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Abstract

Introduction: The advantages of robotic-assisted laparoscopic surgery (RALS)

for rectal cancer remain controversial. This study clarified and compared the

short-term outcomes of RALS for rectal cancer with those of conventional lap-

aroscopic surgery (CLS).

Methods: The records of 303 consecutive patients who underwent RALS or CLS

for rectal adenocarcinoma between November 2016 and November 2021 were

analyzed using propensity score-matched analysis. After matching, 188 patients

were enrolled in our study to compare short-term outcomes, such as operative

results, postoperative complications, and pathological findings, in each group.

Results: After matching, baseline characteristics were comparable between

groups. Although operative time in the RALS group was significantly longer

than in the CLS group (p < 0.0001), the conversion rate to open laparotomy

and the postoperative complication rate in the RALS group were significantly

lower than in the CLS group (p = 0.0240 and p = 0.0109, respectively). Blood

loss was comparable between groups. In the RALS group, postoperative hospi-

tal stay and days to soft diet were significantly shorter than those in the CLS

group (p = 0.0464 and p < 0.0001, respectively). No postoperative mortality

was observed in either group and significant differences were observed in re-

section margins and number of lymph nodes harvested.

Conclusion: Robotic-assisted laparoscopic surgery for rectal cancer was safe,

technically feasible, and had acceptable short-term outcomes. Further studies

are required to validate long-term oncological outcomes.
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1 | INTRODUCTION

Minimally invasive surgery (MIS) for rectal cancer has
been widely adopted and performed under a variety of
surgical settings. Findings of large randomized clinical
trials (RCTs) have shown that conventional laparoscopic
surgery (CLS) for rectal cancer has similar or better
short-term outcomes compared to open surgery (OS),1,2

and similar long-term oncological outcomes as OS.3,4

However, the disadvantages of the CLS approach include
poor visualization due to camera instability, limited dex-
terity of instruments with fixed tips, 2D view, and inade-
quate traction by the assistant. In terms of working in the
deep narrow pelvis, performing total mesorectal excision
(TME) using straight laparoscopic instruments that have
a limited range of motion is also technically challenging.
As a result, conversion rates in CLS for rectal cancer are
as high as 9%–16%.2,5,6 Moreover, two large RCTs, which
assessed circumferential resection margin (CRM) as path-
ological outcomes and as indicators of adequate surgical
resection, showed higher positive CRM rates in CLS than
in OS for rectal surgery, which may have been related to
technical difficulties associated with the deep pelvis.5,6

Robotic-assisted laparoscopic surgery (RALS) is a rel-
atively recent advance in MIS for rectal cancer. By
employing articulated instruments, improved ergonom-
ics, enhanced dexterity with tremor filtration, a stable 3D
view, and motion scaling, RALS overcomes several of the
limitations associated with CLS. Although the lower con-
version rates of RALS relative to CLS were not
established in the RCT,7 several studies have shown
favorable outcomes in terms of the safety and feasibility
of RALS for rectal cancer.8–12 However, the potential of
RALS to overcome some of the limitations of CLS
remains controversial, given the lack of evidence in the
form of oncological and operative outcomes. Therefore, a
retrospective study comparing short-term outcomes of
RALS and CLS for rectal cancer was conducted.

2 | MATERIALS AND METHODS

2.1 | Patients and data sources

This single-center, nonrandomized, retrospective study
compared RALS with CLS for rectal cancer. Patients who
had primary rectal cancer with pathologically-proven clini-
cal stage I, II, III, or IV adenocarcinoma as defined by the
Union for International Cancer Control (UICC) Tumor-
Node-Metastasis Classification, 8th edition,13 were enrolled
in this study. We retrospectively analyzed 303 consecutive
patients who were treated for rectal cancer by RALS or CLS
at Kitasato University Hospital, Japan, between November

2016 and November 2021. One hundred twenty patients
were treated by RALS and 183 patients were treated by CLS
(Figure 1). Patients were assigned depending on the sur-
geon's discretion and/or the availability of the Da Vinci Sur-
gical System (Intuitive Surgical, Sunnyvale, CA, USA).
Since we previously reported short-term outcomes of 50 con-
secutive patients who underwent RALS for rectal cancer,
some duplicate patients were included in this study.14

Patients' data used in this study were obtained from
the medical records held at our hospital. For tumor loca-
tion, the rectum was divided into the upper, mid, and
lower rectum based on barium enema examination, colo-
noscopy, or pelvic magnetic resonance imaging (MRI).
The upper- and mid-rectum were defined as the lower
border of the tumor located proximal to the peritoneal
reflection. The upper- and mid-rectum were defined as
the center of the tumor located proximal and distal to
the lower border of the 2nd sacral vertebra, respectively.
The lower rectum was defined as the lower border of the
tumor located distal to the peritoneal reflection. The
degree of degeneration or necrosis of cancer cells was
used to classify the treatment effect of neoadjuvant
chemoradiotherapy (NCRT). A grade of 0 was assigned in
cases when there was no response, while a grade of 3 was
taken to indicate a complete response; the classification
followed the Histopathological Response Criteria of the
General rules for Clinical and Pathological Studies on
Cancer of the Colon, Rectum and Anus edited by the
Japanese Society for Cancer of the Colon and Rectum.15

The Institutional Review Board at our hospital
approved this study (Approval No.: B21-071). All patients
were thoroughly informed about the surgical procedure
and all of them provided written, informed consent.

