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Abstract
Background Sleeve gastrectomy (SG) is an effective treatment option for patients with obesity. Robotic sleeve gastrectomy 
(RSG) is reported to have worse short-term patient outcomes compared to laparoscopic SG (LSG), but prior studies may 
not have accounted for evolving technology, including stapler utilization.
Objective This study compared RSG and LSG outcomes over different time periods.
Setting Academic Hospital.
Material and Methods The 2015 to 2021 Metabolic and Bariatric Surgery Accreditation and Quality Improvement Project 
(MBSAQIP) databases were used. Matched cohort analyses compared adverse outcomes within 30 days for the 2015–2018 
and 2019–2021 cohorts. Bivariate and regression models compared cohorts using Stata/MP 17.0.
Results Seven hundred sixty-eight thousand and sixty-nine SG were analyzed. Over the 7-year study period, all patient outcomes, 
operation length (OL), and length of stay (LOS) trended downward for RSG, except surgical site infection (SSI). In the 2015–2018 
cohort, leak was significantly higher with RSG (OR 1.53), and OL and LOS longer (p < 0.001). In the 2019–2021 cohort which 
corelated with a significant increase in robotic cases, leak (OR 1.36), SSI (OR 1.46), and morbidity (OR 1.11) were higher with 
RSG. While the mean difference in OL and LOS decreased between the two time periods, they remain longer for RSG (p < 0.001).
Conclusion While RSG and LSG are safe with similar mortality, RSG continues to be associated with higher rates of mor-
bidity, leak, and SSI, as well as longer OL, hospital LOS, and higher cost. The study is limited by the ability to account for 
the impact of surgeon experience and stapler utilization on outcomes.

Graphical Abstract

Key Points
• RSG versus LSG was associated with longer operation duration.
• RSG versus LSG was associated with longer hospital stay.
• RSG and LSG had similar mortality rates.
• Leak rate improved over time but remained higher for RSG 

versus LSG.
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Introduction

Sleeve gastrectomy is the most common metabolic and 
bariatric surgery (MBS) procedure performed, represent-
ing over 60% of all MBS cases in the U.S. [1] It has been 
shown to be an effective treatment modality for patients with 
severe obesity, with low mortality 0.36% [2, 3] and morbid-
ity rates 6–9% [4–6], as well as achieving long-term total 
body weight loss of 21.7 ± 10.7% [7] and excess body weight 
loss of 55.5 ± 27.5% [7–9] with significant improvement in 
weight-related comorbid disease in all age groups [10–13].

While most sleeve gastrectomies are performed with conven-
tional laparoscopy [14], the robotic platform has been increasingly 
used [15, 16]. Overall, SG is associated with a 5–6% complication 
rate and a 3–4% reoperation rate [14, 17, 18]. Early comparative 
studies have shown no clear benefits of robotic sleeve gastrec-
tomy, when compared to laparoscopic sleeve gastrectomy [19, 
20]. Several studies have shown longer operative duration associ-
ated with robotic sleeve gastrectomy [21–23]. Studies have also 
shown higher rates of surgical site infections (SSI) [22, 24] and 
leak [22] associated with robotic sleeve gastrectomy.

In addition to robotic metabolic surgery volume growth, 
technology associated with the robotic platform also contin-
ues to evolve and may impact surgical outcomes for cases 
performed using this platform [25]. This includes robotic 
stapling technology advancement with introduction of the 
SureForm stapler, an Intuitive Surgical Inc. proprietary 
device, in mid-2018 [26, 27]. The extent to which robotic 
volume growth and evolving technology have impacted out-
comes of robotic sleeve gastrectomy is unclear. In this study, 

we aimed to compare outcomes of RSG and LSG performed 
during different time periods.

Material and Methods

Using the 2015–2021 Metabolic and Bariatric Surgery 
Accreditation and Quality Improvement Project (MBSAQIP) 
databases, we performed a matched retrospective cohort 
analysis. Due to the de-identified nature of the data con-
tained in the MBSAQIP registry, institutional review board 
(IRB) approval or patient consent was not required.

Inclusion, Exclusion, and Study Cohorts

We included patients receiving a primary sleeve gas-
trectomy (SG) (CPT 43,775) between 2015 and 2021, 
performed only by conventional laparoscopic or robotic 
assisted. We excluded patients identified as having a 
revision or conversion procedure, missing data, having a 
procedure other than a primary SG, or performed with a 
surgical approach other than conventional laparoscopic or 
robotic assisted (Fig. 1). Three study cohorts were evalu-
ated, including (1) an overall cohort taking into considera-
tion all included SG performed between 2015 and 2021, 
(2) a subset including all surgeries performed between 
2015 and 2018, and (3) all surgeries occurring between 
2019 and 2021. The rationale for comparing cases per-
formed in 2015–2018 and 2019–2021 is due to the intro-
duction of the SureForm stapler in mid-2018.

