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Introduction: Laparoscopic total mesorectal excision (TME) is the standard operation for 

minimal access surgical treatment for rectal cancers. The superiority of the different laparo-

scopic modalities used to perform TME remains controversial. This study aims to compare 

the short-term outcomes between robotic TME (R-TME) and the standard laparoscopic TME 

(ST-TME).

Methods: A retrospective review of all patients (n=42) diagnosed with mid/lower rectal 

carcinoma who underwent R-TME and ST-TME from October 2004 to November 2011 was 

performed. Patient demographics, perioperative outcomes, and histopathological findings were 

analyzed.

Results: There were 23 patients treated with R-TME. Patient demographics were comparable 

between both groups. The median operating time was 242 (191–377) minutes in ST-TME and 

395 (289–771) minutes in R-TME (P,0.001). ST-TME was associated with a higher conversion 

rate, at 21.0%, compared to the 4.3% in R-TME (P=0.158). Both groups had a median duration 

of intravenous analgesia of 2 days (P=0.602), and a median length of hospital stay of 6 (ST-TME) 

and 7 days (R-TME) (P=0.202). Morbidity rates were 31.6% and 21.7% in the ST-TME and 

R-TME groups, respectively (P=0.504). The median number of lymph nodes harvested was the 

same in each group, at 14 (P=0.323). Completeness of TME and margin positivity were similar 

for both groups.

Conclusion: R-TME is safe and feasible, with similar postoperative and surrogate oncological 

outcomes when compared to ST-TME. While associated with a lower conversion rate, the longer 

operating time reflects the steep learning curve required to master the technique.

Keywords: robotic, standard laparoscopic, total mesorectal excision, rectal cancer, Da Vinci, 

rectal cancer, laparoscopy, proctectomy

Introduction
Since the first laparoscopic colorectal surgery was described in the 1990s,1 minimally 

invasive surgery for colorectal cancers has gained popularity and acceptance by many. 

A number of studies have successfully proven that, compared to open surgeries, lap-

aroscopic colonic resections result in decreased postsurgical pain, better cosmesis, 

and shorter hospital stays while maintaining comparable oncological clearance and 

morbidity rates.2–4

The results presented in the various studies, however, mask the potentially less than 

favorable outcomes of laparoscopic rectal cancers given that the gold standard treatment 
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for rectal cancers requires access deep into the pelvis to 

achieve a total mesorectal excision (TME).5–10 While proven 

to be technically feasible, the rigid laparoscopic instruments 

make the procedure an extremely demanding one. Indeed, 

the Medical Research Council (MRC) CLASICC trial has 

demonstrated higher conversion rates and circumferential 

margin positivity in laparoscopic proctectomies compared 

to those of laparoscopic colectomies, albeit with comparable 

oncological clearance and rates of local recurrences.2

With the advent of robotic surgery, many postulate that the 

advantages of three-dimensional visualization, a more stable 

camera platform, better ergonomics, and increased flexibility 

of the instruments present can overcome the difficulties faced 

in laparoscopic rectal resections.11–13 Robotic surgery has since 

been incorporated into rectal cancer treatments in many centers 

in the world, and a number of studies have been conducted 

that compare the outcomes between both procedures. Results 

remain, however, inconclusive,14–19 and the two multicenter, ran-

domized controlled trials, RObotic Versus LAparoscopic Resec-

tion for Rectal Cancer (ROLARR) and ACOSOG (American 

College of Surgeons Oncology Group; ACOSOG-Z6051) are 

still ongoing.20,21 This study, therefore, aims to further sub-

stantiate the comparison between robotic TME (R-TME) and 

standard laparoscopic TME (ST-TME) for rectal cancers, as 

well as provide local data that have yet to be reported.

Materials and methods
A retrospective review of all patients who underwent R-TME 

and ST-TME for rectal cancers from October 2004 to 

November 2011 (Department of Surgery, National University 

of Singapore) was performed.

The local staging of the rectal tumors was carried out 

using either endorectal ultrasonography, magnetic resonance 

imaging of the rectum, or both. The computed tomographic 

scan of the abdomen and pelvis was performed routinely to 

establish the presence of systemic metastases. All cases were 

subjected to a multidisciplinary board meeting held weekly 

to decide upon the management strategy of the patients. The 

type of TME performed, whether R-TME or ST-TME, was 

based on the preference of individual surgeons. Surgeons 

involved in these operations were at least consultant-grade 

colorectal surgeons who had each performed in excess of 

300 laparoscopic colorectal resections.

