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Abstract

Background This is the first review providing insights into the outcomes of robotic ileocolic resection for Crohn’s disease,
potentially guiding improved surgical decisions and patient outcomes and comparing outcomes with laparoscopic and open
approaches.

Methods The review was registered prospectively with PROSPERO (CRD42024504839). A comprehensive search of MED-
LINE, Embase, Scopus, and Cochrane Central databases for studies on robotic ileocolic resection for Crohn’s disease from
inception to February 2024 was conducted. Eligible studies included participants over 18 years of age with Crohn’s disease
undergoing robotic ileocolic resection. Data were extracted according to PRISMA guidelines. For single-arm analyses, the
random-effects model was used, while two-arm analyses employed the inverse variance and Mantel-Haenszel methods.
Results The analysis included eight studies with 5760 patients, among whom 369 underwent robotic ileocolic resection. The
mean operative time for robotic procedures was 226 min. Postoperative complications included ileus in 12.50% and wound
complications in 7.00%, while reoperations and readmissions occurred in 3.60% and 13.20% of patients, respectively. When
compared with laparoscopic procedures, robotic procedures showed shorter length of hospital stay and longer operative times
but similar total complication, reoperation, and conversion rates. In contrast, robotic procedures had fewer total postoperative
complications compared with open surgeries, despite longer operative times.

Conclusions Robotic ileocolic resection for Crohn’s disease, while having a longer operative time, results in fewer postopera-
tive complications compared with open surgery and shows comparable outcomes to laparoscopic procedures with shorter
hospital stays.
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Introduction

Crohn’s disease is a chronic inflammatory bowel disease
(IBD) affecting millions of people worldwide [1]. Manage-
ment typically involves medical therapy to control inflam-
mation, including corticosteroids and immunomodulators.
However, approximately 80% of patients with Crohn’s dis-
ease will require surgery in their lifetime owing to failure of
treatment or disease complications [2].

Although open surgery has been the standard approach,
minimally invasive procedures, such as laparoscopic surgery,
have become increasingly popular owing to their advantages
in terms of recovery and cosmetic results [3]. In addition,
over the last decade, innovations in surgical techniques, par-
ticularly the development and use of the robotic platform,
have led to studies evaluating this approach’s potential risks
and benefits over more conventional laparoscopic methods
[4].

Currently, the laparoscopic approach is considered to be
the preferred surgical technique for performing ileocolic
resection in Crohn’s disease, as it has been shown to result
in fewer postoperative complications and quicker recov-
ery times [4]. However, there is still controversy regarding
the application of the laparoscopic approach for recurrent
Crohn’s disease owing to a prolonged operation time and
a higher incidence of conversion to open technique [5].
Recently, with the advancement of robotic techniques in
areas of colorectal surgery, several studies have assessed the
use of robotic ileocolic resection in treating Crohn’s disease,
exploring whether it offers advantages over laparoscopic or
open surgery.

The aim of this systematic review and meta-analysis is to
evaluate and directly compare the outcomes of robotic, lapa-
roscopic, and open ileocolic resections in Crohn’s disease.
To our knowledge, no prior meta-analysis has examined
all three modalities—open, laparoscopic, and robotic—of
resection for the treatment of ileocolonic Crohn’s disease.

Methods
Search strategy and data sources

A comprehensive search of MEDLINE (PubMed), Embase
(Elsevier), Scopus (Elsevier), and Cochrane Central (Ovid)
databases, from inception to February 2024, was conducted.
The search strategy, designed and conducted by a medical
reference librarian (A.H.), involved keywords and controlled
vocabulary for concepts including “robot assisted surger-
ies,” “minimally invasive surgeries,” “colectomy,” “ileocolic
resection,” “Crohn’s disease,” and “inflammatory bowel dis-
ease.” In addition, the reviewers manually searched relevant
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references and bibliographies from the screened studies to
ensure all potentially relevant studies were identified. The
review was registered prospectively with PROSPERO
(CRD42024504839). Database results were uploaded into
Covidence review software where deduplication took place.
Two reviewers (E.T. and B.M.) independently screened
titles, abstracts, and full texts against the predefined eligi-
bility criteria per Cochrane systematic review guidelines.
Conflicts were resolved by an independent third reviewer
(M.F.). The PRISMA checklist is presented in Supplemen-
tary Item 1.

