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Abstract

BACKGROUND
Robotic surgery (RS) is gaining popularity; however, evidence for abdomin-
operineal resection (APR) of rectal cancer (RC) is scarce.

AIM
To compare the efficacy of RS and laparoscopic surgery (LS) in APR for RC.

METHODS

We retrospectively identified patients with RC who underwent APR by RS or LS
from April 2016 to June 2022. Data regarding short-term surgical outcomes were
compared between the two groups. To reduce the effect of potential confounding
factors, propensity score matching was used, with a 1:1 ratio between the RS and
LS groups. A meta-analysis of seven trials was performed to compare the efficacy
of robotic and laparoscopic APR for RC surgery.

RESULTS

Of 133 patients, after propensity score matching, there were 42 patients in each
group. The postoperative complication rate was significantly lower in the RS
group (17/42, 40.5%) than in the LS group (27/42, 64.3%) (P = 0.029). There was
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no significant difference in operative time (P = 0.564), intraoperative transfusion (P = 0.314), reoperation rate (P =
0.314), lymph nodes harvested (P = 0.309), or circumferential resection margin (CRM) positive rate (P = 0.314) bet-
ween the two groups. The meta-analysis showed patients in the RS group had fewer positive CRMs (P = 0.04),
lesser estimated blood loss (P < 0.00001), shorter postoperative hospital stays (P = 0.02), and fewer postoperative
complications (P = 0.002) than patients in the LS group.

CONCLUSION
Our study shows that RS is a safe and effective approach for APR in RC and offers better short-term outcomes than
LS.

Key Words: Robotic surgery; Laparoscopic surgery; Abdominoperineal resection; Postoperative complications; Propensity
score
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Core Tip: This study compared the efficacy of robotic surgery (RS) and laparoscopic surgery (LS) in abdominoperineal
resection (APR) for rectal cancer (RC). Our results showed that RS patients had fewer positive circumferential resection
margins, less estimated blood loss, shorter postoperative hospital stays, and fewer postoperative complications than did LS
patients. Our findings demonstrate that RS is a safe and effective approach for APR in RC and offers better short-term
outcomes than LS. This study contributes to the existing evidence base and can assist surgeons and healthcare providers in
making informed decisions on using RS in APR for RC.
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INTRODUCTION

Colorectal cancer is the third most common cancer and one of the most common causes of cancer-related deaths
worldwide. Nearly 40% of colorectal cancers occur in the rectum[1]. Surgery is the primary treatment for rectal cancer
(RO)[2]. Common surgical procedures for RC include intersphincteric resection, low anterior resection (LAR), anterior
resection, and abdominoperineal resection (APR)[3]. APR, also known as Miles’s procedure, was first reported by Miles
[4] in 1908. With the increasing use of LAR for lower RC, the application of APR has gradually declined. However, APR
remains the best choice for RC cases in lower locations, cases with perianal muscle invasion, or cases where sphincter-
preserving techniques are unsuitable for radical resection[5].

Laparoscopic minimally invasive surgery for colorectal cancer was first reported in the 1990s[5]. Compared with
traditional open surgery, laparoscopic surgery (LS) has been widely used in RC surgery due to its advantages of shorter
hospital stays, reduced blood loss, and faster postoperative recovery[6,7]. However, some limitations of LS, such as a two-
dimensional field of view, amplification of operative tremors, and poor flexibility, may affect its efficacy in radical sur-
gery[6,8]. These limitations are further amplified in the narrow pelvic cavity. However, robotic surgery (RS) offers a
three-dimensional view, a stable camera platform, and flexible operating instruments[9]. The development of RS provides
a potential approach that overcomes the limitations of LS. Several studies have compared the efficacy of laparoscopic and
robotic APR for RC. However, the benefits of robotic APR remain controversial. Feng et al[10] showed that robotic APR
significantly reduced the incidence of postoperative complications, rate of conversion to laparotomy, and length of hos-
pital stay. However, some retrospective studies[11,12] have shown no significant difference in postoperative complication
rates between robotic and laparoscopic APR.

Therefore, we conducted a retrospective cohort study to evaluate the effects of RS on postoperative complications,
pathological findings, and postoperative recovery in RC patients undergoing APR. Propensity score matching (PSM) was
performed to reduce the influence of imbalanced factors between the two groups. In addition, we performed a meta-
analysis of all previous studies evaluating the efficacies of robotic and laparoscopic APR for RC surgery and combined
the results of this trial.

MATERIALS AND METHODS

Study population
This retrospective study included 133 patients with pathologically confirmed RC who underwent APR via RS or LS at the
First Affiliated Hospital of Chongqing Medical University from April 2016 to June 2022. This study was ethically ap-
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proved by the Institutional Ethics Committee of the First Affiliated Hospital of Chongqing Medical University. All pa-
tients provided informed consent. Patients undergoing surgery for local recurrence after rectal resection, with malignant
melanoma, younger than 18 years, or undergoing combined resection of other organs were excluded.