Fig. 1  Flow diagram of study selection
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Dependent Variables

The primary outcome for this study was death within 30 days of 
operation. Secondary outcomes include venous thromboembo-
lism (VTE), leak, surgical site infection (SSI), bleeding, mor-
bidity, operation length in minutes, and length of stay in days.

Independent Variables

The primary independent variable was robotic assisted versus 
conventional laparoscopic surgical approach. Patient-specific 
variables include age, race, body mass index (BMI) category 
(≤ 30, 31–40, 41–50, > 50 kg/m2), pre-operative albumin lab 
category (< 3, 3–3.5, > 3.5 g/dl), gender, American Society 
of Anesthesiologists (ASA) class, functional health status 
(independent, partially dependent, totally dependent), gas-
troesophageal reflux disease (GERD) requiring medication, 
hypertension requiring medication, history of myocardial 
infarction, hyperlipidemia, venous status, vein thrombosis 
requiring therapy, history of pulmonary embolism, history 
of IVC filter, diabetes, dialysis, current smoker within 1 year, 
chronic obstructive pulmonary disease (COPD), obstructive 
sleep apnea (OSA), and previous obesity or foregut surgery.

Statistical Analyses

Means and standard deviations or frequencies and percentages 
were used to describe variables. Pearson’s chi-squared tests were 
used to evaluate categorical variables, and the Kruskal–Wallis 
tests were used to assess continuous variables. In each cohort, 
a 1:1 caliper match was used to identify robotic-assisted and 
laparoscopic SG cases for comparison. The match allowed for a 
5-year difference in age between the groups, and all other inde-
pendent variables required an exact match. Model balance was 
determined by assessing differences between the matched groups 
for each variable. In each model, there were no identified dif-
ferences between the cohorts. Conditional fixed-effects logistic 
regression models were then used to assess differences in the cat-
egorical variables and linear regression for continuous variables 
outcomes using the matched groupings generated through the 
caliper match. In each case, adjusted odds ratios, 95% confidence 
intervals, and p-values are reported. Stata/MP 17.0 was used to 
conduct statistical analyses, and a p-value < 0.05 and a 95% con-
fidence interval excluding 1.0 were considered significant.

Results

Of 768,069 SG cases analyzed, 79.92% were female, 62.5% 
were non-Hispanic white (NHW), 21.2% non-Hispanic black 
(NHB), and 16.3% Hispanic patients. Eight-seven percent of 
cases were performed with conventional laparoscopic (LSG) 
and 13% with robotic assistance (RSG).

At baseline, there were significant differences in patient 
demographics and pre-operative comorbidities between 
the LSG and RSG cohorts (Table 1). Mean patients’ age 
was higher in LSG patients (p < 0.001). A higher propor-
tion of RSG was performed in NHB patients. LSG patients 
were more likely to have a history of myocardial infarction 
(MI) (1.11% vs. 1.03%), diabetes mellitus (DM), smoking 
within 1 year (8.18% vs. 7.55%), and prior obesity/foregut 
surgery (1.35% vs. 1.08%). All other pre-existing conditions 
were more prevalent in the RSG cohort, including gastroe-
sophageal reflux (GERD), hyperlipidemia (HLD), deep vein 
thrombosis (DVT), venous stasis, prior inferior vena cava 
(IVC) filter, dialysis dependent, obstructive sleep apnea 
(OSA), and chronic obstructive pulmonary disease (COPD) 
(Table 1). 1:1 caliper matching compared 74,077 LSG and 
74,077 RSG cases. After matching, all demographics and 
pre-existing comorbidities were similar between surgical 
approach cohorts.

In unmatched RSG and LSG outcomes, mean opera-
tion length (91 min vs. 68 min) and hospital length of stay 
(1.45 days vs. 1.42 days) were longer for RSG. Leak (0.33% 
vs. 0.26%), SSI (0.67% vs. 0.49%), and overall morbidity 
(3.67% vs. 3.46%) were also higher in the RSG cohort, 
while venous thromboembolism (VTE) (0.51% vs. 0.50%) 
and mortality (0.06%) were similar, and bleeding (0.17% vs. 
0.22%) lower in the RSG cohort. 1:1 caliper matching com-
pared 148,154 RSG and LSG cases. In matched analyzed 
cohorts, operation length (OL) (90.68 min vs. 66.26 min, 
p < 0.001) and hospital postoperative length of stay (LOS) 
(1.40 days vs. 1.35 days, p < 0.001) remained longer in the 
RSG cohort. While mortality, VTE, and bleeding were simi-
lar between RSG and LSG cohorts (Table 2), leak (0.32% 
vs. 0.23%, p 0.001), surgical site infection (SSI) (0.64% vs. 
0.478%, p < 0.001), and overall morbidity (3.3% vs 3.0%, p 
0.004) remain higher with RSG.

