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Abstract
Introduction  Revisional bariatric surgery is being increasingly performed and is associated with higher operative risks. 
Optimal techniques to minimize complications remain controversial. Here, we report a retrospective review of the Metabolic 
and Bariatric Surgery Accreditation and Quality Improvement Program (MBSAQIP) Participant User Files (PUF) database, 
comparing outcomes between revision RBS and LBS.
Methods  The 2015 and 2016 MBSAQIP PUF database was retrospectively reviewed. Revision cases were identified using 
the Revision/Conversion Flag. Selected cases were further stratified by surgical approach. Subgroup analysis of sleeve 
gastrectomy and gastric bypass cases was performed. Case–controlled matching (1:1) was performed of the RBS and LBS 
cohorts, including gastric bypass and sleeve gastrectomy cohorts separately. Cases and controls were match by demograph-
ics, ASA classification, and preoperative comorbidities.
Results  26,404 revision cases were identified (93.3% LBS, 6.7% RBS). 85.6% were female and 67% white. Mean age and 
BMI were 48 years and 40.9 kg/m2. 1144 matched RBS and LBS cases were identified. RBS was associated with longer 
operative duration (p < 0.0001), LOS (p = 0.0002) and a higher rate of ICU admissions (1.3% vs 0.5%, p = 0.05). Aggregate 
bleeding and leak rates were higher in the RBS cohort. In both gastric bypass and sleeve gastrectomy cohorts, the robotic-
assisted surgery remain associated with longer operative duration (p < 0.0001). In gastric bypass, rates of aggregate leak and 
bleeding were higher with robotic surgery, while transfusion was higher with laparoscopy. For sleeve gastrectomy cases, 
reoperation, readmission, intervention, sepsis, organ space SSI, and transfusion were higher with robotic surgery.
Conclusion  In this matched cohort analysis of revision bariatric surgery, both approaches were overall safe. RBS was associ-
ated with longer operative duration and higher rates of some complications. Complications were higher in the robotic sleeve 
cohort. Robotic is likely less cost-effective with no clear patient safety benefit, particularly for sleeve gastrectomy cases.

Keywords  Revisional metabolic and bariatric surgery · Sleeve gastrectomy · Roux-en-y gastric bypass · Robotic-assisted · 
Conventional laparoscopic

Metabolic and bariatric surgery remains the most effec-
tive treatment for severe obesity [1–7]. As the prevalence 

of obesity has grown increasingly pervasive in our society, 
more patients are turning to surgical treatment modalities 
for weight loss, and for improvement in comorbid conditions 
and quality of life [2, 3, 6–8]. Despite the reported effective-
ness of bariatric surgery [2, 6–8], weight recidivism remains 
a significant challenge for bariatric patients and surgeons. 
An estimated 10–20% of patients will regain significant 
weight long-term post-bariatric surgery or fail to achieve a 
significant amount of weight loss [2, 7, 9, 10]. This has sig-
nificant health and economic implications, as weight regain 
results in relapse of obesity-related comorbid conditions, 
such as diabetes [2, 8, 10], disability, a reduction in quality 
of life, and loss of productivity due to lost work days [7, 11], 
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all of which contribute to increased healthcare-related costs. 
This high rate of weight recidivism following bariatric sur-
gery is also consistent with the reported twofold increase in 
revisional bariatric procedures in recent literature [12, 13].

The optimal treatment modality for weight recidivism 
post-bariatric surgery remains controversial. Most prac-
titioners agree that early recognition and intervention for 
weight recidivism post-bariatric surgery is important in 
containing obesity-related healthcare costs in this cohort of 
patients [3, 4, 14]; however, standardized practice guidelines 
for managing these patients are lacking. The spectrum of 
treatment recommendation includes behavior modification 
[7, 10], medication [10], endoscopic bariatric therapy [15], 
and revisional bariatric surgery [1–7, 9, 12, 16–20], with 
varying results. Revisional bariatric surgery is often recom-
mended for those with inadequate weight loss or significant 
weight regain, as well as persistence comorbid conditions 
following primary bariatric surgery [1, 4, 9]. Other reasons 
for revisional or conversional bariatric surgery vary and are 
related to physiologic and anatomic complications associ-
ated with the index surgical procedure [1, 2, 6, 7].

Outcomes following revision or conversion bariatric sur-
gery are not similar to outcomes following primary bari-
atric surgery [3, 4, 18, 19]. While some small cohorts and 
meta-analyses have reported no difference in complication 
rates between primary and revisional bariatric cases [6, 7, 
18, 19], others have reported that weight loss is less and 
complication rates are higher in revisional bariatric surgery 
[14, 17, 20]. The optimal surgical approach also remains a 
point of controversy. As technical approaches to surgical 
weight loss continue to evolve, the robotic platform con-
tinues to be increasing used; however, the role, safety, and 
cost-effectiveness of this platform remain unclear for both 
primary and revisional bariatric surgery. There are limited 
published studies on revisional or conversional robotic 
bariatric surgery [5, 16, 17]. Most are small retrospective 
cohorts, limiting our understanding of outcomes following 
robotic revisional bariatric surgery. We present the largest 
retrospective cohort analysis of revisional bariatric surgery 
comparing conventional laparoscopic and the robotic-
assisted techniques.

Materials and methods

Data source

We performed a retrospective analysis of the 2015 and 2016 
Metabolic and Bariatric Surgery Accreditation and Qual-
ity Improvement Program Participant Use File (MBSAQIP 
PUF) database for this study. We compared outcomes in 
revision or conversion metabolic and bariatric surgery per-
formed with conventional laparoscopic or robotic-assisted 

techniques. The MBSAQIP accredits bariatric surgical facili-
ties in the United States, who are then required to report bar-
iatric surgical outcomes to the MBSAQIP PUF. The MBSA-
QIP PUF serves as a file registry that contains prospective, 
risk-adjusted data based on preoperative, intraoperative, and 
post-operative variables specific to bariatric surgery. Data is 
collected by trained Metabolic and Bariatric Surgery (MBS) 
Clinical Reviewers at each bariatric center and audited simi-
lar by the National Surgical Quality Improvement Program 
(NSQIP). De-identified data is reported on patient character-
istics, operative details, and intraoperative and perioperative 
outcomes. As our study utilized deidentified data from a 
national clinical database, neither institutional review board 
(IRB) approval nor consent was required.

