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ABSTRACT

Background. Robotic total mesorectal excision (R-TME),
a novel way for minimally invasive treatment of rectal
cancer, was shown in previous studies to be safe and
effective. However, comparison with laparoscopic total
mesorectal excision (L-TME) has drawn contradictory
disputes, especially concerning operative high-risk patients.
The aim of this study was to compare R-TME and L-TME
on the rectal technical approach.

Methods. Between October 2009 and March 2013, a total
of 120 consecutive rectal carcinomas, operated for
sphincter-saving procedure, were enrolled. The patient
population included the last 60 laparoscopic procedures
and the first 60 robotic surgeries (six hybrid approaches,
then 54 full robotic surgeries). There were no exclusions.
Results. Patients’ baseline characteristics were similar in
both the R-TME and L-TME groups. Outcomes were
equivalent for blood loss (200 vs. 100 mL), postoperative
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hospital stay (12 vs. 11 days), conversion rate (3.2 vs.
4.8 %), lymph nodes yield (15 vs. 19), no positive distal
margin (0 %), positive radial margin (6.4 vs. 9.3 %),
diverting ileostomy (73 vs. 58 %) and severe morbidity
(28 vs. 20 %). Significant differences were found for
median operative time (274 vs. 228 min; p = 0.003) and
proctectomy performed via transanal approach (1.7 vs.
16.7 %; p = 0.004). The R-TME operative time curve
stabilized to 245 min after the first 25 procedures.
Conclusions. For rectal cancer, R-TME may be as feasible
and safe as L-TME in terms of technique. In our practice
and for difficult cases, R-TME allows complete rectal
dissection by an abdominal approach, while L-TME
requires a transanal approach.

Classically, the laparoscopic approach for total mesorec-
tal excision (L-TME) improved short-term outcomes and
provided a clearer intraoperative view compared with the
open approach in a deep and narrow pelvis.'* Results from
the COLOR II trial confirmed improved patient recovery
and similar safety, same resection margins, and complete-
ness of resection using L-TME compared with the results
of open surgery.” Long-term results from the CLASICC
and COLOR 1I trials supported the use of laparoscopic
surgery for colorectal cancer and showed no difference
between L-TME and conventional open resection on
overall survival, disease-free survival, and local recur-
rence.'”’ Nevertheless, two recent trials questioned these
issues, especially the non-inferiority of laparoscopic
resections according to the rate of successful resections.*”
The laparoscopic resection of rectal cancer, especially in a
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deep and narrow pelvis, is technically challenging and
demands a long learning curve. Technical limitations
include restricted mobility of straight laparoscopic instru-
ments and associated loss of dexterity, unstable camera
view, and compromised ergonomics for the surgeon. To
avoid this drawback, for patients with high-risk of con-
version we have described the transanal TME (TaTME)
approach performed with the TEO device (Karl Storz
Gmbh & Co., Tuttlingen, Germany).® A randomized clin-
ical trial comparing TaTME and traditional L-TME for
rectal cancer is due to start (COLOR III trial).

Robotic technology was developed to reduce these lim-
itations, and offers the advantages of intuitive manipulation
of laparoscopic instruments with wristed articulation, a
three-dimensional field of view, a stable camera platform
with zoom magnification, dexterity enhancement, and an
ergonomic operating environment. A major advantage of
this approach is the surgeon’s simultaneous control of the
camera and of the two or three additional instruments,
which facilitates traction and counter-traction. The tech-
nological advantages of robotic surgery should also allow a
finer dissection in a narrow pelvic cavity.”® However, total
robotic surgery for rectal cancer is still technically chal-
lenging and involves two operative fields (splenic flexure
and rectum), potential collision of the robotic arms, and
lack of tactile feedback.