Eligibility criteria and quality assessment

Eligible studies must have met all the following criteria
according to the PICO(S) framework: participants older than
18 years with Crohn’s disease undergoing ileocolic resection
and comparative studies including participants undergoing
robotic, laparoscopic, or open approaches were included
where applicable. Outcomes of interest included primary
clinical outcomes, surgical recurrence, and complications/
adverse events following the procedure. Eligible study
designs included randomized control trials, prospective and
retrospective cohort studies, and case series. Case reports,
abstracts, poster presentations, non-English language pub-
lications, and published literature that have considerable
overlap between authors, centers, or patient cohorts were
excluded. The methodological quality of each study was
independently evaluated by two authors using the Risk of
Bias in Non-randomized Studies of Interventions (ROBINS-
I) tool for nonrandomized studies [6]. The ROBINS-I tool
was used to evaluate the risk of bias across several domains,
including study design, confounding variables, partici-
pant selection, intervention classification, deviations from
planned interventions, missing data, outcome measurement,
and the selection of reported results. Studies were classified
as having a high risk of bias if they exhibited substantial
confounding, inadequate adjustment for covariates, selective
reporting of outcomes, or high levels of missing data without
sufficient justification.

Statistical analysis

Data extraction was conducted independently by two review-
ers using a standardized data extraction form. Extracted
information included study characteristics (authors, year,
location, and design), population demographics, surgical
approach details, comparator arms, clinical outcomes, and
complications. Discrepancies were resolved through dis-
cussion or consultation with a third reviewer. The extracted
data were entered into a structured database for analysis. For
single-arm analyses, means of continuous variables and rates
of binary variables were pooled using the random-effects
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model, a generic inverse variance method of Der Simonian,
Laird [7]. Proportions underwent logit transformation prior
to meta-analysis. For two-arm analyses, pooled means and
proportions were analyzed using an inverse variance method
for continuous data [8] and the Mantel-Haenszel method
for dichotomous data [9]. The weight of each study was
assigned on the basis of its variance. The heterogeneity of
effect size estimates across the studies was quantified using
the Q statistic and the /* index (P <0.10 was considered sig-
nificant) [10]. A value of I? of 0-25% indicates minimal het-
erogeneity, 26—50% moderate heterogeneity, and 51-100%
substantial heterogeneity. Furthermore, a leave-one-out sen-
sitivity analysis was conducted to assess each study’s influ-
ence on the pooled estimate by omitting one study at a time
and recalculating the combined estimates for the remaining
studies. Funnel plots were generated to assess publication
bias. Data analysis was performed using Open Meta ana-
lyst software (CEBM, Brown University, Providence, RI,
USA) for single-arm analyses and RevMan software ver-
sion 5.4 Review Manager (RevMan; computer program; the
Cochrane Collaboration, 2020, Copenhagen, Denmark) for
two-arm analyses. If the mean or standard deviation (SD)
were unavailable, the median was converted to the mean;
the range, interquartile range, or confidence intervals were
converted to the SD using the formulas from the Cochrane
Handbook for Systematic Reviews of Interventions [8].

Endpoints

The primary endpoints for this study were as follows. Sur-
gical complications were reported to include postopera-
tive ileus, wound complications, anastomotic leakage, etc.
Postoperative ileus is defined as the need for nasogastric
tube insertion or no bowel movement or flatus for more
than 5 days. Intraoperative complications were reported to
include intraoperative bowel injury and unanticipated intra-
operative bleeding. Other complications evaluated included
Clostridium difficile (C. diff) infection, anemia requiring
transfusion, stoma-related complications, intestinal obstruc-
tion, and intra-abdominal abscess. Medical complications
were reported to include urinary tract infection, acute kidney
injury, acute urinary retention, pneumonia, deep vein throm-
bosis, dehydration, cardiac complications, etc.

