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Abstract
Background Colectomies performed according to complete mesocolic excision (CME) principles have demonstrated an im-
provement in the quality of surgical specimen and a potential improvement of long-term results. Laparoscopic CME right
hemicolectomy is considered a demanding procedure and adopted in few centers from the West. The main purpose of this paper
is to present a video showing our technique for laparoscopic CME right hemicolectomy and to analyze our short-term results to
prove its safety.
Methods Data from 38 patients operated on at the Division of General and Hepatobiliary Surgery, University of Verona Hospital
Trust, between September 2014 and February 2017, were included in the study.
Results In the present series, 37% of patients were ≥75 years old, 32% of patients were ASA class 3, 46% of patients had ≥2
comorbidities, 30% of patients had BMI >28 and 17% of patients had ≥2 previous abdominal surgeries. Despite these unfavor-
able clinic characteristics, no mortality was observed, Clavien-Dindo ≥3 complications occurred in 13.1% and redo surgery in
5.3%. Good quality specimens were obtained with a mean (SD) length of 34.5±7.5 cm, a proximal margin of 16.8±9.2 cm and a
distal margin of 14.3±6.4 cm. The mean (SD) number of harvested lymph nodes was 24.3 (8.3).
Conclusions When implemented in a Western center, laparoscopic CME right hemicolectomy is feasible and safe and allows
obtaining good quality specimens.
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Introduction

Open and laparoscopic resections for colorectal cancer
(CRC) have proved to have comparable long-term results
on several randomized controlled trials. However, lapa-
roscopic approach offers better short-term outcomes in
terms of intra-operative blood loss, post-operative pain

control, return to bowel function, resumption of oral diet,
and shorter length of hospital stay.1–8 Several authors
have questioned the superiority of the laparoscopic ap-
proach in right-sided colon cancer (CC) with regard to
both clinical outcomes and technical difficulties due to
vascular anatomical variations.9–11

Another debated topic is the utility of the complete
mesocolic excision (CME) with central vascular ligation
(CVL) as proposed by Hohenberger et al.12–15 A recent study
demonstrated that the implementation of CME with CVL in
open CC surgery improves locoregional disease control and
yields better overall survival in stage III tumors.16

The CME concept is based on two main principles:
(1) carrying out the surgical dissection along embryolog-
ical planes and maintaining the embryological envelope
around the mesocolon to allow clear circumferential mar-
gins and (2) dividing supplying arteries at their origin
after wide colonic mobilization and dissection along the
main feeding vessels.12,13,17,18 Such principles result in a
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wide bowel resection and a complete mesocolic excision
and allow a high yield of lymph node retrieval.13,16–18

Hohenberger’s surgical principles are maintained in the
Japanese experience with D3 lymphadenectomy, in which
the extent of bowel resection is however more limited.19–22

Several studies have demonstrated the feasibility of laparo-
scopic CME for right-sided CC23–28; however, very few of
them come from Western centers.23,24,28

The aims of this paper are to present our surgical technique
for laparoscopic complete mesocolic excision with D3 lymph-
adenectomy for right-sided colon cancer and to report our
short-term results in order to confirm the feasibility and safe-
ness of this demanding procedure in a Western series.

Methods

Patients Under Study

This single-center retrospective study analyzes the data
from 38 consecutive laparoscopic CME colectomies with
D3 lymphadenectomy for right-sided colon cancer per-
formed at the Division of General and Hepatobiliary
Surgery, University of Verona Hospital Trust, between
September 2014 and February 2017. The data reported in
the text supplement the video which demonstrates the stan-
dardization of the surgical technique.

Surgical Technique

The CME procedure reproduced the technique described by
Choi and colleagues.29,30 All the procedures were performed
by a single surgeon (C.P.).

The patient is placed on the operative table in the supine
position with 20° Trendelenburg and slight left side tilt. The
operating surgeon and the camera driver stand to the left of the
patient while the assistant stands to the right. A 12-mm camera
port is placed below the umbilicus, and four additional 5-mm
ports, one in each quadrant of the abdomen, complete the port
placement. The upper and lower right trocars are used as main
working ports, while the left trocars are used for main trac-
tions. Upon upward positioning of the small bowel, the
ileocolic mesentery is retracted upward and cephalad; then,
the peritoneum is incised at the basis of the ileocolic mesen-
tery. Thus, the terminal ileum, cecum, and ascending colon are
fully mobilized in a lateral to medial and caudal to cephalad
fashion. The mobilization is carried out until the complete
exposure of the duodenum and pancreatic head together with
the root of superior mesenteric vessels and the origin of mid-
dle colic vessels is achieved. The right ureter is identified
during this maneuver.