Patient demographics collected include age; sex; Ameri-

can Society of Anesthesiologists (ASA) score; number of 

previous abdominal surgeries; neoadjuvant chemoradio-

therapy treatment; and comorbidities, such as hypertension, 

dyslipidemia, diabetes mellitus, and ischemic heart disease, 

were collected. Outcome parameters were the types of surgi-

cal procedure, operative times, conversion rates, perioperative 

complications, duration of intravenous opioid usage, and 

postoperative hospital stays. Histopathological assessment in 

the form of completeness of TME, distal and circumferential 

margin tumor involvement, tumor stage, and the total number 

of lymph nodes harvested were also retrieved.

The standard da Vinci® Surgical System (Intuitive Surgical, 

Inc., Sunnyvale, CA, USA) was used from August 2008 to 

May 2010; the newer da Vinci Si® (Intuitive Surgical, Inc.) was 

utilized subsequently. Conversion was defined as the need to 

create an incision which was longer than originally planned in 

order to perform any part of the operation other than specimen 

extraction or anastomosis creation.22 The cancers were staged 

according to the American Joint Committee of Cancer guide-

lines, while complications were graded in accordance to the 

classification proposed by Clavien et al.23

Categorical variables were compared using the Fisher’s 

exact test, while continuous variables were compared 

using the Mann–Whitney U test. Statistical analysis was 

performed using the SPSS statistical package (v 19.0; IBM 

Corporation, Armonk, NY, USA), and all P-values reported 

were two-sided, with P-values of ,0.05 considered statisti-

cally significant.

Table 1 Patient demographics

ST-TME R-TME P-value

Total number of patients 19 23
Median age, years (range) 56 (42–75) 59 (47–92) 0.255
Sex, n (%)
 � Male 

Female
11 (57.9) 
8 (42.1)

18 (78.3) 
5 (21.7)

0.192

Number of previous abdominal surgeries, n (%)
 � 0 

1–2
16 (84.2) 
3 (15.8)

17 (73.9) 
6 (26.1)

0.477

Comorbidity, n (%)
 �H ypertension 

Dyslipidemia 
Diabetes 
Ischemic heart disease

6 (31.6) 
3 (15.6) 
1 (5.3) 
0 (0.0)

11 (47.8) 
5 (21.7) 
4 (17.4) 
2 (8.7)

0.353 
0.709 
0.356 
0.492

Neoadjuvant  
chemoradiotherapy, n (%)

6 (31.6) 11 (47.8) 0.353

Type of procedure, n (%)
 �L ow anterior resection 

Abdominoperineal resection
17 (89.5) 
2 (10.5)

19 (82.6) 
4 (17.4)

0.673

ASA score, n (%)
 �I  

II 
III

11 (57.9) 
8 (42.1) 
0 (0.0)

6 (26.1) 
16 (69.6) 
1 (4.3)

0.059

Median distance from anal  
verge, cm (range)

6.0 (4–10) 5.0 (1–8) 0.119

Abbreviations: ASA, American Society of Anesthesiologists; R-TME, robotic total 
mesorectal excision; ST-TME, standard laparoscopic total mesorectal excision.
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Results
Table 1 presents the demographics of the patients selected. 

The median age of the 19 ST-TME patients was 56 years, 

and that of the 23 R-TME patients was 59 years (P=0.255). 

The percentages of male patients were 57.9% (n=11) and 

78.3% (n=78.3) in the ST-TME and R-TME patient groups, 

respectively (P=0.192). The majority of the patients had 

not undergone any previous abdominal surgeries, with 

only 15.8% (ST-TME) and 26.1% (R-TME) of the patients 

having done so (P=0.477). Patient comorbidities such as 

hypertension, dyslipidemia, diabetes, and ischemic heart 

disease were not significantly different between both groups. 

More patients (47.8%) in the R-TME group had received 

neoadjuvant chemoradiotherapy, compared to the 31.6% in 

the ST-TME group, but this was not found to be statistically 

significant (P=0.353). There were four (17.4%) patients in 

the robotic arm and two (10.5%) in the straight laparoscopic 

arm who underwent an abdominal perineal resection, while 

the rest of the patients had a low anterior resection performed. 

All patients within the study had a temporary diverting 

stoma created, except for the six patients who underwent an 

abdominoperineal resection (APR). These patients received 

permanent colostomies. Most patients in both groups had an 

ASA score of either 1 or 2, with only one (4.3%) patient in 

the R-TME group having an ASA score of III (P=0.059). In 

addition, the median distance from the distal end of the tumor 

to the anal verge was shorter in the R-TME group (R-TME: 

5 [1–8] cm versus ST-TME: 6 [4–10] cm; P=0.119).

