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cally complex operation associated with significant morbidity and may be performed by an open, laparoscopic, or
robotic approach. However, there is a paucity of data regarding the comparative perioperative outcomes between
these 3 techniques outside of institutional studies.
Methods: The NSQIP targeted proctectomy data set was used to identify patients who underwent open, laparo-
scopic, and robotic ileal pouch anal anastomosis between 2016 and 2019. Thirty-day outcomes between different
surgical approaches were compared using univariate and multivariable analysis.
Results: During the study period, 1,067 open, 971 laparoscopic, and 341 robotic ileal pouch anal anastomosis were
performed. The most frequent indications were inflammatory bowel disease (64%), malignancy (18%), and famil-
ial adenomatous polyposis (7%). Mean age of the cohort was 43 + 15 years with 43% female and 76% with body
mass index <30 kg/m?. Overall morbidity was 26.8% for the entire cohort with 4% anastomotic leak, 6% reopera-
tion, 21% ileus, and 21% readmission rate. After adjusting for available confounders, operative approach was not
associated with better short-term outcomes, including length of stay, overall morbidity, anastomotic leak, reop-
eration, incidence of ileus, and 30-day readmissions.
Conclusion: Ileal pouch anal anastomosis continues to be associated with significant postoperative morbidity re-
gardless of operative approach. Patient-related advantages in terms of perioperative outcomes for laparoscopic
and robotic platforms compared to open surgery are less pronounced in complex operations such as ileal
pouch anal anastomosis.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Due to its ability to avoid a permanent stoma, a proctocolectomy
with an ileal pouch anal anastomosis (IPAA) is considered the ideal sur-
gical treatment for patients desiring intestinal continuity with either
chronic ulcerative colitis (CUC), which is medically refractory or has
dysplasia/malignancy, or familial adenomatous polyposis (FAP). When
this technique was initially described in 1978 by Sir Alan Parks and
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John Nicholls, it was performed through a midline laparotomy [1]. How-
ever, with the evolution of laparoscopy in the 1990s and its advantages
in terms of patient-related perioperative outcomes, IPAAs were also
performed laparoscopically [2]. However, the widespread uptake of
minimally invasive IPAA was limited by the complexity of the operation,
its relatively long and steep learning curve, and arguable benefits in
short-term perioperative outcomes. In 2 separate systematic reviews
[3,4] of studies comparing open versus laparoscopic IPAA, despite the
perceived long-term benefits such as decreased incidence of adhesive
small bowel obstruction and improved cosmesis, no significant differ-
ences in perioperative morbidity and mortality were observed.

Since its introduction in the 2000s, the use of robotic platforms has
substantially expanded in general surgery including its application in

2589-8450/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.sopen.2022.05.008&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sopen.2022.05.008
mailto:imran-hassan@uiowa.edu
Journal logo
https://doi.org/10.1016/j.sopen.2022.05.008
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
https://www.journals.elsevier.com/surgery-open-science

D. Opoku, A. Hart, D.T. Thompson et al.

colorectal surgery [5]. The wristed instruments with 7 degrees of articula-
tion, tremor reduction, and 3-dimensional high-definition view were
considered a significant advance over laparoscopy particularly when oper-
ating in the pelvis. As a result, IPAA began being performed using the ro-
botic platform because the technology was considered to overcome
some of the limitations of laparoscopy and had a shorter learning curve,
while potentially preserving the benefits of minimally invasive surgery
[6-8]. Although initial reports and institutional studies found this ap-
proach to be safe and feasible [9-11], comparative studies were unable
to detect a substantial advantage of robotic surgery and observed compa-
rable rates of overall complications, anastomotic leaks, and return to oper-
ating room been between open, laparoscopic, and robotic approaches [12].
However, all of these studies were institutional series with small sample
sizes. Corresponding findings have also been seen in other complex oper-
ations such as major hepatic resections [13,14], pancreatoduodenectomies
[15], and esophagectomies, [16] where minimally invasive approaches,
including robotic and laparoscopic surgery, were found to have similar
perioperative outcomes compared to traditional open surgery.

We therefore hypothesized that among patients undergoing an IPAA,
the perioperative outcomes would be equivalent for all 3 approaches as
minimally invasive techniques cannot overcome the impact of the surgi-
cal complexity of an IPAA on perioperative morbidity. Leveraging the
advantages of the American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) targeted proctectomy
database that uniquely discriminates between open, laparoscopic, and
robotic IPAA and collects standardized perioperative 30-day morbidity,
we compared the clinical outcomes of patients undergoing IPAA by
these 3 different approaches.