Following this step, downward tension of the ileocolic and
upward tension on the middle colic pedicles allow dissection

along the anterior aspect of the superior mesenteric vessels.
Lymphadenectomy is carried out along the left border of the
superior mesenteric vein. For tumor involving the cecum, the
ascending colon, and the hepatic flexure, the dissection in-
cludes the origin of the middle colic artery and vein, preserv-
ing the left branch of middle colic vessels while, for transverse
colon tumors, the middle colic vessels are divided at their
origin. The procedure is completed by taking down the hepatic
flexure and dividing the transverse mesocolon and distal ileum
mesenteries. The specimen is extracted by extending the cam-
era port when an extracorporeal anastomosis is performed or
through a suprapubic transverse incision when an
intracorporeal anastomosis is carried out.

Post-operative Measurements and Data Analysis

All demographic, clinic-pathologic, and outcome data were
prospectively collected and stored in a PC dataset by a mem-
ber of the surgical team. Any deviation from the normal post-
operative course was regarded as a complication. Post-
operative morbidity and mortality accounted for all adverse
events occurring in-hospital or within 30 days after surgery.
Complications were graded according to the Clavien-Dindo
classification.31

Pathology specimens were analyzed in accord with the 7th
Edition of the American Joint Committee on Cancer (AJCC)
and the Union International Contre Le Cancer (UICC) criteria.
Tumor size, length of specimens, and surgical resection mar-
gins were obtained from formalin-fixed specimens.

Continuous data were presented as means (standard devia-
tion) or medians (range). Categorical data were presented as
frequencies.

Results

Patient demographics and clinical characteristics are reported
in Table 1. Notably, in this series, 44.7% of patients were
75 years or older, 34.2% were classified as ASA 3, 55.3%
had at least two associated comorbidities, 36.8% had a BMI
higher than 28, and 18.4% received at least two previous ab-
dominal surgeries.

Operative data and post-operative short-term results are
presented in Tables 2 and 3. The mean (SD) time of surgery
was 207 (58) min. Intraoperative complications occurred in
7.9% of patients, while conversion to open surgery was re-
quired in less than 3% of the cases. Estimated blood loss was
minimal [median (range), 30 mL (20–140)].

No post-operative deaths occurred during the study pe-
riod, although 44.5% of patients experienced one or more
complications. Complications were classified as Clavien-
Dindo grades 1 and 2 in the majority of cases (70.6%),
while a Clavien-Dindo grade 3 complication was
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Table 1 Patient
demographic and clinical
characteristics for the 38
patients under study

Data Cases (n = 38)

Mean age (SD) 72.1 (11.6)
Gender
Male 20 (52.6%)
Female 18 (47.4%)
Tumor location
Cecum 11 (28.9%)
Ascending 16 (42.1%)
Hepatic flexure 6 (15.8%)
Transverse 5 (13.2%)
Mean BMI (SD) 26.2 (3.4%)
ASA class
ASA 1 –
ASA 2 25 (65.8%)
ASA 3 13 (34.2%)
Presence of comorbidities
None 10 (26.3%)
One 7 (18.4%)
Two or more 21 (55.3%)
Previous abdominal surgery
None 20 (52.6%)
One 11 (28.9%)
Two or more 7 (18.4%)

Table 2 Data of surgical
procedure for the 38
patients under study

Data Cases
(n = 38)

Extent of colonic resection

Right hemicolectomy 33 (86.8%)

Extended right
hemicolectomy

5 (13.2%)

Type of anastomosis

Extra-corporeal 26 (68.4%)

Intra-corporeal 12 (31.6%)

Associated surgical procedure

No 29 (76.3%)

Yes 9 (23.7%)

Mean time of anesthesia
(SD)

262 (70)
min

Mean time of surgery
(SD)

207 (58)
min

Median length of incision
(range)

5 (4–15) cm

Median blood loss (range) 30 (20–140)
mL

Intraoperative complications

No 35 (92.1%)

Yes 3 (7.9%)

Conversion

No 37 (97.4%)

Yes 1 (2.6%)

Table 3 Data of
histopathological
examination for the 38
patients under study

Data Cases
(n = 38)

Mean length of specimen
(SD)

34.5 (7.5)
cm

Mean length of prox.
margin (SD)

16.8 (9.2)
cm

Mean length of dist. margin
(SD)

14.3 (6.4)
cm

Mean tumor size (SD) 3.6 cm

Depth tumor of invasion (pT)

pT1–T2 12 (31.6)

pT3 17 (44.7%)

pT4a 7 (18.4%)

pT4b 2 (5.3%)

Mean no. of retrieved
nodes (SD)

24.3
(8.3%)

Nodal involvement (pN)

pN0 23 (60.5%)

pN1 11 (28.9%)

pN2 4 (10.5%))

Presence of metastasis (M)

M0 36 (94.7%)

M1a 2 (5.3%)

Tumor clearance (UICC-R)

R0 resection 37 (97.4%)

R1 resection –

R2 resection 1 (2.6%)

AJCC/UICC TNM stage

Stage 1 11 (28.9%)

Stage 2 12 (31.6%)

Stage 3 13 (34.2%)