Patient demographics [age, sex, body mass index (BMI), the American Society of Anesthesiologists physical status
classification (ASA) scores, comorbidity, tumor distance from the anal verge, and neoadjuvant therapy], surgical in-
formation (surgical approach, operative time, blood loss, and conversion to open surgery), postoperative outcomes
[length of stay, reoperation, complications within 30 d, readmissions, mortality, time to first flatus, first defecation time,
lymph nodes harvested, circumferential resection margin (CRM), and cost] were obtained from the electronic medical
record system.

Surgical procedure

All laparoscopic and robotic procedures were performed by the same experienced surgeon. Robotic and laparoscopic
approaches were used only for abdominal procedures. The perineal portion of the procedure was performed manually by
the surgeon. All surgical procedures were performed in accordance with the principle of total mesorectal excision, which
included resection of the entire mesorectum to the pelvic floor, ligation of the inferior mesenteric artery at the origin of
the inferior mesenteric artery, and lymph node dissection. Perineal resection involved the removal of the internal and
external anal sphincters and a part of the levator ani muscle. Extended resection of the levator ani muscle, posterior va-
ginal wall, and surrounding tissues was performed, if necessary, for tumor invasion. No procedure was taken to fill the
pelvic cavity.

Primary and secondary endpoints

The primary endpoint was postoperative complications within 30 postoperative days. The secondary endpoints included
operative time, blood loss, time to first flatus and defecation, conversion rate, intensive care rate, histological exami-
nation, morbidity, reoperation rate, transfusion rate, and length of hospital stay.

Statistical analysis

Data were presented as frequencies (percentages), means (standard deviation), or medians (interquartile range). Di-
fferences in categorical variables between the groups were examined by the Pearson y* test. Meanwhile, differences in
continuous variables between the two groups were analyzed using the Student's f-test or Mann-Whitney U test, as ap-
propriate. PSM analysis based on patient demographics (male, age, BMI, neoadjuvant therapy, tumor location, and stage)
and comorbidities (chronic obstructive pulmonary disease, hypertension, diabetes mellitus, coronary artery disease, and
ASA) was performed to reduce potential confounders resulting from differences in baseline characteristics between the
groups. The matching ratio was established as 1:1 using the nearest neighbor matching algorithm. Calipers were set to
0.05 times the standard deviation of the logarithm of the estimated propensity score. All statistical analyses were per-
formed with IBM SPSS version 26. A P-value < 0.05 was considered statistically significant.

Meta-analysis

We conducted a meta-analysis of all published cohort studies, case-control studies, and randomized controlled trials
(RCTs) following the PRISMA guidelines, comparing RS with LS in APR for RC. The PubMed, Embase, Web of Science,
and Cochrane databases were searched from inception until December 7, 2022. Studies were included if they met the
following criteria: (1) Patients undergoing APR for RC; (2) intervention with RS; (3) comparison with LS; (4) outcomes
included postoperative complications, completeness of resection, operative time, length of hospital stay, mortality, con-
version rate, lymph nodes harvested, and blood loss; and (5) cohort studies, case-control studies, or RCTs. The risk of bias
in RCTs was assessed independently by two authors (Tang G and Song L) based on the Cochrane risk-of-bias tool. The
quality of non-RCTs was assessed based on the Newcastle-Ottawa Scale. Data extracted from each eligible study were as
follows: First author, year, country, study design, sample, age, sex, and outcomes. Heterogeneity between studies was
assessed using the I statistic[13]. Mean differences (MD) or odds ratios (OR) across studies were combined using the
random effects model[14]. One-study exclusion test was used to examine the impact of each study on the pooled effect
size. Analyses were conducted using Review Manager (RevMan) Version 5.3 (The Nordic Cochrane Center, The Cochrane
Collaboration 2014; Copenhagen, Denmark). A P-value < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

In total, 133 patients (96 males and 37 females) who underwent APR for RC were included. The median (interquartile
range: 25"-75" percentile) age and mean BMI of the patients were 63.0 (55.5-70.0) years and 22.53 + 2.43 kg/m?, res-
pectively. Robotic APR was performed in 49 patients and laparoscopic APR in 84 patients. There were no significant
differences in the ASA grade, sex, age, diabetes mellitus, chronic obstructive pulmonary disease, coronary artery disease,
BMI, and tumor stage between the two groups. However, the proportion of patients with hypertension was higher in the
RS group than in the LS group (P = 0.011).