2.2 | Perioperative management

Some of the patients who were diagnosed with mid or lower
rectal cancer with a clinical stage of cT3-4 or N-positive
according to the UICC classification13 were treated follow-
ing administration of NCRT. Undergoing NCRT was depen-
dent upon the surgeon's discretion, patient's intention, or
patient's performance status. NCRT was administered
according to our institutional guidelines, as reported previ-
ously.16,17 Before and after administering NCRT, a staging
workup was performed using chest-abdominopelvic com-
puted tomography (CT), pelvic MRI, colonoscopy, and bar-
ium enema examination. Surgery was performed 8 to
10 weeks after NCRT completion.

Patients received the same standardized perioperative
management protocol, including antibiotic prophylaxis,
mechanical bowel preparation, thrombotic prophylaxis,
analgesic care, and diet resumption. Oral intake was
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allowed after bowel movement returned, and was
advanced to a soft diet gradually.

2.3 | Surgical procedure

RALS was performed by three certified surgeons using the
Da Vinci Si or Xi Surgical System configured as six- or five-
port systems, respectively. CLS was performed by seven sur-
geons certified by the Japan Society for Endoscopic Surgery
and was configured using a five-port approach. Patients
were placed in a lithotomy position with the head tilted
downward at 15–20� and the right side tilted downward at
15�. All procedures were performed in the colonic and pel-
vic phases. The colonic phase comprised inferior mesenteric
artery and vein ligations and left-sigmoid mesocolon mobili-
zation, and the pelvic phase comprised pelvic dis-
section using TME or tumor-specific mesorectal excision
(TSME) principles.18 In patients in whom anterior re-
section (AR) was performed, the distal rectum was divided
intracorporeally with a linear articulated endostapler loaded
with a 45 mm or 60 mm cartridge. Bowel continuity was
restored using the intracorporeal double-stapling technique
with a circular staple 25 mm in AR, or by transanal hand-
sewn suture in intersphincteric resection (ISR). All patients
underwent curative standard resection with en bloc regional
lymphadenectomy. Lateral lymph node dissection (LLND)
was performed as required, when the short diameter of the
lateral lymph node was swollen over 7 mm on preoperative
CT. Lateral lymph nodes were removed around the com-
mon iliac vessel, internal iliac vessel, and obturator space,
in the fat tissue outside the pelvic plexus. A diverting
ileostomy was performed if necessary in AR and ISR.

2.4 | Outcome parameters

In this study, the outcome parameters were blood loss,
conversion rate to open laparotomy, days to soft diet,
operative time, postoperative complications, postopera-
tive hospital stay, postoperative mortality, reoperation,
distal margin (DM), positive radial margin (RM), and
number of lymph nodes harvested.

Conversion to open laparotomy from laparoscopic sur-
gery was defined as the unintended extension of laparot-
omy beyond the incision necessary for specimen retrieval.
Operative time was defined as the time between the initial
skin incision and completion of wound closure. Posto-
perative complications, reoperation, and mortality were
defined as events occurring during the postoperative
hospital stay or within 30 days after surgery. The Clavien–
Dindo (CD) classification was used to categorize postoper-
ative complications.19 All such events were assessed by
clinicians and documented in the database. To assess the
quality of surgery, the pathological parameters of the sur-
gical specimens were recorded, including DM, positive
RM, and the number of lymph nodes harvested. Positive
RM was defined as the actually exposed radial margin.

2.5 | Statistical analysis

Descriptive data and continuous variables are presented
as the mean and the standard deviation (SD) or the
median and range, while categorical variables and the
number of patients are presented as percentages. Prior to
propensity score matching, the Mann–Whitney U test or
Student's t test were used for continuous variables, and

FIGURE 1 Study flow chart.

