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Abstract
Introduction/Purpose This study evaluates the outcomes of robotic duodenal switch (RDS) when compared to conventional
laparoscopy (LDS).
Materials and Methods Using the Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program
(MBSAQIP), patients who underwent RDS were compared to those of LDS (2015–2018) for perioperative characteristics and
thirty-day postoperative outcomes. Operative complexity, complications, and resource utilization trends were plotted over the
included years for the two approaches. Multivariable analysis was conducted to characterize the impact of each approach on these
outcomes.
Results Of 7235 minimally invasive operations, 5720 (79.1%) were LDS while 1515 (20.9%) were RDS. Intraoperative endos-
copy, anastomosis testing, and shorter operative duration were associated with LDS. RDS group had more concomitant proce-
dures with less attending assistance. The odds ratios of organ space infection and sepsis were equivalent. RDS increased the odds
ratios for venous thromboembolism [VTE] (odds ratio [OR] = 2.3, 95% confidence interval [CI] = 1.1–4.8, p = 0.02) and early
discharge (OR = 7.3, CI = 4.9–10.9, p < 0.01). The difference in wound infection between LDS and RDS has been decreasing
(1.5% and 1.5% in 2018 from 2.3% and 4.1% in 2015, respectively) over the years. Similarly, the decreasing trends were noted
for systemic infections.
Conclusion While the development of VTE after RDS was higher, most of the other complications were comparable between
LDS and RDS in this study. RDSmay reduce the need for advanced intraoperative assistance and minimize hospital stay in select
cases, without increasing morbidity. The recent trends suggest a gradual decrease in the variations between LDS and RDS
outcomes over time.
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Introduction

Bariatric surgery carries specific challenges given the nature
of the patient population. The patients’ thicker abdominal
wall, increased visceral fat, and larger foregut organs are

common intraoperative obstacles. This is particularly impor-
tant in cases that are considered technically challenging, such
as the duodenal switch [1, 2].

Several studies have demonstrated the ability of minimally
invasive techniques to help overcome some of these barriers
[3–6]. In addition to shorter hospital stay, the robotic approach
has been shown to reduce readmission when compared to
laparoscopy after Roux-en-Y gastr ic bypass [6].
Furthermore, the technology was found to have lower costs
comparing to conventional open and laparoscopic gastric by-
pass when morbidity was included in the analyses [7].

The initial duodenal switch series have reported the rates of
anastomotic leak to be 9% [8] and 8% [9] for laparoscopic and
robotic approaches, respectively. However, the complication
has been demonstrated to be less than 1% for both platforms
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by other and recent analyses [10–13]. As the operating time
decreased for minimally invasive duodenal switch, the occur-
rence of postoperative venous thrombosis has been shown to
be minimized over time [9, 11, 13, 14]. Some robotic duode-
nal switch case series found shorter hospital stay [12, 13],
comparing to conventional laparoscopy (LDS) institutional
experiences [8, 14]. Despite the lack of a comparative assess-
ment, prior institutional reports have supported the safety of
LDS and robotic duodenal switch (RDS) given low postoper-
ative mortality [9, 10, 15].

However, it is unclear whether the introduction of robotic
surgery has improved the performance of duodenal switch.
The literature lacks a comparative evaluation of the outcomes
after LDS and RDS. In addition, an assessment of how RDS
outcomes may be changing as the learning curve flattens in
robotic surgery is not yet characterized. In this study, using the
multicenter Metabolic and Bariatric Surgery Accreditation
and Quality Improvement Program (MBSAQIP) data, the out-
comes of LDS and RDS were compared. A secondary aim
was to characterize the trends in outcomes between the two
approaches over years (2015–2018).

Material and Methods

Patients who underwent LDS or RDS (primary Current
Procedural Terminology [CPT] code: 43845, pylorus-
preserving partial gastrectomy with duodenoileostomy and
ileoileostomy—50 to 100 common channel) were included
from the MBSAQIP between 2015 and 2018. The
MBSAQIP is a large and representative national database that
collects bariatrics-specific information using standardized def-
initions. The database collects de-identified patient-level in-
formation from more than 850 participating hospitals.
Additional information on the database can be found else-
where [16]. The study did not involve animal or human sub-
jects. The MBSAQIP data collection and utilization were ap-
proved by the ethical committees at the New York-
Presbyterian Hospital/Weill Cornell Medical Center.
Informed consent was not required in this study.

