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Abstract The aim of our study was to compare short-

term outcomes of robotic and laparoscopic sphincter-sav-

ing total mesorectal excision (TME) in male patients with

mid-low rectal cancer (RC) after neadjuvant chemoradio-

therapy (NCRT). The study was conducted as a retro-

spective review of a prospectively maintained database,

and we analyzed 14 robotic and 65 laparoscopic sphincter

saving TME (R-TME and L-TME, respectively) performed

by one surgeon between 2005 and 2013. Patient charac-

teristics, perioperative recovery, postoperative complica-

tions and and pathology results were compared between the

two groups. The patient characteristics did not differ sig-

nificantly between the two groups. Median operating time

was longer in the R-TME than in the L-TME group

(182 min versus 140 min). Only two conversions occurred

in the L-TME group. No difference was found between

groups regarding perioperative recovery and postoperative

complication rates. The median number of harvested lymph

nodes was higher in the RTME than in the L-TME group

(32 versus 23, p = 0.008). The median circumferential

margin (CRM) was 10 mm in the R-TME group, 6.5 mm

in the L-TME group (p = 0.047. The median distal re-

section margin (DRM) was 27.5 mm in the R-TME,

15 mm in the L-TME group (p = 0.014). Macroscopic

grading of the specimen in the R-TME group was complete

in all patients. In the L-TME group, grading was complete

in 52 (80 %) and incomplete in 13 (20 %) cases

(p = 0.109). R-TME is a safe and feasible procedure that

facilitates performing of TME in male patients with mid-

low RC after NCRT.

Keywords Rectum cancer � Robotic � Laparoscopic �
Sphincter-saving procedure � Total mesorectal excision

Introduction

Over the last two decades, the management of rectal cancer

(RC) has evolved with fall in local recurrence rates and

improvement in disease-free survival. This can be
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attributed to improved radiological staging, neoadjuvant-

adjuvant chemoradiotherapy, and surgical technique [1–4].

Neoadjuvant long-course chemoradiotherapy downstages

tumor, achieves complete response rates in 15–20 % pa-

tients depending on the waiting period, and may improve

sphincter preservation rate [5, 6]. However, operating pa-

tients who have mid or low RC after neoadjuvant

chemoradiotherapy (NCRT) is challenging with minimal

invasive surgery. Additionally, laparoscopic resection of

RC is a more technically demanding and has a steep

learning curve because it is performed in the narrow pelvic

cavity [7, 8]. Results of the United Kingdom Medical

Research Council Conventional vs Laparoscopic-Assisted

Surgery in Colorectal Cancer (MRC-CLASICC) showed

that laparoscopic surgery for RC was associated with high

rates of conversion, circumferential resection margin

(CRM) positivity, and urinary/sexual dysfunction espe-

cially in male patients. Additionally, converted individuals

had the most complications from surgery [9]. Considering

the particular advantage of the robot in pelvic procedures,

it is belived that the robotic system will overcome the

limitations of laparoscopy in the narrow pelvis and could

result in a benefit to the patient in the meaning of improved

oncologic and functional outcomes. However, most of the

published studies comparing robotic versus laparoscopic

surgery for mid or low RC do not specifically focused on

male mid or low RC patients received NCRT [10–14]. We

therefore designed a study to compare perioperative and

oncological short-term outcomes of laparoscopic and

robotic resections for mid or low RC in male patients after

NCRT.

Patients and methods

A retrospective analysis was carried out based on a RC

database collected prospectively between January 2005 and

December 2013. Fourteen robotic rectal resections with

TME (R-TME) were compared to the 65 laparoscopic rectal

resections with TME (L-TME) from the 306 patients who

underwentminimally invasive TMEperformed from2005 to

2013. Robotic procedures were performed from January

2013 to December 2013. Robotic and laparoscopic resec-

tions were performed by a single surgeon (OA) at two dif-

ferent centers (Istanbul University Faculty of Medicine,

Department of General Surgery, Istanbul, Turkey and Liv

Hospital, Department of General Surgery, Istanbul, Turkey).

