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Abstract

Background The goal of this study was to evaluate the

short-term outcomes of robotic-assisted lateral lymph node

dissection for patients with advanced lower rectal cancer.

Methods Between 2012 and 2013, 50 consecutive

patients underwent robotic-assisted lateral lymph node

dissection for rectal cancer in Shizuoka Cancer Center

Hospital. Perioperative outcomes including operative time,

operative blood loss, length of stay, postoperative com-

plications, and histopathological data were collected

prospectively.

Results Median patient age was 62 years (range

36–74 years). Operative procedures included low anterior

resections (n = 27), intersphincteric resections (n = 16),

and abdominoperineal resections (n = 7). Bilateral lymph

node dissection was performed in 44 patients. The median

operative time was 476 min (range 320–683 min), and the

median time required for lateral lymph node dissection was

165 min (range 85–257 min). The median blood loss was

27 mL (range 5–690 mL). There were no cases of open

surgery or laparoscopic conversion. The median duration

of postoperative hospital stay was 8 days (range

6–13 days). Clavien–Dindo classification Grade III–IV

complications occurred in only one patient (2.0 %). There

were no cases of anastomotic leak. There was no periop-

erative mortality. The median number of harvested lateral

lymph nodes was 19 (range 5–47).

Conclusions Robotic-assisted lateral lymph node dissec-

tion is a safe, feasible, and useful approach for patients

with advanced lower rectal cancer.

Keywords Robotic surgery � Rectal cancer � Lateral

lymph node

Several randomized trials have investigated the compara-

tive oncological safety of laparoscopic surgery for colo-

rectal cancer versus open surgery [1–4]. These studies have

suggested that laparoscopic surgery is associated with less

blood loss, faster recovery, and shorter hospital stays [5, 6].

However, when using laparoscopic surgery for rectal

cancer, the circumferential resection margin positivity

(16 %) and the conversion rate (34 %) was high in a sub-

group analysis of the Medical Research Council Conven-

tional versus Laparoscopic-Assisted Surgery In patients with

Colorectal Cancer trial (MRC CLASICC trial) [7], which

might be related to the high degree of technical difficulty

when performing surgery in the narrow pelvic cavity.

Since the da Vinci surgical system (Intuitive Surgical,

Sunnyvale, CA, USA) was approved by the food and drug

administration (FDA) in 2000, use of robotic surgery has

become widespread. Robotic total mesorectal excision for

rectal cancer was first described in 2006 [8]. Robotic sur-

gery requires high-quality three-dimensional imaging and

utilizes sensitive, complicated manipulation of forceps to

enable surgery in the narrow pelvic cavity [9, 10]. Baik

et al. [11] rated the mesorectal specimen on three scales

and reported that robotic surgery was superior to
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laparoscopic surgery in terms of accuracy of total meso-

rectum excision (TME). The safety and feasibility of rectal

cancer surgery have been described when using laparo-

scopic surgery versus robotic surgery [11–14].

In Western countries, neoadjuvant chemoradiation

therapy (CRT) has become the standard treatment for

locally advanced lower rectal cancer. In Japan, lateral

lymph node dissection (LLD) is the standard treatment for

locally advanced lower rectal cancer. This is because the

incidence of lateral lymph node metastasis from lower

rectal cancer is 15.6–20.1 % [15, 16]. Further, 7.4 % of

patients who are classified as preoperative lateral lymph

node-negative by computed tomography (CT) or magnetic

resonance imaging (MRI) were subsequently found to have

lateral lymph node metastasis [17].

LLD for advanced lower rectal cancer seems to be a

good indication for robotic surgery because of its much

higher difficulty compared to laparoscopic TME for rectal

cancer. There are few reports of patients undergoing

robotic-assisted lateral lymph node dissection (RALLD),

even among those undergoing laparoscopic LLD. There-

fore, the goal of this study was to evaluate the short-term

outcomes and safety of RALLD for patients with advanced

lower rectal cancer.

Materials and methods

Between February 2012 and November 2013, we per-

formed 159 consecutive robotic surgeries for rectal cancer

at Shizuoka Cancer Center Hospital. Fifty of the 159

patients had undergone robotic surgery with LLD for

advanced lower rectal cancer. Indications for LLD were

lower rectal cancer with T3–4, or T1–2 rectal cancer with

metastasis of lateral lymph node, as described by the Jap-

anese Society for Cancer of the Colon and Rectum

(JSCCR) guidelines for the treatment of colorectal cancer

[16]. Lower rectal cancer was defined as the lower border

of the tumor located distal to the peritoneal reflection.

