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Abstract

Background Robotic total mesorectal excision (RTME),
a novel approach for the treatment of rectal cancer, has
been shown in previous studies to be safe and effective.
However, the results of this approach compared with
laparoscopic total mesorectal excision (LTME) have not
been reported in terms of clinical outcome and oncologic
data. This study compared early outcomes for rectal cancer
between two groups.

Methods Between April 2003 and March 2009, 82
patients from a prospectively maintained database were
enrolled in a case-matched study. The patients were mat-
ched for gender, age, body mass index (BMI), and type of
operative procedure.

Results Neoadjuvant chemoradiotherapy was performed
for 33 RTME patients (80.5%) and 18 LTME patients
(43.9%) (p = 0.001). The mean operative time was
296 min for RTME and 315 min for LTME (p = 0.357).
The number of conversions were 3 (7.3%) for RTME and 9
(22%) for LTME (p = 0.12). The anastomotic leak rate
after surgery did not differ between RTME (n = 3, 8.6%)
and LTME (n = 1, 2.9%) (p = 0.62). The mean number of
harvested lymph nodes was 13.1 with RTME and 16.2 with
LTME (p = 0.07), and negative distal resection margins
(DRMs) were noted in all surgical specimens. Positive
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circumferential resections (CRMs) were identified in 2.4%
of the RTME cases and 4.9% of the LTME cases. No
difference was noted in lengths of the DRMs, times until
a liquid diet, or postoperative hospital stays. The total
hospitalization costs were higher in the RTME group,
although the difference did not reach statistical significance.
There was no operative mortality or port-site recurrence in
either group.

Conclusion For rectal cancer, RTME may be as feasible
and safe as LTME in terms of technical and oncologic
issues. Further prospective randomized trials are necessary
for conclusions to be drawn concerning definite oncologic
outcomes of robotic procedures for rectal cancer.

Keywords Case-matched study - Laparoscopic surgery -
Rectal cancer - Robotic surgery - Total mesorectal excision

Laparoscopic colorectal cancer surgery has advantages
over open resection in terms of postoperative recovery,
pain, cosmesis, and length of hospital stay [1, 2]. However,
limitations of laparoscopic surgery include tremor, unstable
two-dimensional view, and limited degree of freedom of
the instruments. These downsides are particularly relevant
for rectal cancer patients with a narrow pelvis undergoing
total mesorectal excision (TME) [3]. Robotic surgery has
the potential to overcome some of these limitations, pro-
vide comfort, and offer technical abilities independent of
the laparoscopic or open technique [3-5].

To date, a few series of robotic rectal cancer surgeries
have been reported, including two by our group [4-9].
Only two studies, with a small number of cases, have
compared results between robotic and laparoscopic TME
[4, 5]. In this study, we compare our experience with both
techniques used to treat patients with rectal cancer.
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Methods

Between April 2003 and March 2009, 108 patients under-
went robot-assisted and 48 had conventional laparoscopic
rectal surgery for primary rectal cancer at the City of Hope
National Medical Center. All relevant data were entered in
a prospectively maintained database.

In this study, RTME cases were matched to LTME cases
by gender, age (<60 and >60 years), body mass index
(BMI) (<30 and >30 kg/m?), and type of operative proce-
dure. Patients with anal cancer, benign tumor, recurrent
tumor, or concomitant surgery for a major organ were
excluded from the analysis. Groups were compared for
conversion rate, operative time, estimated blood loss, rate of
diverting stoma formation, distal resection margin (DRM),
circumferential resection (CRM), number of harvested
lymph nodes, time to liquid diet, length of hospital stay,
morbidity, and mortality. Tumor location was classified
according to the tumor’s distance from the anal verge as
measured by endoscopy or endorectal ultrasound. The
location of the tumor in the rectum was demarcated
according to its distance from the anal verge, namely, lower
(<7 cm), mid (7-11 cm), and upper (11-15 cm) rectum.
Involvement of CRM was defined as a CRM of 1 mm or
less. Postoperative mortality was defined as 30-day or
in-hospital mortality. The RTME and LTME surgical
techniques have been described previously [4].

