 95% CI (—0.08-0.38);
P=0.193] (Fig. 3).

Reoperation within 30 days

There was no significant difference in reoperation within
30 days for RBS [9 trials [14, 18, 20, 21, 27, 33, 34, 37,
38], 140,303 participants, OR 1.36; 95% CI (0.65-2.82);
P=0.411] with heterogeneity (I*=64.8%, P=0.004).

In RYGB group, pooled data reported no statistical sig-
nificance in RBS and LBS [OR 1.24; 95% CI (0.37-4.18);
P =0.725] with heterogeneity (I>=80.2%, P =0.000).
Among them, 2 trials [14, 27] showed lower reoperation
within 30 days in RBS, while 3 trials [18, 20, 21] showed

Table2 EWLY% of different periods in RBS and LBS

(%EWL) 36 months

(%EWL) 24 months

(%EWL) 12 months

(%EWL) 6 months

(%EWL) 3 months

(%EWL) 1 month

Study

RRYGB

LRYGB RRYGB LRYGB

RRYGB

LRYGB

LRYGB RRYGB

LRYGB RRYGB LRYGB RRYGB

ID

60.30%

35.40%" N 49.80%

N

N

Ayloo, 2011(a)

[12]

Buchs, 2014 [14]
Park, 2011 [22]

83.6+19.5 752422

87.4+25 83.5+21.1

79.7+£23.1

61.3+15.1 61.9+15.5

83.9+19

263+92" 262+2 N

N

62.1(21.9-87.3) N

N
N

64.4 (41.5-85.)

64.5 (33.3-88.5) N

33.6 (10-76.2)" N 50.9 (24.5-102.4) N

N

Scozzari, 2011
[24]

77%

84%

N

Stefanidis, 2017

[27]

RSG

LSG

RSG

LSG

RSG

LSG

RSG

LSG RSG LSG
N 42.6

RSG

LSG
29

48.89

52.23

44.52

29.49

Elli, 2015 [32]
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higher reoperation within 30 days in RBS, specifically in
RYGB group.

In SG group, 3 trials [33, 34, 37] reported no statistical
significance in RBS and LBS [OR 2.08; 95% CI (0.74-5.86);
P=0.168] without heterogeneity (*=0.0%, P=0.419).

In AGB group, 1 trial [38] reported no statistical sig-
nificance in RBS and LBS [OR 1.26; 95% CI (0.34-4.75);
P=0.730] (Fig. 4).

Overall complications

There was no significant difference in overall complica-
tions for RBS [16 trials [15, 17, 19-25, 28, 29, 31, 37,
38], 163,587 participants, OR 0.88; 95% CI (0.68-1.15);
P =0.362] without heterogeneity (=29.0%, P=0.133).

In RYGB group, 12 trials [15, 17, 19-25, 28, 29] reported
no statistical significance in RBS and LBS [OR 0.96; 95%
CI (0.76-1.2); P=0.712] without heterogeneity (I2 =22.0%,
P=0.228).

In SG group, 3 trials [28, 31, 37] reported no statistical
significance in RBS and LBS [OR 0.43; 95% CI (0.12-1.56);
P=0.195] without heterogeneity (=0.0%, P=0.783).

In AGB group, 1 trial [38] reported less overall compli-
cations in RBS and LBS [OR 0.06; 95% CI (0.00-0.90);
P=0.042] (Fig. 5).

Study %

ID WMD (95% Cl) Weight
RYGB E

Ahmad (2016) — 19.70 (11.68,27.72)  7.07
Ayloo (2011(a)) —— ! -17.00 (-28.05, -5.95) 6.86
Benizri (2013) — : -17.00 (-25.19, -8.81)  7.06
Buchs (2014) — 29.20 (17.63, 40.77)  6.81
Hubens (2008) : ——> 85.00 (68.48, 101.52) 6.35
Mohr (2005) -+ -39.00 (-78.89, 0.89)  3.85
Park (2011) — 17.00 (6.90, 27.10)  6.93
Scozzari (2011) ! —_— 60.50 (49.70, 71.30)  6.88
Stefanidis (2017) L —— 58.00 (44.37, 71.63)  6.63
Wood (2014) —_— 23.38(5.98,40.78)  6.25
Celio (2017) . - 39.10 (36.20, 42.00)  7.30
Smeenk (2016) L - 51.00 (44.59, 57.41) 717
Subtotal (I-squared = 97.1%, p = 0.000) <> 2755 (12.67, 4242)  79.16
SG