PATIENTS AND METHODS

Data Source. The ACS-NSQIP prospectively collects approximately 240
Health Insurance Portability and Accountability Act-compliant vari-
ables and surgical outcomes using standardized and validated defini-
tions. The proctectomy-targeted participant use data file (PUF) further
includes unique proctectomy specific pre- and postoperative variables
including operative approach (open versus laparoscopic versus robotic).
Patient data from the proctectomy targeted PUF were linked to the gen-
eral PUF for demographic and general operative and postoperative data,
and only patients with the data in both databases were analyzed.

Operative Approach. Patients undergoing an open proctocolectomy
with IPAA (current procedural terminology [CPT] codes 44157 and
44158), laparoscopic proctocolectomy with IPAA (CPT code 44211), or
a completion proctectomy with IPAA (CPT code 45113) between 2016
and 2019 were identified from the PUF files. Based on indication, pa-
tients were categorized into 4 main diagnostic groups, namely, inflam-
matory bowel disease, familial polyposis, malignancy, and others
based on the International Classification of Diseases (ICD)-9 and ICD-10
codes. Patients were analyzed after being divided into 3 groups based
on initial operative approach, which was identified from the surgeon's
operative report and is recorded in the proctectomy-targeted PUF. The
open group included cases coded as open (planned); the laparoscopic
group as cases coded as laparoscopic, laparoscopic assisted, or laparo-
scopic converted to open; and the robotic group as cases coded as ro-
botic, robotic assisted, or robotic converted to open. All procedures
coded as being performed by endoscopic surgery, natural orifice trans-
luminal surgery, single-incision laparoscopic surgery, other minimally
invasive surgical approaches, or hybrid approaches were excluded. Ad-
ditionally, cases classified as emergent were excluded.

Covariates and Outcomes. Data collected included patient demograph-
ics, comorbidities, diagnoses, and 30-day perioperative complications
including anastomotic leak (AL), postoperative ileus, length of stay
(LOS), readmissions, reoperations, and mortality. Complications were
categorized as follows: minor complications or Clavien-Dindo 1-2
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complications, defined as superficial surgical site infections (SSI),
wound disruption, C difficile, pneumonia, urinary tract infection, acute
renal failure, and deep vein thrombosis, and major complications or
Clavien-Dindo grade > 3 complications, defined as organ space or
deep SSI, wound dehiscence, septic shock, sepsis, reintubation, ventila-
tor >48 hours, pulmonary embolism, cerebrovascular accident, myo-
cardial infarction, cardiac arrest, and progressive renal insufficiency.

Statistical Analyses. The y° test was used to compare categorical
23variables, and the Wilcoxon rank-sum test was used to compare
non-normally distributed continuous variables. All tests were 2-sided.
Our primary outcomes were overall 30-day morbidity, grade 1-2 com-
plications, grade > 3 complications, anastomotic leak, reoperation,
ileus, and readmissions. Univariate analysis was performed against our
primary outcomes, and variables significant at P < .1 were selected for
inclusion in our multivariate model. All data were analyzed using SAS
version 9.4 (SAS Institute, Cary, NC) 9.3.5. This study was exempt from
review by the University of lowa Institutional Review Board due to the
use of deidentified data and the retrospective nature of the study.

RESULTS

Patient Characteristics. During the study period, 1,067 patients had an
open, 971 a laparoscopic, and 341 a robotic IPAA. There were no significant
differences in the mean age or proportion of patients with a body mass
index (BMI) greater than 30 between the 3 groups, although there were
a higher proportion of males undergoing a robotic approach (Table 1).
There were no significant differences in the ASA scores or preoperative co-
morbidities between the 3 groups other than a higher proportion of pa-
tients on steroids/immunosuppressants in the laparoscopic group. The
most frequent indication for surgery was inflammatory bowel disease
(IBD, 64%) followed by malignancy (18%), other indications (12%), and
FAP (7%). The proportion of patients undergoing an IPAA for IBD was sim-
ilar between the 3 approaches; however, patients undergoing an open
IPAA were less likely to have FAP and more likely to undergo it for other
indications as compared to the other 2 groups. A greater proportion of
patients underwent a completion proctectomy with IPAA by an open
approach (75%) compared to laparoscopic (17%) and robotic (7%)
approaches (P < .001), whereas most proctocolectomies and IPAA were
performed by a laparoscopic and robotic approach (53% and 18%, respec-
tively). Operative times were greater in the robotic and laparoscopic
groups (mean times 353 [SD + 133] and 298 [SD + 111] minutes, respec-
tively) compared to the open group (mean time 240 [SD 4+ 97] minutes).