There are 355,675 bariatric cases in the combined 2015 
and 2016 MBSAQIP PUF. We first excluded cases without 
the revision/conversion flag in the database. This excluded 
all primary MBS procedures. We then excluded cases by 
surgical approach, including only revision cases performed 
by either conventional laparoscopic or robotic-assisted tech-
niques. From this cohort, we identified patients who had a 
revision/conversion bariatric operation using Current Pro-
cedure Terminology (CPT) codes for laparoscopic gastric 
proximal gastric bypass (43,644), laparoscopic distal gastric 
bypass (43,645), laparoscopic sleeve gastrectomy (43,775), 
laparoscopic gastric band (43,770), and laparoscopic duode-
nal switch (43,659). Our case selection algorithm resulted in 
exclusion of primary bariatric cases, all cases not performed 
by conventional laparoscopic or robotic-assisted techniques, 
revision cases that were not a revision/conversion to another 
bariatric procedure, as well as cases in our final study cohort 
with missing data points.

Case–control matching

In order to control for possible confounding variables, we 
performed 1:1 case–control matching of the entire cohort. 
Cases and controls were matched by patient demograph-
ics (age, gender, race/ethnicity, and body mass index (BMI) 
closest to surgery), ASA classification and preoperative 
comorbid conditions (history of myocardial infarction (MI), 
hypertension requiring medication, hyperlipidemia, renal 
insufficiency, need for dialysis, venous thrombosis requir-
ing therapy, history of pulmonary embolism (PE), ambu-
lation status, functional dependence, diabetes mellitus, 
steroid and immunosuppressant use, smoking status within 
1 year of surgery, obstructive sleep apnea (OSA), chronic 
obstructive pulmonary disease (COPD), and oxygen depend-
ence) (Table 1). Procedure-specific subgroup analyses were 
also performed, comparing case–control matched robotic-
assisted versus conventional laparoscopic sleeve gastrectomy 
(SG) cases and robotic-assisted versus conventional laparo-
scopic roux-en-y gastric bypass (RnYGB) cases.
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Outcome measures

Thirty primary outcomes variables were assessed, includ-
ing operative time, hospital length of stay, conversion rate, 
discharge status, 30-day ICU admission, reoperation, read-
mission, intervention, or mortality, death likely related to 
bariatric surgery, drain present at 30-days, renal failure, pro-
gressive renal insufficiency, cardiopulmonary resuscitation 
(CPR), coma > 24 h, stroke, myocardial infarction, venous 
thrombosis requiring therapy, pulmonary emboli, transfu-
sion, pneumonia, on ventilator > 48 h, unplanned intubation, 
peripheral nerve injury, urinary tract infection (UTI), sep-
sis, septic shock, superficial soft tissue infection (SSI), deep 
SSI, and organ space SSI. Seven aggregate complications 

were also assessed, including aggregate leak—as previously 
described by Berger et al. [21], bleeding, renal failure, car-
diovascular and pulmonary complications, venous throm-
boembolic events and surgical site infection. Aggregate 
methodology is reported in Table 2. Primary and aggregate 
outcomes were analyzed for the entire unmatched cohort and 
case–control matched cohorts.

Statistical analysis

Pearson’s Chi squared test for categorical variables (i.e., gen-
der, race, ASA class, and preoperative comorbidities) and an 
independent two sample t test and Mann–Whitney test for 
normally and non-normally distributed continuous variables 

Table 1   Matching covariates

SD standard deviation, lbs pounds, BMI body mass index, kg kilogram, ASA American Society of Anesthe-
siologist
*Two patients excluded from calculations due to lack of recorded height or weight

Surgical approach

Conventional laparo-
scopic (n = 1144)

Robotic-assisted 
(n = 1144)

p value

Continuous variables, mean ± SD
 Age (years) 47 ± 10.6 46.9 ± 10.7 1.0
 Pre-operative weight closest to surgery (lbs) 250.2 ± 60.3* 252.7 ± 60.9* 1.0
 Pre-operative BMI closest to surgery (kg/m2) 41.3 ± 8.6* 41.6 ± 8.7* 1.0

Categorical variables, no. (%)
 ASA class
  1 2 (0.2) 2 (0.2) 1.0
  2 347 (30.3) 347 (30.3)
  3 790 (69.1) 790 (69.1)
  4 5 (0.4) 5 (0.4)
  5 0 0

 Gender
  Male 104 (9.1) 104 (9.09) 1.0
  Female 1040 (90.9) 1040 (90.91)

 Race
  White 817 (71.4) 817 (71.42) 1.0
  Black or African American 197 (17.2) 197 (17.22)
  Hispanic 97 (8.5) 97 (8.48)

Pre-operative comorbidities, no. (%)
 History of myocardial infarction 1 (0.1) 1 (0.1) 1.0
 Hypertension requiring medication 427 (37.3) 427 (37.3) 1.0
 Hyperlipidemia 152 (13.3) 152 (13.3) 1.0
 Vein thrombosis requiring therapy 3 (0.3) 3 (0.3) 1.0
 Limited ambulation status 3 (0.3) 3 (0.3) 1.0
 Total dependence 2 (0.2) 2 (0.2) 1.0
 Diabetes mellitus 107 (9.4) 107 (9.4) 1.0
 Current smoking within 1-year 51 (4.5) 51 (4.5) 1.0
 Steroid/immunosuppressant use 7 (0.6) 7 (0.6) 1.0
 Obstructive sleep apnea 219 (19.1) 219 (19.1) 1.0
 Chronic obstructive pulmonary disease 1 (0.1) 1 (0.1) 1.0
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(age, weight, and BMI), respectively, was performed to pro-
vide a univariate analysis of patient demographics, preopera-
tive co-morbid conditions, 30-day outcomes, perioperative 
complications, and aggregate complications. Categorical 
variables were reported as frequency and percentage, and 
continuous variables as mean ± standard deviation (SD). 
All statistical analysis was performed with SAS version 9.4 
(SAS Institute, Cary, NC). A p value < 0.05 was considered 
statistically significant.

Results

Of the 355,675 cases in the 2015 and 2016 MBSAQIP PUF 
database, 26,404 were identified as being laparoscopic or 
robotic-assisted revision/conversion cases and were included 
in this analysis. Descriptive statistics of the entire unmatched 
cohort is reported in Table 3. Mean age was 48 years. The 
majority of patients were white (67.0%) and female (85.6%). 
On univariate analysis of the entire cohort, the robotic-
assisted cohort had a higher preoperative weight (lbs) 

(248.9 lbs vs. 253.2 lbs, p = 0.004) and BMI (40.9 kg/m2 vs. 
41.5 kg/m2, p = 0.006) closest to surgery. This unmatched 
robotic-assisted revision/conversion cohort also had an 
increased incidence of hyperlipidemia (22.6% vs 19.4%, 
p = 0.0009), diabetes mellitus (18.6% vs. 16.2%, p = 0.007), 
and oxygen dependence (0.9% vs 0.5%, p = 0.0401) when 
compared to the unmatched laparoscopic revisional/conver-
sional cohort.