Year-to-year outcome trends in matched LSG and RSG 
cohorts are detailed in Figs. 2, 3, and 4. In matched year-by-
year cohort comparison, OL and LOS decreased over time 
for RSG, but remained longer compared to LSG (Fig. 2). 
Overall morbidity also decreased over time for RSG but 
remains higher compared to LSG (Fig. 3). In matched year-
to-year comparison, leak and bleeding also decreased with 
RSG, while SSI remains relatively unchanged and higher in 
RSG (Fig. 4).

To account for possible technological advancements with 
robotic stapling, matched cohort analyses were stratified by 
operation period, comparing cases performed 2015–2018 to 
those performed 2019–2021. While mean difference in OL 
between RSG and LSG decreases between the early (27.6 min) 
and late (22.5 min) study periods, RSG remained associated 
with a longer OL (p < 0.001). Mean difference in LOS also 
decreased between the early (0.08 days) and late (0.04 days) 
study periods but remains higher for RSG (p < 0.001).
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Table 1  Patient characteristics

LSG laparoscopic sleeve gastrectomy, RSG robotic sleeve gastrectomy, BMI body mass index, ASA American Society of Anesthesiologist, MI 
myocardial infarction, DVT deep venous thrombosis, PE pulmonary emboli, OSA obstructive sleeve apnea, IVC inferior vena cava, COPD 
chronic obstructive pulmonary disease

Unmatched Matched

LSG
(N = 669,723) (%)

RSG
(N = 98,346) (%)

p-value LSG
(N = 74,077) (%)

RSG
(N = 74,077) (%)

