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Abstract

Background Research on the utilization of robotic surgical approaches in the management of inflammatory bowel disease
(IBD) is limited. The aims of this study were to identify temporal trends in robotic utilization and compare the safety of a
robotic to laparoscopic operative approach in patients with IBD.

Methods Patients who underwent minimally invasive surgery (MIS) for IBD were identified using the American College of
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database (2013-2021). Temporal trends of robotic
utilization were assessed from 2013 to 2021. Primary (30-day overall and serious morbidity) and secondary (unplanned
conversion to open) outcomes were assessed between 2019 and 2021, when robotic utilization was highest. Multivariable
logistic regression was performed.

Results The use of a robotic approach for colectomies and proctectomies increased significantly between 2013 and 2021
(p<0.001), regardless of disease type. A total of 6016 patients underwent MIS for IBD between 2019 and 2021. 2234 (37%)
patients had surgery for UC [robotic 430 (19.3%), lap 1804 (80%)] and 3782 (63%) had surgery for CD [robotic 500 (13.2%),
lap 3282 (86.8%)]. For patients with UC, there was no difference in rates of overall morbidity (22.6% vs. 20.7%, p=0.39),
serious morbidity (11.4% vs. 12.3%, p=0.60) or conversion to open (1.5% vs. 2.1%, p=0.38) between the laparoscopic
and robotic approaches, respectively. There was no difference in overall morbidity between the two groups in patients with
CD (lap 14.0% vs robotic 16.4%, p=0.15), however the robotic group exhibited higher rates of serious morbidity (7.3% vs.
11.2%, p <0.01), shorter LOS (3 vs. 4 days, p <0.001) and lower rates of conversion to an open procedure (3.8% vs. 1.6%,
p=0.02). Adjusted analysis showed similar results.

Conclusion The use of the robotic platform in the surgical management of IBD is increasing and is not associated with an
increase in 30-day overall morbidity compared to a laparoscopic approach.

Keywords Robotic surgery - Crohn’s disease - Ulcerative colitis - Inflammatory bowel disease

Crohn’s disease (CD) and ulcerative colitis (UC) are chronic
conditions characterized by inflammation of the gastroin-
testinal tract. The global incidence of these diseases, col-
lectively known as inflammatory bowel disease (IBD), has
risen dramatically over the last few decades [1, 2]. In the
U.S. alone approximately 1.8 to 3.1 million adults are now

> Vincent J. Obias
vobias1 @jhu.edu

Colorectal Research Unit, Department of Surgery, The Johns
Hopkins University School of Medicine, Baltimore, MD,
USA

2 Johns Hopkins Medicine, National Capital Region, 10215
Fernwood Road, Suite 630, Bethesda, MD 20817, USA

affected by IBD [3, 4]. Despite a recent stagnation in the
increase of incidence rates, the prevalence among older
adults in the US continues to increase [3]. In parallel to these
changes there has also been an evolution in the treatment
paradigm for these conditions. While IBD was historically
managed with surgery, the cornerstone of treatment is now
medical therapy. New targeted therapeutic strategies, bio-
logic agents, and increased knowledge of clinically relevant
targets have improved both the management and outcomes
of IBD patients [5]. Despite this, patients with UC and CD
may still develop medically refractory or fulminant disease
requiring surgical management.

Surgical management of IBD patients is challenging.
Due to the chronic nature of the disease, patients are often
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malnourished, on immunosuppressive therapy at the time
of surgery, and have a history of prior abdominal surger-
ies. There are no current IBD specific credentialing pro-
grams for surgeons, but several groups have proposed this
type of training, with a focus on minimally invasive surgery
(MIS) [6-8]. The use of the robotic platform has extended to
almost all surgical fields and to increasingly complex patient
populations and operations. Potential benefits in the IBD
population include the ability to perform a total intracorpor-
eal ileocolic anastomosis, increased exposure during difficult
pelvic dissections, and decreased rates of conversion to open
in colectomies [6, 9]. However, the increased costs that come
from longer average operative times and the robotic console
and instruments are a concern.

Prior studies that have focused on the utilization of the
robotic platform in IBD patients were limited to single insti-
tutional series with small sample sizes [10—13]. Although
these studies have shown that a robotic approach is feasible
and safe in select IBD patients, granular data on national
utilization of the platform and specific postoperative compli-
cations, including rates of conversion to open, anastomotic
leak, ileus, and length of stay (LOS) are limited. Therefore,
the aims of this study were to utilize a large national data-
base to investigate temporal trends in the utilization of the
robotic platform in IBD patients and compare postoperative
outcomes between patients who underwent laparoscopic sur-
gery and those who underwent robotic surgery.