Patient Outcomes. The overall postoperative 30-day morbidity for the
cohort was 26.8%, with 12.3% grade 1-2 complications and 14.5%
grade > 3 complications. Grade 1-2 complications were significantly dif-
ferent between the 3 approaches primarily due to the higher incidence
of SSI in the open group as the incidence of remaining complications
was similar. However, the incidence of grade > 3 complications was
not significantly different between the groups (Table 2). The AL rate
was 4%, incidence of ileus was approximately 21%, and 30-day readmis-
sion rate was 21%, which were all similar between the groups. There
were 6 mortalities in the whole cohort.

In the adjusted analyses, higher BMI and use of steroid/immunosup-
pressants were associated with higher incidence of overall and grade > 3
complications. Operative approach was not associated with increased
incidence of overall complications, grade > 3 complications, ileus, read-
missions (Tables 3-6), and grade 1-2 complications and AL (Supple-
mentary Tables 1 and 2).

Discussion

In this contemporary analysis using the NSQIP targeted proctectomy
database, we observed that a significant proportion of patients
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Table 1

Clinical characteristics of patients undergoing an ileal pouch-anal anastomosis by surgical approach in NSQIP targeted proctectomy database (2016-2019)
Characteristics Approach P value

All approaches Open Laparoscopy Robotic
N =2379 (%) n = 1,067 (%) n =971 (%) n =341 (%)

Age, mean (4 SD) 43.0 (15.3) 434 (15.3) 429 (154) 422 (15.1) 424
Sex, male 1,348 (56.7) 601 (56.3) 531 (54.7) 216 (63.3) .02
Race .004
Black 102 (4.3) 52 (4.9) 27 (2.8) 23 (6.7)
Other 425 (17.9) 207 (19.4) 167 (17.2) 51 (15.0)
White 1,852 (77.9) 808 (75.7) 777 (80.0) 267 (78.3)
BMI 161
>40 46 (1.9) 19(1.8) 18 (1.9) 9(2.7)
30-40 504 (21.2) 210 (19.9) 207 (21.4) 87 (25.7)
<30 1,813 (76.2) 828 (78.3) 742 (76.7) 243 (71.7)
ASA category >3 924 (38.8) 419 (39.3) 365 (37.6) 140 (41.1) 493
Smoking history 231(9.7) 95 (8.9) 95 (9.8) 41 (12.0) 237
Diabetes 133 (5.6) 61 (5.7) 48 (4.9) 24 (7.0) 34
History of COPD 17 (0.7) 8(0.7) 7(0.7) 2(0.6) 952
History of ascites 5(0.2) 5(0.5) 0(0.0) 0(0.0) .046
Hypertension medication use 387 (16.3) 170 (15.9) 155 (16.0) 62 (18.2) .585
Steroid/immunosuppressant 532 (22.4) 168 (15.7) 299 (30.8) 65 (19.1) <.001
>10% Weight loss 84 (3.5) 39 (3.7) 34 (3.5) 11 (3.2) 931
Bleeding disorder 39(1.6) 21(2.0) 14 (14) 4(1.2) 494
Indication <.001
Familial adenomatous polyposis 161 (6.8) 36 (3.4) 84 (8.7) 41 (12.0)
Inflammatory bowel disease 1,511 (63.5) 685 (64.2) 621 (64.0) 205 (60.1)
Other 284 (11.9) 183 (17.2) 80(8.2) 21(6.2)
Malignant/benign tumor 423 (17.8) 163 (15.3) 186 (19.2) 74 (21.7)
Major secondary code 124 (5.2) 65 (6.1) 39 (4.0) 20 (5.9) .092
Operative time, mean (£SD) 280.0 (115.7) 240.4 (96.7) 297.8 (111.1) 353.6 (133.6) <.001
Length of stay, mean (+SD) 6.9 (4.9) 7.1(5.1) 6.7 (4.7) 6.9 (4.6) 199
Extent of procedure
Proctectomy 850 (35.7) 644 (60.4) 147 (15.1) 59 (17.3) <.001
Proctocolectomy 1,538 (64.7) 432 (39.6) 824 (84.9) 282 (82.7)

Italicized characteristics meet statistical significance.
COPD, chronic obstructive pulmonary disease.

undergoing an IPAA experienced postoperative complications. This in-
cluded overall minor and major morbidity as well as specific complica-
tions such as SSI, delay in return of gastrointestinal function/ileus,
anastomotic leak, and readmission within 30 days. However, despite
the risk of selection bias, these outcomes were comparable among the
open, laparoscopic, and robotic approaches even after adjusting for
available patient and disease confounders. We also identified well-es-
tablished risk factors such as higher BMI and use of steroids/immuno-
suppressants to be associated with overall and major postoperative
morbidity.