Patients with male gender, mid or low RC, cT3-4, N(-)/

(?) lesions without distant metastasis, having sphincter-

saving TME after NCRT were inclusion criteria of the

study. RC was defined as pathologically demonstrated

adenocarcinoma located in the rectum, 10 cm or less from

the anal verge with the rigid sigmoidoscope. The low

rectum was defined as 0–5 cm from the anal verge, the mid

rectum as 6–10 cm, and the upper rectum as 11–15 cm. All

patients were carefully assessed preoperatively. Patient

characteristics, body mass index (BMI), and American

Society of Anesthesiologists (ASA) scores [15] were

evaluated. The preoperative staging included chest X-ray,

assessment of carcinoembryonic antigen (CEA) levels,

total colonic examination with flexible or virtual colono-

scopic technique, abdominal computed tomography (CT),

pelvic-phased array magnetic resonance imaging (MRI),

and/or endorectal ultrasound. Patients with clinical T3, T4

or node-positive disease (stage II and III) initially treated

with either neoadjuvant long-course chemoradiotherapy

[45–50.4 Gy pelvic irradiation with concomitant 5-fluor-

ouracil (5-FU) and leucoverin (FUFA)], or short-course

radiotherapy (25 Gy pelvic irradiation). Short-course ra-

diotherapy was preferred in a selected group of patients

without any risk of lateral margin positivity. The waiting

period was 4–8 weeks for long-course radiotherapy, and

1–4 weeks for short-course radiotherapy. After completion

of surgery, all patients treated with neoadjuvant protocol

and diagnosed with pT3 and/or any N positivity were

treated with four courses of FUFA. Mechanical bowel

preparation was carried out by the administration of both

oral and rectal sodium phosphate preparations the day be-

fore surgery. All patients received preoperative antibiotic

prophylaxis as a combination of single doses of 1.5 g ce-

furoxime axetil and 500 mg metronidazole administered

intravenously. Prophylaxis for deep vein thrombosis was

carried out via the administration of low molecular weight

heparin and the application of anti-embolic stockings.

According to the protocol of our department, the prophy-

laxis continued until the end of the 30th day following the

discharge.

Our technique of L-TME has been described before [16–

18]. With the patient placed supine in the lithotomy posi-

tion, 5 trocars were positioned. High ligation of the inferior

mesenteric artery and vein was carried out, and sharp

pelvic dissection was performed. The distal rectum was

transected using a laparoscopic linear stapler intracorpo-

really. Anastomosis was carried out intracorporeally using

a circular stapler. For ultra-low anterior resections, hand-

sewn coloanal anastomosis was performed.

For the R-TME, we used total robotic dissection with

single-stage double-phase, full robotic technique. In brief,

totally robotic dissection procedure performed without

changing the position of the robotic cart. Instead, only the

robotic arms were repositioned between 2 phases: (1)

vascular ligation, and sigmoid colon to splenic flexure

mobilization; and (2) pelvic total mesorectal excision. All

robotic procedures were performed using a four-arm Da

Vinci-S Surgical System (Intuitive Surgical, Sunnyvale,

CA). Six ports were used, including one 12-mm camera
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port, four 8-mm robotic working ports, and one 12-mm

port for the assistant (Fig. 1a, b). The robotic cart is posi-

tioned on the patient’s left side along the imaginary line

between the anterosuperior iliac spine and the umbilicus at

a 60� angle. In the colonic phase, the inferior mesenteric

artery and vein were divided, followed by medial-tolateral

dissection, including splenic flexure mobilization. Robotic

arms 2 and 3 were changed from R2-I to R2-II and from

R3-I to R3-II (Fig. 1a, b) for pelvic dissection. The pelvic

phase involved dissection of the TME plane until circum-

ferential dissection of the rectum was complete. Once the

TME is completed, the distal rectum is divided by the as-

sistant using a reticulating 30-mm linear stapler through the

12-mm laparoscopic port. The specimen is extracted

through a minilaparotomy. In patients with low rectal tu-

mors without sphincter involvement, ISR and a hand-sewn

coloanal or double staple technique anastomosis was

created.