Materials and methods
Data source

This was a retrospective analysis using the 2013-2021
American College of Surgeons National Surgical Qual-
ity Improvement Program (ACS-NSQIP) database and its
procedure targeted colectomy and proctectomy files. ACS-
NSQIP is a nationally validated, risk-adjusted, outcomes-
based database that collects more than 150 perioperative
variables on patients undergoing surgery from over 700 par-
ticipating member hospitals of varying sizes and academic
affiliations [14, 15]. Certified surgical clinical reviewers pro-
spectively collect data with the purpose of evaluating and
improving surgical quality of care. This study was reviewed
and approved by the Institutional Review Board of the Johns
Hopkins University School of Medicine.

Study population
Patients > 18 years of age diagnosed with IBD (UC or CD)
who underwent MIS management were included in this

study. IBD diagnoses in patients were identified in NSQIP
when IBD related International Classification of Diseases,
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9th and 10th revisions (ICD-9/10) codes were listed as
both the indication for surgery and the postoperative
diagnosis (Supplemental Table 1). Common procedures
performed for IBD in the proctectomy and colectomy tar-
geted files were identified using Current Procedural Ter-
minology (CPT) codes (Supplemental Table 2). Patients
were excluded if they met any of the following criteria:
(a) underwent emergency surgery, (b) CPT codes that
included open surgery, rectal prolapse, congenital mega-
colon or obstruction, (c) American Society of Anesthesi-
ologists (ASA) classification V or missing classification,
or (d) non-laparoscopic or non-robotic case (Fig. 1).

Baseline characteristics of patients

Demographic characteristics included age, sex (male,
female), and race (White, Black, other/unknown). Base-
line clinical characteristics included operative stress score
[3 (moderate stress) or 4 (high stress)], ASA classifica-
tion (I-II, III-IV), obesity (defined as BMI > 30), smok-
ing status, history of diabetes, congestive heart failure
(CHF), chronic obstructive pulmonary disease (COPD),
hypertension (HTN), dyspnea, bleeding disorder, and
preoperative chronic steroid/immunosuppressive use. Per
NSQIP, preoperative chronic steroid/immunosuppressive
therapy use is defined as a patient who has “required the
regular administration of oral or parenteral corticoster-
oid medications or immunosuppressant medications, for a
chronic medical condition, within the 30 days prior to the
principal operative procedure. A one-time pulse limited
short course, or a taper of less than 10 days duration would
not qualify. Long-interval injections of long-acting agents
(e.g., monthly) that are part of an ongoing regimen would
qualify” [14, 15]. Operative stress scores were recently
developed, and expanded, to quantify physiological stress
of surgical procedures on a scale of 1-5 [16, 17]. A score
of 1 corresponds to very low stress, 2 low stress, 3 moder-
ate stress, 4 high stress, and 5 very high stress. Operative
stress scores were assigned, when possible, based on pre-
viously published studies [16, 17]. Since this study only
included patients who underwent robotic or laparoscopic
surgery and robotic specific CPT codes do not exist, open
CPT codes were assigned an adjusted operative stress
score based laparoscopic equivalent cases. For example, a
CPT code of 44143 corresponds to a “colectomy partial,
end colostomy and closure of distal segment” and has an
assigned operative stress score of 4. However, the lapa-
roscopic equivalent (CPT 44206) has an operative stress
score of 3 (Supplemental Table 2). Operative approach
(robotic or laparoscopic) was categorized based on an
intention-to-treat approach.
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Fig. 1 Flowchart for selection of
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surgical quality improvement
project, /CD International
classification of disease, IBD
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Temporal operative trends

Temporal trends in the utilization of the robotic platform
in the surgical management of IBD were investigated by
diagnosis (UC or CD) as well as primary procedure type
(colectomy or proctectomy). NSQIP Procedure Targeted
Colectomy Files were available starting in 2012, however
a robotic approach was not reported until 2013, therefore
trends in the rates of robotic colectomies were assessed from
2013 to 2021. The NSQIP Procedure Targeted Proctectomy
Files were available starting in 2016 and therefore trends in
the rates of robotic proctectomies were assessed from 2016
to 2021.