Although representing the ideal procedure for patients undergoing a
proctocolectomy and desiring intestinal continuity, IPAA remains a com-
plex operation that is technically difficult and inherently morbid.
Furthermore, even though it may be performed in relatively young
individuals, a significant proportion of patients may be immunocompro-
mised and/or malnourished due to both the disease and as consequence
of medical treatment, which can adversely impact perioperative out-
comes. The reported incidence and profile of early postoperative compli-
cations after an open and laparoscopic IPAA have been well documented
and approaches ~30%-40% even in experienced and high-volume cen-
ters [4,17,18]. The data regarding outcomes after robotic [PAA are mainly
limited to institutional case series with even fewer studies comparing
the different approaches [12]. The cumulative rate for overall complica-
tions in comparative studies for laparoscopic and robotic IPAA has been
reported to be 34% and 44%, respectively [12]. In a systematic review of
9 studies in which 640 patients were analyzed (170 open, 174 laparo-
scopic, and 286 robotic), there were similar rates of overall complica-
tions, anastomotic leaks, and return to operating room among the 3
groups [12]. Our findings of significant morbidity after IPAA per-
formed by open and minimally invasive techniques are therefore in
line with previously published data evaluating short-term operative
outcomes.
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The patient-related benefits of laparoscopy in terms of earlier return
in bowel function, shorter length of stay, and fewer postoperative
complications due to less surgical trauma are well established. Patients
undergoing various advanced laparoscopic procedures such as
paraesophageal hernia repair [19], Roux-en-Y gastric bypass [20,21],
and segmental colectomy [22] have consistently been found to have
measurably better perioperative outcomes compared to patients under-
going the same operation by an open approach. These corresponding
findings have also been confirmed when these procedures were per-
formed on a robotic platform [20,23,24]. In our analysis, although the in-
cidence of morbidity was high and comparable with the published
literature, we were unable to identify a significant benefit of laparo-
scopic or robotic approaches over open surgery. These findings are how-
ever not unique to IPAA as there are other similar complex procedures
such as esophagectomy [4,25], pancreatoduodenectomy [4,26], and
hepatectomy [13] where laparoscopic and robotic approaches have
not demonstrated to have the same clinically appreciable difference in
perioperative outcomes. In a meta-analysis of 41 studies [15] (38 were
observational) including 56,440 patients (85.7% open, 9.8% laparo-
scopic, and 4.5% robotic) undergoing a pancreatoduodenectomy, it
was observed that all 3 approaches were equally safe with similar post-
operative mortality, grade B/C postoperative fistula rate, and severe
postoperative complications (Clavien-Dindo 3-4). However, hospital
length of stay, readmission, and overall complication rate were lower
in the laparoscopic and robotic group as compared to the open group
[15]. In a systematic review [25] of 21 studies (2 randomized trials, 11
propensity-matched studies, and 8 unmatched studies), 9,355 patients
undergoing esophagectomy by various approaches were analyzed.
Robotic-assisted minimally invasive esophagectomy had similar periop-
erative outcomes including anastomotic leak and total complications
compared to video-assisted and open esophagectomy, except for pul-
monary complications which were lower [25].
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Table 4
Multivariable analysis of factors associated with Grade > 3 complications