RALS, robotic-assisted laparoscopic

surgery; CLS, conventional

laparoscopic surgery; ASA,

American Society of

Anesthesiologists; GIST,

gastrointestinal stromal tumor
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the Chi-squared test was used for categorical variables.
P < 0.05 was considered statistically significant. Propen-
sity score matching was applied to adjust for differences
in the baseline characteristics of patients and minimize
the possibility of selection bias. First, multivariate logistic
regression analysis was used to obtain the propensity
score. To calculate the propensity score, the following
seven covariates that could potentially affect the techni-
cal difficulty of performing rectal cancer surgery were
included in the model: age, sex, American Society of
Anesthesiologists score, body mass index, clinical stage,
NCRT, and tumor level from the anal verge. The next
step was 1:1 matching using a caliper coefficient of 0.2.
Baseline characteristics, including operative results, post-
operative complications, and pathological findings and
covariates not entered into the model were then used to
compare RALS with CLS. All statistical analyses were
performed using JMP Pro statistical software (vr. 14, SAS
Institute, Cary, NC, USA).

3 | RESULTS

3.1 | Baseline patient characteristics

Figure 1 shows a flow chart of this study. Of the 322 con-
secutive patients who underwent elective surgery for rectal
tumor, two patients who underwent OS, nine patients
with histologies other than adenocarcinoma (gastrointesti-
nal stromal tumor, carcinoid, malignant melanoma, and
squamous cell carcinoma), one patient who underwent
synchronous colonic resection, and seven patients who
underwent synchronous hepatic resection were excluded.
Among the remaining 303 patients, RALS was performed
on 120 patients (39.6%) and CLS was performed on
183 patients (60.4%). Table 1 shows the baseline character-
istics of the overall cohort. Before matching, significant
differences between RALS and CLS were observed in
tumor level from the anal verge (p < 0.0001) and tumor
location (p < 0.0001). After matching, 94 matched pairs
were selected. Table 1 shows the demographic characteris-
tics of the propensity score-matched patients. With regard
to baseline characteristics, the RALS and CLS groups were
comparable.

3.2 | Operative results

Table 2 shows the operative results of the overall cohort
(N = 303) and the propensity score-matched cohort
(N = 188). For the overall cohort, there was no conver-
sion to open laparotomy and the CLS in RALS group, but
conversion to open laparotomy was observed in five

(2.7%) patients in the CLS group (p = 0.0240). Similarly,
for the matched cohort the conversion rate to open lapa-
rotomy in the RALS group was significantly lower com-
pared to that in the CLS group (p = 0.0402). The median
operative time for the overall cohort was 346.5 min in the
RALS group and 247 min in the CLS group. For both
cohorts, the operative time of the RALS group was signif-
icantly longer than that of the CLS group (p < 0.0001).
For both cohorts, the median number of days to soft diet
was 1 day in the RALS group, which was significantly
shorter than the 2 days in the CLS group (p < 0.0001).
For the overall cohort, the median postoperative hospital
stay was 10 days in the RALS group and 11 days in the
CLS group. For the overall cohort and the matched
cohort, the postoperative hospital stay was significantly
shorter in the RALS group compared to the CLS group
(p = 0.0464 and p = 0.0021, respectively). No significant
difference in blood loss was observed between the
groups.

For the overall cohort, despite significant differences
in the operation type and the number of patients under-
going diverting ileostomy in the RALS and CLS groups,
the findings were comparable for the matched cohort.
For both cohorts, the frequency of intraoperative blood
flow tests performed using indocyanine green (ICG) was
significantly higher in the RALS group compared to the
CLS group (p < 0.0001). In the overall cohort, combined
resection of other organs was observed in one patient
(0.8%) in the RALS group and 11 patients (6.0%) in the
CLS group (p = 0.0238). There were no significant differ-
ences in terms of the rate for the combined resection of
autonomic nerve system between groups in the overall
and matched cohorts (p = 0.5354, p = 0.3013, respec-
tively). Performing LLND was comparable between
groups.

3.3 | Postoperative complications

Table 3 shows a comparison of postoperative complica-
tions in both groups. For the overall cohort and the mat-
ched cohort, the incidence of moderate or severe
complications (CD grade ≥ II) was significantly lower in
the RALS group than in the CLS group (p = 0.0109 and
p = 0.0018, respectively). For the overall cohort, anasto-
motic leakage above CD grade II was observed in
11 patients (11.2%) in the RALS group and 24 patients
(16.1%) in the CLS group (p = 0.2817). On the other
hand, for the matched cohort, anastomotic leakage in the
RALS group tended towards being low compared to the
CLS group (RALS 10.4% vs CLS 21.4%, p = 0.0658). For
the overall cohort, urinary retention requiring placement
of a urinary catheter (ie, above CD grade I) was observed
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TABLE 1 Baseline characteristics before and after matching

Characteristics

Overall (N = 303)
Propensity score-matched
pairs (N = 188)

RALS group
(n = 120)

CLS group
(n = 183)

RALS group
(n = 94)

CLS group
(n = 94)

median [range] or n (%) or mean ± SD p median [range] or n (%) or mean ± SD p

Age, years 65 [21–86] 67 [16–89] 0.4136 65 [36–86] 66 [16–89] 0.9668

Sex 0.0864 0.6499

Male 80 (66.7) 104 (56.8) 61 (64.9) 58 (61.7)