Categorical and ordinal variables were cross-tabulated
and analyzed using the Pearson chi-square test and Fisher’s
exact test. Continuous variables were presented as mean
values and compared using Student’s z-test. Statistical
analysis was performed using the SPSS statistical software
program (SPSS v.16.0; SPSS, Chicago, IL, USA), with p
values less than 0.05 considered statistically significant.
This study was approved by the institutional review board
(IRB) of our institution.

Results

A total of 41 patients were included in each group.
Whereas the patient baseline characteristics (Table 1) were
similar in the two groups with regard to American Society
of Anesthesiology (ASA) score, history of abdominal
surgery, tumor location, and tumor stage, more patients in
the RTME group than in the LTME group underwent
neoadjuvant chemoradiotherapy (p = 0.001).

The operative outcomes are listed in Table 2. The
number of conversions was higher with LTME (n = 9)
than with RTME (n = 3), although the difference did not
reach statistical significance. The mean BMI of the con-
verted patients was 30.5 kg/cm? in the RTME group and
31 kg/cm2 in the LTME group.

Table 1 Demographic data and

clinical characteristics of RTME (n = 41) n (%) LTME (n = 41) n (%) p Value
patients receiving robotically Gender (M/F) 25/16 25/16 1
assisted total mesorectal
excision (RTME) Mean age: years (range) 63.6 (48-87) 63.7 (42-88) 0.944
and laparoscopic total BMI (<30/>30)* 31/10 31/10 1
mesorectal excision (LTME) 25.7 (17.1-34) 26.7 (16.8-40.3)
ASA (2/3/4) 18/22/1 13/26/2 0.479
Associated disease 20 (48) 27 (65.9) 0.118
History of abdominal surgery 10 (24.4) 18 (43.9) 0.063
Neoadjuvant chemoradiotherapy 33 (80.5) 18 (43.9) 0.001
Tumor location 0.091
Upper rectum (>11 cm) 5(12.2) 13 (31.7)
Mid rectum (7-11 cm) 21 (51.2) 18 (43.9)
Lower rectum (<7 cm) 15 (36.6) 10 (24.4)
Type of operation
LAR/CA/ARP 33/2/6 33/2/6 1
* Median values (range) Stage ([y]pTNM) 0.471
BMI body mass index, ASA 0 7 (17.1) 3(7.3)
American Society of
1 12 (29.3 15 (36.6
Anesthesiology classification, ( ) ( )
LAR low anterior resection, CA 2 409.8) 3(73)
coloanal anastomosis, APR 3 15 (36.6) 19 (46.3)
abdominoperineal resection, 4 3(7.3) 12.4)

TNM tumor node metastasis
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Table 2 Postoperative — —
outcomes after robotically RTME (n = 41) n (%) LTME (n = 41) n (%) p Value
assisted total mesorectal Mean operation time: min (range) 296 (150-520) 315 (174-584) 0.357
excision (RTME) and )
laparoscopic total mesorectal Conversion 3(73) 9(22) 0.116
excision (LTME) Diverting stoma formation 33 (94.3) 14 (40) 0.000
Median EBL: ml (range) 200 (20-2000) 300 (17-1000) 0.171
Mean DRM: cm (range) 3.6 (0.4-10) 3.8 (0.4-11) 0.663
Positive CRM 124) 2 (4.9) 1
Mean no. of harvested lymph nodes 13.1 (3-33) 16.2 (5-39) 0.071
(range)
Mean time to liquid diet: days 2.3 (1-13) 2.4 (1-9) 0.737
(range)
Mean postoperative hospital stay: 6.5 (2-33) 6.6 (3-20) 0.873
days (range)
Complications 1
Tleus 3 2 1
Anastomosis leakage® 3 1 0.616
Ureteral injury 0 2
Stoma problem 0 2
Abscess 2 1
EBL estimated blood loss, DRM Fistula ) ! 0
distal resection margin, CRM Wound dehiscence 0 1
circumferential resection Pulmonary embolism 0 1
margin Aspiration pneumonia 0 1
Out of 3.5 patients with Mortality 0 0
anastomosis

Table 3 Reasons for conversion to open procedure for robotically
assisted total mesorectal excision (RTME) and laparoscopic total
mesorectal excision (LTME)

RTME LTME
Adhesion to adjacent organ 3
Instrument too short 2
Obesity with narrow pelvis 2 2
Narrow pelvis 1
Adhesion 1 1

The justifications for conversion to open surgery are
listed in Table 3. A temporary diverting ileostomy was
performed for 33 RTME patients (94.3%) and 14 LTME
patients (40%) (p < 0.001), with similar operation times
noted for the two groups.