Outcomes

Primary outcomes were assessed from 2019 to 2021 when
utilization of the robotic platform was higher to avoid bias
from an initial robotic learning curve. The primary out-
comes were 30-day postoperative overall and serious mor-
bidity. Overall morbidity was defined as the occurrence of

one or more of the following adverse events within 30 days
postoperatively: wound infection, pneumonia, urinary tract
infection (UTTI), venous thromboembolism (VTE), cardiac
complication, shock/sepsis, unplanned intubation, bleed-
ing requiring transfusion, renal complication, on ventila-
tor >48 h, organ/space surgical site infection (SSI), and
anastomotic leak. Serious morbidity was defined by the
presence of Clavien—-Dindo class III-IV complication (car-
diac or renal complications, shock/sepsis, unplanned intuba-
tion, on ventilator > 48 h, organ/space SSI, or re-operation)
[18]. Secondary outcomes included unplanned conversion to
open, 30-day postoperative ileus, readmission, reoperation,
mortality, operative time, and LOS.

Statistical analysis

Changes in utilization over time were assessed using the
Cochran—Armitage test for trend. Baseline characteristics
and postoperative outcomes were compared between the
laparoscopic and robotic surgery groups for UC and CD
patients separately. A Pearson’s Chi-squared test or Fisher’s
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exact test (when appropriate) was used for categorical vari-
ables, and Wilcoxon rank-sum (Mann—Whitney) test or
quantile regression (when appropriate) was used for continu-
ous variables. Multivariable logistic regression analysis was
used to identify factors associated with 30-day postoperative
overall morbidity, serious morbidity, and unplanned conver-
sion to open procedure while adjusting for clinically relevant
covariates listed in Table 1. Hosmer—Lemeshow goodness-
of-fit test was used to evaluate the models. Statistical sig-
nificance was indicated by p <0.05. All statistical analyses
were performed using Stata, version 17.0 (StataCorp, Col-
lege Station, Texas, USA).

Results
Study population

A total of 14,636 patients were identified who underwent
MIS for IBD between the years of 2013-2021, with 5572
(38.1%) undergoing surgery for UC and 9064 (61.9%)
for CD. An increasing proportion of proctectomies were
performed robotically in both patients with UC (17.7%
in 2016 to 41.0% in 2021) and CD (14.3% to 35.8%)
(p<0.001) (Fig. 2). The proportion of robotic colectomies

Table 1 Demographic, clinical, and operative characteristics of IBD patients undergoing MIS resection (2019-2021)

Characteristic, n (%) UC laparoscopic  UC robotic 430 (19.3) P Crohn’s laparo- Crohn’s robotic  p
1804 (80.8) scopic 3282 (86.8) 500 (13.2)
Age group, years 0.230 0.964
<35 767 (42.5) 167 (38.8) 1429 (43.5) 219 (43.8)
3544 328 (18.2) 81 (18.8) 655 (20.0) 100 (20.0)
45-54 257 (14.3) 79 (18.4) 462 (14.1) 73 (14.6)
55-64 242 (13.4) 52 (12.1) 413 (12.6) 64 (12.8)
>65 210 (11.6) 51(11.9) 323 (9.8) 44 (8.8)
Age, median (IQR) 38 (28,55) 41 (28,53) 0.290 37 (28,53) 37 (28.5,52) 0.719
Sex 0.017 0.348
Male 980 (54.3) 261 (60.7) 1432 (43.6) 207 (41.4)
Female 824 (45.7) 169 (39.3) 1850 (56.4) 293 (58.6)
Race 0.145 <0.001
White 1430 (79.4) 349 (81.2) 2495 (76.1) 400 (80.5)
Black 71 (3.9) 23 (5.4) 243 (7.4) 64 (12.9)
Other/unknown 299 (16.6) 58 (13.5) 539 (16.5) 33 (6.6)
Type of procedure <0.001 <0.001
Colectomy 1214 (67.3) 92 (21.4) 3056 (93.1) 402 (80.4)
Proctectomy 590 (32.7) 338 (78.6) 226 (6.9) 98 (19.6)
Operative stress score <0.001 <0.001
3 (moderate stress) 1378 (76.4) 142 (33.0) 3188 (97.1) 437 (87.4)
4 (high stress) 426 (23.6) 288 (67.0) 94 (2.9) 63 (12.6)
ASA classification 0.164 0.468
I-1I 927 (51.4) 237 (55.1) 1979 (60.3) 310 (62.0)
-1v 877 (48.6) 193 (44.9) 1303 (39.7) 190 (38.0)
BMI>30 394 (22.0) 102 (23.9) 0.410 710 (21.8) 124 (25.0) 0.119
Current smoker 89 (4.9) 23 (5.4) 0.723 529 (16.1) 82 (16.4) 0.873
Diabetes 119 (6.6) 23 (5.4) 0.341 116 (3.5) 22 (4.4) 0.336
History of CHF 1(0.1) 1(0.2) 0.348 1(0.03) 1(0.2) 0.247
COPD 19 (1.1) 4(0.9) 0.999 39(1.2) 4(0.8) 0.446
Hypertension 276 (15.3) 69 (16.1) 0.700 492 (15.0) 63 (12.6) 0.159
Dyspnea 36 (2.5) 5(1.6) 0.354 32(1.2) 6(1.6) 0.624
Bleeding disorder 55@3.1) 6(1.4) 0.059 46 (1.4) 1(0.2) 0.024
Steroid/immunosuppressive use 1133 (62.8) 161 (37.4) <0.001 2081 (63.4) 296 (59.2) 0.070