Robotic and laparoscopic rectal cancer surgery showed
similar intraoperative results and morbidity, postoperative
recovery, and short-term oncologic outcomes;”"'? however,
longer operation times were described as a disadvantage of
the robotic system. On the other hand, all meta-analyses
comparing robotic-assisted total mesorectal excision (R-
TME) and L-TME concluded in the reduction of the con-
version rate."*™'” The first results of the ROLARR trial,
whose primary endpoint was the conversion rate, were
reported by D. Jayne during the 2015 American Society of
Colon and Rectal Surgeons (ASCRS) annual meeting.
Robotic surgery does not seem to show any statistically
significant evidence of superiority compared with laparo-
scopic surgery.”’

R-TME clinical advantages are thus still discussed,
especially regarding the cost of the device.?! The aim of
the present study was to compare the outcomes of the two
techniques, and analyze the impact of R-TME on the
TaTME rectal approach for difficult patients.

PATIENTS AND METHODS
Patients

Between October 2009 and March 2013, a total of 120
consecutive patients underwent TME for non-metastatic

rectal carcinoma at the Montpellier Cancer Institute,
France. Sixty patients underwent L-TME before February
2012, followed by 60 patients who underwent R-TME.
Prior to this study, we had performed more than 300
L-TME procedures; however, we had no prior experience
with R-TME. No patient undergoing a sphincter-saving
procedure was excluded from either group during the study
period. All relevant data were registered in a prospectively
maintained database. The study was approved by the local
Ethics Committee and was conducted in accordance with
the Declaration of Helsinki principles.

Preoperative Staging and Treatments

Preoperative staging was standardized: colonoscopy
with biopsy; chest, abdominal and pelvic imaging by
computed tomography (CT); endoscopic ultrasound, mag-
netic resonance imaging (MRI) or both, and carcinoem-
bryonic antigen (CEA).

Patients with locally advanced disease were adminis-
tered neoadjuvant chemotherapy (capecitabine 25 mg/m?
twice daily) and radiotherapy (45 Gy in 25 fractions over
5 weeks with a 5 Gy boost). Follow-up was performed
every 3 months for 3 years, then every 6 months until the
fifth year.

Surgical Technique

A single surgeon (PR) performed all procedures, in both
the L-TME and R-TME series. Patients were consecutive,
and the indications for TaTME were homogeneous, and
were linked to the operative technical difficulties.

We used the zero-degree camera for both approaches.
The patient was placed in the lithotomy-Trendelenburg
position and tilted to the right. The splenic flexure was
completely mobilized after ligation of the inferior mesen-
teric artery and vein with Hem-o-lok® clips (Weck Closure
System, Research Triangle Park, NC, USA), followed by
medial-to-lateral dissection of the omentum and the
transverse mesocolon.

The TME procedure was standardized in both groups,
beginning with posterior dissection in the avascular plane,
followed by anterior and lateral dissections. Care was
always taken to preserve the sexual nerves. In case of a low
rectal anastomosis, resection of the rectum was performed
with Echelon Flex Endopath Stapler (Ethicon Endo-Sur-
gery, Inc.). The colorectal anastomosis was always side-to-
end, performed with a Proximate ILS stapler (Ethicon
Endo-Surgery, Inc.). In case of coloanal anastomoses, the
endoanal dissection was performed with partial or com-
plete inter-sphincteric resection. A defunctioning ileostomy
could generally be performed, depending on the surgeon’s
discretion.
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FIG. 1 Port placement. Positioning of the camera port, two robotic
arms R1-R2, constant assistant port (12 mm), and inconstant port
(5 mm). RI robotic arm 1, R2 robotic arm 2, C camera port, 12 mm
AP assistant port, 5 mm AP assistant port (only in difficult cases),
MCL median clavicular line, SUL spine umbilicus line

As with the laparoscopic approach, four trocars were
used in the robotic procedures [da Vinci Si-e surgical
system (Intuitive Surgical, Sunnyvale, CA, USA)]. The
patient cart was positioned obliquely at a 60° angle and at
the left-lower quadrant of the abdomen. The robotic arms
were then docked to the three trocars (Fig. 1).