Perioperative and aggregate outcomes for the entire 
unmatched conventional laparoscopic and robotic-assisted 
cohorts are described in Table 4. Operative duration (min) 
(121.7 ± 67.5 vs. 177.4 ± 79.4, p < 0.0001) and hospi-
tal length of stay (days) (2.2 ± 3.1 vs. 2.4 ± 3.1, p = 0.01) 
were significantly longer in the robotic-assisted cohort. 
30-day reoperation (4.3% vs. 3.2%, p = 0.01), readmis-
sion (8.5% vs. 6.6%, p = 0.0024), and intervention (4.4% 
vs. 3.1%, p = 0.003) were also significantly higher in the 
robotic-assisted cohort. Perioperative complications were 
similar between the two cohorts, except for a higher rate 
of intraoperative or post-operative transfusion (1.5% vs. 
0.9%, p = 0.04) in the conventional laparoscopic cohort. 

Table 2   Aggregate complications methodology

a See Ref. [21]

Aggregate complication Variables included in aggregation

Leaka 30-Day reoperation with suspected reason: leak; 30-day readmission with suspected reason: leak; 
30-day intervention with suspected reason: leak; drain present over 30 days; complication: organ 
space SSI

Bleeding 30-Day reoperation with suspected reason: bleeding; 30-day readmission with suspected reason: bleed-
ing; 30-day intervention with suspected reason: bleeding

Renal failure 30-Day reoperation with suspected reason: renal insufficiency; 30-day readmission with suspected rea-
son: renal insufficiency; 30-day intervention with suspected reason: renal insufficiency; complication 
of progressive renal insufficiency; complication: acute renal failure

Cardiovascular complications 30-Day reoperation with suspected reason: cardiac NOS, CVA, or MI; 30-day readmission with sus-
pected reason: cardiac NOS, CVA, or MI; 30-day intervention with suspected reason: cardiac NOS, 
CVA, or MI; complication of CVA; complication of MI

Pulmonary complications 30-Day reoperation with suspected reason: shortness of breath, pneumonia, or other respiratory failure; 
30-day readmission with suspected reason: shortness of breath, pneumonia, or other respiratory 
failure; 30-day intervention with suspected reason: shortness of breath, pneumonia, or other respira-
tory failure; complication: on ventilator > 48 h; complication: unplanned intubation; complication: 
pneumonia

Venous thromboembolic complications 30-Day reoperation with suspected reason: vein thrombosis requiring therapy or pulmonary embolism; 
30-day readmission with suspected reason: vein thrombosis requiring therapy or pulmonary embo-
lism; Intervention with suspected reason: vein thrombosis requiring therapy or pulmonary embolism; 
complication: vein thrombosis requiring therapy; complication: PE; complication: anticoagulation 
initiated due to presumed/confirmed vein thrombosis/PE

Surgical site infections 30-Day reoperation with suspected reason: wound infection or other abdominal sepsis; 30-day readmis-
sion with suspected reason: wound infection or other abdominal sepsis; 30-day intervention with 
suspected reason: wound infection or other abdominal sepsis; complication: number of post-operative 
superficial incisional SSI occurrences; complication: number of post-operative deep incisional SSI 
occurrences

Other infections 30-Day reoperation with suspected reason: infection or fever; 30-day readmission with suspected 
reason: infection or fever; 30-day intervention with suspected reason: infection or fever; complication: 
number of post-operative sepsis occurrences; complication: number of post-operative urinary tract 
infection occurrences; complication: number of post-operative pneumonia occurrences; complication: 
number of post-operative septic shock occurrences
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Aggregate complications were also similar between the 
cohorts, except for a significantly higher rate of leak (1.7% 
vs. 0.9%, p = 0.003) in the robotic-assisted cohort. Aggre-
gate bleeding trended toward being significantly higher in 
the conventional laparoscopic cohort (p = 0.05). There was 
no mortality difference between the two cohorts (0.2% vs. 
0.23%, p = 0.8).

Perioperative and aggregate outcomes following matched 
cohort analysis of all included bariatric procedures are 
described in Table  5. After 1:1 case–control matching 
for patient demographics and preoperative comorbidi-
ties (Table 1), 2288 cases and controls were identified. 
Operative duration (min) (119.5 ± 64.1 vs. 173.7 ± 78.9, 
p < 0.0001) and hospital length of stay (days) (1.9 ± 1.8 
vs. 2.3 ± 2.2, p = 0.0002) remained significantly longer in 

Table 3   Univariate analysis of patient demographics and co-morbidities, unmatched cohorts

Bold values represent descriptive statistics or outcomes variables that were significantly different between the study cohorts
SD standard deviation, lbs pounds, MI body mass index, kg kilogram, m2 meter squared, ASA American Society of Anesthesiologist
*330 patients excluded from calculations due to lack of recorded height or weight

Surgical approach

All (n = 26,404) Conventional laparoscopic 
(n = 24,647)

Robotic-assisted 
(n = 1757)

p value

Continuous variables, mean ± SD
 Age (years) 48 ± 11.1 47.97 ± 11.1 48.5 ± 11.3 0.08
 Pre-operative weight closest to surgery (lbs) 249.1 ± 61.9* 248.9 ± 61.9* 253.3 ± 61.1* 0.004
 Pre-operative BMI Closest to surgery (kg/m2) 40.9 ± 9.1* 40.9 ± 9.1* 41.5 ± 8.8* 0.006

Categorical variables, no. (%)
 ASA class
  1 132 (0.50) 122 (0.49) 10 (0.57) 0.5
  2 7678 (29.08) 7191 (29.18) 487 (27.72)
  3 17,870 (67.68) 16,651 (67.56) 1219 (69.38)
  4 720 (2.73) 679 (2.75) 41 (2.33)
  5 4 (0.02) 4 (0.02) 0

 Gender
  Male 3795 (14.37) 3562 (14.45) 233 (13.26) 0.2
  Female 22,609 (85.63) 21,085 (85.55) 1524 (86.74)

 Race
  White 17,702 (67.04) 16,529 (67.06) 1173 (66.76) 0.8
  Black or African American 4617 (17.49) 4300 (17.45) 317 (18.04) 0.5
  Hispanic 2467 (9.34) 2291 (9.30) 176 (10.02) 0.3