p-value

Mean age (years) 43.75 43.57  < 0.001 42.89 42.86 0.492

Race/ethnicity  < 0.001 0.999
Black Non-Hispanic 122,041 (20.76%) 21,107 (24.45%) 17,626 (23.79%) 17,626 (23.79%)
White Non-Hispanic 369,327 (62.84%) 51,938 (60.17%) 45,326 (61.19%) 45,326 (61.19%)
Hispanic 96,383 (16.40%) 13,268 (15.37%) 11,125 (15.02%) 11,125 (15.02%)
Total 587,751 100.00% 86,313 100.00% 74,077 100.00% 74,077 100.00%
BMI category (kg/m2)  < 0.001 0.999
 < 30 265 (0.04%) 42 (0.04%) 6 (0.01%) 6 (0.01%)
 ≥ 30– < 40 182,658 (27.27%) 25,947 (26.38%) 19,384 (26.17%) 19,384 (26.17%)
 ≥ 40– < 50 345,779 (51.63%) 50,615 (51.47%) 39,567 (53.41%) 39,567 (53.41%)
 ≥ 50 141,021 (21.06%) 21,742 (22.11%) 15,120 (20.41%) 15,120 (20.41%)
Albumin category (g/dl)  < 0.001 0.999
 < 3 125,980 (18.81%) 14,513 (14.76%) 10,250 (13.84%) 10,250 (13.84%)
 ≥ 3– ≤ 3.5 40,421 (6.04%) 6730 (6.84%) 3858 (5.21%) 3858 (5.21%)
 > 3.5 503,322 (75.15%) 77,103 (78.40%) 59,969 (80.95%) 59,969 (80.95%)
ASA class  < 0.001 0.999
1 2089 (0.31%) 327 (0.33%) 107 (0.14%) 107 (0.14%)
2 151,914 (22.79%) 20,060 (20.43%) 15,447 (20.85%) 15,447 (20.85%)
3 490,926 (73.65%) 73,976 (75.32%) 57,006 (76.96%) 57,006 (76.96%)
4 21,537 (3.23%) 3841 (3.91%) 1517 (2.05%) 1517 (2.05%)
5 60 (0.01%) 6 (0.01%) 0 (0.00%) 0 (0.00%)
Functional status  < 0.001 0.999
Independent 664,153 (99.22%) 97,435 (99.13%) 74,001 (99.90%) 74,001 (99.90%)
Partially dependent 3622 (0.54%) 554 (0.56%) 36 (0.05%) 36 (0.05%)
Totally dependent 1579 (0.24%) 304 (0.31%) 40 (0.05%) 40 (0.05%)
Gender  < 0.001 0.999
Female 534,593 (79.82%) 79,305 (80.64%) 61,739 (83.34%) 61,739 (83.34%
Male 135,130 (20.18%) 19,041 (19.36%) 12,338 (16.66%) 12,338 (16.66%)
Pre-op GERD 178,249 (26.62%) 27,098 (27.55%)  < 0.001 19,086 (25.77%) 19,086 (25.77%) 0.999
Pre-op Hypertensive 300,614 (44.89%) 44,793 (45.55%)  < 0.001 31,896 (43.06%) 31,896 (43.06%) 0.999
History of MI 7406 (1.11%) 1015 (1.03%)  < 0.001 165 (0.22%) 165 (0.22%) 0.999
Pre-op hyperlipidemia 143,180 (21.38%) 21,501 (21.86%)  < 0.001 13,627 (18.40%) 13,627 (18.40%) 0.999
Pre-op vein thrombosis requiring therapy 10,449 (1.56%) 1547 (1.57%)  < 0.001 201 (0.27%) 201 (0.27%) 0.999
Pre-op venous stasis 5671 (0.85%) 657 (0.67%)  < 0.001 84 (0.11%) 84 (0.11%) 0.999
History of PE 7826 (1.17%) 1213 (1.23%)  < 0.001 138 (0.19%) 138 (0.19%) 0.999
Pre-op therapeutic anticoagulation 18,023 (2.69%) 2803 (2.85%)  < 0.001 541 (0.73%) 541 (0.73%) 0.999
Pre-op IVC filter 3007 (0.45%) 467 (0.47%)  < 0.001 35 (0.05%) 35 (0.05%) 0.999
Pre-op requiring or on dialysis 2296 (0.34%) 450 (0.46%)  < 0.001 12 (0.02%) 12 (0.02%) 0.999
Pre-op renal insufficiency 4032 (0.60%) 624 (0.63%)  < 0.001 32 (0.04%) 32 (0.04%) 0.999
Pre-op diabetes mellitus  < 0.001 0.999
Insulin 31,381 (4.69%) 3356 (3.41%) 1588 (2.14%) 1588 (2.14%)
No 521,522 (77.87%) 76,274 (77.56%) 60,479 (81.64%) 60,479 (81.64%)
Non-insulin 79,683 (11.90%) 8582 (8.73%) 5611 (7.57%) 5611 (7.57%)
Yes, insulin 9277 (1.39%) 2533 (2.58%) 1285 (1.73%) 1285 (1.73%)
Yes, non-insulin 27,860 (4.16%) 7601 (7.73%) 5114 (6.90%) 5114 (6.90%)
Current smoker within 1 year 54,790 (8.18%) 7428 (7.55%)  < 0.001 4403 (5.94%) 4403 (5.94%) 0.999
Pre-op history of COPD 9189 (1.37%) 1440 (1.46%)  < 0.001 231 (0.31%) 231 (0.31%) 0.999
Pre-op obstructive sleep apnea 239,669 (35.79%) 35,535 (36.13%)  < 0.001 25,261 (34.10%) 25,261 (34.10%) 0.999
Previous obesity surgery/foregut surgery 9031 (1.35%) 1,060 (1.08%)  < 0.001 291 (0.39%) 291 (0.39%) 0.999



2600 Obesity Surgery (2024) 34:2596–2606

For both study periods, mortality, VTE, and bleeding 
were similar between LSG and RSG cohorts (Table 3). 
While the likelihood of bleeding was lower with RSG (OR 
0.91; OR 0.76) for both study periods, the difference was not 
significant. In the earlier study period (2015–2018), RSG 
was associated with an increased likelihood of leak (OR 
1.53, CI 1.17–2, p 0.002), but to a lesser extent in the later 
study period (OR 1.36, CI 1.01–1.82, p 0.04). Compared 
to the early study period (OR 1.22, CI 0.97–1.54, p 0.089), 
RSG seems to be increasingly associated with SSI (OR 1.46, 
CI 1.23–1.74, p < 0.001) in the later study period. RSG 
was also associated with an increased likelihood of overall 
morbidity in the late study period (OR 1.11, CI 1.03–1.2, 
p 0.007), compared to the early study period (OR 1.1, CI 
1–1.2, p 0.051).

Discussion

Studies comparing RSG and LSG have shown similar mor-
tality, but overall morbidity, some complications, OL, and 
LOS have remained higher in RSG, when compared to LSG 
[23]. The impact of robotic technological advancement, 
including introduction of the SureForm stapler, remains 
unknown. In these matched analyses of 7-year aggregate 
data comparing RSG and LSG, we found no significant mor-
tality, VTE, or bleeding differences, but higher rates of leak, 
SSI, and overall morbidity, and longer OL and LOS asso-
ciated with RSG. We also noted a year-to-year improving 
trend in OL, LOS, morbidity, bleeding, and leak associated 
with use of the robotic platform for SG. Given robotic sta-
pling technology advancements, we presume that the early 
study period (2015–2018) reflects a hybrid period during 
which a variety of stapling techniques were used, and the 
later study period (2019–2021) may reflect a more consistent 
period with utilization of the SureForm stapler, an Intui-
tive Surgical Inc. proprietary device. In our matched analy-
sis comparing the 2015 to 2018 and 2019 to 2021 cohorts, 
mortality, VTE, and bleeding risk remained similar between 
study periods, the likelihood of leak decreased, while the 
likelihood of SSI and morbidity increased in the 2019–2021 
RSG study cohort. While mean difference in OL and LOS 
decreased in the 2019–2021 matched cohort compared to the 
2015–2018 matched cohort, both remain longer for RSG.