Table 2
Univariate comparison of 30-day perioperative outcomes based on surgical approach
Characteristics Approach P
; value
All Open Laparoscopy Robotic
approaches
N=2379 n=1067 n=0971 n =341
%) (%) (%) %)
Grade 1-2 293 (12.3) 154(144) 100 (103) 39(114) .016
Deep vein thrombosis 44 (1.8) 14 (1.3) 26 (2.7) 4(12) .044
Wound disruption 11 (0.5) 6(0.6) 2(0.2) 3(0.9) 233
Renal failure 9(04) 4(04) 4(04) 1(0.3) 954
Clostridium difficile
infection 4(0.2) 2(0.2) 1(0.1) 1(0.3) 746
Sepsis 82 (3.5) 44 (4.1) 25 (2.6) 13(3.8) .148
Urinary tract infection 69 (2.9) 34 (3.2) 23 (24) 12 (3.5) 417
Pneumonia 24 (1.0) 9(0.8) 11(1.1) 4(12) .766
Superficial SSI 99 (4.2) 72 (6.7) 20 (2.1) 7(2.1) <.001
Grade > 3 346 (14.5) 158 (14.8) 134(13.8) 54(15.8) .622
Deep wound infection 26 (1.0) 18 (1.7) 5(0.5) 3(0.9) .036
Organ space SSI 198 (8.3) 90 (84) 80 (8.2) 28 (82) .984
Unplanned intubation 10 (0.4) 2(0.2) 6(0.6) 2(0.6) 285
Pulmonary embolism 7 (0.3) 5(0.5) 2(0.2) 0 (0.0) 306
On ventilator >48 h 10 (04) 2(0.2) 6(0.6) 2 (0.6) 285
Progressive renal
insufficiency 34 (14) 15(1.4) 16 (1.6) 3(0.9) .587
Stroke/CVA 1(0.0) 0(0.0) 1(0.1) 0(0.0) 484
Cardiac arrest 4(0.2) 1(0.1) 2(0.2) 1(0.3) .686
Myocardial infarction 4 (0.2) 3(0.3) 1(0.1) 0 (0.0) 442
Septic shock 18(0.8) 6 (0.6) 10 (1.0) 2(0.6) 442
Reoperation 134 (5.6) 53 (5.0) 54 (5.6) 27 (79) 12
Anastomotic leak 98 (4.1) 43 (4.0) 41 (4.2) 14 (4.1) 976
Ileus 487 (20.5) 219(205) 201(20.7) 67(19.6) .916
Readmission 499 (21.0) 234(219) 199(20.5) 66(19.4) .532
Death 6(0.3) 2(0.2) 3(0.3) 1(0.3) .85

There are 2 significant confounding factors that need to be consid-
ered in this context while interpreting the results from this study.
First, even though the groups were well matched in terms of patient
demographics and comorbidities, there is the possibility of a selection
bias, which could favor better outcomes in the laparoscopic and robotic
groups. Second, particularly those patients undergoing robotic surgery
could be on the learning curve of the surgeon as this is a relatively
new technology, potentially accounting for a certain proportion of the
perioperative morbidity. Notwithstanding these factors and their
impact on outcomes, it also important to consider the fact that an
IPAA is a complex procedure that involves removal of the entire colon
(if not already performed), a pelvic dissection to perform a proctectomy,

Table 3
Multivariable analysis of factors associated with all complications

Variables Odds  95% Confidence P
ratio  interval value
Lower  Upper
bounds bounds
Age, continuous 1.003 0.994 1.011 515
Sex Female vs male 0908 0.718 1.149 423
BMI 30-40vs < 30 1.398 1.067 1.832 .015
>40vs <30 2408 1.224 4736 .011
Race Black vs white 1.564 0.94 2.6 .085
Other vs white 1.268 0941 1.707 .118
ASA >3vs<2 1.203 0939 1542 .144
Steroids/immunosuppressant Yes vs no 1415 1.066 1878 .016
Smoking Yes vs no 137 095 1976  .092
Robotic vs open 1.144 0.794 1.647 471
Surgical approach l‘;:;;?lroscopy Vs 0979 0735 1302 882
FAP vs tumor 0.728 0406 1303 .285
Surgical indication IBD vs tumor 098 0.698 1376 .905
Other vs tumor 123 0806 1876 .337
Extent of surgery Proctocolectomy g0y 667 1165 375

Vs proctectomy

construction of an ileal pouch with an anastomosis to the anal canal, and
often a diverting ileostomy. All these individual procedures have signif-
icant morbidity associated with them and combined in an immunocom-
promised and/or malnourished patient can have a cumulative or even
additive impact on perioperative outcomes. Therefore, it is possible
that in an inherently morbid operation, the positive impact of a laparo-
scopic or robotic operative approach may not be as clinically evident or
even relevant.