The first six cases (10 %) of the R-TMEs involved a
hybrid approach, while the remaining 54 cases (90 %) were
performed using a standardized, single-docking, fully
robotic approach. The position of the arms was determined
to avoid collisions. Robotic anastomoses involved a dou-
ble-stapling technique with a circular stapler, followed by
methylene blue. Protective ileostomy was performed at the
surgeon’s discretion.

In both groups, in case of predictive, difficult rectal
dissection (male patient, high body mass index [BMI],
narrow pelvis, residual anterior bulky tumor), a TaTME
was decided in order to avoid conversion and maintain
good radial margin. The decision for this TaTME was
made either preoperatively or perioperatively according to
the immediate preoperative examination or during a diffi-
cult pelvic dissection. A transanal endoscopic operation
(TEO) device (Karl Storz Gmbh & Co) was used.

Statistical Analysis

Categorical and ordinal variables were analyzed by
means of frequency and percentages using the Pearson Chi
square or Fisher’s exact tests. Continuous variables were
presented using medians, means and range values, and
compared using the non-parametric Kruskal-Wallis test.

TABLE 1 Patient demographics and clinical characteristics

R-TME (n = 60) L-TME (n = 60) p value

Age (years)

Median (range) 62 (34-82) 60 (35-85) 0.375
<60 28 (46.7) 30 (50.0) 0.715
>60 32 (53.3) 30 (50.0)

BMI (kg/m?)
Median (range) 25.8 (17.5-41.6) 23.8 (17.3-38.6) 0.522
<30 52 (86.7) 53 (88.3) 0.783
>30 8 (13.3) 7 (11.7)

Se
Male 40 (66.7) 42 (70.0) 0.695
Female 20 (33.3) 18 (30.0)

ASA score
I 20 (33.3) 18 (30.0) 0.748
1T 30 (50.0) 32 (53.3)
I 9 (15.0) 10 (16.7)
v 1.7 0 (0.0

Tumor location (cm)
Upper >11 8 (13.3) 13 (21.7) 0.423
Middle 6-10 26 (43.3) 21 (35.0)
Lower <5 26 (43.3) 26 (43.3)

Initial stage (MRI T-stage)
1 1(1.9) 3(6.7) 0.122
2 509.3) 10 (22.2)
3 44 (80.0) 27 (60.0)
4 509.1) 5(1.1)
Preoperative RCT 47 (78.3) 39 (65.0) 0.105

Data are expressed as n (%) unless otherwise specified

R-TME robotic-assisted total mesorectal excision, L-TME laparo-
scopic total mesorectal excision, BMI body mass index, MRI
magnetic resonance imaging, ASA American Society of Anesthesi-
ologists, RCT radiochemotherapy

Overall survival was measured from the date of surgery to
death from any cause, and relapse-free survival was mea-
sured from the date of surgery to the observation of local
recurrence. Both rates were estimated using the Kaplan—
Meier method. Survival curves were compared using the
log-rank test.

All reported p values were two-sided and were consid-
ered significant at the 5 % level.

Statistical analysis was performed using the STATA 13
software (StataCorp LP, College Station, TX, USA).

RESULTS

Sixty patients were included in each group. Patients’
baseline characteristics were similar in both groups,
including age, sex, BMI, American Society of Anesthesi-
ologists’ grade, tumor stage, tumor location, and
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TABLE 2 Intraoperative results and short-term outcomes according
to the type of procedure: robotic-assisted or laparoscopic total
mesorectal excision

R-TME L-TME p value
(n = 60) (n = 60)
Type of anastomosis
ULRA 33 (55.0) 30 (50.0) 0.013
PCAA 11 (18.3) 19 (31.7)
DCAA 8 (13.3) 11 (18.3)
LCAA 8 (13.3) 0 (0.0)
ISR
Complete 1(1.7) 0 (0.0) 0.520
Partial 25 (41.7) 29 (48.4)
Mucosectomy 1(1.7) 1(1.7)
None 33 (55.0) 30 (50)
TAEP 1(1.7) 10 (16.7) 0.004
Median operation time, 274 (125-437) 228 (127-431) 0.005
min (range)
Diverting ileostomy 44 (73.3) 35 (58.3) 0.083
Median EBL, ml (range) 200 (0-1100) 100 (0-1700) 0.174
Conversion 2(3.2) 3 (4.8) 0.661

