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Abstract

Background The incidence of rectal cancer (RC) among obese patients is gradually increasing. Obesity can elevate
the risk of RC surgery in numerous aspects. This paper aims to compare the perioperative results of robotic and
laparoscopic surgery for RC in obese patients

Methods We conducted a standardized search of relevant articles using PubMed, Cochrane Library and Web of
Science Core Collection in December 2024. All original research articles relevant to our topic were incorporated into
the literature screening process, including randomized controlled trials, prospective cohort studies, and retrospective
cohort studies. Study selection was subsequently performed according to predefined inclusion and exclusion criteria.

Results This study selected five studies, involving 499 patients. Among these patients, 191 underwent robotic
surgery, while the remaining 308 underwent laparoscopic surgery. The results showed that for obese patients with
RC, robotic rectal cancer surgery (RRCS) is more effective in reducing hospital stay (WMD, -1.67; p=0.00001), the rate
of overall postoperative complications (OR, 041, p=0.02), and the readmission rate (OR, 0.37; p=0.03) compared to
laparoscopic rectal cancer surgery (LRCS), albeit with longer operative times (WMD, 41.38; p=0.006). No statistically
significant differences were observed between the two surgical methods in terms of estimated blood loss, conversion
rates, lymph node yield, positive CRM rates, diverting stoma rates, anastomotic leakage rates, urinary retention rates,
and reoperation rates.

Conclusions For obese patients, RRCS may offer certain potential advantages over LRCS, including a shorter hospital
stay, lower overall postoperative complication rates, and lower readmission rates. However, it also involves a longer
operative time. These findings suggest that RRCS has the potential to be a safer and more beneficial alternative for
obese patients with RC.

Keywords Rectal cancer, Obesity, Robotic, Surgery

*Correspondence:

Xiaosong Li

njmu1234@163.com

'Department of General Surgery, Suzhou Ninth Hospital Affiliated to
Soochow University, Suzhou 215000, Jiangsu Province, China

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-025-03781-7&domain=pdf&date_stamp=2025-4-3

Li et al. World Journal of Surgical Oncology (2025) 23:123

Introduction

Rectal cancer (RC) is a common malignant tumor of
the digestive tract [1]. Currently, surgical treatment still
holds an important position within the realm of RC ther-
apy, and laparoscopic rectal cancer surgery (LRCS) has
garnered wide acceptance, attributed to its benefits over
open surgery, which include minimal invasion and faster
recovery [2].

Obesity is an increasingly severe global health problem
and serves as a risk factor for the development of RC [3,
4]. In addition, the incidence of RC among obese patients
has been rising annually [5]. For obese patients, the sur-
gical field of view and operating space are limited, ren-
dering anatomical landmarks obscure and blood vessel
separation difficult. This, in turn, increases the difficulty
and risk associated with rectal cancer surgery, particu-
larly for laparoscopic rectal cancer surgery [6].

Since the advent of robotic rectal cancer surgery
(RRCS), its advantages have attracted the attention of
colorectal surgeons. The integration of stereoscopic
vision, higher resolution and enhanced stability in
robotic surgery can mitigate surgical risks [7]. It is note-
worthy that fragile adipose tissue is prone to bleeding,
and the robotic surgical system lacks a tactile feedback
mechanism, which may impact intraoperative bleeding
in obese patients. A prior study reported that obese and
non-obese patients undergoing RRCS had similar peri-
operative outcomes [8]. Therefore, robotic surgery holds
promise in addressing some of the limitations encoun-
tered in LRCS for obese patients.

Although RRCS may overcome certain difficulties
posed by obesity, it is still unclear whether RRCS pro-
vides greater safety and efficacy in obese patients than
LRCS. This paper aims to compare the perioperative
results of robotic and laparoscopic surgery for RC in
obese patients.

Methods

Literature search strategy

This study was performed in accordance with the
PRISMA and MOOSE guidelines [9, 10]. The research
protocol was compiled and registered in PROSPERO
(CRD42025640294). Two authors (LH and XL) indepen-
dently searched for relevant literature across three widely
utilized databases: PubMed, Cochrane Library and Web
of Science Core Collection. We only searched English
literature published up to November 30, 2024. The full
search strategy is provided in Table S1.