Pepper (2016) - 32.00 (26.72,37.28) 7.22
Ayloo (2011(b)) —_— 21.00 (7.67,34.33)  6.66
Elli (2015) ——— 26.42 (16.81, 36.03)  6.97
Subtotal (I-squared = 28.9%, p = 0.245) <> 28.69 (22.84,34.53)  20.84
Overall (-squared = 96.4%, p = 0.000) <> 27.61(16.27,38.96)  100.00

NOTE: Weights are from random effects analysig
I I

-102 RBS 0

Fig.2 A meta-analysis of operative time for RBS versus LBS
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Secondary outcomes
Leak

There was no significant difference in leaks for RBS [14
trials [12-15, 17, 19-25, 34, 37], 141,551 participants, OR
1.04;95% CI (0.43-2.51); P=0.933]. Also, there were mild
heterogeneity in the comparison (I>=69.7%, P <0.001).

In RYGB group, 1 trial [14] presented lower leaks in
RBS, while 2 trials [15, 20] presented higher leaks in RBS.
Overall data indicated no significant difference in RBS and
LBS [OR 1.20; 95% CI (0.44-3.22); P=0.723] with hetero-
geneity (I>=69.8%, P <0.001).

In SG group, 2 trials [34, 37] showed no significant dif-
ference in RBS and LBS [OR 0.54; 95% CI (0.15-1.86);
P=0.326] without heterogeneity (I>=0.0, P=0.465)
(Fig. 6).

Pulmonary embolisms

There was no significant difference in pulmonary embolisms
for RBS [4 trials [12, 14, 20, 25], 1,858 participants, OR
1.97;95% CI1(0.93-4.17); P=0.075] without heterogeneity
(?=0%, P=0.891) (Fig. 7).

Estimated blood loss

There was no significant difference in estimated blood
loss for RBS [4 trials [11, 22, 27, 31], 960 participants,
WMD =-1.93; 95% CI (—4.61-0.75); P=0.158] without
heterogeneity (I*=0%, P=0.652).

In RYGB group, 3 trials [11, 22, 27], showed no statistical
significance in RBS. [WMD=-2.01; 95% CI (—4.80-0.78);
P =0.158] without heterogeneity (I>=0%, P=0.450).

In SG group, 1 trial [31], reported no statistical signifi-
cance in RBS. [WMD=-1.00; 95% CI (- 10.73-8.73);
P=0.840] (Fig. 8).

Study %
ID WMD (95% ClI) Weight
RYGB
Ahmad (2016) . -0.10 (-0.24, 0.04 7.94
Ayloo (2011&3)) - -1.00(-1.62.-0.38) 398
Benizri (201 L 260 (1.34, 3.86 151
Buchs 2014) —— ' -420 (-6.00,-2.40) 0.81
Moon (2016) —_— 0.00 (-1.03,'1.03) 206
Park (2011) —_— 0.46 (-0.94, 1.86 1.26
Sanchez (2005) . 0.00 (-0.22' 0.22 7.35
Scozzari (2011 —_— -0.50(-2.96, 1.9 0.46
Stefanidis (2017) - -0.40 (-0.63.-0.17) 7.30
Wood (2014) — 0.37 (-0.25, 0.99) 397
Celio (2017 . 0.20 (0.10,'0.30 813
Smeenk (2016) > 0.00 (-0.26, 0.2 7.02
Villamere (2015(a 3 - 0.03 (-0.17. 0.23 7.50
Subtotal (I-squared =84.6%, p = 0.000) (4] -0.06 (-0.29, 0.1 ) 59.29
Kannan 62016) -+ -0.40 (-0.75,-0.05)  6.19
Moon (2016) - 0.50 (0.28, 0.72) 733
Pepper (2016) + -6.30 (-11.05,-1.55) 0.13
Vilallo 29 %2013) —_— 1.00 (-0.14, 2.14 176
Altieri (201 . 0.04 (-0.13. 0.21 7.74
A{Ioo (2011(0)) - 0.20 (-0.25. 0.65 531
-~ -0.63(-1.12,-0.14) 495
0.00 (-0.38, 0.38) 3341