Data are expressed as n (%) unless otherwise stated

R-TME robotic-assisted total mesorectal excision, L-TME laparo-
scopic total mesorectal excision, ULRA ultra-low rectal anastomosis,
PCAA pouch coloanal anastomosis, DCAA direct coloanal anasto-
mosis, LCAA lateral coloanal anastomosis, ISR inter-sphincteric
resection, TAEP transanal endoscopic proctectomy, EBL estimated
blood loss

preoperative radiochemotherapy (Table 1). With regard to
intraoperative outcomes (Table 2), the type of operation
was similar in the two groups either for low rectal or
coloanal anastomoses. For low rectal tumors, the transanal
dissection was mostly performed with a partial inter-
sphincteric resection. A lateral coloanal anastomosis was
sometimes performed in the R-TME group, while most of
the L-TME group had a J-pouch after resection. The rate of
conversion was similar in both groups (3.2 vs. 4.8 %;
p = 0.661). Converted patients showed a fatty mesen-
terium with rectal exposure inability (n = 2), or a complete
peritoneal adhesion after previous abdominal surgery
(n = 3). In difficult cases with a high-risk of conversion, a
TaTME was performed. Only one patient (1.7 %) in the
R-TME group underwent a TaTME, whereas this proce-
dure was performed in 16.7 % (n = 10) of the L-TME
patients (p = 0.004). For the L-TME group, the reasons
were mostly multiple, such as narrow pelvis and a bad
tumor response for initially advanced tumors (Table 3).
The opposite was observed for the R-TME group, where
the only TaTME made was for an ultra-low tumor, with a
first transanal approach conducted to confirm the possi-
bility of a sphincter-saving surgery.

Protective ileostomies were performed in 44 (73 %)
R-TME patients and 35 (58 %) L-TME patients
(p = 0.08). Median estimated blood loss (EBL) was sim-
ilar between the two groups. Median operative times were
significantly different—274 min (range 125-437) for the
R-TME group, including setting-up and docking of the
robot, versus 228 min (range 127-431) for the L-TME
group (p = 0.003).

Postoperative outcomes and pathological findings are
presented in Table 4. The median hospital stay was similar
in both groups: 12 days (range 6-27) in the R-TME group
versus 11 days (range 6-60) in the L-TME group. Severe
morbidity (Dindo classification 3—4) was similar between
the groups. Pathological findings reflected the quality of
resected specimen and were not significantly different. The
median distal resection margins ranged from 2.0 to 7.3 cm
in the R-TME group, versus 0.3-8.0 cm in the L-TME
group. Circumferential resection margins were <1.0 mm in
three (6.4 %) and four (9.3 %) patients in the R-TME and
L-TME groups, respectively (p = 0.66). The median fol-
low-up was 24 months, 17 months (95 % CI 15-19), and
32 months (95 % CI 30-35) for R-TME and L-TME
patients. Despite a short follow-up, overall survival at
18 months was similar in the two groups (95 vs. 96.7 %;
p = 0.414), as was relapse-free survival (92.1 vs. 96 %;
p = 0.595) (electronic supplementary Fig. 1).

DISCUSSION

Robotic surgery addresses most of the limitations of
laparoscopic surgery because it offers a three-dimensional
stable view with a camera controlled by the surgeon, and a
wristed instrumentation allowing a better range of motions
for precise dissection. Given the narrowness of the pelvis,
rectal cancer dissection should be the indication of choice
for the use of robotic surgery. Nevertheless, the clinical
benefits of robotic surgery in low rectal lesions have not yet
been defined. Our preliminary experience confirms similar
morbidity and oncologic results for the two techniques, as
shown in previous studies. It underlines the need for a
dedicated robotic learning curve, the standardization of the
technique, and the ability of the robot to perform a
complete abdominal approach in difficult cases when
laparoscopy requires a transanal approach.