Female 40 (33.3) 79 (43.2) 33 (35.1) 36 (38.3)

Body mass index, kg/m2 23.0 ± 3.2 22.8 ± 4.0 0.6702 23.2 ± 3.2 22.9 ± 3.6 0.5656

ASA score 0.1112 1.0000

1/2 107 (89.2) 151 (82.5) 81 (86.2) 81 (86.2)

3 13 (10.8) 32 (17.5) 13 (13.8) 13 (13.8)

Preoperative CEA
level, ng/ml

3.4 [0.6–481] 3.1 [0.5–104] 0.2163 3.3 [0.8–481.0] 3.1 [0.6–60.5] 0.0864

Preoperative CA19-9
level, U/ml

11.0 [3.0–856.0] 12.0 [1.0–373.0] 0.9968 11.0 [3.0–856.0] 10.5 [1.0–82.0] 0.5809

Tumor level from
anal verge, mm

59 [5–200] 82 [10–200] <0.0001 63 [10–200] 69 [10–161] 0.6680

Tumor location <0.0001 0.2629

Upper rectuma 17 (14.2) 55 (30.1) 17 (18.1) 13 (13.8)

Mid rectuma 28 (23.3) 59 (32.2) 23 (24.5) 33 (35.1)

Lower rectumb 75 (62.5) 69 (37.7) 54 (57.5) 48 (51.1)

cT category 0.5614 0.6363

T1 18 (15.0) 28 (15.3) 9 (9.6) 14 (14.9)

T2 25 (20.8) 31 (16.9) 19 (20.2) 21 (22.3)

T3 62 (51.7) 91 (49.7) 51 (54.3) 44 (46.8)

T4 15 (12.5) 33 (18.0) 15 (16.0) 15 (16.0)

T4a/T4b 12 (10.0)/3 (2.5) 19 (10.4)/14 (7.7) 12 (12.8)/3 (3.2) 6 (6.4)/9 (9.6)

cN category 0.8332 0.4981

N0 73 (60.8) 113 (61.7) 56 (59.6) 56 (59.6)

N1 32 (26.7) 44 (34.0) 26 (27.7) 21 (22.3)

N2 15 (12.5) 26 (14.2) 12 (12.8) 17 (18.1)

cM category 0.9792 0.7001

M0 116 (96.7) 177 (96.7) 90 (95.7) 91 (96.8)

M1 4 (3.3) 6 (3.3) 4 (4.3) 3 (3.2)

cStagec 0.8992 0.8664

I 39 (32.5) 54 (29.5) 26 (27.7) 30 (31.9)

II 34 (28.3) 59 (32.2) 30 (31.9) 26 (27.7)

III 43 (35.8) 64 (35.0) 34 (36.2) 35 (37.2)

IV 4 (3.3) 6 (3.3) 4 (4.3) 3 (3.2)

Neoadjuvant
chemoradiotherapy

25 (20.8) 48 (26.2) 0.2827 25 (26.6) 23 (24.5) 0.7380

Abbreviations: ASA, American Society of Anesthesiologists; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CLS, conventional
laparoscopic surgery; RALS, robotic-assisted laparoscopic surgery; TNM, Tumor-Node-Metastasis.
aUpper- and mid-rectum were defined as the lower border of the tumor located proximal to the peritoneal reflection.
bLower rectum was defined as the lower border of the tumor located distal to the peritoneal reflection.
cClinical stage, TNM classification of malignant tumors, eighth edition.
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in two patients (1.7%) in the RALS group and in 16 patients
(8.7%) in the CLS group (p = 0.0108). Similarly, for the
matched cohort, urinary retention in the RALS group was
significantly lower than in the CLS group (RALS 1.1% vs
CLS 10.6%, p = 0.0052). The incidence of other complica-
tions and reoperation was comparable in both cohorts of
the two groups. No postoperative mortality was observed
in either of the groups.

3.4 | Pathological findings

Table 4 shows the pathological findings. In terms of the
DM in both cohorts, no significant difference was
observed between the RALS and CLS groups. Positive
DM was not observed in any patient. However, for the
matched cohort, positive RM tended to be observed in
the RALS group compared to the CLS group (RALS 1.1%
vs CLS 5.3%, p = 0.0970). For the overall and matched

cohorts, the mean number of lymph nodes harvested in
the RALS group and the CLS group was 14.8 and 16.3
(p = 0.1944), and 16.9 and 14.1 (p = 0.0377), respectively.
Other pathological findings were comparable between
both cohorts of the two groups.