Subtotal (I squared = 84.6%, p=0.000)

¢
AGB
Villamere (2015(bg *
Subtotal (I-squared=.%,p=.) (4]

Overall (I-squared = 83.2%, p = 0.000)

015%008 0.38 7.30
0.15(-0.08, 0.38 7.30

0.02 (-0.19, 0.15)

[l
o

100.00

-11.1
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Fig.3 A meta-analysis of length of hospital stay for RBS versus LBS

LBS 1.1

@ Springer



2448

Surgical Endoscopy (2021) 35:2440-2456

Study
ID

RYGB

Benizri (2013)

Buchs (2014) —_—
Moon (2016(a))
Stefanidis (2017)
Celio (2017)
Subtotal (I-squared =80.2%, p = 0.000) -{:

4

SG
Moon (2016(b))

%
OR (95% CI) Weight

[ 3

979(1.22,7881) 7.74
0.30(0.10,0.93) 14.14

~+ 8.64 (1.64,45.70) 10.08
0.11(0.01,0.93) 7.70
1.30(1.10,1.54) 21.31
1.24(0.37,4.18) 60.96

1.42(0.20,10.14) 8.33

L4

Vilallonga (2013)

0.49(0.04,555) 6.34

Kannan (2016)

Subtotal (I-squared =0.0%, p = 0.405) =]
AGB

Edelson (2011) —
Subtotal (I-squared=.%,p=.) ]
Overall (I-squared = 64.3%, p = 0.004) <

NOTE: Weights are from random effects analysis

3.23(0.79,13.28) 11.84
1.82(0.65,5.13) 26.51

1.26 (0.34,4.75) 1253
1.26 (0.34,4.75) 1253

1.30(0.63,2.69) 100.00

I
0127 RBS

—

Fig.4 A meta-analysis of reoperation within 30 days for RBS versus LBS

Stricture

11 trials [12, 13, 15, 17, 18, 21, 22, 24-27] reported no
significant difference in stricture for RBS including 140,430
participants [OR 1.05; 95% CI (0.52-2.12); P =0.895] with
heterogeneity (?=55.2%, P=0.014). (Fig. 9).
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Discussion

This meta-analysis compared RBS and LBS in periopera-
tive outcomes and postoperative outcomes including 30
trials compromising 4 surgical approaches. Although there
were only 1 RCT among the 30 trials, well-designed meta-
analysis including non-RCTs could also provide moderate
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Study %
D OR (95% Cl) Weight
RYGB |
Benizri (2013) — 0.91(0.49, 1.67) 1152
Hubens (2008) t'l 0.49 (0.04,559) 1.13
Mohr (2005) —+— 0.64 (0.10,4.10) 1.90
Moon (2016) —_— 0.87 (0.24,3.23) 3.59
Myers (2013) —_— 0.48 (0.12, 1.99) 3.12
Park (2011) - 0.62(0.06,5.99) 1.29
Scozzari (2011) —_— 1.36 (0.66,2.79) 9.30
Stefanidis (2017) — 0.47 (0.28, 0.80) 13.76
Wood (2014) —_—— 1.20 (0.60,2.39) 9.89
Celio (2017) * 1.15(1.00, 1.31) 27.87
Smeenk (2016) —_—— 1.37 (0.63,3.00) 826
Curet (2009) —_— 0.74 (0.20, 2.74) 358
Subtotal (--squared = 22.0%, p = 0.228) o 0.96 (0.76, 1.21) 95.21
. |
SG :
Villamere (2015(a)) ; 1.03 (0.06, 17.66) 0.84
Ayloo (2011) - 0.42 (0.02, 10.70) 0.65
Vilalionga (2013) — 0.32(0.06, 1.62) 2.43
Subtotal (-squared = 0.0%, p = 0.783) -ﬁ_’:lzb- 0.43(0.12,1.55) 3.92
1
AGB ;
Villamere (2015(b)) & g f 0.06 (0.00, 0.90) 0.87
Subtotal (-squared =.%, p =) — e 0.06 (0.00, 0.90) 0.87
1
N 1
Overall (-squared = 29.0%, p = 0.133) < 0.83 (0.68, 1.15) 100.00
|
NOTE: Weights are from random effects analysis !
| |
.00345 RBS 1 LBS 290