Tables 2 and 3 summarize the comparisons made in terms 

of operative parameters and postoperative outcomes. The 

mean operative time was significantly higher in the R-TME 

group (R-TME: 395 [289–771] minutes versus ST-TME: 242 

[191–377] minutes; P,0.001); however, the proportion of 

patients (n=1, 4.3%) in the R-TME group was less than that in 

the ST-TME group (n=4, 21.0%; P=0.158). The postoperative 

morbidity was similar between both groups, in which only 

one patient from each group had a complication grade that 

was more than II. One patient (4.3%) in the R-TME group 

required a reoperation due to secondary hemorrhage, while 

another in the ST-TME group developed a non-ST segment 

elevation myocardial infarction on postoperative day 4. The 

median durations of parenteral opioids used were 3 and 2 

days for ST-TME and R-TME, respectively, with a range 

of 1 to 3 days each (P=0.349). The median length of stay in 

the hospital for patients who underwent R-TME was 5 days 

compared to 6 days in the ST-TME group (P=0.202). No 

mortality was recorded in our series.

Table 2 Operative parameters

ST-TME R-TME P-value

Median operative  
time, minutes (range)

242 (191–377) 395 (289–771) ,0.001

Conversion, n (%)
 �N arrow pelvis 

Bulky tumor 
Hemorrhage 
Others

0 (0.0) 
0 (0.0) 
2 (10.5) 
2 (10.5)

1 (4.3) 
0 (0.0) 
0 (0.0) 
0 (0.0)

0.158

Abbreviations: R-TME, robotic total mesorectal excision; ST-TME, standard 
laparoscopic total mesorectal excision.

Table 3 Postoperative outcomes

ST-TME R-TME P-value

Median duration of parenteral opioid 
use, days (range)

3 (1–3) 2 (1–3) 0.349

Morbidity, n (%) 6 (31.6) 5 (21.7) 0.504
Grade of complications, n (%)
 �I  

II 
III 
IV 
Overall

2 (10.5) 
3 (15.8) 
0 (0.0) 
1 (5.3) 
6 (31.6)

1 (4.3) 
3 (13.0) 
1 (4.3) 
0 (0.0) 
5 (21.6)

0.732

Reoperation within 30 days, n (%)
 � Bleeding 

Anastomotic leak
0 (0.0) 
0 (0.0)

1 (4.3) 
0 (0.0)

NS

Mortality, n (%) 0 (0.0) 0 (0.0) NS
Median length of stay,  
days (range)

6 (3–15) 7 (4–21) 0.202

Note: Complications were graded using the Clavien-Dindo classification.
Abbreviations: NS, not significant; R-TME, robotic total mesorectal excision; 
ST-TME, standard laparoscopic total mesorectal excision.

Table 4 Distribution of TNM stages

ST-TME R-TME P-value

Tumor stage
 � T0 

T1 
T2 
T3 
T4

2 (10.5) 
0 (0.0) 
8 (42.1) 
9 (47.4) 
0 (0.0)

3 (13.0) 
0 (0.0) 
6 (26.1) 
13 (56.5) 
1 (4.3)

0.740

Nodal stage
 �N 0 

N1 
N2

13 (68.4) 
4 (21.1) 
2 (10.5)

11 (47.8) 
4 (17.4) 
8 (34.8)

0.229

Metastatic disease 1 (5.3) 2 (8.7) 1.00
Overall stage
 � 0 

I 
II 
III 
IV

2 (10.5) 
7 (36.8) 
4 (21.1) 
5 (26.3) 
1 (5.3)

2 (8.7) 
4 (17.4) 
5 (21.7) 
10 (43.5) 
2 (8.7)

0.639

Notes: The overall stages were determined using the American Joint Committee of 
Cancer staging. Values are presented as number (%).
Abbreviations: R-TME, robotic total mesorectal excision; ST-TME, standard 
laparoscopic total mesorectal excision.
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Tables 4 and 5 record the distribution of the TNM stages 

and the histopathological assessment, respectively. There were 

no significant differences seen between the groups in terms of 

disease stage, completeness of TME, number of lymph nodes 

harvested, and distal and circumferential margin positivity. The 

mean number of lymph nodes harvested was 18 (two to 39) in 

the ST-TME group and 14 (four to 24) in the R-TME group 

(P=0.323). Both groups had one patient with a positive cir-

cumferential margin (defined as histological evidence of tumor 

presence at the resection margin), while the R-TME group had 

one patient (4.3%) with a positive distal margin (defined as 

histological evidence of tumor presence at the resection margin) 

(P=1.00). The completeness of the TME was 94.7% and 100% 

in the ST-TME and R-TME, respectively (P=0.452).