MIS minimally invasive surgery, UC ulcerative colitis, /QR interquartile range, ASA American Society of Anesthesiologists, BMI body mass
index, CHF congestive heart failure, COPD chronic obstructive pulmonary disease
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also increased in both UC (1.7% in 2013 to 12.4% 2021)
and CD patients (2.4% to 12.2%) (p <0.001) (Fig. 3).
Between the years of 2019-2021, 6016 patients had MIS
for IBD. Of these patients, 3782 (62.9%) underwent surgery
for CD with 3282 (86.8%) undergoing a laparoscopic pro-
cedure and 500 (13.2%) a robotic procedure. 2234 (37.1%)
patients underwent surgery for UC, with 1804 (81.0%)
undergoing a laparoscopic procedure and 430 (19.2%) a
robotic procedure (Fig. 1). Among patients who underwent
surgery for UC there was no difference in age, race, ASA
classification, or preoperative comorbidities such as smoking
history, diabetes, CHF, COPD, HTN, dyspnea, or presence
of a bleeding disorder between the robotic and laparoscopic
groups. Patients who underwent robotic surgery for UC were
more frequently male (60.7% robotic vs 54.3% laparoscopic,
p=0.017), had a higher operative stress score (score 4:
67.0% vs 23.6%, p<0.001), and less frequently used immu-
nosuppressants preoperatively (37.4% vs 62.8%, p <0.001)
(Table 1). Among patients who underwent surgery for CD

there was no difference in age, sex, ASA classification, pre-
operative steroid/immunosuppressant use, or preoperative
comorbidities except bleeding disorder (0.2% robotic vs.
1.4% lap, p=0.024) between the MIS approaches. Patients
who had a robotic surgery tended to have a lower operative
stress score (score 3: 87.4% vs. 97.1%, p <0.001) (Table 1).

Most common procedures

The most common laparoscopic procedure performed in
patients with UC was a total abdominal colectomy (TAC)
without proctectomy (1103, 61.1%), followed by proctec-
tomy with IPAA (ileal pouch-anal anastomosis) (170, 9.4%),
and TAC with proctectomy (163, 9.0%). For robotic proce-
dures a proctectomy with IPAA (117, 27.2%) was the most
common, followed by TAC with proctectomy and ileal res-
ervoir creation (102, 23.7%), and TAC without proctectomy
(69, 16.1%).

The most common laparoscopic procedure performed in
patients with CD was a partial colectomy with removal of
terminal ileum and ileocolostomy (2241, 68.3%), followed
by a partial surgical colectomy with anastomosis (351,
10.7%), and a TAC without proctectomy with ileostomy/
ileoproctostomy (243, 7.4%). For robotic procedures, a par-
tial colectomy with removal of terminal ileum and ileoco-
lostomy (272, 54.4%) was the most common, followed by a
partial surgical colectomy with anastomosis (70, 14.0%) and
a proctectomy combined abdominoperineal with colostomy
(55, 11.0%).

Unadjusted outcomes for UC patients

On unadjusted analysis, there was no difference in 30-day
overall and serious morbidity, or an unplanned conversion
to open procedure between UC patients who underwent a
laparoscopic surgery and those who underwent a robotic
surgery (overall morbidity: 22.6% vs. 20.7%, p=0.390;
serious morbidity: 11.4% vs. 12.3%, p=0.598; conversion:
1.5% vs. 2.1%, p=0.377; respectively) (Table 2). Differ-
ences in specific 30-day perioperative outcomes, however,
were observed. Laparoscopic patients had higher VTE
rates (3.8% vs. 1.9%, p=0.045) and higher rates of bleed-
ing requiring transfusion (8.7% vs. 4.7%, p=0.005). There
were no significant differences in rates of anastomotic leak
(1.8% vs. 3.3%, p=0.414) or organ/space SSI (6.5% vs.
8.4%, p=0.178) (Table 2).