Preoperative evaluation included digital rectal examina-

tion, histological confirmation of adenocarcinoma, colon-

oscopy, CT, and MRI and barium enema. Patients were

staged using the tumor node metastasis (TNM) classifica-

tion. Although the standard treatment was bilateral LLD,

patients who were at high risk of complications due to

comorbid conditions, such as uncontrolled diabetes or

unstable angina, underwent only unilateral LLD. Neoad-

juvant CRT was given when circumferential resection

margin positivity was seen on preoperative CT or MRI.

Patients were followed up at every 3 months for 3 years

after surgery and then every 6 months until 5 years. Male

sexual function was assessed at 6 months and 12 months

after surgery, using International Index of Erection

Function (IIEF) and original questions regarding erection

and ejaculation. Urinary function was also assessed.

Residual urine measurement was performed after removal

of urethral catheter on the fifth postoperative day. A

residual urine volume of C50 mL was regarded as early

urinary dysfunction. Patients performed self-catheteriza-

tion until residual urine becoming \50 mL. All data were

collected prospectively. Informed consent was obtained

from all patients. This study was approved by the Institu-

tional Review Board of Shizuoka Cancer Center Hospital.

Surgical technique

All operations were performed by three surgeons (Y.K.,

A.S., and T.Y.) with a long experience for laparoscopic

colorectal surgery. They had no experience of laparoscopic

LLD, but the experience of laparotomy LLD.

Patients were placed in the Trendelenburg position. In

principle, one camera port, three 8 mm robotic ports, and

two laparoscopic trocars were placed (Fig. 1). The docking

method (e.g., dual docking, single docking, or hybrid

method) was selected based on the individual case. All

pelvic operations were performed using robotic surgery.

Mainly, the surgeon operated arm 1 (scissors forceps) in

the right hand and operated arm 2 (fenestrated forceps) in

Fig. 1 Set-up for pelvic phase. R1, R2, R3 robotic arms 1, 2, 3,

C camera, L1, L2 assistant
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the left hand. Arm 3 (double fenestrated forceps) was also

utilized to ensure the operative field. After mesorectal

excision was done, LLD was performed. An electric scal-

pel was used for the incision rather than ultrasonic incision,

coagulation system, or sealing device.

LLD were divided into three parts: the common iliac

node, the internal iliac node, and the obturator node

(Fig. 2). First, the ureter was identified and mobilized to

cross the vas deferens. The hypogastric nerve was taped to

preserve the pelvic plexus and pelvic splanchnic nerves.

Next, the lateral surface of the pelvic plexus was separated

so that the autonomic nerve system, including the hypo-

gastric nerve, the pelvic splanchnic nerves, and the pelvic

plexus, formed one plane. This plane was the medial border

of the internal lymph node dissection (video file 1).

To dissect the common iliac lymph nodes (Fig. 3), the

ventral and medial portions of the common iliac artery and

vein were exteriorized from the aortic bifurcation, and

dissection was performed along the blood vessel wall to the

bifurcation of the internal and external iliac artery.

For the obturator lymph nodes, the border between

internal iliac vessels and the obturator lymph nodes was

separated. This border extended to the border of the adi-

pose tissues surrounding the urinary bladder and led to the

stratum disjuncture extending from the pelvic wall. The

lateral surface of the internal pudendal artery was exfoli-

ated to Alcock’s canal, and the sacral nerves and the coc-

cygeal muscle were exposed. Obturator nerves were

preserved, and the obturator artery and vein were dissected.

The lateral side of the obturator space was exposed to the

pelvic wall along the obturator fascia, while the inside of

the pelvic wall was dissected to the lateral side of the

internal iliac artery. The proximal side was dissected en

block to the bifurcation of the internal and external iliac

artery (Fig. 4 and video file 2).

The internal iliac lymph nodes, which were located

between the internal iliac artery and the autonomic nerves

Fig. 2 Schematic figure of the three lateral lymph node parts.