Despite the strengths of the database, there are also limitations of
this study related to the use of the NSQIP database, including a potential
for selection bias in surgical approach. These data come from participat-
ing NSQIP sites, which are more likely to be high-volume and/or aca-
demic centers, and therefore, any conclusions may not be an accurate
representation of national outcomes or have external validity in other
settings that have a different volume or expertise profile. Certain vari-
ables collected in the database may be miscoded or not available, for in-
stance, the CPT codes do not reliably discriminate whether an ileostomy
was performed, or no data are collected on the exact CUC drug regimen
and duration of treatment. Finally, the data are limited to 30-day out-
comes, so we are unable to assess the effect of important and pertinent
long-term complications such as functional outcomes including bowel
function and genitourinary dysfunction, incisional hernias, or small

Table 5
Multivariable analysis of factors associated with higher readmission rates

Variables Odds  95% Confidence P Variables Odds  95% Confidence P
ratio  interval Value ratio  interval value
Lower  Upper Lower  Upper
bounds bounds bounds  bounds
Age, continuous 1.001 0.995 1.007 .867 Age, continuous 0.999 0.992 1.006  .822
Sex Female vs male 0972 0.822 1.15 744 Sex Female vs male 1.208 0.987 1478  .066
BMI 30-40 vs <30 1.175 0958 144 121 BMI 30-40 vs <30 0.975 0.76 1.25 .840
>40vs <30 191 1.046 3.488 .035 >40vs <30 1.165 0576 2354 671
Race Black vs white 1.128 0.748 1.701 .565 Race Black vs white 1334 0.841 2116 .221
Other vs white 1241 0996 1.546 .055 Other vs white 0.743 0.557 0.99 .043
ASA >3 vs <2 1.133 0947 1357 172 ASA >3 vs<2 1.147 0924 1425 213
Steroids/immunosuppressant  Yes vs no 1309 1.06 1617 .012 Steroids/immunosuppressant  Yes vs no 1326 1.036 1.697 .025
Smoking Yes vs no 1.311 0991 1.734 .058 Smoking Yes vs no 1234 0882 1.724 220
Robotic vs open 0876 0.669 1.147 .336 Robotic vs open 0856 0.615 1.191 .356
Surgical approach I(;;]ze:lroscopy Vs 0866 0707 1062 167 Surgical approach I;:p;?]roscopy Vs 0913 0714 1168 470
FAP vs tumor 0.784 0528 1.164 .227 FAP vs tumor 0.899 0.547 1.478 675
Surgical indication IBD vs tumor 0905 0.707 1.157 426 Surgical indication IBD vs tumor 1121 0.827 152 460
Other vs tumor 1.047 0.763 1435 777 Other vs tumor 0.75 0.498 1.131 170
Extent of surgery Proctocolectomy g5 779 1166 641 Extent of surgery Proctocolectomy g0, 7 14 365

Vs proctectomy

Vs proctectomy
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Table 6
Multivariable analysis of factors associated with post-operative ileus
Variables Odds 95% Confidence P
ratio interval value
Lower Upper
bounds bounds

Age, continuous 1.004 0.997 1.011 261
Sex Female vs male 0.701  0.569 0.863 .001
BMI 30-40 vs <30 1.177 0923 1.502 189
>40vs <30 1632 0.837 3.182 151
Race Black vs whiFe 0.805 0.469 1.381 431
Other vs white 1.24 0.958 1.604 102
ASA 23 vs<2 0929 0.745 1.157 510
Steroids Yes vs no 1.266  0.981 1.633 .070
Smoking Yes vs no 1122 0.804 1.565 499
Surgical Robotic vs open 0927  0.666 1.288 .650
approach Laparoscopy vs open 1.002  0.783 1.282 .990
Surgical FAP vs tumor 0924 0.584 1.461 734
indication IBD vs tumor 0.747  0.559 0.998 .049
Other vs tumor 0.832 0571 1.214 340
Extent of Proctocolectomy vs 0947 0741 1211 665

surgery proctectomy

bowel obstructions secondary to adhesions, particularly since these out-
comes are relevant in this population as they are young and have a nor-
mal expected life span.

In conclusion, although patients undergoing an IPAA are at risk for
significant perioperative morbidity, minimally invasive approaches
such as laparoscopy and robotics do not appear to significantly mitigate
these outcomes. Like other complex surgical procedures, IPAA remains a
technically challenging operation with an inherent morbidity that may
not be easily modifiable by operative approach.