Perioperative parameters were compared between LDS and
RDS including patient demographics, comorbidities, history
of bariatric surgery, and body mass index (BMI).
Intraoperative information including the level of required
skilled surgical assistance, concurrent procedures performed,
unplanned conversion to open surgery, and operative duration
were also evaluated. The first assistant was classified as the
intraoperative presence of a secondary attending (bariatric-
trained or other surgeons), fellow or resident, physician assis-
tant, nurse practitioner, or registered nurse. Prolonged opera-
tion was defined as any operative duration beyond the median
time for all duodenal switch operations, which was 139 min.
The median time included the duration of open, laparoscopic,

and robotic cases performed between 2015 and 2018 from the
database. Revisional surgery was defined as any case in which
the patient had a history of prior bariatric surgery. Converted
operations to other types of metabolic procedures were also
captured under the same variable. Thirty-day postoperative
surgical and medical complications compared between the
two groups included organ space infection, systemic infection
(sepsis), and venous thromboembolism. Organ space infection
was defined as an infection that involves any part of the anat-
omy other than the incision, which was opened or manipulat-
ed during an operation within 30 days after surgery. Sepsis
was defined as the presence of any two signs of systemic
inflammatory response syndrome (SIRS) within 30 days after
surgery, including the following: temperature > 38 °C or <
36 °C, HR > 90 bpm, RR > 20 breaths/min or PaCO2 <
32 mmHg, WBC > 12,000 or < 4000 cell/mm3, and anion
gap acidosis. Given the feasibility of same-day discharge
[17], early discharge was defined as postoperative hospital
stay of less than 24 h after surgery. Mortality was defined as
any intraoperative or postoperative death within 30 days from
surgery.

Resource utilization parameters including hospital stay, in-
tensive care unit (ICU) admission, readmission, and reopera-
tionwithin 30 days after surgery, as well as extended care after
discharge were similarly evaluated. Extended care after dis-
charge was defined as any placement to skilled or unskilled
nursing facility, rehabilitation center, or another acute-care
hospital. Univariable and multivariable analyses were con-
ducted to compare outcomes between the two platforms.
Patient complexity factors such as the American Society of
Anesthesiologist (ASA) class 3–4, BMI ≥ 40 and operative
revision were plotted over the included years (2015–2018)
for the two groups. The variation in 30-day postoperative
morbidity between laparoscopic and robotic duodenal switch
over time was also characterized, including surgical site infec-
tions, sepsis/septic shock, venous thromboembolism, and
bleeding requiring transfusion. The trends of resource utiliza-
tion, including 30-day postoperative reoperation, readmission,
ICU admission, and postoperative length of stay, were plotted
for the two techniques.

Statistical Analysis

Categorical and continuous variables were illustrated by fre-
quency (n) – percentage (%) and median (interquartile range,
IQR) – mean (standard deviation, SD) respectively. The sta-
tistical significance was evaluated by chi-square for categori-
cal variables while nonparametric test and t test for continuous
factors. Certain perioperative variables were dichotomized to
simplify data demonstration, such as age (< 65 versus ≥
65 years), patient’s baseline functional dependence (partial
and total dependence versus independence), and operative du-
ration (< 140 versus ≥ 140 min). Due to limited observations,
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cardiac comorbidities (history of prior myocardial infarction,
cardiac surgery, or percutaneous cardiac intervention) were
grouped as a single variable. Given the nature of the disease
process, venous thromboembolism variable was created by
combining deep vein thrombosis and pulmonary embolism.
Several new variables were created including upper endosco-
py, paraesophageal hernia repair, and cholecystectomy using
secondary CPT codes.

The independent association between the two platforms
and 30-day postoperative organ space infection, sepsis, ve-
nous thromboembolism, and early discharge (length of stay
[LOS] < 24 h) was assessed by multivariable analyses.
Variables with p value < 0.05 in the univariable analyses were
considered statistically significant and candidates for the in-
clusion in the multivariable analyses. Age, race, presence of
preoperative gastroesophageal reflux disease, baseline func-
tional dependence, body mass index, limited preoperative am-
bulation, preoperative hemoglobin and albumin levels, intra-
operative level of assistance required, anastomotic testing, use
of intraoperative upper endoscopy, performance of concurrent
paraesophageal hernia repair and/or cholecystectomy, and
prolonged operation were adjusted in the logistic regression
models. The differences between LDS and RDS with respect
to patient complexity (age, ASA class 3–4, BMI ≥ 40, and
operative revision), 30-day postoperative complications, and
resource utilization were compared in each year. The varia-
tions in these outcomes between the two approaches were
plotted across years (2015–2018). Few variables had missing
data, including age, BMI, operative duration, proactive testing
of anastomosis, and postoperative dehydration. The missing
observations were clinically and statistically insignificant. The
statistical analysis was conducted using SAS 9.4 (SAS
Institute Inc., Cary, NC).