Pre-operative comorbidities, no. (%)
 History of myocardial infarction 348 (1.32) 318 (1.29) 30 (1.71) 0.1
 Hypertension requiring medication 11,150 (42.23) 10,371 (42.08) 779 (44.34) 0.06
 Hyperlipidemia 5166 (19.57) 4769 (19.35) 397 (22.60) 0.0009
 Renal insufficiency 122 (0.46) 118 (0.48) 4 (0.23) 0.1
 Dialysis 50 (0.19) 45 (0.18) 5 (0.28) 0.3
 Vein thrombosis requiring therapy 573 (2.17) 536 (2.17) 37 (2.11) 0.8
 History of pulmonary embolic 425 (1.61) 398 (1.61) 27 (1.54) 0.8
 Limited ambulation status 447 (1.69) 415 (1.68) 32 (1.82) 0.7
 Partial functional dependence 179 (0.68) 170 (0.69) 9 (0.51) 0.4
 Total functional dependence 166 (0.63) 160 (0.65) 6 (0.34) 0.1
 Diabetes mellitus 4312 (16.33) 3985 (16.17) 327 (18.61) 0.007
 Steroid/immunosuppressant use 512 (1.94) 479 (1.94) 33 (1.88) 0.8
 Current smoker within 1-year 2091 (7.92) 1967 (7.98) 124 (7.06) 0.2
 Obstructive sleep apnea 6590 (24.96) 6131 (24.88) 459 (26.12) 0.2
 Chronic obstructive pulmonary disease 425 (1.61) 396 (1.61) 29 (1.65) 0.9
 Oxygen dependent 136 (0.52) 121 (0.49) 15 (0.85) 0.04
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the robotic-assisted cohort. 30-day outcomes were simi-
lar between the two cohorts, except for a higher rate of 
unplanned ICU admission in the robotic-assisted cohort 
(1.3% vs. 0.5%, p = 0.05). All perioperative complications 
were also similar between the two cohorts, including intra-
operative or post-operative transfusion with 72-h, which 
was significantly higher for the conventional laparoscopic 

cohort in the unmatched cohort analysis (p = 0.04 vs. 1.0). 
Aggregate bleeding (1.0% vs. 0.4%, p = 0.07) and leak 
(1.3% vs. 0.6%, p = 0.09) remained higher in the robotic-
assisted cohort, trending toward statistical significance. All 
other aggregate complications were similar between the two 
cohorts (Table 5).

Table 4   Perioperative and aggregate outcomes, unmatched cohorts

Bold values represent descriptive statistics or outcomes variables that were significantly different between the study cohorts
SD standard deviation, ICU intensive care unit, CPR cardiopulmonary arrest, CVA cerebrovascular accident, MI myocardial infarction, DVT 
deep venous thrombosis, UTI urinary tract infection, SSI surgical site infection, VTE venous thromboembolic event

Surgical approach

All cases (n = 26,404) Conventional laparoscopic 
(n = 24,647)

Robotic-assisted 
(n = 1757)

p value

Operative length in minutes (mean ± SD) 125.4 ± 69.7 121.7 ± 67.5 177.4 ± 79.4 < 0.0001
Length of stay in days (mean ± SD) 2.2 ± 3.1 2.2 ± 3.1 2.4 ± 3.1 0.01
Conversion 270 (1.0) 247 (1.0) 23 (1.3) 0.20
30-day outcomes, no. (%)
 Unplanned ICU admission 402 (1.5) 374 (1.5) 28 (1.6) 0.80
 Reoperation 862 (3.3) 786 (3.2) 76 (4.3) 0.01
 Readmission 1777 (6.7) 1628 (6.6) 149 (8.5) 0.002
 Intervention 837 (3.2) 760 (3.1) 77 (4.4) 0.003
 Mortality 53 (0.2) 49 (0.2) 4 (0.2) 0.80
 Related mortality 29 (0.1) 27 (0.1) 2 (0.1) 0.80

Perioperative complications, no. (%)
 Renal failure 34 (0.1) 33 (0.1) 1 (0.06) 0.40

Progressive renal insufficiency 23 (0.09) 22 (0.09) 1 (0.06) 0.70
 CPR 23 (0.09) 22 (0.09) 1 (0.06) 0.70
 MI 10 (0.04) 10 (0.04) 0 0.40
 DVT requiring therapy 61 (0.2) 54 (0.2) 7 (0.4) 0.10
 Pulmonary embolism 46 (0.2) 42 (0.2) 4 (0.2) 0.60
 Transfusion 391 (1.5) 375 (1.5) 16 (0.9) 0.04
 Pneumonia 144 (0.6) 140 (0.6) 4 (0.2) 0.06
 Ventilator > 48 h 71 (0.3) 67 (0.3) 4 (0.2) 0.70
 Unplanned intubation 88 (0.3) 79 (0.3) 9 (0.5) 0.20
 Peripheral nerve injury 2 (0.01) 2 (0.01) 0 (0) 0.70
 Post-operative UTI 160 (0.6) 147 (0.6) 13 (0.7) 0.40
 Post-operative sepsis 144 (0.6) 133 (0.5) 11 (0.6) 0.60
 Post-operative septic shock 76 (0.3) 71 (0.3) 5 (0.3) 0.90
 Superficial SSI 264 (1.) 250 (1.0) 14 (0.8) 0.40
 Deep SSI 70 (0.3) 68 (0.3) 2 (0.1) 0.20
 Organ space SSI 294 (1.1) 272 (1.1) 22 (1.3) 0.60

Aggregate complications, no. (%)
 Leak 259 (1.0) 230 (0.9) 29 (1.7) 0.003
 Bleeding 186 (0.7) 167 (0.7) 19 (1.1) 0.05
 Renal failure 58 (0.2) 56 (0.2) 2 (0.1) 0.30
 VTE 181 (0.7) 164 (0.7) 17 (1.0) 0.10
 Cardiovascular complications 34 (0.1) 31 (0.1) 3 (0.2) 0.60
 Pulmonary complications 303 (1.2) 287 (1.2) 16 (0.9) 0.30
 SSI 669 (2.5) 627 (2.5) 42 (2.4) 0.70
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Subgroup analyses of SG and RnYGB cohorts were then 
performed. Perioperative and aggregate outcomes for the 
unmatched revision SG and RnYGB cohorts are detailed 
in Table 6. In the unmatched RnYGB cohort (n = 7901), 
9.2% were performed robotically. In comparison with con-
ventional laparoscopic cases, robotic-assisted cases were 
associated with significantly longer operative duration 
(195.4 ± 73.1 min vs. 154.9 ± 73.2 min, p < 0.0001) and 
higher rates of conversion (1.8% vs. 0.8%, p = 0.008) and 

aggregate bleeding (1.8% vs. 0.9%, p = 0.02). In contrast, 
the conventional laparoscopic cohort had significantly 
higher rates of transfusion requirement (2.1% vs. 0.8%, 
p = 0.02), aggregate leak (1.1% vs. 0.9%, p = 0.04), and 
pulmonary complications (1.4% vs. 0.6%, p = 0.05). Mor-
tality, morbidity, 30-day adverse outcomes, and other com-
plications were not significantly different in the unmatched 
revision robotic and laparoscopic bypass cohorts. In the 
unmatched sleeve gastrectomy cohort (n = 11,525), 5.9% 