A common iliac node, B internal iliac node, C obturator node, SN

sacral nerve, CO coccygeal muscle, PP pelvic plexus, HN hypogastric

nerve, ON obturator nerve, AC Alcock’s canal

Fig. 3 Common iliac node. CIA common iliac artery, CIV common

iliac vein, HN hypogastric nerve

Fig. 4 Obturator node. SVA superior vesical artery, EIA external iliac

artery, EIV external iliac vein, CO coccygeal muscle, ON obturator

nerve, OI internal obturator muscle

Fig. 5 Internal iliac node. EIA external iliac artery, EIV external iliac

vein, HN hypogastric nerve, PP pelvic plexus
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(the pelvic splanchnic nerves and the pelvic plexus), were

dissected (Fig. 5 and video file 3, 4).

Results

Fifty consecutive patients underwent RALLD for lower

rectal cancer. Median patient age was 62 years (range

36–74 years). The demographic characteristics are pre-

sented in Table 1. The preoperative T stage was T1 in one

patient, T3 in 43 patients, T4a in three patients, and T4b in

three patients. For one patient with T1, LLD was per-

formed because preoperative MRI showed lateral lymph

node metastasis. There were ten patients with preoperative

lateral lymph node metastasis. Neoadjuvant CRT was

administered to six patients.

The operative data are presented in Table 2. Operative

procedures included low anterior resections (LAR) in 27

patients, intersphincteric resections (ISR) in 16 patients,

and abdominoperineal resections (APR) in seven patients.

Bilateral LLD was performed in 44 patients. The median

operating time was 476 min (range 320–683 min), the

median console time was 309 min (range 193–550 min),

and median time required for LLD was 165 min (range

85–257 min). The median blood loss was 27 mL (range

5–690 mL), and none of the patients received intraopera-

tive blood transfusion. There were no cases of open or

laparoscopic conversion.

Postoperative data are presented in Table 3. The median

postoperative hospital stay was 8 days (range 6–13 days).

Clavien–Dindo classification Grade II–IV complications

occurred in seven patients (14.0 %). One patient had three

complications. Grade III complications (ileus) occurred in

only one patient (2.0 %). There were no cases of anasto-

motic leak. There was no perioperative mortality.

Four patients (8.0 %) had Grade II urinary retention.

Three of these patients had undergone unilateral dissection

of the autonomic nerves because of lateral lymph node

metastasis or because of tumor invasion of pelvic plexus.

These three patients were treated with intermittent self-

catheterization and drugs until residual urine decreased to

\50 mL. All patients recovered within 1 month after

operation. At present, patients who completed follow-up of

12-months was only eight patients. One (12.5 %) of eight

patients reported deterioration of sexual function.

Histopathological data are presented in Table 4. There

were no positive resection margins. The median number of

harvested lymph nodes was 48 (range 21–112). The median

number of lateral lymph nodes was 19 (range 5–47). 10

patients (20 %) had lateral lymph node metastasis, and

Table 1 Patient characteristics

Median age, years (range) 62 (39–74)

Sex (male/female) 42/8

Median BMI, kg/m2 (range) 22.8 (16.7–29.1)

ASA classification, n

1 17

2 33

Median distance from the anal verge, cm (range) 5.0 (0.0–7.0)

Tumor stage, n

cT1 1

cT2 0

cT3 43

cT4 6

Nodal stage, n

cN0 13

cN1 19

cN2 18

Preoperative lateral lymph node metastasis, n 10

Neoadjuvant chemoradiation, n 6

Previous abdominal surgery, n 9

BMI body mass index; ASA American Society of Anesthesiology

Table 2 Operative data

Surgical procedures, n

Low anterior resection 27

Intersphincteric resection 16

Abdominoperineal resection 7

Anastomosis level, cm of anal verge (range) 2.0 (0.5–5.0)

Lateral lymph node dissection, n

Bilateral 44

Unilateral 6

Median operative time, min (range)

Total 476 (320–683)

Console 309 (193–550)

Lateral lymph node dissection 165 (85–257)

Median blood loss, mL (range) 27 (5–690)

Conversion, n 0

Intraoperative complications, n 0

Table 3 Postoperative data

Median length of hospital stay, days (range) 8 (6–13)

Complicationsa, n (%)

Total 7 (14.0)

Anastomotic leak 0 (0.0)

Ileus 1 (2.0)

Urinary retention 4 (8.0)

Intra-abdominal infection 0 (0.0)

Urinary infection 1 (2.0)

Enteritis 3 (6.0)

Mortality, n (%) 0 (0.0)

a Clavien–Dindo classification of morbidity, Grade II–IV
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only four of these patients were diagnosed with lymph

node metastasis preoperatively. Nine patients had lymph

node metastasis in the obturator node.