Staple line leak after SG is a significant postoperative 
complication associated with increased morbidity and mor-
tality [28–30]. In our study, while the likelihood of leak 
decreased between the two study periods, leak remains sig-
nificantly higher in the RSG cohorts, which is consistent 
with previously published studies. Alizadeh et al. showed 
threefold increase while Moon et  al. showed a twofold 
higher leak rate in RSG compared to LSG [22, 31]. The 
incidence of leaks after SG has been reported to be 0.4 to 

2.4% [32–34]. Risk factors for leak after SG is multifactorial 
[28, 35] and may include patient-related variables such as 
male gender, higher BMI, and sleep apnea [36], surgeon’s 
experience [36], bougie size [36, 37], or staple utilization.

While leak rate is reported to be lower with use of staple 
line reinforcement and oversewing [36], there remains little 
understanding about the impact of actual staplers used in 
performing SG.

The etiology of higher leak rates in SG cases remains 
unclear. Given the reported technological advancement with 
robotic stapling, the expectation would be equivalent staple 
line–related complications such as bleeding and leak. How-
ever, while bleeding associated with RSG and LSG is equiv-
alent, leak remains higher with RSG. Like laparoscopic SG, 
patient factors, surgeon experience, and stapler utilization 
may be contributing factors. Prior to availability of the Sure-
Form stapler, an Intuitive Surgical Inc. proprietary device, 
RSG cases were likely performed with a variety of stapling 
technology, including mechanical laparoscopic staplers, and 
powered laparoscopic staplers requiring a bedside assistant 
or use of earlier generations of the robotic stapler. This vari-
ability in practice may have contributed to the higher RSG 
leak rate seen in our 2015–2019 study cohort (OR 1.53). 
There may also be other contributing factors, as studies have 
made associations between first assistant type and adverse 
outcomes in MBS [38–40]. The reasons for reduced risk of 
leak in RSG performed between 2019 and 2021 (OR 1.36) 
compared to 2015 and 2019 (OR 1.53) are unclear. It is pos-
sible that this may reflect stapler technology evolution and 
changes in utilization, including a more consistent use of 
the SureForm stapler, an Intuitive Surgical Inc. proprietary 
device. However, given the lack of stapler data points in the 
MBSAQIP databases, this would be an assumption not sup-
ported by data analyzed for the current study.

While leaks associated with RSG show an improving 
trend, it remains higher compared to LSG. There are sev-
eral potential reasons for this ongoing differential outcome 
in leak rate between the two surgical platforms. First, RSG 
performed between 2015 and 2018 ranged from 6 to 10% 
[41] compared to 22.8% RSG performed in 2021. This sig-
nificant growth in RSG may translate into new robotic sur-
geons who are on varying trajectory of their robotic learn-
ing curve, resulting in variability in surgeon experience that 
may impact outcomes. As the MBSAQIP databases provide 
no data on surgeon experience, our study cannot confirm 
a direct correlation between surgeon experience and RSG 
outcomes.

Prior studies have shown a clear correlation between sur-
geon learning curve and bariatric surgery outcomes. Surgeon’s 
learning curve seems to play an important role in bariatric 
surgery outcomes, with higher number of cases done by a 
surgeon associated with less operative time, complications, 
and overall mortality rates [42, 43]. Studies have also reported 
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Table 2  Year-to-year matched results for laparoscopic versus robotic sleeve gastrectomy

Approach 2015 2016 2017 2018 2019 2020 2021 Total
Laparo-

scopic, N
4222 5355 7007 9051 12,122 13,754 22,566 74,077

Robotic 
assisted, N

4222 5355 7007 9051 12,122 13,754 22,566 74,077

Total, N 8444 10,710 14,014 18,102 24,244 27,508 45,132 148,154
Death 2015 2016 2017 2018 2019 2020 2021 Total p = 0.789
Laparo-

scopic, N 
(%)

3 (0.071%) 1 (0.019%) 2 (0.029%) 7 (0.077%) 4 (0.033%) 2 (0.015%) 8 (0.035%) 27 (0.036%)

Robotic 
assisted, N 
(%)