Perioperative outcomes included operation time, con-

version to an open procedure, the time to first passage of

flatus, the time to a resumed a soft diet, and the length of

hospital stay. Conversion was defined as any unplanned la-

parotomy at any time during surgery, regardless of the in-

cision length. Postoperative complications were defined as

adverse events that occurred within 30 days after surgery.

All pathology specimens were examined to determine tumor

size, the number of lymph nodes harvested, microscopic

proximal, distal and circumferantial resection margins

(PRM,DRMandCRM, respectively), and the integrity of the

mesorectum. Surrogates of oncologic outcome were then

compared between L-TME and R-TME groups.

Statistical analysis

All statistical analyses were performed using SPSS soft-

ware, version 18.0 (SPSS, Chicago, IL). Categorical

variables were analyzed using the 92 or Fisher’s exact test,

and continuous variables were analyzed using the Student’s

t test/Mann–Whitney U rank tests. P values \0.05 were

considered statistically significant.

Results

Between January 2005 and December 2013, minimal in-

vasive surgery was applied in 306 patients with RC by a

single surgeon. Seventy-nine patients met the study inclu-

sion criteria; 65 had L-TME and 14 had R-TME. Charac-

teristics of the entire study population are presented in

Table 1. No significant difference in age, BMI, and ASA

score was observed between the two groups.

Table 2 summarizes perioperative outcomes. There was

no conversion noted in RTME group whereas two patients

in the L-TME group were converted to open surgery. The

median operation time was significantly longer in the

R-TME group than in the L-TME group (p\ 0.05). The

median time to the first passing of flatus was 2 days in the

R-TME group (range 1–5 days) and 1 day in the L-TME

group (range 1–11 days) (p = 0.4); the median time to

resume a soft diet was 2 days (range 1–5 days) in the

R-TME group and 2 days (range 1–12 days) in the L-TME

group (p = 0.9). There was no difference with regard to

the length of hospital stay [5 days (range 4–10 days) in

Fig. 1 a Trocarpositions in robotic total mesorectal excision for

rectal cancer. R1, R2, and R3: 8-mm trocarsconnected to robotic arms;

Assistant port, 12-mm trocar; C: 12-mm trocar for robotic camera.

b Placment of robotic arms at first (I) and second (II) phase. The

position of robotic arms 2 and 3 were changed from I to II between

two phases of procedure

Table 1 Patient characteristics

R-TME (n = 14) L-TME (n = 65) p value

Age (years)a 54 (41–71) 57 (28–80) 0.554

BMIa 24.7 (2, 7–23, 23–27) 26 (21–32) 0.068

ASA scorea 2 (1–3) 2 (1–4) 0.078

a Values are expressed as median with interquartile range
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R-TME group vs 6 days (range 4–32 days) in LTME

group].

The overall complication rate was 14.3 % for the

R-TME group and 24.6 % for the LTME group

(p = 0.502) (Table 3). There were one (7.1 %) anasto-

motic leak in the R-TME group and 6 (9.2 %) in the

L-TME group. All patients with leakage was treated con-

servatively, by maintaining pelvic drainage until the in-

fection that was present had resolved clinically. In the

L-TME group, three wound infections, two ileostomy-re-

lated complications, and two urinary tract infections oc-

curred. Detailed evaluation of postoperative complications

is summarized in Table 3.

Pathological findings are presented in Table 4. Tumor

size and specimen length were similar in both groups. The

median number of harvested lymph nodes was 32

(range17–56) in the R-TME group and 23 (range 4–67) in

the L-TME group (p = 0.008). The median PRM did not

differ significantly between the two groups. The median

DRM was 27.5 mm (range 5–60 mm) for R-TME and

15 mm (range 10–70 mm) for L-TME (p = 0.014). The

median CRM (CRM) were 10 mm (range 1–30 mm) in the

R-TME group and 6.5 mm (range 0–35 mm) in the L-TME

group (p = 0.047). The CRM was positive in a one patient

in R-TME group (1 mm) and 3 patients in L-TME group

(1 mm in a one and 0 mm in two patients). Macroscopic

Table 2 Perioperative

outcomes
R-TME (n = 14) L-TME (n = 65) p value

Sphnicter saving procedures (n)