Screening criteria

In this paper, we meticulously adhered to the PICOS
method as a guiding principle for formulating the com-
prehensive inclusion criteria for study selection. Popu-
lation: obese patients with RC; Intervention: RRCS;
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Comparison: LRCS; Outcomes: the perioperative results.
Study design: the original comparative study, including
randomized controlled trials, prospective cohort studies,
and retrospective cohort studies.

Exclusion criteria include: (1) Non-original studies
and meeting abstracts; (2) Studies where the population
included non-rectal cancer patients; (3) Duplicated stud-
ies published by the same research team; (4) Studies that
lack valuable data.

Two authors (XL and SXP) independently conducted
studies screening based on the inclusion and exclusion
criteria. Any disagreements were resolved through dis-
cussion or by other authors.

Study selection and data collection

The study selection and data collection were conducted
by two authors (SXP and LXS). The following data were
extracted: (1) Patients’ number, male proportion, age, and
body mass index (BMI); (2) The primary perioperative
results, such as operative time, hospital stay, estimated
blood loss, conversion to open; (3) The secondary peri-
operative results, such as lymph node yield, positive cir-
cumferential resection margin (CRM), distal resection
margin (DRM), diverting stoma, ureteric injury, overall
postoperative complications, anastomotic leak, urinary
retention, ileus, reoperation, readmission.

Quality assessment

We utilized the Newecastle-Ottawa scale (NOS) as a
framework to evaluate the degree of bias in non-random-
ized studies [11]. The “leave-one-out” method is a sensi-
tivity analysis technique that systematically excludes each
study one at a time and recalculates the pooled effect
size. By observing changes in the overall effect size and
statistical significance after excluding individual stud-
ies, this method helps identify studies that cause exces-
sive heterogeneity. We employed this technique to test
the stability of our findings and conduct heterogeneity
assessments [12].

Data analysis

We utilized the Review Manager (V5.3) to conduct
data statistics. For continuous variable, the results were
presented as mean and standard deviation. If it was
represented as median and interquartile range in the
original article, we would perform the data transforma-
tion according to the method proposed by Luo [13]. We
employed I? value to assess the level of heterogeneity,
with a threshold of >50% considered significant, at which
point the random-effects model was used for calculation.
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Results
Search results
After a series of careful selection, five articles were finally
selected [14—18]. The PRISMA flowchart outlining of
articles screening is presented in Fig. 1. The RRCS group
consists of 191 patients, while LRCS group consists of
308 patients. In the study selection process, we found
that two studies performed by the same research team
had overlapping patient populations [14, 19]. Finally, we
selected to include the study with higher quality and a
larger patient cohort.

Table 1 summarizes the basic characteristics and sur-
gical results. Four key demographic characteristics
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(male proportion, age, BMI, and the rate of neoadju-
vant therapy) were extracted from the included studies
for comparative analysis. The analysis results revealed a
similarity in the male proportion (p=0.41), age (p=0.47),
BMI (p=0.96), and the rate of neoadjuvant therapy
(p=0.09) across the two groups (Table 2).

Assessment of quality

Table S2 summarizes the NOS scores for the included
studies. All studies reached a score of 78 points, indicat-
ing high quality and low risk of bias.

Records identified through database
searching (n=318)
PubMed: 146, Cochrane: 17
Web of Science: 155

Records identified through
other source (n=0)

A 4

A 2

Records after duplicates removed (n=210)

4

Records screened
(n=210)

A\ 4

Records excluded after screening of
title/abstract (n=196)
1) Non-original studies: 48
2) Unrelated articles: 148

Full-text articles assessed
for eligibility (n=14)

\ 4

A 4

2) Lack of data specifically for obese patients: 3

Full-text articles excluded (n=9)
1) Including non-rectal cancer patients: 4

3) Duplicate articles from the same team: 1
4) Non-English language articles: 1

Studies included in
qualitative synthesis (n=5)