Surgical results
After matching, 42 patients were included in each group (Table 1). Operative times were similar between the two groups
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Table 1 Baseline characteristics after propensity score matching, n (%)

Group RS (n=42) Group LS (n=42) P value

Age (yr)’ 63.5 (55-69) 65 (57.8-72.3) 0.211
Sex 1.000
Male 32 (76.2) 32 (76.2)

Female 10 (23.8) 10 (23.8)

BMI” 22.5 (2.03) 22.6 (2.41) 0.815
COPD 8(19) 8(19) 1.000
Hypertension 11 (26.2) 9 (21.4) 0.608
Diabetes mellitus 2(4.8) 4(9.5) 0.397
Coronary artery disease 1(24) 2 (4.8) 0.557
ASA Grade 0.890
1 5(11.9) 4(9.5)

2 22 (52.4) 24 (57.1)

3 15 (35.7) 14 (33.3)

Neoadjuvant therapy received 9(21.4) 8 (19) 0.786
Distance between tumor and AV (cm)’ 3 (2-5) 3 (2.5-4) 0.996
Stage 0.969
I 10 (23.8) 10 (23.8)

I 16 (38.1) 15 (35.7)

1T 16 (38.1) 17 (40.5)

Values are median (interquartile range: 25"-75" percentile).

%Values are mean (SD).

Values in parentheses are percentages, unless indicated otherwise. ASA: American Society of Anesthesiologists physical status classification; AV: Anal
verge; BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; RS: Robotic surgery; LS: Laparoscopic surgery.

(P =0.564), with a median of 245 min for RS and 230 min for LS. The estimated blood loss was significantly lower in the
RS group than in the LS group (P = 0.012). No significant differences in the rate of intraoperative blood transfusion were
observed between the two groups (P = 0.314). In addition, there was no conversion to open surgery in either group
Table 2).

( Posto)perative complication rate was significantly lower in the RS group (17/42, 40.5%) than in the LS group (27/42,
64.3%) (P = 0.029). There were no significant differences observed in pneumonia (P = 1.000), urinary infection rate (P =
0.557), ileus rate (P = 1.000), wound infection rate (P = 0.057), abdominal infection rate (P = 0.365), reoperation rate (P =
0.314), urinary retention (P = 0.557), or intensive care rate (P = 0.152) between the two groups, and no deaths were re-
corded in both groups. There was no significant difference between the two groups in the number of examined lymph
nodes (P = 0.309) and CRM positive rate (P = 0.314). Median hospitalization costs were significantly higher in the RS
group (81886.5 RMB) than in the LS group (70102.8 RMB; P = 0.040).

Regarding intestinal function recovery, the time to first flatus in the robotic group (P = 0.023) was significantly shorter
than that in the laparoscopic group. However, there was no significant difference in the time to first defecation between
the two groups (P = 0.679). In addition, the median postoperative hospital stay was significantly shorter in the RS group
(9.0 d) than in the LS group (11.0 d; P = 0.044).

Meta-analysis

Our literature search yielded 810 potential records, of which 11 published articles were completely reviewed. In addition
to our study, six trials[10-12,15-17] published between 2015 and 2022 were included. Details of the seven eligible trials are
summarized in Table 3. The risk of bias was low in all seven studies included in the review.

Meta-analysis of the six studies[10-12,16,17] showed no significant difference in operative time [MD = 17.86 min;
95%CI: -2.33 to 38.05; P = 0.08, with high heterogeneity (I = 75%)] (Figure 1A and Table 4). Intraoperative blood loss was
significantly lower in the RS group than in the LS group (MD -26.36 mL, 95%CI: -32.02 to -20.70; I? = 0%, P = 0.47)
(Figure 1B). A total of 6290 participants in the seven studies[10-12,15-17] had postoperative complications. The incidence
of postoperative complications was lower in the RS group than in the LS group (OR 0.69, 95%CI: 0.55-0.88; I* = 14%, P =
0.32) (Figure 1C). There was no significant difference (OR, 0.71; 95%ClI: 0.26-1.94; P = 0.50) in the postoperative mortality
between the RS and LS groups, with low heterogeneity between studies (I? = 0%, P = 0.60) (Figure 1D). Data on reope-
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Table 2 Operative outcomes and postoperative complication after propensity score matching, n (%)

Group RS (n=42) Group LS (n=42) P value

Duration of surgery (min)’' 245 (191.5-295) 230 (200-286.3) 0.564
Intraoperative blood loss (ml)’ 60 (50-100) 100 (50-200) 0.012
Transfusion 1(2.4) 0(0) 0.314
Days to first flatus' 2(1-2) 2(2-3) 0.023
Days to first defecation’ 3(2.8-4.3) 3(2.8-4.3) 0.679
Reoperation 0(0) 1(2.4) 0.314
Mortality 0(0) 0(0) -