Low anterior resection 4 41

Intersphinteric resection 10 24

Conversion to open (n) 0 2

Operative time (min)a 182 (140–220) 140 (90–300) 0.033

Days to 1st flatus (days)a 2 (1–5) 1 (0–11) 0.410

Oral reintake (days)a 2 (1–5) 2 (1–12) 0.939

Hospital stay (days)a 5 (4–10) 6 (2–32) 0.175

a Values are expressed as median with interquartile range

Table 3 Postoperative

complications
R-TME (n = 14) L-TME (n = 65) p value

Anastomotic leak, n 1 6

Stoma complications, n 0 2

Wound infection, n 1 3

Subileus, n 0 1

Urinary retention, n 0 1

Urinary tract infections, n 0 2

Intra-abdominal abscess, n 0 1

Overall, n (%) 2 (14.3) 16 (24.6) 0.504

Table 4 Pathological outcomes
R-TME (n = 14) L-TME (n = 65) p value

Lymph node harvesteda 32 (17–56) 23 (4–67) 0.008

Specimen length (cm)a 20.5 (15–45) 21 (20–50) 0.656

Proximal resection margine (cm)a 14.8 (4.5–35) 16 (2.4–30) 0.230

Distal resection margine (mm)a 27.5 (5–60) 15 (10–70) 0.014

Circumferantial resection margine (mm)a 10 (1–30) 6.5 (0–35) 0.047

Tumor diameter (mm)a 32.5 (20–70) 30 (0–75) 0.081

Macroscopic quality of TME specimen

Complete, n (%) 14 (100 %) 52 (80 %) 0.109

Incomplete, n (%) 0 13 (20 %)

a Values are expressed as median with interquartile range
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grading of the specimen in the R-TME group was complete

in all patients. In the L-TME group, grading was complete

in 52 (80 %) cases and incomplete in 13 (20 %) cases. The

difference between two groups was not found statistcally

significant.

Discussion

Achieving a TME is a key oncological principle when re-

secting the rectum for mid or low cancer, and particularly

challenging when attempted laparoscopically in male pa-

tients after NCRT. This is because performing a L-TME

with meticulous and precise dissection of the mesorectum

in a previously irradiated rectum down to the pelvic floor

within the confines of a narrow pelvis requires a series of

complex moves, which are not only operator but also as-

sistant/cameraman dependent and demands a high level of

experience and has a significant learning curve [16]. In

addition, laparoscopic instruments are known to have

several limitations such as inability to perform high pre-

cision suturing, poor ergonomics, and fixed tips with lim-

ited dexterity. Robotic rectal resection has been suggested

as a means of overcoming the difficulties of the laparo-

scopic approach and improving the adoption of minimally

invasive rectal surgery. Some of the benefits of the robotic

system include a stable, high-definition, 3D image, a finer

dissection with articulated tools, and better ergonomics for

the surgeon [10–14]. All these aspects may contribute to

improve quality of TME. Here we compared our short-term

outcomes of R-TME and L-TME in a challenging patient

population.

Operative time has been previously noted as a potential

drawback of robotic surgery. Operating time was higher in

the R-TME group compared with the L-TME group;

however it was acceptable. In previous studies [10–12], the

high heterogeneity and inconsistency in the analysis of

operating time depended on the inclusion of different col-

orectal surgical procedures such as anterior resection and

abdomino-perineal resection of the rectum in robotic series.

However, Baik et al. [10] have reported shorter operating

time for robotic RC resections using a hybrid technique.

Operating time may also depend on the experience, skill of

the surgeon, and technique used, whether fully robotic or

the hybrid technique.