Results

Of 7235 duodenal switch operations, 5720 (79.1%) were LDS
and 1515 (20.9%) were RDS. While ASA classes were equiv-
alent between the included patients in the two groups, older
age (mean [SD], years: 44 [11.4] vs. 43 [10.7], p = 0.01) and
white race (79.9% vs. 72.5%, p < 0.01) represented a greater
proportion in LDS group. Despite the higher weights in LDS
group (mean [SD], kg: 136.6 [50.3] vs. 132.9 [56.1], p =
0.01), RDS cases had greater BMI averages (mean [SD]:
50.8 [9.4] vs. 51.8 [10.1], p = 0.004). Operative revision and
pre-existing comorbidities were comparable between the two
groups, with the exception of higher rates of gastroesophageal
reflux disease (30.9% vs. 25%, p < 0.01) in the LDS group.
Patients in the LDS cohort were more likely to be functionally
dependent with limited ambulation (Table 1). In the analysis
of operative factors (Table 2), the rate of conversion to open
surgery was equivalent. The use of the robotic platform was

associated with a higher rate of concurrent operations
(paraoesophageal hernia: 10.4% vs. 8.7%, p = 0.04; cholecys-
tectomy: 14.1% vs. 6.2%, p < 0.01) compared to laparoscopy.
LDS operations were noted to require a higher level of intra-
operative advanced assistance (attending assistance: 26.1%
vs. 12.9%, p < 0.01) and greater frequency of upper endosco-
py (15.5% vs. 9.3%, p < 0.01), and were more likely to have
proactive anastomotic testing (82.5% vs. 75.5%, p < 0.01).
RDS cases had longer operative duration (mean [SD], mi-
nutes: 137.1 [69] vs. 219.2 [79.1], p < 0.01). Most postopera-
tive medical and surgical complications were comparable be-
tween the two approaches (Table 3). However, LDS was as-
sociated with lower rates of venous thromboembolism (0.4%
vs. 1.3%, p < 0.01), organ space infection (1.1% vs. 2%, p =
0.02), and sepsis (0.5% vs. 1%, p = 0.04). RDS had more
same-day discharges (1% vs. 7.8%, p < 0.01). These cases
had lower mortality rates (0.4% vs. 0.1%, p = 0.03). The sub-
group outcomes analyses of non-revised cases and DSwithout
concurrent operation are demonstrated in different variations
from the whole cohort (Tables 3 and 4). However, for isolated
DS, the robotic approach had comparable rates of organ space
infection (1.2% vs. 1.7%, p = 0.17) and sepsis (0.5% vs. 0.8%,
p = 0.23) to laparoscopy.

In the multivariable analysis, there was no difference in
organ space infection (OR = 1.6, CI = 0.9–2.6, p = 0.10), sep-
sis (OR = 1.4, CI = 0.7–3.1, p = 0.40), or mortality (OR =
0.13, CI = 0.02–1.0, p = 0.05) between the two groups.
While RDS increased the odds ratio for same-day discharge
(OR = 7.3, CI = 4.9–10.9, p < 0.01), the LDS was associated
with reduced odds ratio for venous thromboembolism (OR =
2.3, CI = 1.1–4.8, p = 0.02) (Table 5).

Outcomes Over Time (2015–2018)

The trends of patients’ complexity from 2015 to 2018 are
illustrated in Fig. 1. The ASA classes 3–4 and the incidence
of reoperative surgery and conversion to open approach were
statistically comparable between the two approaches over
years.

The development of surgical site infection, sepsis/septic
shock, and bleeding requiring transfusion were statistically
equivalent between the two techniques in each year.
Although the rate of venous thromboembolism in 2017 was
greater for the RDS group (0.4% vs. 1.9%, p = 0.01), the dif-
ference in incidence was no longer significant in the subse-
quent year (1.5% vs. 1.2%, p = 0.10) (Fig. 2). The operative
duration was significantly longer for the robotic group across
time. Hospital stay using the robotic platform was 1 day lon-
ger (median, day: 3 vs. 2, p < 0.01) in 2015, and these patients
then had a comparable hospital stay to laparoscopy in the
subsequent years (median day 2). The rates of reoperation,
ICU admission, and readmission were statistically the same
between the two approaches from 2015 to 2018 (Fig. 3).
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Table 1 Patients characteristics
of duodenal switch for
laparoscopic versus robotic
approach

Variable Laparoscopic,
n=5720

Robotic, n=1515 p value

Age, n (%)

<65 years 5450 (95.7%) 1471 (97.9%) <0.01
≥65 years 242 (4.3%), N=5692 32 (2.1%), N=1503