In terms of intraoperative outcomes, patients who under-
went robotic surgery had longer operative times than patients
who underwent laparoscopic surgery (median operative time
297 vs. 210 min, p <0.001). Readmission rates were higher
in the robotic group (19.8% vs. 14.1%, p=0.003). The top
three reasons for readmission were the same in both groups.
These included ileus/small bowel obstruction (lap 27.3%
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Table 2 30-day post-operative

) o Outcome (%) UC laparoscopic 1804 UC robotic 430 (19.3) p-value
out.comes for ulce?ratlve colitis (80.8)
patient’s undergoing MIS
resection Overall morbidity® 408 (22.6) 89 (20.7) 0.390
Serious morbidityb 206 (11.4) 53 (12.3) 0.598
Anastomotic leak 22 (1.8) 3(3.3) 0.414
Wound infection 76 (4.2) 15(3.5) 0.495
Organ/space SSI 118 (6.5) 36 (8.4) 0.178
Pneumonia 21 (1.2) 5(1.2) 0.998
UTI 28 (1.6) 11 (2.6) 0.152
VTE 69 (3.8) 8(1.9) 0.045
Cardiac 3(0.2) 1(0.2) 0.575
Shock/sepsis 84 (4.7) 15(3.5) 0.290
Unplanned intubation 4(0.2) 1(0.2) 0.999
Bleeding requiring transfusion 157 (8.7) 20 (4.7) 0.005
Renal complications 3(0.2) 3(0.7) 0.090
On ventilator>24 h 5(0.3) 1(0.2) 0.999
Unplanned conversion to open 27 (1.5) 9 (2.1 0.377
Ileus 174 (14.3) 12 (13.0) 0.731
Readmission 254 (14.1) 85 (19.8) 0.003
Reoperation 97 (5.4) 22 (5.1) 0.829
Mortality 2(0.1) 0(0.0) 0.999
Operative time, median (IQR) 210 (164, 268) 297 (224, 363) <0.001
LOS, median (IQR) 43,7 4(3,6) 0.999

MIS minimally invasive surgery, SSI surgical site infection, UTT urinary tract infection, VTE venous throm-
boembolism, /QR interquartile range, LOS length of stay

#Overall morbidity: wound infection, pneumonia, urinary tract infection, VTE, cardiac complication,
shock/sepsis, unplanned intubation, bleeding transfusion, renal complication, on ventilator >48 h, organ/
space SSI, and anastomotic leak

®Serious morbidity: Clavien—Dindo III-IV (cardiac complication, shock/sepsis, unplanned intubation, renal
complication, on ventilator > 48 h, organ/space SSI, and reoperation)

vs. robotic 27.1%), followed by infection (lap 27.3% vs.
robotic 21.2%), and failure to thrive/dehydration (lap 9.1%
vs. robotic 16.5%). There was a higher proportion of patients
in the laparoscopic group who were admitted for pain com-
pared to the robotic group (8.7% vs. 4.7%). Expanded details
on reasons for readmission can be found in Supplemental
Table 3. There was also no difference in rates of reoperation,
mortality, or LOS between the two operative approaches
(Table 2).

Unadjusted outcomes for CD patients

On unadjusted analysis, there was no difference in 30-day
overall morbidity between CD patients who underwent lapa-
roscopic surgery and CD patients who underwent robotic
surgery (overall morbidity: 14.0% vs. 16.4%, p=0.151)
(Table 3). The robotic group had a higher rate of serious
morbidity (11.2% vs. 7.3%, p=0.002) and a lower rate of
an unplanned conversion to open procedure (3.7% vs 1.6%,
p=0.017). Differences in specific 30-day perioperative out-
comes were observed. Robotic patients had higher organ/
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space SSI rates (8.0% vs. 4.4%, p <0.001), higher rates of
UTI (1.8% vs. 0.73%, p=0.033), and higher rates of shock/
sepsis (4.2% vs. 2.4%, p=0.017). There were no signifi-
cant differences in rates of anastomotic leak (2.4% vs. 2.2%,
p=0.850).