Intensive care 0(0) 2(4.8) 0.152
Conventional open 0(0) 0(0) -

Circumferential resection margin positive 0(0) 1(2.4) 0.314
Lymph nodes harvested' 15 (11-18) 13 (9-18.3) 0.309
Perineural invasion 1(2.4) 1(2.4) 1.000
Lymphovascular invasion 2(4.8) 2(4.8) 1.000
Hospital stay (d)’ 9 (7.8-13) 11 (8-18) 0.044
Postoperative complications 17 (40.5) 27 (64.3) 0.029
Urinary infection 2(4.8) 1(24) 0.557
Pneumonia 1(24) 1(24) 1.000
Ileus 3(7.1) 3(7.1) 1.000
Wound infection 5 (11.9) 12 (28.6) 0.057
Intraabdominal infection 5(11.9) 8 (19) 0.365
Urinary retention 1(2.4) 2(4.8) 0.557
Hospital charge (RMB)’ 81886.5 (70540.5-109854.2) 70102.8 (60308.6-109415.4) 0.040

Walues are median (interquartile range: 25"-75" percentile).
Values in parentheses are percentages, unless indicated otherwise. RS: Robotic surgery; LS: Laparoscopic surgery.

ration rates were reported in four studies[10,12,17]. The RS and LS groups were comparable in terms of reoperation rate
(OR, 0.40; 95%CI: 0.16-1.03; P = 0.06; I? = 0%) (Figure 1E). Furthermore, no significant differences were observed between
RS and LS in terms of conversion to open surgery (OR, 0.45; 95%CI: 0.07-2.89; P = 0.40; I = 54%), estimated at 1.8% for RS
and 5.0% for LS (Figure 1F). The overall effect of the seven studies[10-12,15-17] reporting the length of stay showed that
RS was associated with reduced length of hospital stay (MD -1.51 d; 95%ClI: -2.80 to -0.21), with significant heterogeneity
(?=89%, P <0.00001) between studies (Figure 1G). Five studies[10-12,16] described the number of lymph nodes har-
vested, and there was no significant difference in the number of lymph nodes harvested between the RS and LS groups,
with low heterogeneity (MD, 0.33; 95%CI: -1.03 to 1.69; P = 0.64; I* = 14%) (Figure 1H). Data on CRM positive rates were
reported in five studies[10-12,16]. Surgery with the robotic-assisted technique for APR reduced the CRM positive rate
(OR, 0.39; 95%CI: 0.16-0.95; P = 0.04; I* = 0%) (Figure 1I).

The results of the sensitivity analysis showed that the total effect size of intraoperative blood loss, postoperative
complications, postoperative mortality, reoperation rate, conversion to open surgery, and number of lymph nodes har-
vested was not affected by the elimination of any one study. However, the total effect size for operative time changed
(MD, 24.05 min; 95%CI: 3.71-44.40; I = 0%, P = 0.47) when the study by Kasai et al[11] was excluded. Sensitivity analysis
indicated that studies by Gorgun et al[12] (OR, 0.41; 95%CI: 0.16-1.06; I* = 0%, P = 0.96) and Feng et al[10] (OR, 0.38;
95%ClI: 0.08-1.84; I = 0%, P = 0.94) and the present study (OR, 0.40; 95%CI: 0.16-1.00; I? = 0%, P = 0.94) prominently
affected the total effect size of the CRM positive rate. The total effect size of the length of hospital stay was changed by the
exclusion of the study by Kasai et al[11] (MD, -1.27 d; 95%CI: -2.59 to 0.05), the present study (MD, -1.24 d; 95%CI: -2.60 to
0.12), and the study by Feng et al[10] (MD, -1.28 d; 95%CI: -2.68 to 0.12).
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Table 3 Characteristics of trials included in the meta-analysis

. Gender (M/
Ref. Country  Study design Sample Age ) ( Outcomes NOS
Moghadamyeghaneh et~ United Retrospective R:872; L: R:64; R:556/316;L: Hospital stay, postoperative complications, 7
al[15], 2015 States cohort study 4737 L:62 2844/1893 mortality
Kamali et al[16], 2017 United Retrospective R:1L;L:  R:71; R:7/4;,1:9/2 Postoperative complications, mortality, CRM, 8
Kingdom  case-control study 11 L: 57 operating time, hospital stay, lymph nodes
harvested, conversion rate
Gavrila et al[17], 2021 Romania Retrospective R:46;L: R:62; R:34/12;L: Postoperative complications, mortality, operating 8
case-control study 63 L:62 32/31 time, blood loss, hospital stay, conversion rate,
reoperation rate
Kasai et al[11], 2022 Japan Retrospective R:33;L: R:74; R:20/13;L: Postoperative complications, CRM, operating 8
cohort study 20 L:78 16/4 time, blood loss, hospital stay, conversion rate,
lymph nodes harvested
Feng et al[10], 2022 China Randomized R:174;L: R:58; R:108/66;L: Postoperative complications, mortality, CRM, -
controlled trial 173 L:60 113/60 operating time, blood loss, hospital stay,
conversion rate, reoperation rate, lymph nodes
harvested
Gorgun et al[12], 2022 United Retrospective R:34;L: R:66; R:25/9;L: Postoperative complications, CRM, operating 9
States PSM 34 L:66 25/9 time, blood loss, hospital stay, conversion rate,
reoperation rate, lymph nodes harvested
Current study, 2022 China Retrospective R:34;L: R:34; R:34;L:34 Lymph nodes harvested, postoperative complic- 9
PSM 34 L:34 ations, mortality, CRM, operating time, blood
loss, hospital stay, conversion rate, reoperation
rate