Age, mean (SD) 44 (11.4) 43 (10.7) 0.01

Gender, n (%)

Male 1542 (27%) 399 (26.3%) 0.60
Female 4178 (73%) 1116 (73.7%)

Race, n (%)

White 4568 (79.9%) 1099 (72.5%) <0.01
African American 587 (10.3%) 274 (18.1%)

Other 565 (9.9%) 142 (9.4%)

Weight in kilograms, mean (SD) 136.6 (50.3) 132.9 (56.1) 0.01

Body mass index (BMI), n (%)

≤29.9 17 (0.3%) 3 (0.2%) 0.002
30–34.9 86 (1.5%) 35 (2.3%)

35–39.9 495 (8.7%) 111 (7.3%)

40–50 2473 (43.5%) 602 (39.8%)

51–60 1865 (32.8%) 519 (34.3%)

≥61 753 (13.2%), N=5689 242 (16%), N=1512

BMI, mean (SD) 50.8 (9.4) 51.8 (10.1) 0.004

Cardiac comorbidity, n (%) 200 (3.5%) 46 (3%) 0.40

Hypertension, n (%) 2861 (50%) 737 (48.6%) 0.30

Hyperlipidemia, n (%) 1315 (23%) 318 (21%) 0.10

Diabetes, n (%) 1758 (30.7%) 433 (28.6%) 0.10

Gastroesophageal reflux disease, n (%) 1769 (30.9%) 378 (25%) <0.01

Renal insufficiency, n (%) 48 (0.8%) 7 (0.5%) 0.10

Hemodialysis, n (%) 14 (0.2%) 3 (0.2%) 0.70

Deep vein thrombosis, n (%) 139 (2.4%) 41 (2.7%) 0.50

Pulmonary embolism, n (%) 106 (1.9%) 31 (2%) 0.60

Therapeutic anticoagulation, n (%) 204 (3.6%) 47 (3.1%) 0.40

Preoperative IVC filter placement, n (%) 81 (1.4%) 30 (2%) 0.10

Current smoker, n (%) 526 (9.2%) 163 (10.8%) 0.10

Functional status, n (%)

Independent 5560 (97.2%) 1507 (99.5%) <0.01
Dependent 160 (2.8%) 8 (0.5%)

Limited preoperative ambulation, n (%) 238 (4.2%) 32 (2.1%) <0.01

Chronic obstructive pulmonary disease, n (%) 134 (2.3%) 30 (2%) 0.40

Oxygen dependence, n (%) 101 (1.8%) 19 (1.3%) 0.20

Obstructive sleep apnea, n (%) 2363 (41.3%) 625 (41.3%) 1.00

Chronic steroid/immunosuppression use, n (%) 96 (1.7%) 30 (2%) 0.40

Revisional surgery, n (%) 1171 (20.5%) 323 (21.3%) 0.50

Preoperative hematocrit level
(mg/dL), median (IQR)

41.3 (5.1) 40.9 (4.5) <0.01

Preoperative albumin level,
median (mg/dL), median (IQR)

3.8 (4.1) 3.9 (0.8) <0.01

IQR interquartile range, SD standard deviation, IVC inferior vena cava
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Discussion

This study demonstrates that RDS may potentially provide
equivalent early postoperative outcomes to LDS. Although
the occurrence of thromboembolism was associated with
RDS, a relative reduction in the differences in certain morbid-
ity rates over the years between the two platforms was noted.
While LDS was associated with older age, higher rates of
gastroesophageal reflux, and limited preoperative ambulation,
the impact of such factors was clinically insignificant. The
study showed that the robotic approach may enable comple-
tion of concomitant procedures, i.e., paraesophageal hernia
repair and cholecystectomy, as compared to the laparoscopy.
The current analysis entailed a detailed comparison of indi-
vidual outcomes along with the creation of separate adjusted
models. Such an approach aids in demarcating specific clini-
cal consequences after LDS and RDS. Given the complexity
of the included cases, the evaluation of anastomotic leak sur-
rogates and venous thromboembolism was a predetermined
objective of this study. The ability to facilitate earlier recovery
by the minimally invasive techniques was similarly a primary
endpoint of this analysis. The available data on the outcomes
of RDS were primarily derived from institutional case series
[9, 11, 13, 15]. Despite the previously reported safety of LDS
and RDS [9, 10, 15], the literature is still lacking a compara-
tive evaluation of the outcomes after LDS and RDS. This

study was able to compare such outcomes using a national
and bariatric-targeted data source.