In terms of intraoperative outcomes, patients who under-
went robotic surgery had longer operative times than patients
who underwent laparoscopic surgery (median operative time
228 vs. 152 min, p <0.001). Patients who underwent robotic
surgery also had a significantly shorter LOS than the lapa-
roscopic group [median 3 vs. 4 days, p <0.001]. There was
no difference in rates of 30-day readmission, reoperation, or
mortality between the groups.

Adjusted analysis for UC patients

On multivariable logistic regression analysis, no differences
in the odds of 30-day overall morbidity (OR 0.93, 95% CI
0.67-1.30, p=0.680), serious morbidity (OR 1.28, 95% CI
0.85-1.91, p=0.231), or conversion to open (OR 0.83, 95%
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Table 3 30-day post-operative

outcomes for Crohn’s disease
patient’s undergoing MIS
resection

Table 4 Multivariable
regression analysis assessing
impact of operative approach
on 30-day morbidity and
unplanned conversion to open
procedure

Outcome (%) Crohn’s laparoscopic ~ Crohn’s robotic 500 (13.2) p-value
3282 (86.8)
Overall morbidity® 459 (14.0) 82 (16.4) 0.151
Serious morbidityb 239 (7.3) 56 (11.2) 0.002
Anastomotic leak 73 (2.4) 9(2.2) 0.850
Wound infection 100 (3.1) 12 (2.4) 0.427
Organ/space SSI 144 (4.4) 40 (8.0) <0.001
Pneumonia 25 (0.76) 5(1.0) 0.585
UTI 24 (0.73) 9(1.8) 0.033
VTE 49 (1.5) 5(1.0) 0.387
Cardiac 11 (0.34) 1(0.2) 0.999
Shock/sepsis 78 (2.4) 21 (4.2) 0.017
Unplanned intubation 8(0.24) 1(0.2) 0.999
Bleeding requiring transfusion 154 (4.7) 19 (3.8) 0.374
Renal complications 11 (0.34) 4 (0.80) 0.126
On ventilator>24 h 9(0.27) 2 (0.40) 0.647
Unplanned conversion to open 121 (3.7) 8 (1.6) 0.017
Ileus 302 (9.9) 40 (10.0) 0.971
Readmission 310 (9.5) 59 (11.8) 0.098
Reoperation 109 (3.3) 17 (3.4) 0.927
Mortality 3(0.1) 1(0.2) 0.433
Operative time, median (IQR) 152 (116, 204) 228 (175, 304) <0.001
LOS, median (IQR) 4 (3-6) 3(2-5) <0.001

MIS minimally invasive surgery; SSI surgical site infection; UTT urinary tract infection; VTE venous throm-
boembolism; /QR interquartile range; LOS length of stay

#Overall morbidity: Wound infection, pneumonia, urinary tract infection, VTE, cardiac complication,
shock/sepsis, unplanned intubation, bleeding transfusion, renal complication, on ventilator>48 h, organ
space SSI, and anastomotic leak

®Serious morbidity: Clavien—Dindo III-IV (cardiac complication, shock/sepsis, unplanned intubation, renal
complication, on ventilator > 48 h, organ/space SSI, and reoperation)

Outcome Unadjusted Adjusted®
OR (95% CI) P OR (95% CI) P
Ulcerative colitis
Overall morbidity Laparoscopic Reference Reference
Robotic 0.89 (0.69-1.16) 0.390 0.93 (0.67-1.30) 0.680
Serious morbidity Laparoscopic Reference Reference
Robotic 1.09 (0.79-1.50) 0.598 1.28 (0.86-1.91) 0.231
Conversion to open Laparoscopic Reference Reference
Robotic 1.40 (0.66-3.01) 0.380 0.83 (0.29-2.41) 0.731
Crohn’s disease
Overall morbidity Laparoscopic Reference Reference
Robotic 1.21 (0.93-1.56) 0.151 1.32 (0.98-1.78) 0.072
Serious morbidity Laparoscopic Reference Reference
Robotic 1.61 (1.18-2.18) 0.003 1.51 (1.04-2.18) 0.029
Conversion to open Laparoscopic Reference Reference
Robotic 0.42 (0.21-0.87) 0.020 0.39 (0.17-0.90) 0.027

OR odds ratios; CI confidence interval

“Multivariable analysis adjusted for age, sex, race, operative stress score, ASA, obesity, smoking, diabe-
tes, history of CHF, history of COPD, hypertension, dyspnea, bleeding disorder, steroid use, and operative
approach
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CI 0.29-2.41, p=0.731) were observed between the UC
laparoscopic and robotic groups (Table 4).