CRM: Circumferential resection margin; F: Female; L: Laparoscopic abdominoperineal resection; M: Male; NOS: Newcastle-Ottawa Scale; PSM: Propensity
score matching; R: Robotic abdominoperineal resection.

Table 4 Summary of results from all outcomes

Indicators No. of studies Events for RS Events for LS Effect size  95%Cl
Operative time 6 - - 17.86 min -2.33, 38.05
Intraoperative blood loss 5 - - -26.36 mL -32.02, -20.70
Postoperative complications 7 315/1211 1651/5079 0.69 0.55, 0.88
Postoperative mortality 5 4/1144 29/5025 0.71 0.26,1.94
Reoperation 4 5/296 15/312 0.40 0.16,1.03
Conversion to open surgery 6 6/339 17/342 0.45 0.07, 2.89
The length of stay 7 - - -151d -2.80,-0.21
Lymph nodes harvested 5 - - 0.33 -1.03, 1.69
Circumferential resection margin positive 5 7/294 17/280 0.39 0.16, 0.95

RS: Robotic surgery; LS: Laparoscopic surgery.

DISCUSSION

With advancements in technology, LS is gradually becoming the preferred technique for colorectal surgery. LS is safe and
effective in the short and long term[9]. However, laparoscopic RC surgery has some inherent limitations, especially in
patients with low RC[18]. In addition, neoadjuvant use can lead to pelvic tissue fibrosis, which increases the difficulty of
surgery and affects the efficacy of LS[9]. RS is another surgical technique that is under development. Compared with LS,
RS has several major advantages, including a wider surgical field, more flexible surgical instruments, and less fatigue for
doctors[19]. In addition, LS is difficult to perform on the pelvic floor and requires a long learning curve, whereas RS has a
shorter learning period, making this technique easier for younger doctors to learn[20,21]. A recently published meta-
analysis[21] showed that robotic rectal surgery had similar long-term outcomes as LS, with shorter operative time, lower
incidence of postoperative complications, shorter hospital stays, and lower conversion to open surgery rates. However,
there are few related studies on RS for APR, and the efficacy is still controversial. Postoperative complications of mini-
mally invasive surgery for RC are as high as 27%[3]. In addition, the incidence of postoperative complications was higher

3%’@) WIGS | https://www.wjgnet.com 1285 May 27,2024 | Volumel16 | Issue5 |



Song L et al. Robotic rectal cancer surgery

A Robotic Laparoscopic Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI
2017, Kamali 327 34 11 251 55 11 13.9% 76.00[37.79, 114.21] s —
2021, Gavrila 221 42 46 191 38 63 23.9% 30.00[14.66, 45.34] —
2021, Kasai 277.59 82.96 33 307.44 77.35 20 11.9% -29.85[-74.01, 14.31]
2022, Current study  249.31 63.22 42 246.14 80.44 42 16.8% 3.17[-27.77, 34.11] I
2022, Feng 206.76 18.69 174 197.81 5831 173 26.2%  8.95[-0.17, 18.07] el
2022, Gorgun 319 132 34 308 139 34 7.3% 11.00[-53.43,75.43]
Total (95% CI) 340 343 100.0% 17.86 [-2.33, 38.05] T
Heterogeneity: Tau? = 382.98; Chi? = 19.69, df = 5 (P = 0.001); I = 75% F t t i
-100 -50 0 50 100

Test for overall effect: Z = 1.73 (P = 0.08)

Favours [Laparoscopic] Favours [Robotic]