The introduction of the robotic technology has facilitated
abdominal operations [6, 7, 9, 11]. The utilization of robotics
in common general surgical procedures has been rising over
the years [18]. The three-dimensional visual data, wristed
movement, the presence of a third instrumented arm, and min-
imized surgeon fatigue are known to be some advantages of
the technique. However, the longer operating time [ [6]] and
increased costs [18] in the setting of unclear clinical benefits
may prevent the widespread adoption of the technology.
Furthermore, it is still unknown whether the robotic platform
has improved the performance of duodenal switch surgery
when compared to conventional laparoscopy. Nevertheless,
as expertise and efficiency with the robotic duodenal switch
continue to improve, studies will be necessary to reassess
these differences.

Abdominal sepsis from anastomotic leak is associated with
significant morbidity, mortality, and resource utilization [19].
The risk is greater for severely obese and comorbid patients
[20], the standard population of duodenal switch [1]. Prior
institutional reports found anastomotic leak to be 9% [8] and
8% [9] for laparoscopic and robotic duodenal switch, respec-
tively. However, these were small case series. Others reported
the rates to be around 1% or less for both approaches [10, 12].
Consistently, a national study found the rates of anastomotic

Table 2 Operative features of
duodenal switch for laparoscopic
versus robotic approach

Variable Laparoscopic,
n=5720

Robotic,
n=1515

p value

ASA classification, n (%)

I 19 (0.3%) 0 (0) 0.10
II 733 (12.9%) 211 (13.9%)

III 4594 (80.9%) 1222 (80.7%)

IV 334 (5.9%) 81 (5.4%)

Assistance level, n (%)

Attending 1492 (26.1%) 195 (12.9%) <0.01
Resident or fellow 793 (13.9%) 591 (39%)

Other physician assistant 2745 (48%) 649 (42.8%)

None 690 (12.1%) 80 (5.3%)

Attending level of assistance 1492 (26.1%) 195 (12.9%) <0.01

Esophagogastroduodenoscopy, n (%) 885 (15.5%) 141 (9.3%) <0.01

Concurrent paraesophageal hernia repair, n (%) 495 (8.7%) 157 (10.4%) 0.04

Concurrent cholecystectomy, n (%) 355 (6.2%) 213 (14.1%) <0.01

Operative duration, n (%)

<140 min 3471 (60.8%) 198 (13.1%) <0.01
≥140 min 2235 (39.2%), N=5706 1314 (86.9%), N=1512

Operating time, minutes, mean (SD) 137.1 (69) 219.2 (79.1) <0.01

Proactive testing of anastomosis, n (%) 4616 (82.5%), N=5597 1131 (75.5%), N=1498 <0.01

Unplanned conversion to open, n (%) 65 (1.1%) 18 (1.2%) 0.90

SD standard deviation, ASA American Society of Anesthesiologists
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leak after Roux-en-Y gastric bypass to be below 1% [21].
However, the MBSAQIP does not capture anastomotic leak
as a postoperative complication. In this study, the robotic
group had higher rates of organ space infection (2% vs.
1.1%, p = 0.02) and sepsis (1.0% vs. 0.5%, p = 0.04) in the
univariable analysis. The subgroup analysis of primary, non-
revised DS demonstrated similar variations between the two
approaches (Table 3). On the other hand, the occurrence of
organ space and systemic infections were indifferent between

robotic and laparoscopic groups after an isolatedDS (Table 4).
These findings were consistent with the results from the ad-
justed multivariable analyses (Table 5). Such equivalence in
postoperative wound and systemic infections between the two
approaches was previously reported for gastric bypass [6, 7,
21]. The comparability in these major complications may ex-
plain the insignificant difference in 30-day mortality in the
current adjusted model. However, intraoperative mortality
was captured under the same variable. Intraoperative death

Table 3 Thirty-day postoperative outcomes of duodenal switch for laparoscopic versus robotic approach

Variable All DS cases Non-revised DS cases only

Laparoscopic,
n=5720

Robotic,
n=1515

p value Laparoscopic,
n =4549

Robotic,
n =1192

p value

Acute renal failure, n (%) 17 (0.3%) 2 (0.1%) 0.30 13 (0.3%) 2 (0.2%) 0.45

Progressive renal insufficiency, n (%)y 11 (0.2%) 6 (0.4%) 0.10 8 (0.2%) 5 (0.4%) 0.12

Dehydration requiring treatment, n (%) 193 (4%), N=4809 50 (4%), N=1244 1.00 163 (4.3%) 43 (4.5%) 0.90

Number of dehydration episodes, n (%)

Once 150 (3.1%) 40 (3.2%) 1.00 128 (3.4%) 35 (3.6%) 0.90
≥2 episodes 28 (0.6%), N=4794 8 (0.6%), N=1242 20 (0.5%) 6 (0.6%)