Table 5   Perioperative and aggregate outcomes, case-control matched cohorts

Bold values represent descriptive statistics or outcomes variables that were significantly different between the study cohorts
SD standard deviation, ICU intensive care unit, CPR cardiopulmonary arrest, CVA cerebrovascular accident, MI myocardial infarction, DVT 
deep venous thrombosis, UTI urinary tract infection, SSI surgical site infection

Surgical approach

All cases (2288) Conventional laparoscopic 
(n = 1144)

Robotic-assisted 
(n = 1144)

p value

Operative length in minutes (mean ± SD) 146.6 ± 76.8 119.5 ± 64.1 173.7 ± 78.9 < 0.0001
Length of stay in days (mean ± SD) 2.1 ± 2.0 1.9 ± 1.8 2.3 ± 2.2 0.0002
Conversion 24 (1.1) 11 (1.0) 13 (1.1) 0.70
30-day outcomes, no. (%)
 Unplanned ICU admission 21 (0.9) 6 (0.5) 15 (1.3) 0.05
 Reoperation 74 (3.2) 32 (2.8) 42 (3.7) 0.20
 Readmission 158 (6.9) 73 (6.4) 85 (7.4) 0.30
 Intervention 84 (3.7) 39 (3.4) 45 (3.9) 0.50
 Mortality 5 (0.2) 2 (0.2) 3 (0.3) 0.70
 Related mortality 4 (0.2) 2 (0.2) 2 (0.2) 0.40

Perioperative complications, no. (%)
 Renal failure 1 (0.04) 1 (0.09) 0 (0) 0.3
 Progressive renal insufficiency 2 (0.09) 1 (0.09) 1 (0.09) 1.00
 Intra-operative or post-operative CPR 2 (0.09) 1 (0.09) 1 (0.09) 1.00
 Post-operative DVT requiring therapy 7 (0.3) 2 (0.2) 5 (0.4) 0.26
 Pulmonary embolism 6 (0.3) 3 (0.3) 3 (0.3) 1.00
 Intra-operative or post-operative transfusion 22 (1.0) 11 (1.0) 11 (1.0) 1.00
 Post-operative pneumonia 5 (0.2) 4 (0.4) 1 (0.1) 0.18
 On ventilator > 48 h 4 (0.2) 2 (0.2) 2 (0.2) 1.00
 Unplanned intubation 9 (0.4) 4 (0.4) 5 (0.4) 0.74
 Post-operative UTI 12 (0.5) 5 (0.4) 7 (0.6) 0.56
 Post-operative sepsis 17 (0.7) 9 (0.8) 8 (0.7) 0.81
 Post-operative septic shock 6 (0.3) 2 (0.2) 4 (0.4) 0.41
 Superficial SSI 23 (1.0) 12 (1.1) 11 (1.0) 0.83
 Deep SSI 2 (0.1) 1 (0.1) 1 (0.1) 1.00
 Organ space SSI 25 (1.1) 13 (1.1) 12 (1.1) 0.84

Aggregate complications, no. (%)
 Leak 22 (1.0) 7 (0.6) 15 (1.3) 0.09
 Bleeding 15 (0.7) 4 (0.4) 11 (1.0) 0.07
 Renal failure 3 (0.1) 2 (0.2) 1 (0.1) 0.60

VTE 16 (0.7) 7 (0.6) 9 (0.8) 0.60
 Cardiovascular 3 (0.1) 1 (0.1) 2 (0.2) 0.56
 Pulmonary 19 (0.8) 10 (0.9) 9 (0.8) 0.82
 SSI 52 (2.3) 27 (2.4) 25 (2.2) 0.78



1580	 Surgical Endoscopy (2020) 34:1573–1584

1 3

Table 6   Outcomes in unmatched Roux-en-Y gastric bypass and sleeve gastrectomy cohorts

Bold values represent descriptive statistics or outcomes variables that were significantly different between the study cohorts
RGB robotic-assisted gastric bypass, LGB conventional laparoscopic gastric bypass, RSG robotic-assisted sleeve gastrectomy, LSG conventional 
laparoscopic sleeve gastrectomy, OL operative length, LOS post-operative length of stay, SD standard deviation, ICU intensive care unit, ICU 
intensive care unit, CPR cardiopulmonary arrest, CVA cerebrovascular accident, MI myocardial infarction, DVT deep venous thrombosis, PE 
pulmonary emboli, UTI urinary tract infection, SSI surgical site infection

Roux-en-Y gastric bypass Sleeve gastrectomy

All (n = 7901) LGB (n = 7173) RGB (n = 728) p value All (n = 11,525) LSG (n = 10,847) RSG (n = 678) p value

OL (mean ± SD) 158.7 ± 74.1 154.9 ± 73.2 195.4 ± 73.1 < 0.0001 106.4 ± 49.9 103.9 ± 48.5 145.3 ± 54.4 < 0.0001
LOS (mean ± SD) 2.5 ± 3.1 2.5 ± 3.1 2.57 ± 3.1 0.33 1.8 ± 2.0 1.8 ± 1.9 2.1 ± 3.2 < 0.0001
Conversion, n (%) 71 (0.9) 58 (0.8) 13 (1.8) 0.008 37 (0.3) 31 (0.3) 6 (0.9) 0.008
30-day outcomes, no. (%)
 ICU admission 152 (1.9) 139 (1.9) 13 (1.8) 0.78 85 (0.74) 76 (0.7) 9 (1.3) 0.06
 Reoperation 328 (4.2) 293 (4.1) 35 (4.8) 0.35 194 (1.7) 173 (1.6) 21 (3.1) 0.003
 Readmission 649 (8.2) 581 (8.1) 68 (9.3) 0.25 461 (4.0) 423 (3.9) 38 (5.6) 0.03
 Intervention 312 (4.0) 280 (3.9) 32 (4.4) 0.52 208 (1.8) 185 (1.7) 23 (3.4) 0.001
 Mortality 22 (0.3) 19 (0.3) 3 (0.4) 0.47 14 (0.1) 14 (0.1) – 0.35
 Related mortal-

ity
12 (0.2) 11 (0.2) 1 (0.1) 0.43 9 (0.08) 9 (0.08) – 0.45

Perioperative complications, no. (%)
 Renal failure 6 (0.08) 5 (0.07) 1 (0.1) 0.53 9 (0.08) 9 (0.08) – 0.45
 Progressive 