Factors associated with increased odds of overall morbid-
ity included ASA class III/IV (OR 1.50, 95% CI 1.18-1.92,
p=0.001) and steroid/immunosuppressive therapy use (OR
1.48,95% CI 1.13-1.94, p=0.004) (Supplemental Table 4).
Factors associated with increased odds of serious morbidity
included Black race (OR 2.76, 95% CI 1.57-4.84, p <0.001),
ASA class III/IV (OR 1.40, 95% CI 1.03-1.92, p=0.033),
and steroid/immunosuppressive therapy use (OR 1.53,95%
CI 1.07-2.17, p=0.018) (Supplemental Table 4). Factors
associated with increased conversion to open included
BMI >30 (OR 2.41, 95% CI 11.04-5.58, p=0.040) (Sup-
plemental Table 4).

Adjusted analysis for CD patients

On multivariable logistic regression analysis, no difference
in the odds of 30-day overall morbidity (OR 1.31, 95% CI
0.98-1.78, p=0.072) was observed between the CD laparo-
scopic and robotic group (Table 4). However, patients who
underwent robotic resections had higher odds of serious
morbidity (OR 1.51,95% CI 1.04-2.18, p=0.029) and lower
odds of conversion to open procedure (OR 0.39, 95% CI
0.17-0.90, p=0.027) than the laparoscopic group (Table 4).

Factors associated with increased odds of overall mor-
bidity include Other/Unknown race (OR 1.35, 95% CI
1.01-1.79, p=0.042), ASA class III/IV (OR 1.38, 95%
CI 1.11-1.72, p=0.004), smoking history (OR 1.33, 95%
CI 1.02-1.74, 0.034), history of HTN (OR 1.70, 95% CI
1.25-2.31, p=0.001), and history of bleeding disorder (OR
3.84,95% CI 1.87-7.90, p <0.001) (Supplemental Table 5).
Factors associated with increased odds of serious morbid-
ity included ASA class ITII/IV (OR 1.77,95% CI 1.33-2.36,
p<0.001) and smoking history (OR 1.51, 95% CI 1.08-2.10,
p=0.016). Factors associated with decreased odds of serious
morbidity included age <35 (OR 0.64, 95% CI 0.42-0.96,
p=0.033) (Supplemental Table 5). Other factors associated
with increased conversion to open included age > 65 (OR
2.36,95% CI 1.17-4.75, p=0.016) and Black race (OR 2.00,
95% CI 1.07-3.72, p=0.028) (Supplemental Table 5).

Discussion

Advances in medical therapy have led to significant
improvements in the overall outcomes and quality of life
for patients with IBD. Innovations over the last decade
in surgical techniques, particularly the development and
use of the robotic platform, have led to increased research
on the potential risks and benefits of this approach over
more conventional laparoscopic techniques. To our knowl-
edge, this is the first study to investigate national trends in
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robotic utilization in IBD patients and the largest report
on postoperative outcomes in these patients. Our findings
highlight the following: (1) the use of the robotic platform
in patients with IBD has increased dramatically over the
last decade, (2) for patients with UC, the robotic approach
is safe and feasible for a variety of procedures, (3) for
patients with CD, the utilization of the robot is associ-
ated with comparable rates of overall morbidity yet higher
rates of serious morbidity, shorter LOS and lower rates
of unplanned conversion to open when compared to the
laparoscopic approach, and (4) ongoing discussions are
needed to accurately identify patients who may benefit
from a robotic surgery approach.

Prior studies have shown that the proportion of laparo-
scopic resections in IBD has increased over time but national
trends in robotic utilization have not been previously
reported [19]. From 2013 to 2021 the rates of robotic colec-
tomies and proctectomies for both CD and UC increased
significantly. Reasons for this may be related to the increased
availability of robotic consoles and/or a greater number
of surgeons who feel comfortable or prefer to utilize this
approach in their practice. Other contributing factors may
be a shorter learning curve compared to laparoscopic sur-
gery, particularly in complex diseases such as IBD, and the
advantage of improved pelvic exposure in difficult cases [6].
These potential benefits must be weighed with the increased
cost of robotic surgery. Although our study found that CD
patients who underwent robotic surgery had a shorter LOS,
the robotic platform is associated with a higher overall cost
of surgery and increased utilization of operative time and
thus personnel. Some reports have estimated the cost of
robotic surgery is nearly 1.3-2.5 times higher than that of
laparoscopic surgery [20, 21]. However, as newer platforms
become available, and costs continue to decrease the authors
believe utilization with continue to expand and there will
continue to be improvement in outcomes.