The secondary endpoints for this study were as follows.
The behavioral characteristics of Crohn’s disease were
defined using the Montreal classification for Crohn’s disease
where nonstricturing, nonpenetrating disease is defined as
B1, stricturing disease is defined as B2, penetrating disease
is defined as B3, and perianal disease is defined as P [11].
Open ileocolic resection was defined as a procedure requir-
ing a full abdominal incision. Reoperation rate was defined
as the proportion of patients who underwent a subsequent
surgical procedure within 30 days of the initial operation for

any reason; planned reoperations and procedures unrelated
to the initial surgery were excluded [12]. Readmission was
defined as an unplanned return to the hospital within 30 days
of discharge for any reason; planned readmissions, transfers
to other facilities, and deaths were excluded [13]. Conver-
sion to open was defined as the change from a robotic or
laparoscopic ileocolic resection to an open ileocolic resec-
tion owing to any intraoperative difficulty or complication
[19]. In addition, data concerning the anastomotic configura-
tion used during the operation was collected, which included
intracorporeal anastomosis, Kono-S anastomosis, S—S isop-
eristaltic anastomosis, S—S antiperistaltic anastomosis, and
whether a loop ileostomy was constructed.

Results
Study selection, characteristics, and risk of bias

The initial search yielded 1488 potentially relevant articles,
of which eight unique studies met the inclusion criteria,
including 5760 patients that underwent a total of 369 robotic
procedures, 3467 laparoscopic procedures, and 1924 open
ileocecal resections [15-22]. The details of the study selec-
tion process and PRISMA flow diagram are shown in Fig. 1.
Results of the quality assessment of all the included stud-
ies are shown in Fig. 2. Of the included studies, two studies
were judged to have a serious risk of bias [15, 16], while six
studies were judged to have a moderate risk of bias [17-22].
The studies assessed as having a serious risk of bias were
owing to an insufficient adjustment for confounding fac-
tors, small sample sizes, and limitations in study design and
reporting, which reduced the reliability and generalizability
of their findings [15, 16]. The remaining six studies [17-22]
were rated as having a moderate risk of bias owing to ret-
rospective designs, incomplete adjustment for confounders,
and minor issues with data reporting or missing information.
These limitations were not deemed substantial enough to
compromise the overall validity of their results.

Baseline and clinical characteristics

The baseline characteristics of 5760 patients who under-
went ileocolic resection for Crohn’s disease are presented
in Table 1. In total, 369 out of 5760 (6.41%) patients
underwent robotic surgeries; 260 (58.20%) of the patients
were female [95% confidence interval (CI): 0.50, 0.66;
I’=21.84%, P=0.26] and the mean age of the partici-
pants was 37.78 years (95% CI: 33.86, 41.70; P=74.49%,
P <0.001). The mean baseline body mass index (BMI)
was 26.78 (95% CI: 23.37, 30.19; I*=95.48%, P <0.001)
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Fig.1 PRISMA flow diagram

[15-19, 21]. Among the patients, 32 (27.80%) had previ-
ous abdominal surgery (95% CI: 0.16, 0.44; >=58.13%,
P=0.07) [16-19].