Stage 4 2 (5.3%)

Table 4 Post-operative
outcome or the 38
patients under study

Data Cases (n = 38)

Post-operative complications

None 21 (55.3%)

Grade 1 7 (18.4%)

Grade 2 5 (13.2%)

Grade 3a 3 (7.9%)

Grade 3b 2 (5.3%)

RBC transfusion

No 35 (92.1%)

Yes 3 (7.9%)

Redo surgery

No 36 (94.7%)

Yes 2 (5.3%)

Readmission

No 36 (94.7%)

Yes 2 (5.3%)
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observed in 5 patients. Among these, 2 patients required
redo surgery (Clavien-Dindo grade 3b): one patient for
anastomotic leakage and one patient for mechanical bowel
obstruction. Histopathological examination results are re-
ported in Table 4. The mean (SD) length of the specimen
was 34.5 ± 7.5 cm with proximal and distal margins of
16.8 ± 9.2 cm and 14.3 ± 6.4 cm, respectively. The mean
(SD) number of harvested lymph nodes was 24.3 (8.3),
and the percentage of patients with an adequate number of
analyzed nodes (≥ 12 lymph nodes) was 97.4%.
Regarding pTNM staging, 68.4% of the patients had a
pT3–T4 tumor and 39.5% showed a pN+ tumor.

None of the patients had microscopic longitudinal or cir-
cumferential positive resection margins.

Discussion

A highly debated issue in CC surgery regards the added value
of complete mesocolic excision with central vascular ligation
(CMEwith CVL).13,14,18,21 Colectomies performed according
to CME principles have demonstrated an improvement in the
quality of surgical specimen (margins clearance, numbers of
retrieved nodes) with a potential improvement of long-term
results.16,32,33

Although laparoscopic surgery is now accepted as the stan-
dard treatment for resection of right-sided CC, laparoscopic
CME right hemicolectomy is considered a demanding proce-
dure. Firstly popularized by Hohenberger et al.,12 it is currently
performed routinely in fewWestern centers andmore frequently
in the Far East.18,21,25,34–36 We have recently highlighted the
differences between Hohenberger’s right hemicolectomy
with CME and CVL and Japanese CME with D3
lymphadenectomy.22 In the Japanese CME right
hemicolectomy, no Kocher maneuver is performed, lymphade-
nectomy is limited to the anterior aspect of the SMV, and the
extent of bowel resection is guided by supplying arteries (i.e.,
ileocolic, right colic, and middle colic considering the right and
left branches).19,20When the feeding artery is in close proximity
to the tumor, a 10-cm margin is required. When this lies within
10 cm of the tumor, a 5-cmmargin is thought to be sufficient.19

Hohenberger’sCMEand JapaneseCMEare therefore similar in
cecal and ascending CC, but they differ in hepatic flexure and
transverse colon malignancies, whereby the extent of colonic
resection is significantly larger in Hohenberger’s procedure.22

Our CME procedure follows the principles described by
the Japanese authors. The adequacy of this approach is dem-
onstrated by the high rate of potentially curative (R0) resec-
tions with the absence of involved longitudinal and circum-
ferential margins and an adequate number of harvested lymph
nodes. These results compare favorably with other studies on
standard right hemicolectomy from Europe and the USA1–8,

14,37–40 and are equivalent to studies on the CME right

hemicolectomy from the Western14,23,24,40,41 and Eastern
countries.25,28,34,35,42,43

Laparoscopic CME right hemicolectomy is regarded as a
complex procedure which presents several technical
difficulties.44 The development of robotic surgery may have
helped to overcome some of those difficulties. Nonetheless,
even though robotic rectal surgery has been extensively
analyzed,45 only few studies comparing laparoscopic versus
robotic right colectomy have been published.46 Such studies,
although able to prove that robotic CME right hemicolectomy
is safe and feasible, have failed to demonstrate an advantage
of the robotic over the laparoscopic approach.29,47

With regard to patient selection, considering comorbidities,
age, and BMI, it is important to notice that our patient popu-
lation is more similar to the one reported in Western studies
than the one that might be reported in Eastern ones.18,23,28,47

This aspect may explain why the number of centers adopting
laparoscopic CME right hemicolectomy in Europe and North
America is still scant. In our experience, 45% of patients were
older than 75 years of age; 37% had a BMI higher than 28,
55% had two or more comorbidities; 35% were as ASA class
3 and 18% had two or more previous abdominal surgeries.
Nevertheless, post-operative mortality was nil, and post-
operative complication rate was comparable to that of previ-
ous reports, although a slightly higher rate of prolonged post-
operative ileus was observed (data not shown, 13.8%).15,16,18

Instead of the retrospective nature and the limited sample
size, this study represents one of the very few Western expe-
riences demonstrating the safety and feasibility of CME
colectomy performed laparoscopically. Due to the short fol-
low-up, no definite conclusions can be drawn with regard to
long-term survival and disease-free outcomes.
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