A 4

Studies included in
meta-analysis (n=5)

\ 4

Fig. 1 PRISMA diagram of the articles selection
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Table 1 Basic characteristics and operative outcomes of the included studies

Studies Zhao 2024[14] Esen 2018[15] Panteleimonitis Gorgun 2016[17] Shiomi 2016[18]
2018[16]
RRCS LRCS RRCS LRCS RRCS LRCS RRCS LRCS RRCS LRCS
Country China Turkey UK USA Japan
Study type RCS RCS PSM RCS RCS
Number of patients® 32 178 15 12 63 61 29 27 52 30
Male (n) 18 92 NA NA 40 41 22 16 45 24
Age (year)b 62.7(9.2) 619 NA NA 65.8 67.25 588(10.7) 60.3(9.8) 64.66(8.86) 67.14
(102) (833)
Body mass index (kg/m?)® =28 =28 NA NA 3260 (432)  32(3.04) 349(7.2) 352(50) 26.15(4.07) 2694
(3.36)
Neoadjuvant therapy (n) 6 21 9 1 24 14 19 14 1 0
Operative time (min)® 2264 1883  381(102) 216 26141 (72.84) 22030 3290 294.6 250.84 (75.72) 259.97
(37.5) (34.3) (90) (45.56)  (102.2) 81.1) (66.41)
Hospital stay (days)b 9.6 (2.3) 10.7 7() 9 (4) 6.35(2.28) 941 6.4 (4.2) 84 (4.4) 8.80 (5.09) 10.78
(2.7) (6.07) (4.66)
EBL (ml)° 452 (26.3) 595 NA NA 15.73 (7.59) 17.06 434.0 3394 20.51(30.55) 84.06
(34.3) (3037)  (6124) (271.9) (119.84)
Conversion to open (n) 1 5 NA NA 0 2 1 5 0 0
Lymph node yie\db 15.1 (3.1) 14.9 30(19) 23(10) 17.79(7.78) 17.24 255(14.0) 21.8(9.6) 2880 (9.96) 2573
(3.3) (8.73) (9.56)
Positive CRM (n) 1 10 1 0 NA NA 2 2 0 0
DRM (cm) NA NA NA NA NA NA 39(2.1) 3.2(2.0) NA NA
Diverting stoma (n) 9 38 NA NA NA NA 15 19 NA NA
Overall postoperative compli- 4 37 3 4 NA NA NA NA 5 9
cations (n)
Anastomotic leak (n) 1 11 NA NA 1 0 NA NA 2 1
Urinary retention (n) 2 10 NA NA NA NA 7 5 4
Ureteric injury (n) 0 4 NA NA NA NA NA NA NA NA
lleus (n) NA NA NA NA NA NA 4 8 NA NA
Reoperation (n) NA NA NA NA 0 2 2 2 NA NA
Readmission (n) NA NA NA NA 4 12 4 6 NA NA

RRCS, robotic rectal cancer surgery; LRCS, laparoscopic rectal cancer surgery; RCS, retrospective cohort study; PSM, propensity score matched; EBL, estimated blood
loss; CRM: circumferential resection margin; DRM: distal resection margin; NA, not available; ® Number of patients included in the analysis; bValues are given as mean

SD (standard deviation)

Table 2 The demographics of the included studies

Variable Number of studies with Weighted mean difference 95% Cl pvalue
available data /Odds ratio

Male (n) 4 1.21 (0.77,1.88) 0.41

Age (years) 3 —-0.85 (+3.19,1.48) 047

BMI (kg/mz) 3 0.02 (=0.95, 1.00) 0.96

Neoadjuvant therapy (n) 5 1.54 (0.94, 2.54) 0.09

Cl, confidence interval; BMI, body mass index

Primary outcome measures

Five articles reported operative time and hospital stay,
and the pooled results indicated that compared to LRCS,
RRCS required a longer surgical duration (WMD, 41.38,
p=0.006), while the hospital stay was shorter (WMD,
-1.67, p=0.00001) (Fig. 2A and B). Four articles reported
blood loss and rate of conversion, and there were no sig-
nificant difference in estimated blood loss (WMD, -13.97,
p=0.12) and conversion rates (OR, 0.32, p=0.11) across
the two groups, (Fig. 2C and D).