Conversion in laparoscopic RC surgery has been asso-

ciated with suboptimal postoperative outcome [19–21]. In

the present series, none of the R-TME patients and two of

the L-TME patients was converted to laparotomy. Despite

the challenges posed by the more complex surgical cases,

our conversion rate for whole patient population was ex-

tremely low. The low number of conversions in our series

partly reflects the technical skills of the surgeon but mainly

demonstrates the advantages of robotic surgery described

earlier, which make a very technically challenging proce-

dure relatively easy. Recent meta-analysis of Xiong et al.

[22] showed that the conversion rate was significantly

lower in the robotic rectal resection group than in the la-

paroscopic rectal resection group (6/554 versus 35/675).

The most frequent reason for conversion is difficulty in

pelvic dissection the most important variable for assesing

the quality of TME. Rottoli et al. [23] suggested that pa-

tients undergoing conversion after laparoscopic rectal re-

section showed a trend toward overall higher recurrence

rates. Chan et al. [24] analyzed 470 colorectal resections

and detected that converted patients were more likely to

develop local recurrence in addition to showing a reduced

disease-free survival rate. A German multi-center obser-

vational trial found a higher local recurrence rate in pa-

tients who required conversion to open surgery [25].

Thorpe et al. [26], analyzing 131 laparoscopic TME in-

cluded in the CLASICC trial, identified male sex as a risk

factor for conversion. Thus, use of robotic system in male

patients with mid or low RC may reduce conversion rates

and may have an impact on improving patient oncological

outcome. Regarding, time to passing first flatus, time to

resume a soft diet and length of hospital stay, both

minimally invasive approaches resulted in a very fast re-

covery. We found no differences between the robotic and

laparoscopic groups in the perioperative evolution of pa-

tients. This finding agrees with all the analyzed studies but

one: Baik et al. [10] reported significant reduction in the

time needed to reintroduce a soft diet after robotic surgery,

in spite of no difference between the groups in the time to

first passing flatus. Moreover, that study found shorter

hospital stay in the robotic group [10].

With respect to overall complication rate, the incidence

reported for the robotic groups varied from 10.7 % [27] to

30.6 % [28]. For the laparoscopic groups, these data varied

from 12.2 % [12] to 20 % [11]. However, no significant

differences were found between groups, either by studies or

by meta-analysis of pooled data [23, 29]. In the present

study, we found no significant differences in terms of

complications between laparoscopic and robotic TME,

although there were numerically fewer complications in the

robotic group. In our study, the overall complication rate

was 14.3 % in the R-TME group and 24.6 % in the L-TME

group. These results were similar with the literature. Re-

sults of Xiong et al. meta-analaysis emphasized that the

area, location of the tumor, and TNM stage had no influ-

ence on complication, but neoadjuvant chemoradiotherapy

might affect the postoperative outcomes. Current study

demonstrated that R-TME reduced overall complications in

male patients with mid or low RC received NCRT. The

most important variable for assessing the quality of TME is

precise pelvic dissection. This variable can primarily be
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measured by CRM and DRM, the completeness of the

mesorectum, the recurrence rate, and overall survival rates.

The CRM is one of the strongest predictors of surgical

quality for TME [30, 31]. Standardized TME procedures

performed by experienced surgeons reduce the possibility

of obtaining CRM-positive specimens [18]. A positive

CRM is defined as a direct tumor extension within 1 or

2 mm of the radial, nonperitonealized surface of the re-

section specimen [32, 33]. Previous studies have generally

used a threshold of\1 mm to define CRM involvement.