Cardiac arrest, n (%) 6 (0.1%) 2 (0.1%) 0.80 3 (0.1%) 1 (0.1%) 0.83

Myocardial infarction, n (%) 4 (0.1%) 1 (0.1%) 1.00 4 (0.1%) 1 (0.1%) 0.10

Stroke, n (%) 3 (0.1%) 0 (0%) 0.40 3 (0.1%) 0 (0%) 0.40

Coma, n (%) 1 (0%) 0 (0%) 0.60 - - -

Wound disruption, n (%) 18 (0.3%) 1 (0.1%) 0.10 14 (0.3%) 1 (0.1%) 0.20

Superficial surgical site infection, n (%) 35 (0.6%) 10 (0.7%) 0.80 25 (0.5%) 9 (0.8%) 0.41

Deep surgical site infection, n (%) 15 (0.3%) 3 (0.2%) 0.60 6 (0.1%) 3 (0.3%) 0.35

Organ space surgical site infection, n (%) 67 (1.1%) 30 (2%) 0.02 46 (1%) 23 (1.9%) 0.01

Any surgical site infections, n (%) 116 (2%) 43 (2.8%) 0.10 76 (1.7%) 35 (2.9%) 0.01

Sepsis, n (%) 30 (0.5%) 15 (1%) 0.04 17 (0.4%) 13 (1.1%) 0.002

Septic shock, n (%) 17 (0.3%) 5 (0.3%) 0.80 13 (0.3%) 4 (0.3%) 0.80

Pneumonia, n (%) 30 (0.5%) 6 (0.4%) 0.50 23 (0.5%) 6 (0.5%) 1.00

Ventilator dependent, n (%) 13 (0.2%) 8 (0.5%) 0.10 9 (0.2%) 6 (0.5%) 0.10

Unplanned reintubation, n (%) 24 (0.4%) 10 (0.7%) 0.20 19 (0.4%) 6 (0.5%) 0.70

Venous thrombosis requiring treatment, n (%) 14 (0.2%) 11 (0.7%) 0.01 10 (0.2%) 7 (0.6%) 0.04

Pulmonary embolism, n (%) 13 (0.2%) 10 (0.7%) 0.01 11 (0.2%) 6 (0.5%) 0.14

Venous thromboembolism, n (%) 25 (0.4%) 19 (1.3%) <0.01 19 (0.4%) 11 (0.9%) 0.03

Peripheral nerve injury, n (%) 0 (0%) 1 (0.1%) 0.10 0 (0%) 1 (0.1%) 0.10

Bleeding requiring transfusion, n (%) 41 (0.7%) 14 (0.9%) 0.40 34 (0.7%) 11 (0.9%) 0.54

Urinary tract infection, n (%) 35 (0.6%) 11 (0.7%) 0.60 24 (0.5%) 9 (0.8%) 0.34

ICU admission, n (%) 135 (2.4%) 37 (2.4%) 0.90 99 (2.2%) 26 (2.2%) 1.00

Reoperation, n (%) 207 (3.6%) 67 (4.4%) 0.10 157 (3.5%) 48 (4%) 0.34

Readmission, n (%) 390 (6.8%) 125 (8.3%) 0.10 302 (6.6%) 94 (7.9%) 0.13

Postoperative length of stay, n (%)

<24 h 55 (1%) 118 (7.8%) <0.01 43 (0.9%) 91 (7.6%) <0.01
≥24 h 5997 (99%) 1397 (92.2%) 4506 (99.1%) 1101 (92.4%)

Extended care after discharge, n (%) 37 (0.6%) 10 (0.7%) 0.80 25 (0.6%) 6 (0.5%) 0.84

Death, n (%) 25 (0.4%) 1 (0.1%) 0.03 21 (0.5%) 0 (0%) 0.02

ICU intensive care unit, DS duodenal switch
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Table 4 Thirty-day postoperative
outcomes of minimally invasive
duodenal switch without
concurrent operations

Variable Laparoscopic,
n =4871

Robotic,
n =1145

p value

Acute renal failure, n (%) 14 (0.3%) 2 (0.2%) 0.50

Progressive renal insufficiency, n (%)y 10 (0.2%) 4 (0.3%) 0.40

Dehydration requiring treatment, n (%) 169 (4.1%) 36 (3.8%) 0.60

Number of dehydration episodes, n (%)

Once 131 (3.2%) 29 (3%) 1.00
≥2 episodes 24 (0.6%) 6 (0.6%)