B Robotic Laparoscopic Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI
2021, Gavrila 150 50 46 170 50 63 89%  -20.00[-39.01, -0.99] I
2021, Kasai 99.12 120.72 33 110.04 12686 20 0.7% -10.92[-80.11, 58.27] —
2022, Currentstudy 85.37 51.68 42 15405 152.86 42 1.3% -68.68[-117.48, -19.88] —
2022, Feng 100 14.95 174 12649 37.38 173 89.0% -26.49[-32.49, -20.49] .
2022, Gorgun 324 316 34 333 381 34 0.1% -9.00[-175.38, 157.38]
Total (95% CI) 329 332 100.0% -26.36 [-32.02, -20.70] ¢
Heterogeneity: Tau? = 0.00; Chi? = 3.55, df = 4 (P = 0.47); I = 0% t t t f
Test for overall effect: Z = 9.13 (P < 0.00001) -200 -100 0 100 200
Favours [Robotic] Favours [Laparoscopic]
C Robotic Laparoscopic Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
2015, Moghadamyeghaneh 235 872 1537 4737 59.9% 0.77 [0.65, 0.90] |
2017, Kamali 5 10 4 10 1.8% 1.50[0.26, 8.82] -
2021, Gavrila 13 46 18 63 7.3% 0.98 [0.42, 2.29] -1
2021, Kasai 9 33 10 20 4.0% 0.38 [0.12, 1.20] B
2022, Current study 17 42 27 42  6.7% 0.38 [0.16, 0.91] -
2022, Feng 23 174 41 173 14.8% 0.49 [0.28, 0.86] -
2022, Gorgun 13 34 14 34 56% 0.88 [0.33, 2.34] - T
Total (95% CI) 1211 5079 100.0% 0.69 [0.55, 0.88] ’
Total events 315 1651
Heterogeneity: Tau? = 0.02; Chi? = 6.98, df = 6 (P = 0.32); I* = 14% L t t 1
Test for overall effect: Z = 3.03 (P = 0.002) 0.01 0.1 1 10 100
Favours [Robotic] Favours [Laparoscopic]
D Robotic Laparoscopic Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
2015, Moghadamyeghaneh 4 872 28 4737 90.9% 0.78 [0.27, 2.22] _.l_
2017, Kamali 0 10 1 10 9.1% 0.30[0.01, 8.33] ¢
2021, Gavrila 0 46 0 63 Not estimable
2022, Current study 0 42 0 42 Not estimable
2022, Feng 0 174 0 173 Not estimable
Total (95% ClI) 1144 5025 100.0% 0.71 [0.26, 1.94]
Total events 4 29
Heterogeneity: Tau? = 0.00; Chi? = 0.28, df = 1 (P = 0.60); 2= 0% t t t ‘ t
Test for overall effect: Z = 0.67 (P = 0.50) 0.05 0.2 1 5 20
Favours [Robotic] Favours [Laparoscopic]
E Robotic Laparoscopic Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
2021, Gavrila 0 46 2 63 9.3% 0.26 [0.01, 5.64]
2022, Current study 0 42 1 42 8.4% 0.33 [0.01, 8.22]
2022, Feng 5 174 10 173 73.0% 0.48 [0.16, 1.44] ——
2022, Gorgun 0 34 2 34 93% 0.19[0.01, 4.07] * -
Total (95% Cl) 296 312 100.0% 0.40 [0.16, 1.03] ’
Total events 5 15
Heterogeneity: Tau? = 0.00; Chi? = 0.43, df = 3 (P = 0.93); I = 0% ' t y i
Test for overall effect: Z = 1.90 (# = 0.06) 0.01 0.1 1 10 100
Favours [Robotic] Favours [Laparoscopic]
F Robotic Laparoscopic Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
2017, Kamali 1 10 0 10 18.8% 3.32[0.12, 91.60] l
2021, Gavrila 0 46 8 63 22.1% 0.07 [0.00, 1.25] ¢ -
2021, Kasai 0 33 0 20 Not estimable
2022, Current study 0 42 0 42 Not estimable
2022, Feng 0 174 5 173 21.9% 0.09[0.00, 1.60] *¢ ol
2022, Gorgun 5 34 4 34 37.1% 1.29 [0.32, 5.30] N L
Total (95% CI) 339 342 100.0% 0.45 [0.07, 2.89]
Total events 6 17
Heterogeneity: Tau? = 1.91; Chi2 = 6.57, df = 3 (P = 0.09); |2 = 54% ‘ t T t 1
Test for overall effect: Z = 0.84 (P = 0.40) 0.01 0.1 1 10 100
Favours [Robotic] Favours [Laparoscopic]
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Robotic Laparoscopic Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI
2015, Moghadamyeghaneh 8 6 872 8 6 4737 24.5% 0.00 [-0.43, 0.43] T
2017, Kamali 9.19 6.5 11 11.18 8.6 1 3.5% -1.99 [-8.36, 4.38]
2021, Gavrila 104 43 46 1159 4 63 183%  -1.19[-2.78,0.40] /T
2021, Kasai 10.03 5.29 33 1531 99 20 58% -5.28 [-9.98, -0.58] -
2022, Current study 1056 4.3 42 1436 9.32 42 10.3% -3.81[-6.91, -0.71] -
2022, Feng 535 0.75 174 7.35 224 173 247%  -2.00[-2.35,-1.65] ol
2022, Gorgun 72 59 34 74 46 34 129%  -020[-2.71,231] S
Total (95% CI) 1212 5080 100.0%  -1.51 [-2.80, -0.21] S