Author Contribution

Dorcas Opoku: Study conception and design, formal analysis, data
interpretation, and drafting of the manuscript. Alexander Hart, MPH:
Data acquisition, formal analysis, and data interpretation. Dakota T.
Thompson, MD: Data acquisition, formal analysis, and data interpreta-
tion. Catherine G. Tran, MD: Formal analysis, data interpretation, and
drafting of the manuscript. Mohammed O. Suraju, MD: Formal analysis,
data interpretation, and drafting of the manuscript. Jeremy Chang, MD:
Data acquisition, formal analysis, and data interpretation. Sonja Boat-
man, MD: Formal analysis, data interpretation, and drafting of the man-
uscript. Alexander Troester, MD: Formal analysis, data interpretation,
and drafting of the manuscript. Paolo Goffredo, MD: Study conception
and design, critical revision, and supervision. Imran Hassan, MD:
Study conception and design, critical revision, and supervision.

Conflict of Interest

None.

Funding Source

0D received a stipend from the University of lowa premed student
summer research internship program.

Ethical Approval

This study was exempt from review by the Uni-versity of lowa
Institutional Review Board due to the use of deidentified data and the
retrospective nature of the study.

Surgery Open Science 9 (2022) 86-90
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.sopen.2022.05.008.

References

[1] Parks AG, Nicholls R]. Proctocolectomy without ileostomy for ulcerative colitis. Br
Med J. 1978;2(6130):85-8.

[2] NgKS, Gonsalves SJ, Sagar PM. Ileal-anal pouches: a review of its history, indications,
and complications. World ] Gastroenterol. 2019;25(31):4320-42.

[3] Singh P, Bhangu A, Nicholls RJ, Tekkis P. A systematic review and meta-analysis of
laparoscopic vs open restorative proctocolectomy. Colorectal Dis. 2013;15(7):
e340-51.

[4] Ahmed Ali U, Keus F, Heikens JT, Bemelman WA, Berdah SV, Gooszen HG, et al. Open
versus laparoscopic (assisted) ileo pouch anal anastomosis for ulcerative colitis and
familial adenomatous polyposis. Cochrane Database Syst Rev. 2009(1):CD006267.

[5] Carroll R, Goffredo P, Steers G, Cetindag I, Lehmann R, Hrabe ], et al. Robotic surgery
training during general surgery residency: a survey comparing attitudes towards a
robotic training curriculum within general surgery, urology, and OBGYN residents
and attendings. ] Robot Surg. 2021. https://doi.org/10.1007/s11701-021-01346-w.
Epub ahead of print. PMID: 34853953.

[6] Haas EM, de Paula TR, Luna-Saracho R, LeFave JJ. Robotic total intracorporeal com-
pletion proctectomy with restorative IPAA: the NICE approach. Dis Colon Rectum.
2020;63(11):e550-e1.

[7] Lightner AL, Kelley SR, Larson DW. Robotic platform for an IPAA. Dis Colon Rectum.
2018;61(7):869-74.

[8] Miller AT, Berian JR, Rubin M, Hurst RD, Fichera A, Umanskiy K. Robotic-assisted
proctectomy for inflammatory bowel disease: a case-matched comparison of laparo-
scopic and robotic technique. ] Gastrointest Surg. 2012;16(3):587-94.

[9] Rencuzogullari A, Gorgun E, Costedio M, Aytac E, Kessler H, Abbas MA, et al. Case-
matched comparison of robotic versus laparoscopic proctectomy for inflammatory
bowel disease. Surg Laparosc Endosc Percutan Tech. 2016;26(3):e37-40.

[10] Mark-Christensen A, Pachler FR, Norager CB, Jepsen P, Laurberg S, Tottrup A. Short-
term outcome of robot-assisted and open IPAA: an observational single-center
study. Dis Colon Rectum. 2016;59(3):201-7.

[11] Lightner AL, Grass F, McKenna NP, Tilman M, Alsughayer A, Kelley SR, et al. Short-
term postoperative outcomes following robotic versus laparoscopic ileal pouch-
anal anastomosis are equivalent. Tech Coloproctol. 2019;23(3):259-66.

[12] Flynn J, Larach JT, Kong JCH, Warrier SK, Heriot A. Robotic versus laparoscopic ileal
pouch-anal anastomosis (IPAA): a systematic review and meta-analysis. Int ] Colo-
rectal Dis. 2021;36(7):1345-56.

[13] Ziogas IA, Giannis D, Esagian SM, Economopoulos KP, Tohme S, Geller DA. Laparo-
scopic versus robotic major hepatectomy: a systematic review and meta-analysis.
Surg Endosc. 2021;35(2):524-35.

[14] Ocuin LM, Tsung A. Minimally invasive hepatic surgery. Surg Clin North Am. 2016;96
(2):299-313.