The characteristics of Crohn’s disease were determined
in 137 patients undergoing robotic surgery. In the studies,
6 (5.90%) of the patients had B1 disease (95% CI: 0.03,
0.12; >=0.00%, P=0.86), 69 (53.70%) had B2 disease
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(95% CI: 0.36, 0.71; I*=60.80%, P=0.04), 33 (18.70%)
had B2 + 3 disease (95% CI: 0.08, 0.38; I*=60.03%,
P=0.04), 29 (22.20%) had B3 disease (95% CI: 0.10, 0.43;
I>=72.50%, P=0.06), and 17 (14.90%) had P disease
(95% CI: 0.10, 0.22; I>’=0.00%, P=0.55) [15, 17-20].
Among the patients, 68 (37.30%) had a history of biologics
use (95%CI: 0.16, 0.66; I*=85.16%, P <0.001) and 116
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Table 1 Baseline characteristics of included studies and patients
Mean Behavior of Medication
i i cb? History ©
Study No. of Gender MeaniAge Mean BMI Ope_rative Prevlo'us
Study Country i Subgroup % (Years) Time Abdominal
Design Patients | Female 5D +SD (Minutes) + Surger Bio-
. ' BV | B1 | B2 | B3 | B243 | P | Steroids :
SD logics
B';’;‘;’frg UsA Case Series Robotic 4 4 | 455%12.4 | 396%31 | 3325455 NR o 4o 0 0 2 1
Gaz'(']gzes"“ Italy Case Series Robotic 3 il 253+85 | 23.15%4 | 168.7+35.1 0 NR | NR | NR | NR | NR NR NR
S'";l')b;e" Netherlands | ~Case Series Robotic 20 9 304215 | 25867 | 155237 10 0|12 s 0 0 6 1
rr Robotic 33 23 33+14 | 22336 269 £ 60 8 1| 12 | 13 7 5 15 5
Aydinli -
2021 USA Retrospective
Laparoscopic 14 6 402+20 | 21.8+3.4 202 +49 6 0 9 4 0 il 8 4
- Robotic 70 38 41+17 256 238+79 14 5 31 8 26 12 18 49
Calini .
2023 USA Retrospective
Laparoscopic 169 99 40+16 2616 143 +55 25 12 |99 | 20 | 38 | 30 55 118
= < Robotic 10 8 52.9+41.1 NR 240+ 189.1 NR 0|10/ 0 0 0 4 2
ambonin .
2020 Italy Retrospective
Laparoscopic 63 32 | 415+149 NR 180+73.8 NR o |47 | 2 14 0 35 11
;';;: USA Retrospective Robotic 121 69 39+15 2616 189+77 NR NR | NR | NR | NR | NR 71 NR

o

NR = Not Reported
b Behaviors of CD based on Montreal Classification
B1: Non-stricturing, non-penetrating
B2: Stricturing
B3: Penetrating
P: Perianal disease
c Medication History
ISx: Immunosuppressants
Abx: Antibiotics

(40.90%) had a history of steroid use (95% CI: 0.27, 0.56;
?’=175.79%, P <0.001).

Outcomes of robotic procedure

The characteristics of all the procedures are comprehen-
sively presented in Table 2. The mean total operative time
of the robotic procedures was 226 min (95% CI: 189.01,
262.54; I’=96.29%, P <0.001) [14-22]. For the robotic
procedures, 123/127 (93.60%) used the intracorporeal

anastomosis technique (95% CI: 0.67, 0.99; I>’=70.12%,
P=0.02) [15, 17-19]. Kono-S anastomosis was performed
in 20/103 (17.40%) of the robotic procedures (95% CI: 0.01,
0.90; ’=85.29%, P < 0.001), while S-S isoperistaltic anas-
tomosis was performed in 73/103 (50.80%) (95% CI: 0.05,
0.96; ’=86.67%, P< 0.001), and S-S antiperistaltic anas-
tomosis was performed in 10/103 (13.50%) (95% CI: 0.02,
0.51; ?=66.36%, P=0.03) [16, 17, 19, 20]. A loop ileos-
tomy was constructed in 10/241 (5.30%) of patients (95%
CI: 0.03, 0.11; ?=27.04%, P=0.24) [17-20, 22]. In total,
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Table 2 Procedural characteristics
Anastomosis
No. of Type Technique Orientation
Stud Sub,
My uREroup Procedures
S-S S-S
IC EC Stapled Sewn 1S0 ANTI End to End Kono$S
Blumberg .
2021 Robotic 4 2 NR NR NR NR NR NR NR
Gangemi ; a
2023 Robotic 3 NR NR 3 0 0 3 0 0
Smalbroek :
2024 Robotic 20 20 0 0 20 0 0 0 20
_— Robotic 33 31 NR 31 NR NR NR NR NR
Aydinli
e Laparoscopic 14 0 14 14 0 NR NR NR 0
S Robotic 70 70 0 70 0 63 7 0 0
Calini
2023 Laparoscopic 169 0 16 145 24 9 143 17 0
. Robotic 10 NR NR 3 7 10 0 0 0
Zambonin
2020 Laparoscopic 63 NR NR NR NR 47 0 0 2
Hota Robotic 121 NR NR NR NR NR NR NR NR
2021
Laparoscopic 3221 NR NR NR NR NR NR NR NR
Open 1816 NR NR NR NR NR NR NR NR
. Robotic 108 NR NR NR NR NR NR NR NR
Raskin
2019 Open 108 NR NR NR NR NR NR NR NR

[}

NR = Not Reported

b Anastomosis

IC: Intracorporal

EC: Extracorporeal

S-S I1SO: side to side isoperistaltic

121/369 (25.50%) complications occurred in the robotics
group (95% CI: 0.16, 0.39; I>=76.42%, P <0.001) [16, 18,
19, 22].