As minimally invasive surgery, and more specifically
robotic surgery, has become more widespread so has
research comparing different operative approaches in colo-
rectal procedures. Prior research focused on comparing out-
comes between robotic, laparoscopic, and open approaches
has been limited by the number of patients with IBD
included in the analyses [12]. More focused comparisons
between a robotic and laparoscopic approach in IBD are lim-
ited to institutional studies, two of which found no difference
in outcomes between robotic and laparoscopic proctectomies
[10, 11]. A systematic review and meta-analysis reported
on five studies which compared robotic versus laparoscopic
ileal pouch anal anastomosis (IPAA) and showed that in a
pooled analysis there was a non-statistically significant trend
toward less complications in robotic procedures [22]. Our
study greatly expands the number of robotic surgery cases
performed for IBD reported in the literature, and although
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we found no significant difference between the groups in UC
patients, differences in CD patients were evident.

The surgical management of patients with CD is diffi-
cult. Numerous studies and editorials have drawn attention
to specific challenges in the care of these patients and the
need for highly specialized surgeons [6, 8, 23]. Intraopera-
tive factors including friability of tissues and re-operative
fields make the surgery complex, and knowledge of technical
maneuvers specific to this disease are crucial to provide opti-
mal care. Our study highlights a few potential benefits of a
robotic approach, namely a decreased overall LOS and rates
of unplanned conversion to open. The decreased rate of con-
version is particularly important as many patients with CD
are likely to require multiple surgical procedures throughout
their lifetime. Conversely, we found that the robotic group
had a higher rate of serious morbidity related to increased
rates of postoperative organ/space SSI and shock/sepsis.
Specifically, this increase appears to be driven by outcomes
of patients who underwent robotic proctectomies in the
year 2021. Serious morbidity rates increased from 12.1% in
2019 and 17.1% in 2020 to 37.5% in 2021. A similar trend
was found among patients who underwent a laparoscopic
proctectomy for CD with increases from 11.5% in serious
morbidity in 2019 to 20.9% in 2021. Possible reasons for the
increase in serious morbidity among robotic compared to the
laparoscopic proctectomies could be the lack of haptic feed-
back in robotic surgery and inability to identify tissues that
might be weakened by infection, inflammation, or abscess
formation. Reasons for the drastic increase in serious mor-
bidity for both groups in the year 2021 could be related to
the COVID-19 pandemic. Patients during this period may
have had their surgeries delayed as elective surgeries were
canceled at many institutions during this time. It is important
to note that despite the increase in serious morbidity among
patients with CD who underwent a robotic resection this did
not lead to an increased rate of readmission or reoperation.
This can be an area of future study as more years of NSQIP
data become available.

This present study is not without limitations. ACS-NSQIP
is a national, standardized, multi-institutional database that
focuses on measuring surgical quality of care but does not
include hospital-specific variables. Thus, the authors cannot
comment on which centers are performing MIS for patients
with IBD and more specifically which centers are utilizing
the robot. The dataset does not collect granular data beyond
30 days and as a result, the impact of morbidity and other
complications on overall disease course is limited. Addi-
tionally, there is no ability to investigate if patients had
multiple surgeries throughout the study cohort. The authors
chose to analyze postoperative outcomes in patients from
2019 to 2021 when robotic utilization was highest, however
the impact of the COVID-19 pandemic on these results is
unknown. Finally, we analyzed the robotic and laparoscopic

patients using an “intention-to-treat” approach for a more
conservative analysis.

Limited research exists surrounding the risk and ben-
efits of the robotic platform in complex patient populations.
This study is the first to show an increase in the national
utilization of the robot in the surgical management of IBD
and presents the largest report on postoperative outcomes
in patients undergoing robotic surgery for IBD. We found
that in general patients can undergo robotic surgery with
acceptable rates of morbidity compared to the laparoscopic
approach. Further research to confirm the suggested ben-
efits of the robotic approach in CD on rates of conversion to
open and overall LOS is needed. Results from this study can
ultimately be used to more accurately counsel patients who
are undergoing MIS for IBD on expected outcomes. This
can allow for a more precise, thorough, and patient centered
discussion surrounding postoperative expectations. Lastly,
the study adds to the growing body of literature reporting
on the safety of a robotic approach in this unique patient
population.
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