Learning Curve and Operative Time

During our study, the operative time evolved in the R-
TME group from 352 min for the first six patients to
245 min for the last 35 patients compared with 228 min for
the L-TME group, with no significant difference (electronic
supplementary Fig. 2).
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TABLE 3 Reasons for a transanal endoscopic proctectomy procedure

Sex Age (years) Group Reasons for TAEP procedure Resection
Tumor Patient Anatomy
Male 61 L-TME T4 seminal vesicle Fatty mesorectum Narrow pelvis RO
Male 60 L-TME Rectal linitis - Narrow pelvis RO
Male 75 L-TME T4 ischio-rectal fossa - Narrow pelvis RO
Male 54 L-TME - Fatty mesorectum Narrow pelvis RO
Male 55 L-TME - - Large prostate RO
Male 64 L-TME T4 bladder - Narrow pelvis RO
Male 76 L-TME T4 prostate - - R1
Male 45 L-TME T4 seminal vesicle - Narrow pelvis RO
Male 73 L-TME - - Narrow pelvis RO
Male 52 L-TME Large T3 - Narrow pelvis RO
Male 68 R-TME Ultra low tumor - - RO

TAEP transanal endoscopic proctectomy, L-TME laparoscopic total mesorectal excision, R-TME robotic-assisted total mesorectal excision

TABLE 4 Postoperative outcomes and pathological findings after robotic-assisted and laparoscopic total mesorectal excision

R-TME (n = 60) L-TME (n = 60) p value

Median DRM, mm (range) 15.0 (2.0-73.0) 11.0 (0.0-80.0) 0.664
TME grading (Quirke classification) 0.509

1 0 0

2 4 (6.6) 6 (10)

3 56 (93.3) 54 (90)
Positive CRM (mm)

<1 3(64) 4.(9.3) 0.660

<2 5(9.6) 8 (15.1)
Median number of harvested lymph nodes (range) 15 (6-71) 19 (6-68) 0.290
Median postoperative hospital stay (range) 12 (6-27) 11 (6-60) 0.246
Severe morbidity 17 (28.3) 12 (20.0) 0.286

Anastomotic leakage 3(17.7) 4 (33.3)

Ischemic colitis 4 (23.5) 0 (0.0)

Postoperative ileus 7(41.2) 6 (50.0)

Peri-anastomotic abscess 1(5.9) 2 (16.7)

Others 2 (11.8) 0 (0.0)
Early (60 days) postoperative surgery 2(3.3) 4 (6.7) 0.402
Mortality due to cancer 4 (6.7) 6 (10) 0.414 (log-rank test)
Median follow-up, months (95 % CI) 17 (15-19) 32 (30-35)

Data are expressed as n (%) unless otherwise specified

R-TME robotic-assisted total mesorectal excision, L-TME laparoscopic total mesorectal excision, DRM distal resection margin, TME total
mesorectal excision, CRM circumferential resection margin, CI confidence interval

Park et al. demonstrated that 90 laparoscopic procedures
were required to overcome the learning curve versus only
20 robotic surgeries to reach the first plateau of 220 min.’
D’Annibale et al. showed a significant decrease in the
mean operative time from 312 min for the 25 first proce-
dures to 238 min for the 10 last procedures.’

Recently, Kuo et al. used a seventh-order moving
average method for the construction of a R-TME learning
curve.”” The first plateau was observed after 19 patients,
with a mean operative time of 519.5 min, reduced sig-
nificantly to 448.2 min for the following 17 patients

(p = 0.02).
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These reports regarding the operative time reflect the
importance of the learning curve in robotic rectal cancer
surgery. This was recently illustrated by the ROLARR
trial, one major critic being the surgeons’ short baseline
experience, and thus the reasons for conversion (47.4 % for
pelvic dissection in the robotic arm). In our experience,
most of the extraoperative time in R-TME was seen in the
initial series before we came to standardizing the
technique.