The postoperative data for all the procedures are com-
prehensively described in Table 3. For the robotic groups,
the mean estimated blood loss (EBL) was 56.95 mL (95%
CI: 35.10, 78.80; I>=83.65%, P <0.001) [15-19], and
the mean length of hospital stay was 4.59 days (95% CI:
3.53,5.65; ’=93.60%, P <0.001) [15-20, 22]. Out of 369
patients who underwent robotic surgery, 95 surgical and
22 medical complications were recorded. The most com-
mon surgical complication was postoperative ileus, occur-
ring in 43/369 (12.50%) of the patients (95% CI: 0.09,
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0.16; ’=0.00%, P= 0.70), followed by wound complica-
tions in 26/369 (7.00%) (95% CI: 0.04, 0.13; I>=37.29%,
P =0.13), and postoperative bleeding in 12/369 (4.00%)
(95% CI: 0.01,0.11; >=40.56%, P=0.11) [15-22]. Anas-
tomotic leakage occurred in 1/251 (2.70%) of the patients
(95% CI: 0.01, 0.08; I*’=6.67%, P=0.37) [15-19, 21].
Other complications (Clostridium difficile infection, intes-
tinal obstruction, intra-abdominal abscess, etc.) occurred
in 14/369 (4.50%) of the patients (95% CI: 0.03, 0.07,;
I’=0.00%, P= 0.57) [15-22]. Medical complications
occurred in 22/369 (7.10%) of the patients (95% CI: 0.04,
0.12; I*’=27.66%, P=0.21) [15-22]. Reoperation was
reported in 7/261 (3.60%) of the patients (95% CI: 0.02,
0.07; I>’=0.00%, P=0.88) [15-21], and readmissions
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Table 3 Postoperative outcomes and complications

Intra-

Surgical Complications

Mean (o] Medics! Re-operati | Read-mis
Stud Sibaroi Length of Mean EBS o ’-’Iicat Loop Complicati | Conversion opn lon
v L Stay (Days) | (ml)+SD® 2 P oA Rosi0) Wound Anastomotic | Post-Op lleostomy ons® Rate
+SD lons p lleus Comp- " Z Others
* 4 i o Leakage Bleeding
lications
Blumberg .
2021 Robotic 2.8+05 112.5+63 NR 0 0 0 0 [¢] NR 0 0 0 NR
Saneemi Robotic 7:2 | 367£115 0 0 0 0 0 1 NR 0 0 0 NR
2023
Smalbroek %
+ +
2024 Robotic 33 30+29.6 NR 0 0 1 0 1 0 0 0 1 i
e Robotic 3614 76 £ 61 0 2 0 0 0 1 4 0 1l i 2
Aydinli
2025 Laparoscopic 34+13 88+53 0 1 1 0 0 1 2 0 1 0 2
— Robotic 42 70+97 1 9 1 0 0 4 4 10 2 1 9
Calini
2023 Laparoscopic 53 74+£121 1 27 19 3 0 18 15 4 3 6 18
= Robotic 6:72:3 NR NR 0 0 0 0 0 0 0 0 0 NR
Zambonin
2020 Laparoscopic 7257, NR NR 0 0 3] 4 0 i B 13 4 NR
Robotic NR? NR NR 19 9 0 0 3 NR 4 NR 4 NR
Hota
2021 Laparoscopic NR NR NR 364 300 108 0 23 NR 87 NR 103 NR
Open NR NR NR 376 291 100 0 7 NR 68 NR 101 NR
= Robotic 6.2+3.4 NR 3 12 16 NR 12 4 2 8 10 NR 26
Raskin
2020 Open 7.8+4.4 NR 3 8 27 NR 8 4 14 12 0 NR 41
a NR = Not Reported
b EBL = Estimated Blood Loss
c Intra-op complications = Intraoperative complications
Including intraoperative bowel injury and intraoperative bleeding
d Post-op ileus = Postoperative ileus
e Wound Complications including any wound complications + superficial and deep surgical site infections
f AL = Anastomotic Leak
g Medical complications including urinary tract infection, acute kidney injury, acute urinary retention, pneumonia, deep vein thrombosis, dehydration,