0 (0.000%) 4 (0.075%) 3 (0.043%) 6 (0.066%) 4 (0.033%) 2 (0.015%) 10 (0.044%) 29 (0.039%)

Total, N (%) 3 (0.036%) 5 (0.047%) 5 (0.036%) 13 (0.072%) 8 (0.033%) 4 (0.015%) 18 (0.040%) 56 (0.038%)
VTE 2015 2016 2017 2018 2019 2020 2021 Total p = 0.615
Laparo-

scopic, N 
(%)

28 (0.663%) 23 (0.430%) 27 (0.385%) 52 (0.575%) 71 (0.586%) 61 (0.444%) 79 (0.350%) 341 
(0.460%)

Robotic 
assisted, N 
(%)

21 (0.497%) 24 (0.448%) 25 (0.357%) 50 (0.552%) 57 (0.470%) 56 (0.407%) 95 (0.421%) 328 
(0.443%)

Total, N (%) 49 (0.580%) 47 (0.439%) 52 (0.371%) 102 
(0.563%)

128 
(0.528%)

117 
(0.425%)

174 (0.386%) 669 
(0.452%)

Leak 2015 2016 2017 2018 2019 2020 2021 Total p = 0.001
Laparo-

scopic, N 
(%)

19 (0.450%) 18 (0.336%) 23 (0.328%) 25 (0.276%) 27 (0.223%) 23 (0.167%) 37 (0.164%) 172 
(0.232%)

Robotic 
assisted, N 
(%)

63 (1.492%) 18 (0.336%) 25 (0.357%) 29 (0.320%) 30 (0.247%) 25 (0.182%) 48 (0.213%) 238 
(0.321%)

Total, N (%) 82 (0.971%) 36 (0.336%) 48 (0.343%) 54 (0.298%) 57 (0.235%) 48 (0.174%) 85 (0.188%) 410 
(0.277%)

SSI 2015 2016 2017 2018 2019 2020 2021 Total p < 0.001
Laparo-

scopic, N 
(%)

20 (0.474%) 23 (0.430%) 32 (0.457%) 39 (0.431%) 62 (0.511%) 60 (0.436%) 118 (0.523%) 354 
(0.478%)

Robotic 
assisted, N 
(%)

29 (0.687%) 32 (0.598%) 46 (0.656%) 53 (0.586%) 75 (0.619%) 77 (0.560%) 162 (0.718%) 474 
(0.640%)

Total, N (%) 49 (0.580%) 55 (0.514%) 78 (0.557%) 92 (0.508%) 137 
(0.565%)

137 
(0.498%)

280 (0.620%) 828 
(0.559%)

Bleeding 2015 2016 2017 2018 2019 2020 2021 Total p < 0.591
Laparo-

scopic, N 
(%)

11 (0.261%) 15 (0.280%) 19 (0.271%) 22 (0.243%) 40 (0.330%) 6 (0.044%) 2 (0.009%) 115 
(0.155%)

Robotic 
assisted, N 
(%)

8 (0.189%) 10 (0.187%) 15 (0.214%) 35 (0.387%) 36 (0.297%) 1 (0.007%) 2 (0.009%) 107 
(0.144%)

Total, N (%) 19 (0.225%) 25 (0.233%) 34 (0.243%) 57 (0.315%) 76 (0.313%) 7 (0.025%) 4 (0.009%) 222 
(0.150%)

Morbidity 
overall

2015 2016 2017 2018 2019 2020 2021 Total p = 0.004

Laparo-
scopic, N 
(%)

155 
(3.671%)

180 
(3.361%)

227 
(3.240%)

314 
(3.469%)

370 
(3.052%)

376 
(2.734%)

625 (2.770%) 2,247 
(3.033%)
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a case volume of sixty LSG cases to achieve surgeon’s profi-
ciency and acceptable postoperative complication rates [44, 
45]. Similar to LSG, RSG also has a required learning curve 
of about twenty cases to achieve proficiency and safe patient 
outcomes [46]. While surgeon’s RSG learning curve may con-
tribute to the ongoing higher adverse outcomes compared to 
LSG, the MBSAQIP databases do not provide granular data 
on provider case volume or learning curve. Therefore, while 
we assume a possible relationship between surgeon experi-
ence and RSG outcomes, no one could not confirm any defini-
tive association in our study.