Cardiac arrest, n (%) 5 (0.1%) 2 (0.2%) 0.50

Myocardial infarction, n (%) 4 (0.1%) 1 (0.1%) 1.00

Stroke, n (%) 3 (0.1%) 0 (0%) 0.40

Coma, n (%) 1 (0%) 0 (0%) 0.60

Wound disruption, n (%) 18 (0.4%) 1 (0.1%) 0.13

Superficial surgical site infection, n (%) 26 (0.5%) 10 (0.9%) 0.18

Deep surgical site infection, n (%) 14 (0.3%) 1 (0.1%) 0.22

Organ space surgical site infection, n (%) 60 (1.2%) 20 (1.7%) 0.17

Any surgical site infections, n (%) 99 (2%) 31 (2.7%) 0.16

Sepsis, n (%) 24 (0.5%) 9 (0.8%) 0.23

Septic shock, n (%) 13 (0.3%) 4 (0.3%) 0.60

Pneumonia, n (%) 25 (0.5%) 3 (0.3%) 0.26

Ventilator dependent, n (%) 12 (0.2%) 4 (0.3%) 0.54

Unplanned reintubation, n (%) 21 (0.4%) 7 (0.6%) 0.42

Venous thrombosis requiring treatment, n (%) 14 (0.3%) 10 (0.9%) 0.01

Pulmonary embolism, n (%) 11 (0.2%) 9 (0.8%) 0.01

Venous thromboembolism, n (%) 23 (0.5%) 17 (1.5%) <0.01

Peripheral nerve injury, n (%) 0 (0%) 1 (0.1%) 0.20

Bleeding requiring transfusion, n (%) 34 (0.7%) 11 (1%) 0.40

Urinary tract infection, n (%) 33 (0.7%) 8 (0.7%) 0.90

ICU admission, n (%) 119 (2.4%) 27 (2.4%) 0.90

Reoperation, n (%) 172 (3.5%) 43 (3.8%) 0.71

Readmission, n (%) 339 (7%) 92 (8%) 0.20

Postoperative length of stay, n (%)

< 24 h 49 (1%) 64 (5.6%) <0.01
≥ 24 h 4822 (99%) 1081 (94.4%)

Extended care after discharge, n (%) 31 (0.6%) 7 (0.6%) 0.92

Death, n (%) 19 (0.4%) 1 (0.1%) 0.10

ICU intensive care unit

Table 5 Multivariable analysis of
the association between robotic
duodenal switch and outcomes
when compared to laparoscopy

Variable Odds ratio (OR) Confidence interval (CI) p value

Organ space surgical site infection 1.6 0.9–2.6 0.10

Sepsis 1.4 0.7–3.1 0.40

Venous thromboembolism 2.3 1.1–4.8 0.02

Early discharge (LOS<24 h) 7.3 4.9–10.9 <0.01

Mortality 0.13 0.02–1.0 0.05

Adjusted covariates: age (< 65 vs. ≥ 65), race, gastroesophageal reflux disease, functional dependence, limited
preoperative ambulation, body mass index, preoperative hematocrit, and albumin levels, intraoperative level of
assistance, esophagogastroduodenoscopy, paraesophageal hernia repair, cholecystectomy, operative duration (<
140 vs. ≥ 140 min) and anastomosis testing

LOS length of stay
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may potentially be influenced by the patient pre-existing con-
ditions rather than the direct impact of the surgical technique.
Prior institutional studies found mortality rates to be similarly
low after both LDS and RDS [9, 10, 15].

Postoperative venous thromboembolism is relatively com-
mon in bariatric patients [22]. Duodenal switch has been re-
ported as an independent predictor for the complication [23].
Halawani et al. evaluated 662 LDS and RDS and reported the
overall rate to be 2.4% [24]. This is consistent with the inci-
dence of the complication from an earlier institutional report
of laparoscopic duodenal switch [14]. However, recent reports

of RDS [13] and minimally invasive gastric bypass [21] found
the occurrence of venous thrombosis to be less than 1%. It is
possible that the improved efficiency in duodenal switch sur-
gery was the cause of such a shift over time. Similarly, the
rates were 0.4% and 1.3% for LDS and RDS respectively in
current study. Despite the comparable preoperative risk of
venous thromboembolic events, RDS was independently as-
sociated with the complication in the adjusted model. The
development of VTE continued to be higher for the robotic
approach in subgroup analysis of non-revised operations.
Although the rate of venous thromboembolism was lower
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with no concurrent operations, this was still statistically higher
in the robotic group. While the RDS group had higher BMI,
such a variation in VTE was likely due to the longer RDS
operative duration. In this study, RDS had a lower level of
intraoperative assistance. However, the level of assistance was
previously found to have an insignificant impact on operative
duration [25]. However, the subgroup analysis by years illus-
trated the rates to be fluctuating. While the robotic approach
had a significantly greater venous thromboembolism in 2017
(0.4% vs. 1.9%, p = 0.001), it became equivalent to laparos-
copy in the last year, 2018 (1.5% vs. 1.2%, p = 0.1). This is
associated with, and possibly a result of, a relative reduction in
operative time for RDS over time. While the smaller robotic
sample size could explain the variation, the decreasing rates of
venous thromboembolic events may suggest increasing effi-
ciency in the utilization of the robotic platform from 2015 to
2018.