Cardiac complications and others

were reported in 38/231 (13.2%) (95% CI: 0.07, 0.25;
?=65.33%, P=0.03) [17-19, 22]. The surgery was con-
verted to open in 13/248 (6.90%) of the patients (95% CI:
0.04,0.11; I>’=0.00%, P= 0.64) [15-20, 22]. Forest plots
of the one-arm analysis on total complications, reoperation
rate, operative time, length of stay, anastomotic leakage,
conversions, readmissions, and estimated blood loss for
robotics groups are shown in Fig. 3.

Robotic versus laparoscopic procedures

Robotic procedures had a longer operative time
(OR =63.74, 95% CI: 23.17, 104.31; I>=88.00%,
P=0.002) [18-21]. Reoperation rates were similar
between robotic and laparoscopic procedures (OR =0.83,
95% CI: 0.36, 1.94; I’=0.00%, P=0.67) [18-21], as
were conversion rates (OR =0.58, 95% CI: 0.16, 2.09;
»=0.00%, P= 0.41) [18-20], rates of postoperative ileus
(OR=1.19, 95% CI: 0.78, 1.82; I’=0.00%, P =0.43)
[18-21], total complications (OR =0.70, 95% CI: 0.39,
1.25; =47.00%, P =0.22), estimated blood loss (EBL)
(OR = -0.06, 95% CI: -0.32, 0.19; I’=0.00%, P =0.63)

[18, 19], and anastomotic leak (OR =0.30, 95% CI: 0.06,
1.64; ?=0.00%, P=0.16). Readmission rates were also
comparable between robotic and laparoscopic procedures
(OR =1.05, 95% CI: 0.47, 2.30; I’=3.00%, P=0.91)
[18, 19]. Length of stay (LOS) favored the robotic group
(OR = -0.26, 95% CI: —0.50, —0.02; I*=13.00%, P =0.04)
[18-20]. Forest plots of two-arm analysis are shown in
Fig. 4. Funnel plots of two-arm analysis for robotic versus
laparoscopic procedures are shown in Fig. 5.

Robotic versus open procedures

The outcomes of open procedures were assessed in two
studies [21, 22]. The robotic procedures showed favorable
outcomes compared with open procedures in terms of the
total postoperative complication rates (OR =0.58, 95% CI:
0.36, 0.94; I*=52.00%, P=0.03) [21, 22]. Operative time
was analyzed in two studies. The pooled estimate of opera-
tive time demonstrates that robotic procedures had a longer
operative time than open procedures (OR =41.79, 95% CI:
8.83, 74.74; I’ =84.00%, P=0.01) [21, 22]. Forest plots of
the two-arm analysis of the total complications and operative
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A) Total Complications Robotics Groups E) Anastomsis Leakage Robotics Groups
Studies Estimate (95% C.I.) Ev/Trt
Studies Estimate (95% C.I.) Ev/Trt
Aydinli 2021 0.091 (0.030, 0.247) 3/33 — .
Blumberg 2021 0.100 (0.006, 0.674) 0/4 Aydinli 2021 0.015 (0.001, 0.196) 0/33 4%
Calini 2023 0.357 (0.254, 0.475) 25/70 — Blumberg 2021 0.100 (0.006, 0.674) 0/4
Gangemi 2023 0.333 (0.043, 0.846)  1/3 Calini 2023 0.007 (0.000, 0.103) 0/70 MW———
Hota 2021 0.289 (0.216, 0.376) 35/121 + Gangemi 2023 0.125 (0.007, 0.734) 0/3
Raskin 2019 0.509 (0.416, 0.602) 55/108 —— Hota 2021 0.004 (0.000, 0.062) 0/121 l———
‘Smalbroek 2024 0.100 (0.025, 0.324) 2/20 —W——F—— Smalbroek 2024 0.050 (0.007, 0.282) 1720
Zambonin 2020 0.045 (0.003, 0.448) 0/10 —W—mFF—
Overall (1*2=6.67 % , P=0.374) 0.027 (0.009, 0.078) 1/251 -~ _—====—
Overall (12=76.42 % , P< 0.001) 0.255 (0.155, 0.391) 121/369 —_—
‘ . o oo ore oz 0w
o 021 042 064 085 Logit Proportion
. . Logit Pr i
B) Reoperation Rate Robotics Groups gt Proporien
Studies Estimate (95% C.I.) Ev/Trt F) Conversion Rate Robotics Groups
Aydinli 2021 0.030 (0.004, 0.186) 1/33 — Studies Estimate (95% C.I.) Ev/Trt
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Fig. 3 Forest plot one-arm analysis for robotics groups. A Intraoperative complications, B reoperation rate, C mean operative time, D length of
stay, E anastomotic leakage, F conversion rate, G readmission rate, H estimated blood loss