However, a margin of [2 mm between the tumor tissue

and the CRM has been reported to be associated with de-

creased local recurrence and decreased rates of distant

metastases [33, 34]. Although higher positivity of the CRM

did not translate into an increased incidence of local re-

currence at 3 year follow-up in the MRC-CLASICC trial,

the difference in CRM involvement was thought to reflect

the greater technical difficulties associated with laparo-

scopic RC surgery [9]. In addition, the high rate of CRM

positivity reported in the Colorectal Cancer Laparoscopic

or Open Resection (COLOR) II trial also raised concerns

regarding the feasibility of the laparoscopic approach for

RC [35]. Therefore, the precise dissection afforded by

R-TME might be expected to improve the pathological

outcomes. Three studies have evaluated the outcomes of

robotic and laparoscopic surgery for mid and low RC [10–

12]. However, these studies also included patients who did

not receive preoperative radiotherapy. In the prospective

study by Baik et al. [10], the CRM involvement was not

found statistically different between laparoscopic and

robotic low anterior resection groups. On the contrary,

recent meta-analysis showed that the rate of positive CRM

was lower in R-TME group than in LTME group [22]. In

our study, the overall rate of CRM involvement was ob-

served in 3 patients in the L-TME group and 1 patients in

the R-TME group. The median CRM length was higher in

R-TME group than in the L-TME group, the difference for

CRM length between the two groups was found statistically

significant. Robotic surgery allowed us to achieve a com-

plete and oncologically adequate resection of the specimen

without CRM involvement compared to the laparoscopic

group.

Our results demonstrate that the R-TME can be carried

out safely with a high success rate and following onco-

logical principles. In this study, the number of harvested

lymph nodes and the length of DRM in patients receiving

R-TME were higher in patients receiving LTME. The main

reason for high length of DRM in R-TME group was most

of the patients in R-TME group received ISR as transection

of rectum with a laparoscopic stapler technically not fea-

sible for low or mid RC with our R-TME approach. In our

practice, we placed two robotic arms right lower quadrant

in order to achive single-stage technique without reposition

of robotic cart. However, location of the robotic arms at

right lower quadrant did not allow placing laparoscopic

stapler with adequate angulation for transection of the

rectum. We belive that robot offers significant advantages

of precise pelvic dissection, but because of robotic stapler

device has not been available yet, patients with low or mid

RC receive R-TME with ISR most of the time for safe

transection of the rectum. The quality of the specimen is

considered a parameter for the evaluation of prognosis

[36]. Therefore, in our study, macroscopic evaluation of

TME completeness was evaluated as an additional pa-

rameter for evaluation of the oncologic safety of the pro-

cedure. The macroscopic grading of the specimen in

L-TME group was complete in 52 (80 %) cases and in-

complete in 13 patients (20 %), in the R-TME group the

grading was complete in all cases (100 %). The difference

between the direction and strength of the applied tractions

by the robotic instruments and those of the conventional

laparoscopic instruments could be a factor influencing the

quality of the specimen and, typically, the mesorectal

fascia integrity. The meta-analysis by Xiong et al. [22]

reported that among the eight included studies only two of

them [10, 37] evaluated the completeness of mesorectum.

Baik et al. [10] pointed out that the macroscopic com-

pleteness of TME can represent the quality of dissection

more precisely than positivity of the CRM, because in-

volvement of the CRM is also influenced by tumor location

in relation to the fascia propria of the rectum. They [10, 38]

suggested that the macroscopic evaluation of TME com-

pleteness should be an additional parameter for assessing

surgical quality especially in cases with CRM involvement

to ensure the oncologic safety of the procedure.

This study had important limitations. First, it was a

retrospective study of prospectively collected data from a

single surgeon highly experienced in performing laparo-

scopic colorectal resection, and there was a definite dif-

ference between the two operative techniques with regard

to the surgeon’s expertise. Second, the number of per-

formed procedures is quite low because of the restricted

study population and this study was not a randomized trial

so we included a special group of patients to study in order

to obtain homogenization between the groups and achieve

reliable results. However, a prospective randomized study

is needed to demonstrate that robotic TME with SSP truly

is a feasible procedure for very low rectal cancer.

In conclusion, robotic surgery for mid and low RC after

NCRT can be performed safely in male patients. The very

low conversion rate for this procedure is the main advan-

tage over the L-TME. The results of this study showed that

R-TME associated with better short-term oncological out-

comes than the L-TME. Therefore, R-TME may be a

promising alternative to L-TME in the treatment of RC.

However, further prospective randomized trials are needed
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to clarify our initial findings and to assess the long-term

oncological and functional outcomes of robot-assisted

surgery for mid or low RC.
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