renal insuf-
ficiency

11 (0.1) 10 (0.1) 1 (0.1) 0.99 5 (0.04) 5 (0.05) – 0.58

 CPR 10 (0.1) 9 (0.1) 1 (0.1) 0.9 6 (0.05) 6 (0.06) – 0.54
 MI 3 (0.04) 3 (0.04) – 0.58 3 (0.03) 3 (0.03) – 0.67
 DVT 18 (0.2) 15 (0.2) 3 (0.4) 0.27 21 (0.2) 20 (0.2) 1 (0.2) 0.83
 PE 24 (0.3) 23 (0.3) 1 (0.1) 0.39 9 (0.08) 9 (0.08) – 0.45
 Anticoagulation 40 (0.5) 34 (0.5) 6 (0.) 0.20 41 (0.4) 39 (0.4) 2 (0.3) 0.78
 Transfusion 156 (2.0) 150 (2.1) 6 (0.8) 0.02 78 (0.7) 72 (0.7) 6 (0.9) 0.50
 Pneumonia 51 (0.7) 50 (0.7) 1 (0.1) 0.07 26 (0.2) 24 (0.2) 2 (0.3) 0.69
 Ventilator > 48 h 19 (0.2) 19 (0.3) – 0.16 9 (0.08) 7 (0.06) 2 (0.3) 0.03
 Intubation 33 (0.4) 30 (0.4) 3 (0.41) 0.98 15 (0.1) 12 (0.1) 3 (0.4) 0.02
 Nerve injury 1 (0.01) 1 (0.01) – 0.75 1 (0.01) 1 (0.01) – 0.80
 UTI 63 (0.8) 59 (0.8) 4 (0.6) 0.43 35 (0.3) 29 (0.3) 6 (0.9) 0.005
 Sepsis 37 (0.5) 33 (0.5) 4 (0.6) 0.74 19 (0.2) 14 (0.1) 5 (0.7) 0.0002
 Septic shock 18 (0.2) 16 (0.2) 2 (0.3) 0.78 12 (0.1) 11 (0.1) 1 (0.2) 0.72
 Superficial SSI 113 (1.4) 108 (1.5) 5 (0.7) 0.08 57 (0.5) 53 (0.5) 4 (0.6) 0.72
 Deep SSI 32 (0.4) 32 (0.5) – 0.07 10 (0.09) 8 (0.07) 2 (0.3) 0.06
 Organ space SSI 83 (1.1) 76 (1.1) 7 (1.0) 0.8 54 (0.5) 45 (0.4) 9 (1.3) 0.0007

Aggregate complications, no. (%)
 Leak 83 (1.1) 76 (1.1) 7 (0.9) 0.04 76 (0.7) 67 (0.6) 9 (1.3) 0.03
 Bleeding 76 (0.9) 63 (0.9) 13 (1.8) 0.02 50 (0.4) 47 (0.4) 3 (0.4) 0.97
 Renal 17 (0.2) 15 (0.2) 2 (0.3) 0.71 15 (0.1) 15 (0.1) – 0.33
 VTE 70 (0.9) 61 (0.9) 9 (1.2) 0.29 56 (0.5) 54 (0.5) 2 (0.3) 0.46
 Cardiovascular 16 (0.2) 15 (0.2) 1 (0.1) 0.68 8 (0.07) 7 (0.06) 1 (0.2) 0.43
 Pulmonary 107 (1.4) 103 (1.4) 4 (0.6) 0.05 66 (0.6) 60 (0.6) 6 (0.9) 0.27
 SSI 246 (3.1) 231 (3.2) 15 (2.1) 0.09 132 (1.2) 116 (1.1) 16 (2.4) 0.002
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were performed robotically. The robotic-assisted approach 
was associated with significantly longer operative duration 
(145.3 ± 54.4 min vs. 103.9 ± 48.5 min, p < 0.0001), length 
of stay (2.01 ± 3.2 days vs. 1.8 ± 1.9 days, p < 0.0001), 
and higher rates of conversion (0.9% vs. 0.3%, p = 0.008), 
30-day adverse outcomes including reoperation (3.1% vs. 
1.6%, p = 0.003), readmission (5.6% vs. 3.9%, p = 0.03) 

and intervention (3.4% vs. 1.7%, p = 0.001), use of venti-
lator > 48 h (0.3% vs. 0.06%, p = 0.04), unplanned intuba-
tion (0.4%, vs. 0.1%, p = 0.02), post-operative UTI (0.9% 
vs. 0.3%, p = 0.005), post-operative sepsis (0.7% vs. 0.1%, 
p = 0.0002), organ space SSI (1.3% vs. 0.4%, p = 0.0007), 
and aggregate leak (1.3% vs. 0.6%, p = 0.03).

Table 7   Perioperative and aggregate outcomes in case-controlled match Roux-en-Y gastric bypass and sleeve gastrectomy cohorts

Bold values represent descriptive statistics or outcomes variables that were significantly different between the study cohorts
RGB robotic-assisted gastric bypass, LGB conventional laparoscopic gastric bypass, RSG robotic-assisted sleeve gastrectomy, LSG conventional 
laparoscopic sleeve gastrectomy, OL operative length, LOS post-operative hospital length of stay, SD standard deviation, ICU intensive care unit, 
ICU intensive care unit, CPR cardiopulmonary arrest, CVA cerebrovascular accident, MI myocardial infarction, DVT deep venous thrombosis, 
PE pulmonary emboli, UTI urinary tract infection, SSI surgical site infection

Roux-en-Y gastric bypass Sleeve gastrectomy

All (n = 696) LGB (n = 348) RGB (n = 348) p value All (n = 778) LSG (n = 389) RSG (n = 389) p value

OL (mean ± SD) 169.0 ± 70/0 151.4 ± 67.6 186.6 ± 70.0 < 0.0001 125.4 ± 55.4 106.9 ± 47.4 143.8 ± 56.6 < 0.0001
LOS (mean ± SD) 2.3 ± 2.3 2.3 ± 1.8 2.4 ± 2.7 0.86 1.8 ± 2.5 1.8 ± 3.3 1. 9 ± 1.3 0.43
Conversion, n (%) 6 (0.9) 4 (1.2) 2 (0.6) 0.41 3 (0.4) 1 (0.3) 2 (0.5) 0.56
30-day outcomes, no. (%)
 ICU admission 10 (1.4) 4 (1.2) 6 (1.7) 0.52 5 (0.6) 3 (0.8) 2 (0.5) 0.65
 Reoperation 25 (3.5) 14 (4.0) 11 (3.2) 0.54 13 (1.7) 3 (0.8) 10 (2.6) 0.05
 Readmission 63 (9.1) 29 (8.3) 34 (9.8) 0.51 27 (3.5) 11 (2.8) 16 (4.1) 0.33
 Intervention 35 (5.0) 15 (4.3) 20 (5.8) 0.39 14 (1.8) 4 (1.0) 10 (2.6) 0.11
 Mortality 1 (0.1) – 1 (0.3) 0.32 2 (0.3) 2 (0.5) – 0.16
 Related mortality 1 (0.1) – 1 (0.3) 0.32 1 (0.1) 1 (0.3) – 0.32
 Operative drain present 4 (0.6) 4 (1.2) – 0.04 4 (0.5) 2 (0.5) 2 (0.5) 1.0