4 | DISCUSSION

In this study the oncological and operative outcomes
between RALS and CLS were compared in patients with
rectal cancer to evaluate the potential advantages of
RALS. Propensity score-matched analysis was performed
in order to mitigate against selection bias and adjust for
significant differences in baseline characteristics. Despite
our extensive expertise in CLS for rectal cancer and our
early experience with RALS for rectal cancer in this study
the results reported here show that RALS had better or
similar short-term outcomes compared to CLS.

TABLE 2 Operative results before and after matching

Characteristics

Overall (N = 303) Propensity score-matched pairs (N = 188)

RALS group
(n = 120)

CLS group
(n = 183)

RALS group
(n = 94)

CLS group
(n = 94)

n (%) or median [range] p n (%) or median [range] p

Type of operation 0.0133 0.3625

High anterior resection 10 (8.3) 30 (16.4) 10 (10.6) 6 (6.4)

Low anterior resection 77 (64.2) 115 (62.8) 61 (64.9) 61 (64.9)

Intersphincteric resection 11 (9.2) 4 (2.2) 6 (6.4) 3 (3.2)

Abdominoperineal resection 22 (18.3) 34 (18.6) 17 (18.1) 24 (25.5)

Lateral lymph node dissection 11 (9.2) 14 (7.7) 0.6389 9 (9.6) 8 (8.5) 0.7993

Diverting ileostomy 76 (77.6a) 86 (57.7a) 0.0013 55 (71.4a) 46 (65.7a) 0.4555

Blood flow test using ICG 71 (72.5a) 19 (12.8a) <0.0001 61 (79.2a) 10 (14.3a) <0.0001

Operative time, min 346.5 [182–747] 247 [120–639] <0.0001 342 [182–747] 254 [120–639] <0.0001

Without lateral lymph node dissection 335 [182–634] 240 [120–530] <0.0001 331 [182–634] 247 [120–517] <0.0001

With lateral lymph node dissection 637 [354–747] 455.5 [256–639] 0.0020 637 [354–747] 477.5 [256–639] 0.0485

Blood loss, ml 5 [5–627] 5 [5–2267] 0.3137 5 [5–627] 7.5 [5–2267] 0.3189

Without lateral lymph node dissection 5 [5–627] 5 [5–2267] 0.2851 5 [5–627] 5 [5–2267] 0.3192

With lateral lymph node dissection 150 [5–539] 171.5 [5–900] 0.4763 100 [5–539] 159 [5–633] 0.4699

Transfusion 0 (0.0) 2 (1.1) 0.2506 0 (0.0) 2 (2.1) 0.1551

Conversion to laparotomy 0 (0.0) 5 (2.7) 0.0240 0 (0.0) 3 (3.2) 0.0402

Combined resection

Other organs 1 (0.8) 11 (6.0) 0.0238 1 (1.1) 6 (6.4) 0.0541

Autonomic nerve system 1 (0.8) 3 (1.6) 0.5354 1 (1.1) 3 (3.2) 0.3013

Days to soft diet 1 [1–34] 2 [1–58] <0.0001 1 [1–34] 2 [1–43] <0.0001

Postoperative hospital stay, days 10 [6–62] 11 [6–94] 0.0464 10 [6–62] 12 [6–89] 0.0021

Abbreviations: CLS, conventional laparoscopic surgery; ICG, indocyanine green; RALS, robotic-assisted laparoscopic surgery.
aData were analyzed in patients with anterior resection and intersphincteric resection.
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The conversion rate of MIS to open laparotomy reflects
the technical complexity of the former. A low conversion
rate to open laparotomy is clinically important because
patients who were transferred from MIS to open laparot-
omy are more likely to develop postoperative complications
and local recurrence.20,21 Except for the excellent conver-
sion rate of 1.2% reported for CLS at specialized centers,1

other large RCTs have shown that the conversion rate of
CLS for rectal cancer typically ranged from 9% to 16%.2,5,6

Although the ROLARR trial failed to demonstrate the
advantages of conversion to open laparotomy in RALS over
CLS (8.1% vs 12.2%, p = 0.16),7 several meta-analyses com-
paring RALS with CLS have demonstrated a lower conver-
sion rate for RALS compared to CLS.22–25 In this study,
none of the patients in the RALS group were converted to
open laparotomy; however, in the CLS group, five patients
(2.7%) were converted to open laparotomy. Of the five
patients who were converted from CLS to open laparotomy,
four patients were converted due to tumor-related factors,
such as invasion into surrounding tissues that required
combined resection. Our results have shown that the rate of
conversion to open laparotomy in the RALS group was sig-
nificantly lower than that in the CLS group for both

cohorts. These results could be attributed to the difference
in the number of combined resections, which were per-
formed in patients in which invasion into surrounding tis-
sues was observed. In the overall cohort, the rate of
combined resection of other organs in the RALS group was
significantly lower compared to that in the CLS group
(p = 0.0238), and the rates of the patients with clinical T4b
in the RALS group were less than those in the CLS group
(2.5% vs 7.7%, not significant). It could be difficult to decide
the excision line at the infiltrated surrounding tissues by
using robotic arms, which have no sensation. There might
be a possibility for the patients with clinical T4b who favor-
ably underwent not RALS but CLS. Further prospective
RCTs are necessary to evaluate whether the advantages of
conversion to open laparotomy in RALS.