Heterogeneity: Tau? = 1.72; Chi? = 55.55, df = 6 (P < 0.00001); I* = 89% '0 T 0 T T 0
Test for overall effect: Z = 2.29 (P = 0.02) -1 5 _ 5 1
Favours [Robotic] Favours [Laparoscopic]

H Robotic Laparoscopic Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI

2017, Kamali 18.8 8 11 235 103 1 3.0% -4.70[-12.41, 3.01]

2021, Kasai 32.08 21.64 33 2449 1285 20 21% 7.59 [-1.70, 16.88]

2022, Currentstudy 1524 646 42 1429 7.14 42 17.8% 0.95 [-1.96, 3.86] -

2022, Feng 16.7 449 174 1635 3.74 173 69.7% 0.35[-0.52, 1.22] |

2022, Gorgun 20.7 10 34 221 103 34 73% -1.40 [-6.23, 3.43] - 1

Total (95% Cl) 294 280 100.0% 0.33 [1.03, 1.69]

Heterogeneity: Tau? = 0.49; Chi? = 4.65, df = 4 (P = 0.32); I = 14% t t t t t

Test for overall effect: Z = 0.47 (P = 0.64) 10 5 0 5 10

Favours [Laparoscopic] Favours [Robotic]

I Robotic Laparoscopic Odds ratio 0Odds ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI

2017, Kamali 0 11 0 11 Not estimable

2021, Kasai 1 33 1 20 9.7% 0.59 [0.04, 10.05] -

2022, Current study 0 42 1 42 7.4% 0.33[0.01, 8.22]

2022, Feng 5 174 12 173 68.4% 0.40[0.14, 1.15] ——

2022, Gorgun 1 34 3 34 14.5% 0.31[0.03, 3.17] -

Total (95% Cl) 294 280 100.0% 0.39 [0.16, 0.95] -

Total events 7 17

Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 3 (P = 0.99); I= 0% b t t 1

Test for overall effect: Z = 2.08 (P = 0.04) 0.01 0.1 1 10 100

Favours [Robotic] Favours [Laparoscopic]

Figure 1 Forest plots. A: Forest plots of the operation time for robotic vs laparoscopic abdominoperineal resection; B: Forest plots of the intraoperative blood loss
for robotic vs laparoscopic abdominoperineal resection; C: Forest plots of postoperative complications for robotic vs laparoscopic abdominoperineal resection; D:
Forest plots of postoperative mortality for robotic vs laparoscopic abdominoperineal resection; E: Forest plots of the reoperation rates for robotic vs laparoscopic
abdominoperineal resection; F: Forest plots of the rate of conversion to open surgery for robotic vs laparoscopic abdominoperineal resection; G: Forest plots of the
length of stay for robotic vs laparoscopic abdominoperineal resection; H: Forest plots of the number of lymph nodes harvested for robotic vs laparoscopic
abdominoperineal resection; |: Forest plots of the circumferential resection margin positive rates for robotic vs laparoscopic abdominoperineal resection.

with APR than with LAR[22]. The overall complication rate after APR in our study was 31%. Our retrospective study and
meta-analysis showed that RS was effective in reducing the overall incidence of complications after APR. This result is
consistent with that of a previous RCT involving patients undergoing LAR and APR procedures[23]. Postoperative
complications not only increase the cost and length of hospital stay but also negatively affect long-term prognosis[24,25].
Gamboa et al[26] found that major complications after proctectomy were associated with shortened overall and re-
currence-free survival. Thus, our findings have significant clinical implications, as we provide evidence supporting the
benefit of RS in reducing complications after APR.

In addition, the advantages of the RS could theoretically bring benefits in terms of conversion to open surgery. A meta-
analysis of 42 studies[21] showed that RS reduced the conversion rate. A recent large RCT[23] showed that robotics was
associated with a lower conversion rate. However, in our study, there was no difference in the rate of conversion to open
surgery between the RS and LS groups. After meta-analysis, conversion rates between RS and LS groups remained
comparable. However, our analysis included a limited number of studies; more high-quality studies are needed to eva-
luate the effect of robotics on conversion to open surgery in APR. In addition, our meta-analysis showed that RS did not
reduce the reoperation rate.