Perioperative complications, no. (%)
 Progressive renal insuf-

ficiency
1 (0.1) – 1 (0.3) 0.32 1 (0.1) 1 (0.3) – 0.32

 CPR 1 (0.1) – 1 (0.3) 0.32 – – – –
 MI – – – – 1 (0.1) 1 (0.3) – 0.32
 DVT 1 (0.1) – 1 (0.3) 0.32 2 (0.3) 1 (0.3) 1 (0.3) 1.0
 PE 4 (0.6) 3 (0.9) 1 (0.3) 0.32 – – – –
 Anticoagulation 3 (0.4) 2 (0.6) 1 (0.3) 0.56 3 (0.4) 1 (0.3) 2 (0.5) 0.56
 Transfusion 12 (1.7) 10 (2.9) 2 (0.6) 0.02 5 (0.6) 1 (0.3) 4 (1.0) 0.18
 Pneumonia 3 (0.4) 3 (0.9) – 0.08 – – – –
 Intubation 1 (0.1) – 1 (0.3) 0.32 1 (0.1) 1 (0.3) – 0.32
 UTI 4 (0.6) 1 (0.3) 3 (0.9) 0.32 1 (0.1) – 1 (0.3) 0.32
 Sepsis 4 (0.6) 2 (0.6) 2 (0.6) 1.0 4 (0.5) – 4 (1.0) 0.04
 Septic shock 2 (0.3) – 2 (0.6) 0.16 – – – –
 Superficial SSI 8 (1.2) 4 (1.2) 4 (1.2) 1.0 5 (0.6) 4 (1.0) 1 (0.3) 0.18
 Deep SSI – – – – 1 (0.1) – 1 (0.3) 0.32
 Organ space SSI 8 (1.2) 5 (1.4) 3 (0.86) 0.48 7 (0.9) 1 (0.3) 6 (1.5) 0.06

Aggregate complications, no. (%)
 Leak 7 (1.0) 2 (0.6) 5 (1.4) 0.25 9 (1.2) 4 (1.0) 5 (1.3) 0.74
 Bleeding 6 (0.9) 1 (0.3) 5 (1.4) 0.10 2 (0.3) – 2 (0.5) 0.16
 Renal 1 (0.1) – 1 (0.3) 0.32 1 (0.1) 1 (0.3) – 0.32
 VTE 4 (0.6) 3 (0.89 1 (0.3) 0.32 3 (0.4) 1 (0.3) 2 (0.5) 0.56
 Cardiovascular 1 (0.1) – 1 (0.3) 0.32 – – – –
 Pulmonary 4 (0.6) 3 (0.9) 1 (0.3) 0.32 1 (0.1) 1 (0.3) – 0.32
 SSI 17 (2.4) 10 (2.9) 7 (2.0) 0.46 14 (1.8) 5 (1.3) 9 (2.3) 0.28
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Peri-operative and aggregate outcomes for procedure-
specific matched cohorts are detailed in Table 7. Following 
1:1 case–control matching, 668 revisional gastric bypass 
(338 robotic-assisted and 338 conventional laparoscopic) 
and 778 revisional sleeve gastrectomy (389 robotic-assisted 
and 389 conventional laparoscopic) cases were compared. In 
the matched revisional gastric bypass cohort, outcomes were 
preserved and similar to the unmatched analysis. Robotic-
assisted RnYGB was associated with longer operative dura-
tion (186.6 ± 68.0 vs. 151.4 ± 67.6, p < 0.0001) and con-
ventional laparoscopy was associated with fivefold higher 
rate of transfusion requirement (2.9% vs. 0.6%, p = 0.02). 
All other outcome measures were similar between the two 
surgical approaches for gastric bypass cases. In matched 
sleeve gastrectomy cohort analysis, robotic-assisted surgery 
remains associated with significantly longer operative dura-
tion (143.8 ± 56.6 min vs. 106.9 ± 47.4 min, p < 0.0001) and 
a higher rate of post-operative sepsis (1.0% vs. 0%, p = 0.04). 
However, post-operative length of stay and outcome meas-
ures that were significantly different in unmatched analysis, 
were similar among the two surgical approaches in matched 
sleeve gastrectomy cases.

Discussion

As the number of total bariatric procedure performed annu-
ally continues to increase, it is expected that a concomitant 
increase will be seen in the total number of complications, 
cases with weight recidivism, and other post-operative 
morbidities that may require the need for revisional/conver-
sional bariatric procedures [6, 7, 10, 22]. This is a chal-
lenging cohort. In a recent systematic review of re-operative 
bariatric surgery, mortality was estimated to be 2%, which is 
significantly higher than the 0.1–1.1% reported for primary 
bariatric procedures [2]. In a case-matched analysis compar-
ing primary and revisional laparoscopic Roux-en-Y gastric 
bypass (LRYGB), the revisional cohort was found to have 
significantly longer length of stay (3.8 vs. 2.4, p = 0.02), con-
version to laparotomy (10.8% vs. 0%, p = 0.01), and 30-day 
morbidity (27% vs. 8.1%, p = 0.02) [3]. A meta-analysis 
comparing bariatric reoperations after adjustable gastric 
banding (ABG) found that conversion to sleeve gastrec-
tomy had the lowest long-term complication rates (2.6%), 
while conversion to RYGB had the highest short-term and 
long-term complication rate at 10.7% and 22.0%, respec-
tively [4]. The current literature suggests that revisional 
bariatric surgery is associated with higher rates of mortal-
ity and morbidity and outcomes may be related to the pri-
mary and re-operative operation performed. However, there 
have been limited studies evaluating outcomes in revisional 
bariatric surgery comparing conventional laparoscopic- and 
robotic-assisted surgical approaches [5, 16, 17]. This study 

represents the largest case–controlled retrospective review 
of the MBSAQIP PUF database comparing perioperative 
outcomes in laparoscopic- and robotic-assisted revisional/
conversional bariatric surgery.

Our case–control matched analysis of 2288 revisional 
bariatric cases revealed longer operative duration and hospi-
tal length of stay, and higher rates of ICU admission, aggre-
gate leak and bleeding complications in the robotic-assisted 
bariatric surgery compared to conventional laparoscopy. 
This is in contrast with other studies. Buchs et al. performed 
a comparison of 60 consecutive revisional bariatric proce-
dures performed laparoscopically, open, or robotic-assisted 
[16]. They found that while operative duration was signifi-
cantly longer in the robotic-assisted cohort, there were less 
complications and a shorter hospital stay when the robotic 
platform was used. In another small series (n = 32) evalu-
ating robotic-assisted revisional Roux-en-Y gastric bypass, 
the authors concluded that their complications and peri-
operative outcomes were similar to the published results on 
conventional laparoscopic revisional bariatric surgery [5].