Secondary outcome measures

The analysis results revealed that there were no signifi-
cant difference in lymph node yield, the rate of positive
CRM and the incidence of diverting stoma across the
two groups [WMD, 0.56, p=0.29; OR, 0.79, p=0.72; and
OR, 0.85, p=0.78] (Fig. 3A, B and C). The analysis results
revealed that the rate of overall postoperative complica-
tions was lower in RRCS than LRCS (OR, 0.41, p=0.02)
(Fig. 3D). A combined analysis revealed that the rate of
anastomotic leak and urinary retention was similar across
the two groups [OR, 0.90, p=0.87; and OR, 0.72, p =0.66]
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Fig. 2 (A) Forest plots of operative time; (B) Forest plots of hospital stay; (C

Favours [RRCS] Favours [LRCS]

) Forest plots of estimated blood loss; (D) Forest plots of conversion rates; (E)

Forest plots of operative time after leave-one-out. RRCS, robotic rectal cancer surgery; LRCS, laparoscopic rectal cancer surgery

(Fig. 4A and B). The analysis results revealed that the
readmission rate was less in RRCS compared with LRCS
(OR, 0.37, p=0.03), while there was no significant differ-
ence in the reoperation rate between the two groups (OR,
0.51, p=0.40) (Fig. 4C and D).

Sensibility analysis

Based on the analysis results, the operative time (I* = 80%,
p=0.006), and estimated blood loss (I>=73%, p=0.12)
showed significant heterogeneity. To study the factors
that producing heterogeneity, we employed the “leave-
one-out” method to perform sensitivity analyses on the
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Fig. 3 (A) Forest plots of lymph node yield; (B) Forest plots of the rate of positive CRM; (C) Forest plots of diverting stoma; (D) Forest plots of the rate of
overall postoperative complications. CRM, circumferential resection margin; RRCS, robotic rectal cancer surgery; LRCS, laparoscopic rectal cancer surgery

above parameters. For operative time, the analysis results
indicated that the I* value decreased to 62% after remov-
ing the study by Esen et al. [15], and the result is still sig-
nificant (WMD, 28.35, p=0.007) (Fig. 2E). The source
of high heterogeneity may be due to the result of Esen’s
study revealed that the operative time in the RRCS group
was significantly prolonged compared to the LRCS group,
even exceeding two hours, whereas other studies indicate
that the difference in operative time was within one hour.
For estimated blood loss, the analysis results showed that
after excluding the study by Shiomi et al. [18], the I? value
decreased to 55%. However, there was still no significant

difference in the estimated blood loss between the two
groups.

Discussion

Currently, comparative studies on the results of RRCS
versus LRCS in obese patients are still scarce, and high-
quality meta-analyses in this area are lacking. Chen et al.
performed a comparative assessment of the short-term
outcomes between robotic and laparoscopic surgery for
colorectal disease in obese individuals [20]. Their conclu-
sions showed that robotic colorectal surgery resulted in
shorter hospital stay and less estimated blood loss, while
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Fig. 4 (A) Forest plots of anastomotic leak; (B) Forest plots of urinary retention; (C) Forest plots of readmission; (D) Forest plots of reoperation. RRCS,

robotic rectal cancer surgery; LRCS, laparoscopic rectal cancer surgery

conversion rates remained comparable. It is notewor-
thy that the population they included comprised both
patients with colorectal cancer and those with benign
colorectal diseases, which may render their conclusions
not fully applicable to RC patients.