Discussion
Laparoscopic colorectal surgery has been established by 

several studies to be consistent with the benefits of minimally 

invasive surgery observed in other surgical disciplines, while 

retaining comparable oncological outcomes to conventional 

open surgery.2–4 However, the inherent technical limitations 

of laparoscopy, such as the assistant-dependent camera 

platform, two-dimensional optics, limited instrumental 

dexterity, and physiological tremors can theoretically limit 

the purported outcomes for laparoscopic rectal surgeries in 

isolation due to the confined pelvic compartment in which 

TME is being performed. This may explain the findings in 

the CLASICC trial, which reported higher conversion rates 

and circumferential margin positivity associated with lap-

aroscopic rectal surgeries.2

Robotic surgery overcomes such technical limitations of 

conventional laparoscopic surgery, as it eliminates human 

factors such as surgeon fatigue and physiological tremors 

while facilitating greater maneuverability afforded by its 

EndoWrist® (Intuitive Surgical, Inc.) feature and a stable 

three-dimensional camera platform.11–13 Indeed, the suc-

cessful implementation of robotic laparoscopic surgery in 

urological surgeries involving the deep pelvis, such as radical 

prostatectomy, has prompted the potential utility of employ-

ing it in rectal surgeries as well.

In our study, we found R-TME to be associated with lower 

rates of conversion and postoperative complications compared 

to ST-TME. This could be attributed to a possibly shorter 

learning curve for R-TME compared to that for ST-TME, 

as reported by a recent study.24 Furthermore, the fact that 

R-TME is typically performed by surgeons who already have 

considerable experience in ST-TME may further contribute 

to greater ease in the transition to the use of R-TME as com-

pared to the initial transition from conventional open surgery 

to ST-TME. Notwithstanding these arguments, this may well 

reflect the inherent advantage of R-TME over ST-TME due 

to the aforementioned features the former possesses.

Median operative time was found to be significantly 

longer in R-TME, a finding consistent with most other 

studies13,14,17,18 comparing R-TME with ST-TME. While this 

may serve as a drawback in the use of R-TME, it should be 

recognized that robotic surgery experience and technology 

are still in relatively early stages and, with increasing surgical 

experience, the duration of robotic surgeries may decrease 

further in the future.

In terms of oncologic outcomes, R-TME and ST-TME 

were both found to be safe and comparable in terms of 

completeness of TME, adequacy of resection margins, and 

the extent of lymph node clearance. However, no studies to 

date have demonstrated any comparisons in survival and 

recurrence, and further studies should look into the long-term 

outcomes between the two modalities.

The small sample size of our study is a limitation, but pro-

vides a platform for trend observation and future studies. By 

having a small number of surgeons within a single institution 

involved in our study, we limit the amount of heterogeneity 

that can potentially skew results if present. This is also the 

first study to report local experience and data with respect to 

the comparison between R-TME and ST-TME. While limited 

by its retrospective nature and hence possible selection bias, 

it can be noted that there was no significant difference in 

important patient characteristics such as age, sex, ASA score, 

and neoadjuvant chemotherapy between the two groups. The 

performance of a randomized controlled trial would be ideal, 

but it may not be practical given the high costs involved in 

robotic surgery and that a substantial number of patients is 

required to demonstrate a small difference. While difficult 

to qualify, the advancements made in imaging techniques 

and robotic systems within our study time frame should 

be taken into account for meaningful interpretation of the 

study results.

Table 5 Histopathological assessment

ST-TME (%) R-TME (%) P-value

Completeness of TME 
achieved

18 (94.7) 23 (100.0) 0.452

Distal margin involvement 0 (0.0) 1 (4.3) NS
Radial margin involvement 1 (5.3) 1 (4.3) NS
Median number of lymph 
nodes harvested (range)

14 (2–39) 14 (4–24) 0.323

Abbreviations: NS, not significant; R-TME, robotic TME; ST-TME, standard 
laparoscopic TME; TME, total mesorectal excision.
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The cost-effectiveness of R-TME is an important area 

not addressed in this study. Further studies are essential 

for examining the feasibility of its usage on a wider basis, 

despite its potential advantages over ST-TME. Studies have 

attempted to qualify this aspect of robotic surgery, but they 

lack reproducibility due to the wide variation of procedural 

costs between different institutions in different countries with 

different health care delivery systems.19,25

Delving further, subgroups of patients who may particularly 

benefit from R-TME compared to ST-TME may be identified 

based on specific desired outcomes. For instance, given the 

findings from the CLASICC trial, that higher rates of male 

sexual dysfunction were reported in those undergoing laparo-

scopic rectal surgery compared to conventional open surgery, 

R-TME could therefore play a role in improving outcomes 

of genitourinary function in men while preserving the estab-

lished benefits of laparoscopic surgery over conventional open 

surgery.2 The COREAN and ROLARR trials are investigating 

these outcomes, and their results would give us a better platform 

for comparison between these two modes of treatment.20,26

Conclusion
R-TME has comparable oncologic outcomes with ST-TME 

and has the advantage of lower rates of conversion and post-

operative complications. However, it is also associated with 

a longer operative time. Given the higher costs of R-TME, 

further studies are necessary to better define its role in the 

treatment of rectal cancers.
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