Fig.5 A meta-analysis of overall complications for RBS versus LBS

or high-quality evidence from the results. Our meta-analysis
examined all the outcomes with the latest studies published
until now. We assessed the studies strictly and extracted data
prudently to evaluate the safety and efficacy in RBS fairly.
Weight loss was the necessary outcome for RBS no mat-
ter which type of surgery was performed but unfortunately,
there was not enough data to extract to evaluate the true
safety between RBS and LBS. Operative time was showed
longer in RBS and length of hospital stay was not signifi-
cantly different between RBS and LBS. Estimated blood loss
was reported no significant difference in RBS. Reoperation
within 30 days, leak, stricture, pulmonary embolism and
overall complications were indicated no significant differ-
ence in RBS. Interestingly, mortality within 90 days was
revealed in favor of RBS with lower percentage.

As for the effect of weight loss induced by RBS, it is
an imperative factor to evaluate the efficiency of weight

loss caused by the two surgical approaches between the
RBS and LBS [39]. According to our results, RBS may
be not inferior to LBS during different periods for weight
loss assessed by EWL% and BMI loss. In different sur-
gical approaches, there were not significant difference
among the four types of surgeries in RBS, in other words,
RBS did not show advantages in different surgeries. How-
ever, RYGB performed by RBS revealed a slight favor in
weight loss compared to LBS especially after 12 months
in Kannan’s [33] study(EWL%:57% in RSG versus 48%
in LSG, P =0.09), while SG showed no significant differ-
ence in either RBS or LBS. Our meta-analysis presented
no significant difference in weight loss that RBS can be
beneficial according to our results. In fact, there also need
more researches to compare the weight loss between RBS
and LBS to provide more prudent evidence. As for cost,
RBS showed more expense obviously for RBS need more
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%
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Ayloo (2011)

&

0.16 (0.01,4.10) 475

¢

Benizri (2013)
Buchs (2014)

é

7.22 (0.37, 141.52)5.23
0.07 (0.01,0.53) 7.65

Hubens (2008) + 0.19 (0.01,4.10) 5.05
Mohr (2005) 1.00 (0.05, 18.57) 5.35
Moon (2016(a)) _— 5.73 (1.33,24.70) 9.53
Myers (2013) 1.00 (0.06, 16.21) 565
Park (2011) + 0.93 (0.17,5.15) 8.67
Sanchez (2005) - 3.12(0.12, 80.39) 4.70
Scozzari (2011) g 12.97 (2.37,71.00)8.72
Snyder (2010) € + 0.08 (0.00, 1.50) 5.44
Celio (2017) - 272(1.97,3.76) 1266
Subtotal (I-squared = 69.8%, p = 0.000) -<:::>- 1.20 (0.44,3.22) 83.39
SG

Moon (2016(b)) - 0.28 (0.03,2.41) 7.30
Vilallonga (2016) —_— 0.74 (0.16,3.41) 9.31
Subtotal (I-squared = 0.0%, p = 0.465) C:‘:- 0.54 (0.15, 1.86) 16.61
Overall (I-squared = 69.7%, p = 0.000) <> 1.04 (0.43,2.51) 100.00

NOTE: Weights are from random effects analysis

I
00472

RBS 1

Fig.6 A meta-analysis of leak for RBS versus LBS

advanced techniques, more auxiliary instruments and ICU
fees probably [40, 41]. After the popularization of robotic
surgery, cost of RBS may decrease partially in the future.
To the best of our knowledge, there may be the first meta-
analysis to compromise three surgical approaches in RBS
comparing weight loss including all the efficient outcomes
(e.g., EWL% and BMI loss). Besides, we found that lots of
studies comparing RBS and LBS did not report weight loss
induced by surgery normatively and detailedly resulting in
lack of enough data. So we suggested that studies should
pay more attention to weight loss in the future.