Several previous studies reported that, compared with
CLS, RALS for rectal cancer was associated with signifi-
cantly longer operative times.11,24–26 The findings of our
study were consistent with these previous studies, and
the operative time for patients in the RALS group were
significantly longer than that in the CLS group. In the
present study the median operative time of patients who
underwent RALS without LLND was 335 min and the

TABLE 3 Postoperative complications before and after matching

Characteristics

Overall (N = 303) Propensity score-matched pairs (N = 188)

RALS group
(n = 120)

CLS group
(n = 183)

RALS group
(n = 94)

CLS group
(n = 94)

n (%) p n (%) p

Patient number, CD classification ≥ Grade II 20 (16.7) 54 (29.5) 0.0109 16 (17.0) 35 (37.2) 0.0018

Anastomotic leakagea 11 (11.2) 24 (16.1) 0.2817 8 (10.4) 15 (21.4) 0.0658

Urinary retentionb 2 (1.7) 16 (8.7) 0.0108 1 (1.1) 10 (10.6) 0.0052

Small bowel obstruction 7 (5.8) 17 (9.3) 0.2759 6 (6.4) 10 (10.6) 0.2958

Wound infection 1 (0.8) 6 (3.3) 0.1658 1 (1.1) 4 (4.3) 0.1739

Ureter injury 1 (0.8) 1 (0.6) 0.7629 1 (1.1) 0 (0.0) 0.3160

Urethral injury 0 (0.0) 1 (0.6) 0.4173 0 (0.0) 0 (0.0) n.a

Bleeding 0 (0.0) 2 (1.1) 0.2506 0 (0.0) 2 (2.1) 0.1551

Pelvic abscess 0 (0.0) 2 (1.1) 0.2506 0 (0.0) 2 (2.1) 0.1551

Wound dehiscence 0 (0.0) 2 (1.1) 0.2506 0 (0.0) 2 (2.1) 0.1551

Intestinal necrosis 1 (0.8) 1 (0.6) 0.7629 1 (1.1) 1 (1.1) 1.0000

Diarrhea 1 (0.8) 0 (0.0) 0.2161 0 (0.0) 0 (0.0) n.a

Gastric ulcer 0 (0.0) 2 (1.1) 0.2506 0 (0.0) 2 (2.1) 0.1551

Brachial plexus neuropathy 0 (0.0) 1 (0.6) 0.4173 0 (0.0) 1 (1.1) 0.3160

CD classification ≥ Grade III 13 (10.8) 26 (14.2) 0.3910 11 (11.7) 16 (17.0) 0.2984

Reoperation 5 (4.2) 11 (6.0) 0.4827 5 (5.3) 9 (9.6) 0.2665

30-day postoperative mortality 0 (0.0) 0 (0.0) n.a 0 (0.0) 0 (0.0) n.a

Abbreviations: CD, Clavien–Dindo; CLS, conventional laparoscopic surgery; n.a, not applicable; RALS, robotic-assisted laparoscopic surgery.
aData were analyzed in patients with anterior resection and intersphincteric resection.
bData were analyzed in patients who had urinary retention with CD classification ≥ Grade I.
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TABLE 4 Pathological findings before and after matching

Characteristics

Overall (N = 303) Propensity score-matched pairs (N = 188)

RALS group
(n = 120)

CLS group
(n = 183)

RALS group
(n = 94)

CLS group
(n = 94)

Median [range] or n (%) or mean ± SD p Median [range] or n (%) or mean ± SD p

Tumor size, mm 35 [5–90] 33 [3–140] 0.6051 35 [5–90] 32 [3–140] 0.3036

Histological grade 0.9743 0.7326

G1-2 (pap/tub)a 114 (95.0) 174 (95.1) 89 (94.7) 90 (95.7)

G3 (muc/por/sig)b 6 (5.0) 9 (4.9) 5 (5.3) 4 (4.3)

Lymphatic invasion 0.5447 0.8762

Presence 38 (31.7) 52 (28.4) 31 (33.0) 30 (31.9)

Absence 82 (68.3) 131 (71.6) 63 (67.0) 64 (68.1)

Vascular invasion 0.9812 0.2324

Presence 70 (58.3) 107 (58.5) 53 (56.4) 61 (64.9)

Absence 50 (41.7) 76 (41.5) 41 (43.6) 33 (35.1)