In RC surgery, surgeons focus on the quality of tumor resection. The number of harvested lymph nodes is related to
the accuracy of tumor staging and oncologic radicality. In addition, it affects the patient's oncologic prognosis[27]. Being
CRM positive, defined as having a minimum distance between the tumor and the CRM of 1 mm or less[28], is associated
with tumor recurrence and shorter survival[18]. Studies have reported that being CRM positive leads to a 1- to 5-fold
increased risk of local recurrence and a 1- to 4-fold increased risk of distant metastasis[23,29-32]. In traditional LS, surgical
instruments need to enter the pelvic cavity in a nearly vertical direction, and their operation in the horizontal direction is
limited. In addition, the narrow space in the pelvic cavity can lead to interference between instruments. Lower rectal
surgery requires the cooperation of experienced assistants[23]. These factors may affect the quality of LS. RS has better
three-dimensional vision and more flexible tools. In addition, the operating arm of the robot can be controlled by the
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surgeon, which can replace the role of the assistant in LS. These factors allow the robot to perform precise surgical
manipulations in a narrow space and improve the quality of tumor specimens[21,23]. Although there was no benefit of RS
in terms of the number of lymph nodes harvested, our meta-analysis showed that RS significantly reduced the CRM
positive rate. However, the sensitivity analysis showed that the total effect of the CRM positive rate was not robust. More
studies are needed to explore the effect of RS on the quality of APR in the future.

Minimally invasive surgery is characterized by a rapid recovery of bowel function and a short hospital stay[19]. Post-
operative recovery of gastrointestinal function is an important part of enhanced recovery after gastrointestinal tumor
surgery, which has important clinical significance. The time to first flatus and time to first defecation after surgery are key
indicators of gastrointestinal dysfunction[33]. Our study showed that although RS, compared to LS, did not shorten the
time to first defecation, it reduced the time to first flatus. This is similar to the results of a recent meta-analysis[21] in
which the time to first flatus after RC surgery was significantly shorter in the RS group (2.5 £ 1.4 d) than in the LS group
(2.9 £2.0 d). In addition, our retrospective study and meta-analysis observed a significantly shorter hospital stay in the RS
group than that in the LS group. This may be related to the faster recovery of intestinal function and fewer incidences of
complications.

Regarding safety, some researchers have expressed concerns that RS will lead to longer operation times[3]. However,
our retrospective study and meta-analysis suggest that RS does not lead to longer operation times. This is similar to the
results of several previous studies[23,34,35]. In addition, we found that intraoperative blood loss was significantly lower
in the RS group than that in the LS group. This may be due to the technical advantages of the robotic system providing a
better surgical field of view, clearer anatomy, and easier suture manipulation, helping to prevent more bleeding[15,18].

A significant limitation of RS is its high cost[23]. Moghadamyeghaneh et al[15] used the nationwide inpatient sample
database from 2009 to 2012 and found that the average total hospitalization cost of robotic APR was 37% higher than that
of laparoscopy. Similar to previous studies, in the present study, we found a 17% increase in median hospitalization costs
in the RS group compared with that in the LS group. Recently, Gorgun et al[12] reported an increase in direct costs of
robotic APR compared with those of laparoscopic APR (26% increase in mean cost and 43% increase in median cost);
however, the difference was not significant. The increase in hospitalization costs is an important factor hindering the
routine application of RS[12]. Increased complication rates and longer hospital stays are associated with increased treat-
ment costs[11]. Compared with LS, the lower complications and shorter hospital stays observed in the robotic group may
be beneficial in reducing the high costs of RS treatment. Furthermore, as the use of RS becomes more widespread and the
volume of such procedures increases, the cost of robotic devices will likely decrease over time. In the future, conducting
further research to explore the cost-effectiveness of RS compared to that of LS will be important.

Our study had some limitations. First, our study was retrospective and may have been subject to some confounding
factors. Therefore, we performed a PSM analysis, and the post-PSM RS and LS groups had similar underlying character-
istics. Second, it was difficult to compare the effects of the two surgical techniques on long-term survival because the
postoperative follow-up time was too short. However, given the concern about the impact of postoperative complications
on survival and the lower incidence of postoperative complications in the RS group compared with that in the LS group,
it is necessary to evaluate the long-term efficacy of the two surgical methods. Finally, this study was a single-center study,
and all operations were performed by the same surgeon, which was not representative of the skill level of most colorectal
surgeons. Therefore, we conducted a meta-analysis of data from other previous studies to further confirm the reliability
of the results. To the best of our knowledge, this is the first meta-analysis comparing the short-term efficacy of robotic vs
laparoscopic APR.

CONCLUSION

RS is a safe and effective treatment for APR in RC. Although RS is more expensive than LS, RS offers better short-term
outcomes including fewer complications, fewer positive CRMs, less blood loss, and a faster postoperative recovery. More
high-quality prospective studies are warranted to confirm the benefits of RS in APR.
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