All DRMs were negative, and the mean number of
harvested lymph nodes was 13.1 in the RTME group and
16.2 in the LTME group. Positive CRMs were identified in
one RTME patient (2.4%) and two LTME patients (4.9%)
(p = 1.00).

Pelvic septic complications occurred for five RTME
patients (3 anastomotic leaks and 2 abscesses) and two
LMTE patients (1 anastomotic leak and 1 abscess).
Although the average total hospitalization costs were

higher in the RTME group ($83,915) than in the LTME
group ($62,601), these differences were not statistically
significant (p = 0.092). No 30-day mortality occurred in
either group.

Discussion

From this case-matched study, we report the perioperative
outcomes for 82 patients who underwent robotic or lapa-
roscopic TME surgery for rectal cancer. We considered the
most suitable variables for matching the two groups based
on clinical characteristics and surgical procedure. Matching
by gender, age, BMI, and exact type of surgery allowed us
to obtain consistent data for operative time, estimated
blood loss, and rate of leakage for comparison of the two
groups. That also was the reason for excluding from the
analysis patients who had surgery for recurrent tumors and
those for whom we performed more than one surgery.
Our data suggest that the patients who underwent RTME
had a lower conversion rate (7.3%) than those subjected to
LTME (22%), although the difference did not reach statis-
tical significance (p = 0.116). One possible explanation of
this finding is that most LTME cases were performed early
in our experience with minimally invasive rectal surgery,
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whereas the RTME cases tended to be more recent proce-
dures, a fact that may have shortened our learning curve for
RTME. However, it also is possible that the limitations of
conventional laparoscopic instruments and cameras
compared with robotic ones also may have resulted in an
increased conversion rate for the LTME group.

In our experience, the robotic approach facilitates pelvic
dissection [4]. It is possible that a larger study may have
highlighted more significant differences between RTME
and LTME in terms of conversion, especially if the use of
neoadjuvant therapy, which may increase the technical
difficulty of the dissection, had been similar in the two
arms of the study.

The conversion rate in the LTME group was consistent
with those of previous published studies showing conversion
rates of 1 to 34% [2, 10-14]. According to the conventional
versus laparoscopic-assisted surgery in colorectal cancer
(CLASICC) trial [2], the conversion rate for the patients who
underwent laparoscopic rectal surgery was 34%. In the
CLASICC trial, the main reasons for conversion were tumor
fixity or uncertainty of tumor clearance, obesity, anatomic
problems, and tumor inaccessibility. These problems also
were encountered in most of our converted cases.

The limitations of the current study included the fact
that although both groups were well matched in terms of
patient and clinical characteristics, considerable differences
existed such as the higher rate of stoma creation and the use
of neoadjuvant chemoradiation in the RTME group, which
may have had an impact on postoperative outcomes. These
differences may reflect a certain surgeon bias favoring the
use of robotic surgery for more locally advanced rectal
cancer cases. Despite these limitations, the analysis did not
highlight major differences between the two techniques in
terms of perioperative and pathologic outcomes.

Laparoscopic rectal surgery is especially difficult in a
narrow and deep pelvic cavity, demanding high levels of
experience and a significant learning curve [15]. Robotic
surgery may be useful for overcoming some of the limi-
tations associated with conventional laparoscopic rectal
surgery because it provides a stable, high-definition three-
dimensional image, fine dissection by use of articu-
lated tools, and comfortable ergonomics for the surgeon.
Nevertheless, current robotic technology has some limita-
tions such as lack of tactile feedback and limited instru-
mentation, which need to be improved. In addition, studies
on the learning curve for robotic colorectal surgery have
not been reported in the literature to date.