Operative time was showed longer in RBS including
RYGB and SG with high heterogeneity in our meta-anal-
ysis (I°=96.4%, P <0.001). RBS operations required an
additional 27.61 min to perform. Recent meta-analysis [6]
focusing on the RBS also showed longer operative time in
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RBS [SMD=0.61, 95% (CI 0.25-0.96), P <0.0001].Other
studies focused on robotic surgery for abdominal operation
revealed longer operative time [Francesco Paolo Prete [42],
MD =38.43; 95% CI (31.84-45.01):P <0.00001, I*=4%,
Hengrui Liang [43], SMD=0.30, 95% CI (0.04-0.64),
P=0.086]. The mild difference between RBS and LBS were
the operative time, while another study showed a shorter
learning curve in RBS [44].Among all the studies reporting
operative time, 2 studies indicated shorter operative time
in RBS, while 12 studies indicated longer operative time in
RBS. Besides, only five studies defined the operative time as
the interval from incision to wound closure without docking
time for the robotic surgery. Other studies did not define the
operative time precisely, which may result in the high hetero-
geneity. The time spending on the instruments installation
in robotic procedure may prolong operative time compared
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Overall (I-squared =0.0%, p = 0.891) <® 1.97 (0.93, 4.17) 100.00
1
i

NOTE: Weights are from random effects analysis -

I ' |

.00855 1
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Fig.7 A meta-analysis of pulmonary embolisms for RBS versus LBS

with LBS and most of hospitals included studies were teach-
ing hospitals so during the surgery resident doctors or jun-
iors need to learn professional knowledge from the surgeons.
What is more, the definition of operative time should be
clear and unified in the studies, otherwise the heterogeneity
may be not avoided and the evidence cannot be reliable.
Likely, length of hospital stay was assessed to evalu-
ate the efficacy of RBS in most studies and we reported
no significant difference in RBS. The recent meta-analyses
[6] showed similar outcomes in the length of hospital stay
between robotic surgery and laparoscopic surgery either for
bariatric surgery or robotic surgery of abdominal operation
[Kun Li [6], SMD = —0.02, 95% CI (0.17-0.12), P=0.77,
Francesco Paolo Prete [42], MD=0.61; 95% CI (2.23-1.02),
Hengrui Liang [43], SMD =-0.08, 95% CI (0.23-0.07),
P =0.292]. Length of hospital stay was not defined precisely
and consistently. Among all the studies reporting length of
hospital stay, 5 studies reported shorter length of hospital
stay in RBS, while 2 studies reported longer length of hos-
pital stay in RBS. Additionally, Buchs reported the overall
hospitalization time, while Moon and Mohr reported the pro-
long hospitalization time, which may lead to heterogeneity

LBS 117

in the comparison. Owing to the lack of normative data,
the heterogeneity was hard to be avoided and the evidence
may be low. Therefore, we hope more and more studies will
define length of hospital stay precisely in order to provide
reliable results. Recent studies comparing robotic surgery
and laparoscopic surgery almost conclude the same conclu-
sion for the robotic surgery, indicating no significant differ-
ence in RBS.