In addition to the increased use of the robotic platform 
for sleeve gastrectomy (SG), there is also continued evolu-
tion in stapler technology that may impact outcomes of SG. 
While the SureForm stapler, an Intuitive Surgical proprietary 
device, may now be more consistently used, the MBSA-
QIP databases used for this study, as well as others, lack 

Table 2  (continued)

Robotic 
assisted, N 
(%)

196 
(4.642%)

172 
(3.212%)

253 
(3.611%)

344 
(3.801%)

425 
(3.506%)

385 
(2.799%)

666 (2.951%) 2,441 
(3.295%)

Total, N (%) 351 
(4.157%)

352 
(3.287%)

480 
(3.425%)

658 
(3.635%)

795 
(3.279%)

761 
(2.766%)

1,291(2.860%) 4,688 
(3.164%)

Operation 
length

2015 2016 2017 2018 2019 2020 2021 Total p < 0.001

Laparo-
scopic

72.36 69.94 68.50 67.52 66.21 65.83 63.33 66.26

Robotic 
assisted

100.39 97.09 95.45 95.57 90.01 88.70 85.42 90.68

Length of 
stay

2015 2016 2017 2018 2019 2020 2021 Total p < 0.001

Laparo-
scopic

1.68 1.53 1.46 1.43 1.39 1.27 1.19 1.35

Robotic 
assisted

1.81 1.67 1.55 1.46 1.39 1.29 1.26 1.40

VTE venous thromboembolism, SSI surgical site infection, LOS postoperative length of stay

Fig. 2  Operation length and length of stay trends. OL operation 
length, LOS length of hospital stay

Fig. 3  Mortality and morbidity trends

Fig. 4  Complications trend. VTE venous thromboembolism, SSI sur-
gical site infection
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granularity about the type of staplers used, as well as the use 
of staple line reinforcement. Therefore, based on analysis 
of the MBSAQIP databases, no conclusion could be drawn 
about the potential impact of stapler technology evolution 
and utilization on SG outcomes. Prior studies have suggested 
that staple line reinforcement (SLR) use may be associated 
with lower rates of leak, hemorrhage, and overall complica-
tions [47, 48]. The type of reinforcement used may also affect 
leak rate, as studies found that the use of absorbable poly-
mer membrane staple line reinforcement (APM) is associated 
with lower leaks compared to oversewing, bovine pericardial 
strips (BPS), and no reinforcement [49, 50] Given the limita-
tions of the current data, further studies with more granular 
data is needed to further evaluate leak outcomes associated 
with RSG, compared to LSG, and any association with sta-
pling technology or surgeon experience.

Several studies have also reported higher rates of SSI asso-
ciated with RSG compared to LSG [22, 51, 52] Compared to 
our early study period, RSG performed between 2019 and 
2021 was associated with a higher likelihood of SSI. The 
etiology for this remains unclear. Given the declining trend 
in RSG-related leaks, the steady higher rate of SSI in RSG 
versus LSG is unlikely to be related to leaks. Studies have 
suggested that there might be a learning curve effect that cor-
relates with increased SSI outcomes. The increased growth in 
RSG may be associated with increased variations in practice 
that may increase SSI risk. Early learning curve surgeons may 
also correlate with longer procedure and increased SSI risk. 
Staple line management may also be a contributing factor. In a 
recent study by Bennett et al., use of staple line reinforcement 
was associated with reduced organ space SSI (RR, 0.68, CI 
0.49–0.94), while oversewing increased SSI risk (RR, 1.70, CI 
1.19–2.42) [26]. Conversely, a study conducted by Sebastian 
et al. did not yield statistically significant disparities in the rate 
of SSI between patients who underwent RSG and those who 
underwent LSG (p = 0.25) [53].

Differences in patient characteristics may also contrib-
ute to differences in SSI rates reported in RSG compared to 
LSG. In our study, we believe this to be less of a contributor 
as we compared matched cohorts. We do acknowledge that 
despite matching, SSI risk variables may have still been unac-
counted for and impacted our findings. The databases used 
for our study also lack additional data granularity that were 
unaccounted for and may have contributed to the differential 
outcomes reported and may include but not limited to wound 
class and antibiotic utilization.

The higher morbidity rate in RSG cases noted in our study 
is also consistent with the published literature [22, 54]. The 
increased morbidity may be associated with the persistent 
higher rate of SSI, and the declining but higher rate of leaks 
with RSG. Both SSI and leaks are also associated with other 
adverse outcomes, including readmission, reintervention, and 
reoperation that may also correlate with morbidity [55]. The 
correlation between SSI and other adverse outcomes and cost 
is well established [56–59]. Dang et al. showed that a 50% 
decrease in leak rates lead to a 1% decrease in readmission 
rates [57]. Daigle et al. showed that SSI increased reoperation 
(RR = 5.2, CI: 4.1–6.6) and readmission (RR = 3.7, CI: 3.2–4.3) 
risk, and postoperative leak also has a significant impact on 
reoperation (RR = 40.3, CI: 35.7–45.5) and readmission [58] 
(RR = 14.5, CI: 13.1–16) risk, as well as costs of care [59].