In 2006, we first reported RTME with autonomic nerve
preservation for rectal cancer using a hybrid laparoscopic
abdominal and pelvic robotic technique for six consecutive
patients, with acceptable short-term outcomes [4]. Baik
et al. [5] randomly assigned 18 patients with rectal cancer
to robotic tumor-specific mesorectal excision (R-TSME) or
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laparoscopic tumor-specific mesorectal excision (L-TSME)
and reported similar postoperative and oncologic outcomes
for the two methods, although the patients in the robotic
arm of the study had a decreased hospital stay.

Although robotic surgery often is perceived as time
consuming, our series had a mean operative time of
296 min in the RTME group and 315 min in the LTME
group. The operative time was comparable with those
reported in large laparoscopic TME series, which range
from 180 to 360 min [2, 10-12]. Interestingly, the mean
operative time for RTME was shorter than for LTME
because of high conversion rates in the laparoscopic group.
In our experience, the mean docking time for the robotic
system in rectal surgeries is approximately 5 to 10 min.

The mean time until a liquid diet was 2.3 days with
RTME and 2.4 days with LTME, and the median hospital
stays were respectively 6.5 and 6.6 days (p = 0.873).
These recovery outcomes were consistent with the
improved recovery times noted in other laparoscopic rectal
surgery studies [11, 16]. For these patients to avoid
unnecessary delays in adjuvant therapy, rapid recovery
may be important.

Anastomotic leakage occurred more frequently in the
RTME group (3 patients, 7.3%) than in the LTME group
(1 patient, 2.4%), but the difference did not reach statistical
significance (p = 0.616). The number of patients who
underwent preoperative chemoradiotherapy in the RTME
group was greater than in the LTME group (80.5% vs
43.9%; p = 0.001), which may have influenced the anas-
tomotic leak rate. Overall, our anastomotic leak rates in the
two groups also were comparable with other previously
reported rates in large laparoscopic and open surgery series
[2, 11-14, 16-19].

The TME procedure for rectal cancer has become standard.
Violations of the mesorectum or the margins increase the risk
of local and distant recurrence. In previous reports, the posi-
tive rate for CRM after laparoscopic rectal cancer surgery
ranged from 4.2 to 16% [2, 20, 21]. In our study, overall CRM
positivity rates were comparable with other reported rates and
did not differ significantly between the RTME (2.4%) and
LTME (4.9%) groups (p = 1.00). In contrast, pathologic
examinations of the resected specimens showed that DRMs
were negative in all patients after RTME or LTME.

The number of lymph nodes harvested in both groups also
followed oncologic principles. Metaanalysis data showed no
difference in the number of harvested lymph nodes between
laparoscopic and open rectal surgery for rectal cancer [22].
Although the laparoscope provides a theoretically magnified
view of the pelvis and good recognition of the pelvic auto-
nomic nerves, the outcomes of male sexual function are not
reported to be favorable [23, 24]. The CLASICC trial
reported that 41% of men in the laparoscopic rectal surgery
group had sexual dysfunction after LTME compared with
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23% in the open surgery group [23]. In our series, we did not
have enough functional data to compare the two techniques,
and future prospective studies will be needed to examine the
potential benefits of robotic surgery regarding preservation
of genitourinary function.

Comparison of total hospitalization costs for both
groups showed higher costs for the RTME patients than for
the LTME patients, but the difference was not statistically
significant. Although this is, to our knowledge, the first
study comparing total hospital costs between RTME and
LTME for rectal cancer surgeries, the cost data should be
carefully interpreted because expenses may differ signifi-
cantly from hospital to hospital.

Conclusions

In conclusion, our results suggest that both LTME and
RTME are technically feasible and oncologically safe in
experienced hands. For patients with mid and low rectal
cancer, RTME may result in lower conversion rates than
LTME. However, due to the higher cost of the technology,
rigorous comparative prospective studies are needed to
determine the potential benefits of robotic rectal surgery.
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