Previous single institutional series reported hospital length
of stay to be 4–5.5 and 2.7–4.6 days for LDS [8, 14] and RDS,
[11, 13] respectively. In addition to the limited sample sizes,
most of these analyses were from the earlier experience with
the minimally invasive duodenal switch. We compared hos-
pital stay between the two techniques in every year included in
the study. Except in 2015 (median day: 3 vs. 2, p < 0.01 for
RDS and LDS respectively), the robotic technology was able
to have a comparable overall length of stay (2 days) to lapa-
roscopy. Despite the higher rates of concurrent operations
with RDS, the technique was associated with the discharge

on the same day after surgery in the multivariable analysis.
The subgroup analyses of non-revised cases and those without
concurrent operations demonstrated higher earlier discharges
with the robotic approach. This was consistent with the ad-
justed analysis. The ability of robotics to discharge patients
earlier when compared to conventional approaches has previ-
ously been noted for other bariatric operations [7]. Despite the
previously reported increased morbidity after same-day dis-
charge [26], RDS was associated with comparable clinical
outcomes to LDS. However, the current subgroup analysis
showed a comparable median LOS between the two ap-
proaches over the recent years. It is possible that most of the
robotic cases were performed at high-volume institutions
where a strict early discharge policy is implemented. In addi-
tion, the potential effect of selection bias could not be exclud-
ed with higher percentage of earlier recovery with robotics.

Trends in outcomes over time with each surgical platform
had not been previously characterized. In this study, we were
able to track the changes in outcomes between LDS and RDS
over years. While the patients’ complexity parameters (Fig. 1)
were equivalent between the two approaches, a relative reduc-
tion in the difference in certain complications was noted. This
included the difference in the development of surgical site
infection and sepsis/septic shock (Fig. 2). The differences in
reoperation and ICU admission and readmission were statisti-
cally insignificant between the two approaches over years.
Our findings of overall equilibrating outcomes trends in
LDS vs. RDS over time may be related to the increasingly
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more frequent use of the robotic platform across the nation in
the recent years, resulting in greater surgeon experience, safe-
ty, and efficiency.

This study is the first multicenter comparative assessment
for LDS and RDS; however, several limitations of our anal-
ysis should be noted. The retrospective nature of the study
and the lack of clinically important variables, such as anas-
tomotic leak, present limitations due to study design, record-
ing bias, and researcher interpretation. The availability of a
standardized variable for anastomotic leak would provide a
better understanding of the incidence, severity, and conse-
quence of the complication. The details regarding previous
operations in revisional cases (gastric banding vs. sleeve
gastrectomy vs. Roux-en-Y gastric bypass) were not cap-
tured by the MBSAQIP. Although the primary CPT code
includes partial gastrectomy, the presence of staged duode-
nal switch was not defined by the database, leading to po-
tential patients’ heterogeneity. This study included duodenal
switch operations with duodenoileostomy and ileoileostomy.
It is possible that the various types of bariatric conversions
and duodenal switch operations are associated with different
perioperative courses. Despite the standardization of vari-
ables, the MBSAQIP captures postoperative sepsis using
the traditional definition, rather than the Sepsis-3 definition.
Although the perioperative risk of venous thrombosis and
BMI were eventually adjusted, the use of post-discharge
VTE prophylaxis was unidentifiable. The impact of the bar-
iatric caseload on postoperative outcomes is well established
[27]. However, adjusting groups for the hospital or provider
volume of minimally invasive cases was not feasible using
the data source. Given the low observations of certain out-
comes, the overfitting of the adjusted models remains a pos-
sibility in this study.

Conclusion

Robotic duodenal switch may provide comparable short-term
outcomes to laparoscopy, except for higher risk of venous
thromboembolism with the newer technology. The difference
in the development of venous thromboembolism between the
two approaches has been decreasing over time. RDS may
reduce the need for intraoperative attending assistance and
length of stay in select cases while demonstrating equivalent
complications to LDS. The recent trends suggest a gradual
decrease in the outcomes variations between the two
platforms.
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