Distal margin, mm 35 [10–90] 33 [3–114] 0.1349 35 [10–90] 30 [3–114] 0.4852

Positive radial margin 1 (0.8) 6 (3.3) 0.1658 1 (1.1) 5 (5.3) 0.0970

Number of lymph nodes harvested 16.3 ± 9.9 14.8 ± 9.0 0.1944 16.9 ± 9.9 14.1 ± 7.9 0.0377

Without lateral lymph
node dissection

15.1 ± 8.9 14.6 ± 9.1 0.6463 15.5 ± 8.5 13.5 ± 7.9 0.1111

With lateral lymph
node dissection

28.1 ± 12.2 18.1 ± 6.4 0.0149 29.6 ± 13.1 20.8 ± 5.7 0.0997

pT category 0.3700 0.7119

T0/Tis 4 (3.3) 11 (6.0) 4 (4.3) 7 (7.5)

T1 32 (26.7) 37 (20.2) 22 (23.4) 22 (23.4)

T2 28 (23.3) 39 (21.3) 19 (20.2) 22 (23.4)

T3 48 (40.0) 75 (41.0) 42 (44.7) 34 (36.2)

T4 8 (6.7) 21 (11.5) 7 (7.5) 9 (9.6)

T4a/T4b 7 (5.8)/1 (0.8) 12 (6.6)/9 (4.9) 6 (6.4)/1 (1.1) 3 (3.2)/6 (6.4)

pN category 0.5163 0.8929

N0 82 (68.3) 136 (74.3) 64 (68.1) 67 (71.3)

N1 25 (20.8) 30 (16.4) 20 (21.3) 18 (19.2)

N2 13 (10.8) 17 (9.3) 10 (10.6) 9 (9.6)

c/pM category 0.7988 0.5157

M0 114 (95.0) 175 (95.6) 88 (93.6) 90 (95.7)

M1 6 (5.0) 8 (4.4) 6 (6.4) 4 (4.3)

pStagec 0.3490 0.8895

0/I 52 (43.3) 71 (38.8) 36 (38.3) 41 (43.6)

II 26 (21.7) 59 (32.2) 24 (25.5) 23 (24.5)

III 34 (28.3) 41 (22.4) 26 (27.7) 23 (24.5)

IV 6 (5.0) 8 (4.4) 6 (6.4) 4 (4.3)

pCR 2 (1.7) 4 (2.2) 2 (2.1) 3 (3.2)

Treatment effectd 0.8269 0.9653

Grade 1 14 (56.0) 26 (54.2) 14 (56.0) 12 (52.2)
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median console time of TME or TSME procedures was
180 min (data not shown). The prolonged operative time
required for RALS could be attributed to the time
required to dock the robotic system, change instruments,
and undock the system if the position of the patient had
to be changed. Moreover, the present study included a
learning curve period, which was previously reported to
span from 20 to 75 cases.27–30 After becoming proficient
in operating the camera and manipulating the robotic
forceps, as well as optimizing the settings of the robotic
system, our operative time could likely be decreased. On
the other hand, no significant differences in blood loss
were observed between groups. Previous large RCTs com-
paring CLS with OS showed that median blood loss was
100–200 ml in the CLS group.1,2,6 In the present study,
median blood loss in the overall cohort of the CLS group
was 5 ml, which is extremely low compared to previous
reports. Thus, the equivalency of blood loss observed
between the two groups in this study could be attributed
to the high levels of expertise and experience in CLS for
rectal cancer at our hospital.

In the present study the postoperative complication
rates (CD grade ≥ II) in the RALS and CLS groups were
16.7% and 29.5% for the overall cohort, respectively. These
results are comparable to previously reported rates of 8.9%
to 33.1% and 18.4% to 31.7% for RALS and CLS, respec-
tively.7,9,31–34 In our study the postoperative complication
rates (CD grade ≥ II) in the RALS group were significantly
lower than those in the CLS group. The frequency of anas-
tomotic leakage was 11.6% in the overall cohort (RALS
11.2% vs CLS 16.1%) and 12.2% in the matched cohort
(RALS 10.4% vs CLS 21.4%). There was also a tendency for
anastomotic leakage rates to be lower in the RALS group
compared to the CLS group in the matched cohort
(p = 0.0658). Previous studies reported anastomotic leakage
rates of 1.5%–12.2% in patients who underwent RALS and
1.8%–10.4% in patients who underwent CLS.7,9,31–34 In our

study, although the incidence of anastomotic leakage in
the RALS group was similar to those of previous reports,
the leakage rates in the CLS group were relatively high
compared to those published previously. Recent studies
including propensity score-matched analysis and meta-
analysis have shown the potential benefits of intraoperative
ICG imaging for decreasing anastomotic leakage in MIS for
rectal cancer.35–37 In the present study the rates of
intraoperative blood flow assessed using ICG were signifi-
cantly higher for both cohorts in the RALS group com-
pared to the CLS group (p < 0.0001). One of the reasons
for the difference in the incidence of anastomotic leakage
between groups could be the significant differences
observed in the results of the intraoperative blood flow test
with ICG between groups.