time for robotic versus open studies are shown in Fig. 6.
In addition, forest plots of the two-arm analysis for robotic
versus open procedures are shown in Fig. 7.

Discussion

It is a common practice to adopt conservative approaches
to surgical resection in IBD, knowing it often necessitates
repeated surgery for recurrent disease, particularly in young
patients [5]. Repeated open surgery leads to intra-abdominal
adhesions and a scarred abdominal wall, which contributes
to significant morbidity and risk during future surgery [5].
Hence, laparoscopic surgery has gained popularity and has
become the preferred approach as a safe surgical strategy
in primary and complicated cases of Crohn’s disease [5].
A challenge surgeons face is conducting laparoscopic pro-
cedures within a confined space, which can be difficult to
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overcome and requires surgeon experience and skills. Lapa-
roscopic surgery has limitations owing to rigid instruments,
two-dimensional visualization, and difficulty performing
intracorporeal suturing; thus, it is common to use extra-
corporeal anastomosis in laparoscopic colectomies. Using
robotic surgery in these cases offers advantages and helps
overcome these challenges by utilizing wristed instruments
and better and more precise visualization of the operation
site, enabling precise intracorporeal anastomosis. This, in
turn, allows for smaller off-midline extraction sites, thus
improving cosmetic outcomes and reducing incisional hernia
rates [23]. Robotic procedures can overcome these limita-
tions by providing three-dimensional images, enabling more
surgeons to participate in minimally invasive surgery with
less effort than traditional laparoscopic surgery [23].

Our study showed that robotic surgery has similar safety
and efficacy profiles to laparoscopic procedures, with longer
operative times but shorter hospital stays, and it showed
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Fig.4 Forest plots of two-arm analysis for robotic versus laparo-
scopic procedures. A Total complications robotic (R) versus laparo-
scopic (L), B reoperation rate R versus L, C operative time R versus

favorable postoperative complication rates compared with
open procedures. The mean operative times for the robotic
procedures were longer than the laparoscopic or open proce-
dures. This can be attributed to instrument setup and dock-
ing, which consume a significant portion of the overall time
[24]. A study reported that robotic surgery takes an average
of 41.5 min longer than laparoscopic surgery [25]. In addi-
tion, variability in operative times can be influenced by dif-
ferences in the experience level among surgeons performing
these procedures and the experience of the operative staff
[26]. However, excluding the preparation time, the opera-
tive times between laparoscopic and robotic surgery were
relatively similar [27]. Moreover, faster learning curves were
observed with robotic surgery and a subsequent drop in the
operative times [28]. However, in our study, we were not
able to account for different learning curves and surgeon
experience, which increase the risk of confounding bias;
thus, long-term standardized studies are needed.