Discussion

In Japan, LLD is utilized as a standard treatment for T3 or

T4 lower rectal cancer, as described by the JSCCR

guidelines [16]. Moriya et al. [18] previously described a

case of nerve-sparing rectal resection with LLD in the

1980s. They reported that the use of nerve-sparing surgery

would result in improvements in the local control rate,

survival rate, rate of urinary disorders, and rate of sexual

dysfunction [19]. A retrospective analysis conducted in

Japan reported that lateral lymph node metastasis was

present in 15.6–20.4 % of patients with lower rectal cancer

and that the risk of pelvic recurrence would decrease by

50 % and the 5-year-survival rate would improve by 8 %

when LLD was performed for T3–T4 lower rectal cancer

[15].

The standard treatment for advanced rectal cancer in

Western countries is TME and CRT. In 1982, Heald et al.

[20] reported that TME reduced the local recurrence rate.

Further, preoperative radiotherapy reduces the local

recurrence rate and improves postoperative survival [21],

but radiotherapy can be complicated by small bowel

obstruction, urogenital dysfunction, and anal dysfunction

[22–25]. In our study, the rate of sexual dysfunction was

12.5 %, which is better than that previously reported [25].

It is possible that pelvic nerve-sparing yields better func-

tional outcomes. Kim et al. [14] reported that patients

undergoing robotic surgery exhibited recovery of voiding

and sexual function significantly faster than patients

undergoing laparoscopic surgery.

Fujita et al. [17] described the short-term results of

bilateral LLD in patients undergoing the open surgery in

Japan and reported that the median operative time was

360 min, the median column of blood loss was 576 mL,

and the complication (grade 3–4) rate was 22 %. Surgical

time was longer with robotic surgery (476 min) in our

study than with open surgery (360 min) in previous study

[17], but the volume of blood loss and the complication

rate were lower with robotic surgery than with open sur-

gery. The longer operative time for robotic surgery in this

study likely resulted from the initial learning curve. When

considering cases performed by a single surgeon, the mean

operative time decreased from 638 to 366 min and the

mean time required from for bilateral LLD decreased from

219 to 116 min when comparing the first three cases to the

last three cases, which suggests that a learning curve

phenomenon had occurred.

According to a report by Sugihara et al. [15], the median

number of dissected lymph nodes in patients undergoing

laparotomy and bilateral LLD was 17 (range 0–66). By

contrast, the median number of dissected lymph nodes in

the present study was 19 (range 5–47), which is compa-

rable to the median number of dissected lymph nodes in the

context of open surgery. This seems to suggest the onco-

logical safety of RALLD.

According to reports of laparoscopic LLD by Park et al.

[26] and by Liang et al. [27], the average blood loss was

188 mL, the number of dissected lymph nodes in the lateral

lymph node was 6–9.1, and the complication rate was

20.6–25.0 %. By contrast, the use of RALLD in the present

study was associated with less blood loss, a greater number

of dissected lymph nodes, and a lower complication rate.

Liang et al. [27] suggested that laparoscopic lateral pelvic

lymph node dissection is a very complex procedure, and

Park et al. [28] reported the short-term outcomes of

RALLD and laparoscopic LLD [26], in which RALLD was

associated with a shorter operative time and less blood loss

when compared with laparoscopic LLD. Robotic surgery

enables accurate surgery, even in the narrow pelvic cavity,

and is therefore useful for LLD.

In conclusion, RALLD is a safe and feasible method, but

further studies are needed to evaluate long-term oncologi-

cal outcomes associated with this strategy.

Table 4 Histopathological data

TNM staging

I 6

II 11

III 28

IV 5

Histologic type

Well differentiated 20

Moderately differentiated 29

Poorly differentiated 0

Other type 1

Median diameter of the tumor: mm (range) 50 (15–114)

Median proximal margin: mm (range) 192 (94–376)

Median distal margin: mm (range) 17 (3–69)

Positive resection margin, n 0

Median number of harvested lymph nodes (range)

Total 48 (21–112)

Lateral lymph nodes 19 (5–47)

Region of lateral lymph node metastasis

Common iliac node, na 1

Internal iliac node, na 3

Obturator node, na 15

a Number of lymph nodes
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