The frequency of urinary retention in the overall and
matched cohorts of the present study was 5.9% (RALS
1.7% vs CLS 8.7%) and 5.9% (RALS 1.1% vs CLS 10.6%),
respectively. The incidence of urinary retention in the
RALS group was significantly lower than that in the CLS
group for both cohorts. Moreover, for both cohorts the
days to soft diet and postoperative hospital stay in
the RALS group were significantly shorter than those in
the CLS group. Previous studies have reported on the
potential benefits of RALS, including the lower complica-
tion rate, shorter postoperative hospital stay, and more
favorable functional results, and several factors have
been proposed to clarify why RALS is more advantageous
than CLS for rectal cancer.8–10,12,22–24,26 The wristed
instruments facilitate ambidextrous capabilities and intu-
itive manipulation by surgeons, the camera provides sta-
ble, 3D, high-definition imaging, while the robotic arm
provides steady retraction and exposure. The combina-
tion of these attributes of robotic systems facilitates accu-
rate anatomical dissection in the deep and narrow pelvis
and could improve the preservation of autonomic pelvic
functions.

TABLE 4 (Continued)

Characteristics

Overall (N = 303) Propensity score-matched pairs (N = 188)

RALS group
(n = 120)

CLS group
(n = 183)

RALS group
(n = 94)

CLS group
(n = 94)

Median [range] or n (%) or mean ± SD p Median [range] or n (%) or mean ± SD p

Grade 2 8 (32.0) 18 (37.5) 8 (32.0) 8 (34.8)

Grade 3 3 (12.0) 4 (8.3) 3 (12.0) 3 (13.0)

Abbreviations: CLS, conventional laparoscopic surgery; n.a, not applicable; pCR, pathological complete response; RALS, robotic-assisted laparoscopic surgery;
TNM, Tumor-Node-Metastasis.
aPapillary adenocarcinoma/well or moderately differentiated tubular adenocarcinoma.
bMucinous adenocarcinoma/poorly differentiated adenocarcinoma/signet-ring cell carcinoma.
cPathological stage, TNM classification of malignant tumors, eighth edition.
dData were analyzed in patients who underwent neoadjuvant chemoradiotherapy.
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The pathological findings of resection margin and the
number of lymph nodes harvested indicate the high level
of surgical and oncological quality of this method for rec-
tal cancer. For the overall cohort, no statistically signifi-
cant differences among DM, positive RM, and the
number of lymph nodes harvested were observed. On the
other hand, for the matched cohort the number of lymph
nodes harvested by RALS was significantly higher than
that in CLS, and there was a tendency for the positive-
RM rate in the RALS group to be lower than that in the
CLS group. The results of the higher number of lymph
nodes harvested in RALS group could contribute to the dif-
ferences in the number of lateral lymph nodes harvested
between groups. Because, although there were no signifi-
cant differences in the number of lymph nodes harvested
without LLND between the RALS and CLS group in the
matched cohorts (15.5 vs 13.5, p = 0.1111), the number of
lymph nodes harvested with the LLND in RALS group
tended to be higher compared with those in the CLS group
(29.6 vs 20.8, p = 0.0997). The differences of lateral
harvested lymph nodes between groups might be associ-
ated with the procedures in the deep pelvis with technical
complexity, such as LLND by using limited dexterity of
instruments with fixed tips in CLS. Our pathological find-
ings showed that the surgical quality of the RALS approach
was comparable to, or better than, the CLS approach. How-
ever, further studies are necessary to evaluate other patho-
logical parameters, such as CRM, which is an important
predictor of oncological prognosis.38

This study has several limitations. First, this study has a
nonrandomized and of retrospective design. To overcome
this limitation, we performed case-matched analysis using
several clinical variables. The findings showed that the
groups were well balanced and selection bias was mitigated.
Second, this cohort study was performed at a single center
and the size of the cohorts was relatively limited. As a
result, the number of cases might be insufficient to draw
definitive conclusions. Third, our propensity score-matched
analysis considered mainly baseline characteristics, but not
factors such as surgeon experience and learning curve.
Fourth, we did not assess sexual function and defecation
function, which are essential for evaluating the clinical ben-
efits of a treatment modality. Finally, as pathological
parameters for assessing surgical and oncological quality,
we evaluated DM and RM but not CRM. Consequently, our
pathological analysis might be inadequate for assessing the
completeness of TME.

In conclusion, the present propensity score-matched
analysis suggested that RALS is both safe and feasible for
patients with rectal cancer. The results showed that the
operative and pathological outcomes of RALS might be
better than, or similar to, those of CLS. Further research

is required to clarify whether the long-term oncological
outcomes are equivalent.
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