Medical and surgical complications associated with
robotic surgery were relatively minimal, with low heteroge-
neity across the different complication types. The most com-
mon surgical complication was postoperative ileus. These

Study or Subgroup _Mean SD Total Mean _SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
‘Aydinli 2021 76 61 33 88 53 14 16.5% -0.20(-0.83,0.43]
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L, D length of stay R versus L, E anastomotic leakage R versus L,F
conversion rate R versus L, G readmission rate R versus L, H esti-
mated blood loss R versus L

findings suggest a consistent and favorable safety profile for
robotic ileocolic resection. The robotic postoperative com-
plication rates were comparable to the laparoscopic group
but significantly lower compared with the open group. How-
ever, the sample size of the laparoscopic group in our study
was significantly higher than the robotic group, thus increas-
ing the risk of sampling bias and decreasing the power of the
study. Nonetheless, our findings are consistent with numer-
ous other studies that have reported lower complication rates
for robotic surgery compared with open surgery [29].

Moreover, our results are consistent with literature show-
ing that the length of hospital stay was significantly shorter
in the robotic group compared with the laparoscopic group
[30]. This could be attributed to the shorter duration it takes
patients to regain bowel function, as observed in robotic sur-
gery [31]. Although we did not see a difference in postop-
erative ileus between robotic and laparoscopic surgery, the
granularity of the data in this meta-analysis regarding the
return of bowel function is limited to calculate and quantify
any difference.

Prior studies consistently highlight the significantly
higher expenses associated with robotic procedures [32,
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33]. Conducting a cost-benefit analysis for robotic ileocolic
resection requires an inclusive evaluation of the costs and
the potential clinical advantages. Future analysis should con-
sider a comprehensive assessment of both direct and indi-
rect expenses, such as equipment, maintenance, and training,
as well as shorter hospital stays and reduced complication
rates. Although our meta-analysis demonstrates the clinical
advantage of shorter hospital stays with robotic ileocolic
resection compared with laparoscopic, and lower compli-
cation rates in comparison to open surgery, the resulting
hospital savings need to be balanced against the additional
cost of equipment and operating time. Thus, more research
is still needed to assess the cost-effectiveness and clinical
benefit of robotic surgery.

This study is the first reported meta-analysis assess-
ing the safety and efficacy of robotic ileocolic resection
for Crohn’s disease. It also compares all three surgical
modalities to provide better insights into the benefits and
drawbacks of each procedure. To ensure inclusivity and
accuracy, there was no time constraint during the initial
screening process. However, the study has several limi-
tations. First, all included studies were retrospective or
case series, which carry a higher risk of selection bias.
Only eight studies were included in the analysis, and many
data points of interest were not recorded across all stud-
ies, therefore limiting the ability to assess publication bias
and reducing generalizability. In addition, the study did
not assess the learning curve for robotic ileocolic resec-
tion or account for the skill of the surgeon, potentially

introducing bias in the results. Our review focused only
on short-term outcomes (30 days), including postopera-
tive complications, as there are limited studies assessing
the long-term outcomes of robotic surgery. Moreover,
several factors in these studies acted as confounding fac-
tors affecting the outcome of the surgery, including the
type of anastomosis technique and patient factors such as
BMI. In our study, several anastomotic techniques were
used, including stapled side-to-side anastomosis, Kono-S
technique, and hand-sewn end-to-end anastomosis, which
introduces bias and confounding to our results. In addi-
tion, only one study included patients with a BMI higher
than 30, which could potentially cause an overestimation
of the benefits of robotic surgery, as patients with obesity
have an increased risk of technical challenges and com-
plications associated with performing robotic surgery [34,
35]. Thus, further large, randomized studies comparing
robotic, laparoscopic, and open surgeries are warranted in
this patient population.

Conclusions

This meta-analysis suggests the potential benefits of
robotic surgery for ileocolic resection in Crohn’s disease,
demonstrating comparable safety and efficacy to laparo-
scopic procedures. Despite longer procedure time, robotic
surgery offers advantages such as a shorter hospital stay
and lower postoperative complication rates compared with
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open surgery. The study highlights the consistent safety
profile of robotic procedures and their capability to miti-
gate the challenges faced in traditional laparoscopic sur-
gery. However, the findings are limited by the retrospective
nature of the included studies, potential biases, and the
small sample size of robotic procedures. Future research
should focus on larger, randomized studies to validate
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these findings and explore the long-term outcomes and
cost-effectiveness of robotic surgery for Crohn’s disease.
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