[15] Aiolfi A, Lombardo F, Bonitta G, Danelli P, Bona D. Systematic review and updated
network meta-analysis comparing open, laparoscopic, and robotic pancreaticoduo-
denectomy. Updates Surg. 2021;73(3):909-22.

[16] Witek TD, Melvin TJ, Luketich ]JD, Sarkaria IS. Open, minimally invasive, and robotic
approaches for esophagectomy: what is the approach algorithm? Thorac Surg Clin.
2020;30(3):269-77.

[17] Fazio VW, Ziv Y, Church JM, Oakley JR, Lavery IC, Milsom JW, et al. Ileal pouch-anal
anastomoses complications and function in 1005 patients. Ann Surg. 1995;222(2):
120-7.

[18] White I, Jenkins JT, Coomber R, Clark SK, Phillips RK, Kennedy RH. Outcomes of lap-
aroscopic and open restorative proctocolectomy. Br ] Surg. 2014;101(9):1160-5.

[19] Schauer PR, Ikramuddin S, McLaughlin RH, Graham TO, Slivka A, Lee KK, et al. Com-
parison of laparoscopic versus open repair of paraesophageal hernia. Am ] Surg.
1998;176(6):659-65.

[20] Aiolfi A, Tornese S, Bonitta G, Rausa E, Micheletto G, Bona D. Roux-en-Y gastric by-
pass: systematic review and Bayesian network meta-analysis comparing open, lap-
aroscopic, and robotic approach. Surg Obes Relat Dis. 2019;15(6):985-94.

[21] Masoomi H, Nguyen NT, Stamos M], Smith BR. Overview of outcomes of laparoscopic
and open Roux-en-Y gastric bypass in the United States. Surg Technol Int. 2012;22:
72-6.

[22] Wu KL, Lee KC, Liu CC, Chen HH, Lu CC. Laparoscopic versus open surgery for diver-
ticulitis: a systematic review and meta-analysis. Dig Surg. 2017;34(3):203-15.

[23] Solaini L, Bazzocchi F, Cavaliere D, Avanzolini A, Cucchetti A, Ercolani G. Robotic ver-
sus laparoscopic right colectomy: an updated systematic review and meta-analysis.
Surg Endosc. 2018;32(3):1104-10.

[24] Gerull WD, Cho D, Kuo I, Arefanian S, Kushner BS, Awad MM. Robotic approach to
paraesophageal hernia repair results in low long-term recurrence rate and beneficial
patient-centered outcomes. ] Am Coll Surg. 2020;231(5):520-6.

[25] Mederos MA, de Virgilio MJ, Shenoy R, Ye L, Toste PA, Mak SS, et al. Comparison of
clinical outcomes of robot-assisted, video-assisted, and open esophagectomy for
esophageal cancer: a systematic review and meta-analysis. JAMA Netw Open.
2021;4(11):e2129228.

[26] Nickel F, Haney CM, Kowalewski KF, Probst P, Limen EF, Kalkum E, et al. Laparo-
scopic versus open pancreaticoduodenectomy: a systematic review and meta-anal-
ysis of randomized controlled trials. Ann Surg. 2020;271(1):54-66.


https://doi.org/10.1016/j.sopen.2022.05.008
https://doi.org/10.1016/j.sopen.2022.05.008
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0005
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0005
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0010
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0010
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0015
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0015
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0015
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0020
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0020
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0020
https://doi.org/10.1007/s11701-021-01346-w
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0030
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0030
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0030
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0035
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0035
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0040
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0040
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0040
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0045
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0045
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0045
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0050
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0050
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0050
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0055
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0055
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0055
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0060
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0060
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0060
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0065
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0065
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0065
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0070
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0070
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0075
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0075
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0075
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0080
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0080
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0080
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0085
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0085
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0085
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0090
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0090
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0095
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0095
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0095
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0100
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0100
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0100
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0105
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0105
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0105
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0110
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0110
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0115
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0115
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0115
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0120
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0120
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0120
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0125
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0125
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0125
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0125
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0130
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0130
http://refhub.elsevier.com/S2589-8450(22)00032-X/rf0130

	Equivalency of short-�term perioperative outcomes after open, laparoscopic, and robotic ileal pouch anal anastomosis. Does ...
	INTRODUCTION
	PATIENTS AND METHODS
	Data Source
	Operative Approach
	Covariates and Outcomes
	Statistical Analyses

	RESULTS
	Patient Characteristics
	Patient Outcomes

	Discussion
	Author Contribution
	Conflict of Interest
	Funding Source
	Ethical Approval
	Appendix A. Supplementary data
	References