While our study shows the mean difference in OL time 
between RSG and LSG decreased between the early and 
late study periods, OL for RSG remains longer, which is 
consistent with prior studies [19, 21, 60, 61]. This may 
have implications for increased cost [51, 62, 63], and other 
adverse patient outcomes such as venous thromboembo-
lism (VTE) [64]. There remains a need for more robust 
analysis to determine differential cost of care associated 
with RSG compared to LSG. The currently ongoing ROB-
OCOSTES trial may provide future insight [65]. While pro-
long MBS has been associated with increased VTE risk, 

Table 3  Matched outcomes 
stratified by operation period

CI 95% confidence interval, OR odds ratio, LCL lower confidence limit, UCL upper confidence limit, VTE 
venous thromboembolism, SSI surgical site infection

2015–2018
95% CI

2019–2021
95% CI

OR LCL UCL p-value OR LCL UCL p-value

Death 0.65 0.32 1.03 0.227 1.25 0.59 2.67 0.565
VTE 0.97 0.75 1.24 0.798 0.97 0.8 1.18 0.769
Leak 1.53 1.17 2 0.002 1.36 1.01 1.82 0.044
SSI 1.22 0.97 1.54 0.089 1.46 1.23 1.74  < 0.001
Bleeding 0.91 0.65 1.26 0.558 0.76 0.51 1.14 0.188
Morbidity overall 1.1 1 1.2 0.051 1.11 1.03 1.2 0.007

Estimate LCL UCL p-value Estimate LCL UCL p-value
Operation length (minutes) 27.61 26.94 28.28  < 0.001 22.55 22.1 23  < 0.001
Length of stay (days) 0.08 0.06 0.1  < 0.001 0.04 0.03 0.05  < 0.001
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the differences noted between RSG and LSG OL did not 
correlate with increase VTE risk in our study, which in 
consistent with studies by Vosburg et al. [66] and Sebastian 
et al. [53].

Regarding LOS, the available literature presents conflict-
ing results regarding the postoperative LOS associated with 
RSG versus LSG [14, 19, 21, 67, 68]. While the mean dif-
ference in LOS reduced between the two time periods in 
our study, LOS remains longer for RSG. Given the marginal 
difference in LOS, the clinical and cost of care significance 
remains unclear. Nonetheless, it is consistent with other 
studies showing longer LOS associated with RSG [14, 19, 
24, 69]. Not all comparative studies have shown this result, 
as a study by Alizadeh et al. [22] demonstrated no significant 
difference in LOS between RSG and LSG.

This study shows that RSG and LSG are both safe with 
no mortality difference. However, the higher morbidity, leak, 
and SSI associated with RSG suggest that it may not be as 
safe as LSG. From this database analysis, it remains unclear 
what impact the recent significant growth in utilization of 
the robotic platform for sleeve gastrectomy has on current 
outcomes and requires analysis of more granular databases to 
determine. In addition to the higher morbidity, leak, and SSI 
rates, the higher cost associated with RSG must also be con-
sidered in the decision to utilize the platform for SG cases.

Our study has several limitations to highlight. Firstly, our 
analysis is limited to short-term outcomes and studies focusing 
on long-term outcomes are also needed. The lack of granular 
data in the MBSAQIP registry about surgeon experience and 
stapler utilized represents a notable limitation to this study as 
well as other studies, as there are potential confounders that 
may not have been accounted for. Previous research has estab-
lished that surgeon experience and case volume can have a sig-
nificant effect on bariatric surgery outcomes, and the absence 
of this information in the current dataset prevents an accurate 
assessment of their impact on the outcomes under investiga-
tion. Additionally, as a retrospective analysis of clinical data, 
this study is susceptible to biases that are associated with such 
analyses. The timeliness and completeness of data entry by 
bariatric Clinical Nurse Reviewers can impact data quality and 
introduce limitations to any analysis utilizing this database. 
Despite these limitations, this study provides valuable insights 
into the outcomes associated with RSG compared to LSG and 
highlights the need for increased granular data to ensure appro-
priate comparative analysis of these surgical platforms.

Conclusion

Robotic and laparoscopic sleeve gastrectomy are safe 
with similar mortality. However, in this analysis of the 
MBSAQIP databases over two time periods, RSG is asso-
ciated with higher rates of morbidity, leak, and surgical 

site infection, as well as higher cost associated with longer 
operative duration and hospital length of stay, compared to 
LSG. It remains unclear how the increased utilization of 
the robotic platform for sleeve gastrectomy has contributed 
to these findings, including how current robotic metabolic 
surgery growth may have impacted surgeon’s experience 
and learning curve, and possible outcomes observed in this 
study.

Data Availability Data is from national ACS-MBSAQIP data registry 
and will not be available.
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