During pooling a comparison between RBS and LBS,
it is vital for surgeons to choose a preferred surgery to
reduce mortality for patients with obesity. However, there
is few meta-analysis comparing mortality between RBS
and LBS. Mortality within was defined as death occurred
in the operation or after operation, all the alive partici-
pants include in the studies all account for the whole mor-
tality within 90 days. In our meta-analysis, we presented
lower mortality in RBS. Actually, there were 9 deaths
among 5187 participants in RBS, while 156 cases who
were dead among 189,313 participants in LBS. According
to the studies which presented mortality, we ascribe the
mortality to these causes like circulatory and pulmonary
comorbidities. Another study [43] focusing on robotic
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Subtotal (l-squared = .%,p=".)
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Fig.8 A meta-analysis of estimated blood loss for RBS versus LBS

surgery for abdominal surgery indicated that robotic sur-
gery can reduce mortality to some extent [OR 0.53, 95%
CI (0.29-0.99), P=0.045]. As far as the mortality hap-
pened in the bariatric surgery, there may be caused by
its comorbidities and postoperative complications. On the
other hand, RBS may reduce postoperative complications
partly for RBS can make the wound exposed less during
operative and postoperative situations.

We found no significant difference in length of hospital
stay, reoperation within 30 days, overall complications, leak,
stricture, pulmonary embolisms and estimated blood loss. In
contrast to other meta-analysis on RBS, our meta-analysis
showed almost the similar trend in RBS for the common out-
comes. Hence, these outcomes may manifest that RBS was
not prior to LBS, while the hypothesis predicted that RBS
is beneficial for clinical practice. Moreover, some studies
discussed the rate of conversion to open surgery or laparo-
scopic surgery focusing on abdominal surgery but we found
that learning curve and the proficiency of surgery influenced
the rate in a large part.

Besides, there are four major types of surgeries for the
obesity patients, such as RYGB, SG, AGB and BPD-DS.
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Until now, the choice of the four types of surgeries for the
surgeons also needs scientific and prudent evidence. In
RYGB group, pooled data showed no significant difference
in EWL% and BMI loss, reoperation within 30 days, over-
all complications, leaks, pulmonary embolisms and intra-
operation blood loss. Longer operative time and lower mor-
tality within 90 days were presented in RBS. Furthermore,
a slight trend was revealed in RBS with shorter length of
hospital stay and higher stricture in RBS. In SG group, only
longer operative time was presented in RBS with a slight
trend of shorter length of hospital stay in RBS. Other out-
comes indicated no significant difference in RBS. In AGB
group, RBS revealed less overall complications [OR 0.06;
95% CI (0.00-0.90); P=0.042]. Due to lacking enough data,
only length of hospital stay and reoperation within 30 days
reported, while outcomes showed no significant difference.
In BPD-DS group, there were not articles comparing RBS
with LBS in BPD-DS, so we can not draw data analysis for
the forest plots. Recent studies [45-49] have reported that
robotic BPD-DS can be safe and efficient, especially for the
high-BMI patients with lower complications and shorter
length of hospital stay. Above all, this systematic review
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Fig.9 A meta-analysis of stricture for RBS versus LBS

recommended weak suggestions in RBS for the surgeons
with all the results.

The previous meta-analysis [6] compared the robotic bari-
atric surgery and laparoscopic bariatric surgery and revealed
that RBS and LBS have no difference between length of
hospital stay, overall complications, leak and stricture, while
RBS have longer operative time and cost. Meanwhile, our
meta-analysis showed slightly different results including
30 trials with longer operative time, higher cost and lower
mortality within 90 days. However, our meta-analysis was
not the same as the previous meta-analysis for this previous
study may have some problems with the data extraction.
Ayloo published the relevant articles in 2011 [12] and 2016
[50] which all discussed the RRYGB and LRYGB without
providing the exact patients characters. In other words, the
two articles included duplicated patients leading to a wrong
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method for data extraction. Besides, there were other articles
having the same mistakes such as Scozzari 2011 [24] and
Scozzari 2014 [51], Buchs 2014 [14] and Buchs 2015 [52].
In other words, duplicated data may provide low-quality
evidence. During data extraction, we had better follow the
principles of data extraction strictly and patiently to avoid
drawing unreliable data.