Standardization of the Technique

Correct port placement is the principal consideration in
this procedure. Despite the rapid acceptance of robots in
prostate cancer surgery, this application in rectal cancer
surgery seems relatively delayed. One reason is that the
range of the operative field is not limited to the pelvis but is
expanded to the splenic flexure. Such a wide range may
frequently lead to external collision of the robotic arms
during surgery. Consequently, surgeons seem reluctant to
adopt it. Some authors described a hybrid procedure
mobilizing the splenic flexure and ligating the inferior
mesenteric vessels via laparoscopic approach.'®*-* Other
authors published a multi-docking procedure with cart
repositioning or arm replacement,”® or showed that both
the patient cart and the arms could not be modified during
the entire procedure.” Our technique uses a single-docking
and a fully robotic approach without port re-docking. Two
steps are crucial, the tailoring of the port placement after
induction of pneumoperitoneum, and the testing of arms-
free movement before insertion of the instruments. They
allow the adjustment of the positioning of the arm elbows
and facilitate their movement.

Risk of Conversion and Effects for the Rectal Approach

L-TME raises the question of conversion rate and cur-
ability, assessed through the radial margin, especially for
difficult patients. Seven meta-analyses”f19 compared R-
TME with L-TME, and they all concluded that R-TME was
associated with a lower conversion rate, whereas other
variables were often statistically similar. The largest series
of R-TME (965 patients), stemmed from the US national
cancer database, confirmed a 9.5 % conversion rate com-
pared with a 16.4 % conversion rate with L-TME
(p < 0.001).%°

Jayne” who conducted the phase III ROLARR trial,
recently presented results on the conversion rate in 471
randomized patients. They showed that it was not signifi-
cantly different (odds ratio [OR] 0.61) between the R-TME
and the L-TME groups. Nevertheless, possible benefits in
males, low anterior resection, and obese patients seem
conceivable (OR 0.46, 0.49 and 0.58, respectively).

The conversion rate to open surgery in the laparoscopic
groups varied between 1 and 34 %. This rate was high in
the CLASICC trial (34 %), remained at 17 % in the
COLOR 1I trial, fell to 1 % in the Korean trial, and sta-
bilized between 9 and 11 % in the ALaCaRT and
ACOSOG trials.* Reasons for conversion were mostly
adhesions, fibrosis, and a too-narrow pelvis.

A new way for rectal dissection may solve the problem:
the TaTME. To date, 200 patients who underwent TaTME
were reported in the literature in the last 3 years. The
results are homogeneous and promising, especially for the
curability rate (electronic supplementary Table 1), which
varied from 87 to 100 % according to the indication of the
TaTME. If its feasibility is proved, a longer follow-up is
needed to assess the functional and oncological results.

In our series, the conversion rate was equivalent
between the two techniques with the same RO resection
rate. This rate was only 2 % in the laparoscopic group, due
to our bottom-up rectal resection with the TEO device
(TaTME). The TaTME rate was 16.7 % in the L-TME
versus 1.7 % in the R-TME group (p = 0.004). These data
implicitly confirmed the ability to perform a safe dissection
with the robotic approach in a limited space as the narrow
pelvis, and more specifically the retro-prostatic space for
the anterior middle-third rectal tumor.

The two recent phase III trials comparing the open
laparotomy and laparoscopy techniques have renewed the
debate on the best surgical procedure. Our primary choice
for a high-risk rectal patient is the robotic approach due to
the ease, even in a narrow pelvis, of a deep rectal dissec-
tion. We used the TaTME approach for low tumors in case
of an uncertain sphincter-saving procedure.

CONCLUSIONS

For rectal cancer, R-TME may be as feasible and safe as
L-TME not only in terms of morbidity and short-term
overall survival but also in terms of technical feasibility. In
our practice, R-TME allows complete rectal dissection by
an abdominal approach, while L-TME requires a transanal
approach in order to avoid conversion in difficult cases.

Several ongoing prospective trials aim to randomize
L-TME to Ta-TME. Our paper allows extending this
question to R-TME.
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