There remained some similarities and differences between 
the findings in our study and prior studies. In overall and 
procedure-specific match analysis, robotic-assisted surgery 
was associated with significantly longer operative duration, 
which is consistent with the published literature. While 
outcomes between robotic-assisted and conventional lapa-
roscopic revisional gastric bypass were statistically similar, 
robotic-assisted surgery was associated with higher rates 
of aggregate bleeding (fivefold higher) and aggregate leak 
(2.5-fold higher). In our matched analysis of robotic and 
laparoscopic sleeve gastrectomy, most outcomes were statis-
tically similar, as with the gastric bypass cohorts. However, 
robotic-assisted revisional sleeve gastrectomy was associ-
ated with higher rates of conversion (twofold higher), 30-day 
reoperation (3.3-fold higher), 30-day readmission (1.5-fold 
higher), 30-day intervention (2.5-fold higher), anticoagu-
lation for presumed for confirmed VTE (twofold higher), 
transfusion requirement (fourfold higher), organ space SSI 
(sixfold higher), aggregate leak (1.25-fold higher), aggregate 
venous thromboembolism (1.9-fold higher), and aggregate 
SSI (1.8-fold higher).

Much of the higher complication rates observed in the 
robotic-assisted cohorts were not statistically different. This 
may be a reflection of the smaller sample size compared 
after our procedure-specific case–control matching. While 
unclear, this suggests that the robotic-assisted platform is 
associated with higher rates of adverse outcomes in sleeve 
gastrectomy revisional cases compared to gastric bypass 
revisional cases. The reasons for our findings remain unclear.

Our study represents the largest case–controlled matched 
study comparing these two surgical platforms for revision/
conversion bariatric surgery. We show that while most 
peri-operative outcomes are similar after controlling for 
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confounders, operative duration remains significantly higher 
in both robotic-assisted gastric bypass and sleeve gastrec-
tomy. While the robotic platform was overall safe for both 
revisional gastric bypass and sleeve gastrectomy cases, we 
also showed that while most complications were statistically 
similar in matched gastric bypass (robotic vs. laparoscopic) 
and matched sleeve gastrectomy (robotic vs. laparoscopic) 
cohorts, robotic revisional metabolic and bariatric surgery 
was associated with non-significantly higher rates of some 
complications. These complications rates were overall 
higher in the sleeve gastrectomy cohort compared to the 
gastric bypass cohort. Giving these findings, the robotic plat-
form seems overall safe, but is likely less cost-effective, and 
value added for patient safety remains unclear for revisional 
metabolic and bariatric surgical procedures, and particularly 
for revisional sleeve gastrectomy cases.

Our study has a number of limitations that should be 
highlighted. First, this study is limited to peri-operative 
outcomes only, so long-term outcomes cannot be assessed. 
Second, the database does not provide the details about the 
initial bariatric operation performed for cases designated 
as revision/conversion. As the primary bariatric operation 
may impact the level of difficulty of a revision/conversion 
bariatric procedure, the lack of detail about the initial bari-
atric operation performed is a possible confounding variable 
our study could not account for. Third, the dataset does not 
provide details about anastomotic techniques and surgeon 
experience, which are variables previously shown to impact 
outcomes following metabolic and bariatric surgery [23, 24]. 
The level of surgeon experience is not accounted for in this 
database, including where surgeons are on the laparoscopic 
or robotic learning curve. It is also unclear if anastomotic 
techniques varied by surgical approach. For instance, were 
more robotic anastomosis hand-sewn and laparoscopic sta-
pled? It is also unclear what primary bariatric procedures 
were converted to what revisional procedures. Were more 
difficult conversion cases performed using the robotic plat-
form versus conventional laparoscopy. These nuances could 
not be illicit from the MBSAQIP database, and may be con-
founding variables not accounted for in our study. Lastly, 
this is a retrospective analysis and is therefore susceptible 
to biases associated with retrospective analyses of clinical 
databases.

Taking into consideration the above outlined study limi-
tations, the findings of this case-control matched analysis 
comparing these two surgical approaches for revision/con-
version metabolic and bariatric surgery show that using 
the robotic platform is overall safe, but is associated with 
longer operative times and a higher rate of some periopera-
tive outcome measures. It has been shown that prolonged 
operative duration is associated with increased complica-
tions. In a recent meta-analysis, the authors found that the 
likelihood of complications approximately doubles with 

operative time thresholds exceeding 2 [25]. Moreover, peri-
operative complications [26], hospital length of stay [27, 
28], 30-day adverse outcomes, such as reoperation, read-
mission, and intervention [29] have all been reported to be 
associated with increased costs. Therefore, outcome meas-
ures that were higher in the robotic-assisted gastric bypass 
(operative duration, aggregate bleeding and aggregate leak) 
and robotic-assisted sleeve gastrectomy cohorts (opera-
tive duration and rates of conversion, 30-day reoperation, 
30-day readmission, 30-day intervention, anticoagulation 
for presumed or confirmed VTE, transfusion requirement, 
organ space SSI, aggregate leak, aggregate venous throm-
boembolism and aggregate SSI), can serve as proxies for 
higher cost associated with robotic-assisted metabolic and 
bariatric surgery. While revisional cases have been reported 
to be a safe and effective way to treat patients who have 
significant weight recidivism and relapse of comorbid condi-
tions post-bariatric surgery [6, 7, 18, 19], there are no clear 
patient benefits to utilizing robotic assistance for these cases. 
Because of the large initial investment, consumables, annual 
maintenance, and other reusable equipment also associated 
with the robotic platforms [30, 31], health systems must be 
cognizant of the fact that some peri-operative outcomes may 
favor the use of conventional laparoscopy over the robotic-
assisted approach for revisional bariatric procedures. These 
differences can contribute to higher healthcare expenditures 
with little effect on patient safety outcomes when the robotic 
platform is utilized in this patient cohort.

Conclusion

Conventional laparoscopic and robotic-assisted revision/
conversion metabolic and bariatric procedures are both 
safe and effective surgical approaches. However, we found 
that robotic-assisted revision/conversion gastric bypass 
and sleeve gastrectomy is associated with longer operative 
times. Robotic-assisted and conventional laparoscopic gas-
tric bypass were similar in outcomes, except a non-signifi-
cantly higher rate of aggregate leak and bleeding. Outcomes 
between robotic-assisted and conventional laparoscopic 
sleeve gastrectomy were also statistically similar; however, 
the robotic-assisted cohort had numerous 30-day adverse 
outcomes, complications, and aggregate complications that 
were higher. These findings suggest less cost-effectiveness 
and no clear patient safety benefit with use of the robotic 
platform, particularly for revisional sleeve gastrectomy 
cases. Larger revisional cohorts are needed to validate our 
finding, given the limited sample size included in our analy-
sis following our procedure-specific matching.
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