As a novel minimally invasive technique, RBS may not
give out strong priority according to statistical outcomes
with its strong merits in theory including 3-dimensional
vision, flexibility due to more operative arms and scientific
ergonomics [53]. One reason may be that included studies
did not report the outcomes focusing on the real advantages
in the long run such as the uncomfortable events caused by
standing all day in the operation room of surgeons and the
possibilities of telemedicine. Another may be that robotic
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Table 3 Results in RBS and LBS

Categorical outcomes Number of studies (size) Effect estimate 95%CI P P
Operative time 15 (141,009) WMD=27.61 16.27-38.96 ’=96.4% P<0.01
Length of hospital stay 21 (189,685) WMD = - 0.02 —0.19-0.15 *=83.2% P=0.819
Reoperation within 30 days 9 (140,303) OR=1.36 0.65-2.82 *=64.8% P=0411
Overall complications 16 (163,587) OR=0.88 0.68-1.15 ’=29.0% P=0.362
Leak 19 (142,592) OR=0.84 0.37-1.95 >=66.4% P=0.691
Stricture 11 (140,430) OR=1.05 0.52-2.12 ’=55.2% P=0.895
Pulmonary embolisms 4 (1858) OR=1.97 0.93-4.17 ’=0% P=0.075
Estimated blood loss 4 (960) WMD=-1.93 —4.61-0.75 ’=0% P=0.158

surgery was carried on just a few years ago so there were not
numerous researches available to compare RBS and LBS.
Therefore, there should be more high-quality trials to illus-
trate these diffusions (Table 3).

Last but not least, bariatric surgery is only one aspect of
the robotic surgery and it is not robust that RBS can be much
better than LBS. So we can not conclude that robotic surgery
is super. Moreover, there are four common types of surger-
ies treating patients with obesity as mentioned above, while
few evidence showed a prior approach in RBS comparing
LBS. According to the recent guidelines of management for
patients with obesity, there is not affirmative surgery until
now, EASO (European Association for the Study of Obe-
sity) [54] also reported that there was no difference on the
postoperative complications among the four types of surger-
ies. Besides, ASMBS (American Society for Metabolic &
Bariatric Surgery) [55] published a nutritional guideline for
patients with obesity aiming to talk about the surgeon weight
loss. All in all, the recent guidelines did not provide an accu-
rate and recommended surgery to lose weight in a safe and
efficient way. That is also a necessary reason to conduce
this meta-analysis. However, we hope we can provide some
authentic tips for evidence through this work.

There were some strengths in our study. With a compre-
hensive, systematic literature research, this meta-analysis
probably avoided publication bias to some extent. Also, all
the included studies were compliant to PRISMA criteria may
add more accurate and precise data to our study. What is
more, data extraction of our study followed the principle
very strictly compared with the previous meta-analysis so
we can provide more reliable evidence. Included studies
comprised participants from America, Europe and Latin
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America affording a worldwide suggestion for the patients
with obesity.

Unavoidably, this meta-analysis also has some limita-
tions as follows: 1, All the included studies are not rand-
omized control trials leading to a bias in the data extrac-
tion, although the cohort study, retrospective study and
prospective study also give useful evidence for clinic. 2, In
the process of statistical analysis, we did this meta-analysis
for the influence of combined all the four surgeries resulting
in some bias in the calculation. 3, The sample size of this
study may be not big enough to produce more scientific and
prudent evidence as designed before. Therefore, there may
need more and more high-quality trials to compare the RBS
and LBS in the long run.

Conclusion

Given all the results and discussions mentioned above, the
effect of RBS and LBS may be similar in length of hospi-
tal stay, reoperation within 30 days, overall complications,
leak, stricture, pulmonary embolisms and estimated blood
loss. Operative time should be defined precisely and cost-
effectiveness needs to be concerned in the future. More
detailed information of primary outcomes of BS should be
reported in the future trials. Virtually, RBS has been proved
similar as LBS treating the obesity without increasing risks
for operations and complications. As for the obesity, it is
better to choose an experienced doctor with rapport. More
high-quality perspective studies comparing RBS and LBS
should be conducted to confirm the results.
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