Our study revealed that RRCS requires a shorter hos-
pital stay compared to LRCS in obese patients, and the
results of Gorgun’s study [17] also echo this discovery. In
addition, a single-center randomized controlled trial con-
ducted by Feng et al. compared robotic and laparoscopic
abdominoperineal resection for low RC, and the study
results similarly indicated that the length of hospital stay
after RRCS was shorter compared to LRCS [21]. The
shorter hospital stay after robotic surgery may stem from

the earlier recovery of bowel function and decreased
occurrence of complications [22].

Obesity emerges as an important factor contributing to
increased blood loss among patients undergoing LRCS
[23]. Intraoperative bleeding is mainly related to exces-
sive tissue traction and accidental vascular injury [24].
For obese patients, our study found no significant differ-
ence in estimated blood loss between RRCS and LRCS.
A recent study has shown that for overweight patients,
the estimated blood loss during robotic surgery is sig-
nificantly reduced compared to that during laparoscopic
surgery [25].

The transition to open surgery signifies a serious surgi-
cal outcome that may result in heightened patient mor-
tality, and its incidence serves as a crucial indicator for
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assessing the proficiency of minimally invasive surgical
techniques [26]. In rectal cancer surgery, obesity is a risk
factor for conversion to open surgery [27]. Our study
revealed that for obese patients, the conversion rate was
similar between RRCS and LRCS. A recent RESET trial
found no differences in conversion rates among robotic
total mesorectal excision (TME), laparoscopic TME, and
transanal TME [28]. This finding is consistent with the
results of our study. However, a meta-analysis conducted
by Phan et al., suggested that RRCS has a lower conver-
sion rate compared to LRCS [29].

This study also revealed that for obese patients, RRCS
has a lower readmission rate compared to LRCS, but
with a longer operative time. The above findings were
the same as those of retrospective research conducted by
Ielpo [30]. The common reasons for readmission include
wound problems, dehydration, ileus, and intra-abdom-
inal abscess [31]. The longer operative time associated
with RRCS is related to the time-consuming installation
and replacement of robotic arms, as well as the surgeon’s
lack of experience [32].

The CRM positivity rate is considered an important
indicator for evaluating surgical outcomes, as it is closely
related to surgical quality and affects local tumor recur-
rence. Our study revealed no significant difference in
CRM positivity rate between the RRCS and LRCS. A
ROLARR trial conducted by Jayne et al., found no sta-
tistically significant difference in the CRM positivity rate
between robotic and laparoscopic surgery for RC [27].
This finding is consistent with the results of our research.
Conversely, a multicenter randomized controlled trial
conducted by Chinese scholars has shown that RRCS
may reduce the CRM positive rate compared to LRCS
[33].

The impact of gender on surgical outcomes in RC is
also worth discussing, as the relatively narrower pelvis in
male patients with RC can result in limited surgical space,
thereby increasing the difficulty and risk of the surgery
[34]. This can lead to suboptimal quality of TME speci-
mens, an elevated CRM positivity rate, and an increased
incidence of local recurrence. Aliyev et al. found that
compared to laparoscopic TME, robotic sphincter-pre-
serving TME provides better mesorectal specimens and
excellent local tumor control for male patients with mid-
low RC [35]. Furthermore, a recent study has shown that
RRCS has advantages in preserving male sexual function,
especially in overweight patients [25].

Several deficiencies should be pointed out. First, the
selected articles were all non-randomized controlled tri-
als, lacking randomized controlled trials for comparison.
Second, the geographical and demographic limitations of
the included studies may restrict the applicability of our
research findings to populations in other regions. Third,
this study did not analyze the impact of tumor location
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on perioperative outcomes due to the absence of cor-
responding subgroup analyses in the included studies.
Lastly, the inconsistency in the definitions of obesity
across different studies could adversely affect the results,
we hope that future studies will adopt standardized defi-
nitions and management protocols for obesity to ensure
the comparability and reproducibility of their findings.

Conclusion

For obese patients, RRCS may offer certain potential
advantages over LRCS, including a shorter hospital stay,
lower overall postoperative complication rates, and lower
readmission rates. However, it also involves a longer
operative time. These findings suggest that RRCS has the
potential to be a safer and more beneficial alternative for
obese patients with RC.
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