Surgical Endoscopy (2021) 35:4945-4955 D s .

https://doi.org/10.1007/s00464-021-08529-4 '(7//5\\\\
REVIEW ARTICLE q
Check for
updates

Complete mesocolic excision and D3 lymphadenectomy with central
vascular ligation in right-sided colon cancer: a systematic review
of postoperative outcomes, tumor recurrence and overall survival

Gennaro Mazzarella'?® . Edoardo Maria Muttillo'2 - Biagio Picardi' - Stefano Rossi' - Irnerio Angelo Muttillo'

Received: 1 December 2020 / Accepted: 30 April 2021 / Published online: 11 May 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Background In right-sided colon cancer surgery, currently there is a great deal of discussion and debate regarding complete
mesocolic excision (CME) versus conventional right hemicolectomy (CRH) on postoperative outcomes and oncological
results.

Our aim was to perform a systematic review of the short- and long-term outcomes of CME to standardize surgical approach
in patients with right-sided colon cancer.

Methods A systematic review was performed examining available data on randomized and non-randomized studies evaluat-
ing the role of CME and D3 lymphadenectomy in the treatment of right-sided colon cancer, in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) standards.

Results After literature search, 919 studies have been recorded, 110 studies underwent full-text reviews and 30 studies met
inclusion criteria. The total number of CME procedures was 5931. Postoperative complications was reported in 28 studies
with pooled overall complications of 1.88% for CME surgery. Six studies reported 0% of overall postoperative complications
and they demonstrated a low incidence of complications following CME procedure. Anastomotic leak was reported in 27
studies with pooled proportion of 0.92% after CME resections. There were 16 papers reporting overall survival following
CME procedure, with a mean of 85% of patients survived at 5 years. Mean 5-year overall survival was 93.05% in stage I
patients, 89.76% in stage II patients and 79.65% in stage III patients. Local and distant recurrence were included in 21 stud-
ies, reporting tumor recurrence rate of 12.25% following CME. 5-year tumor recurrence was 5.8% in stage I patients, 7.68%
in stage II patients and 15.69% in stage III patients.

Conclusions CME does not increase the risk of postoperative complications and significantly improves the long-term onco-
logical impact. Prospective multicentre studies results are needed to verify if CME could be considered standard surgery
for right colon cancer.

Keywords Complete mesocolic excision - CME - D3 lymphadenectomy - Central vascular ligation - Right colectomy -
Colon cancer

Oncological radicality is an essential concept in colon can-
cer surgery where upfront surgical resection in combina-
tion with selective use of adjuvant chemotherapy are main
modalities of treatment. Just as rectal cancer surgery has
D4 Gennaro Mazzarella been revolutionized after introduction of total mesorectal

gennaromazzarella226 @gmail.com excision (TME) by Heald et al. [1], so as complete mesocolic
excision (CME) and the extended lymphadenectomy along
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cancer surgery, currently there is a great deal of discussion
and debate regarding CME versus conventional right hemi-
colectomy (CRH) on postoperative outcomes and oncologi-
cal results.

Although clear definition of CRH is lacking in literature,
it could be defined as the associated resection of the termi-
nal portion of the ileum, the ascending colon, the proximal
transverse portion and the entire lymph node drainage area
on the right edge of the superior mesenteric axis. In 2009
Hohenberger et al. [2] firstly described CME aiming at the
separation of the visceral plane from the parietal one, lymph
node dissection, central ligation of the supplying vessels
(CVL) and, if any extra-colonic organs or structures were
attached to the tumor, multivisceral resection extending the
dissection plane to the next embryologic plane beyond the
involved organ or structure not invaded, performed in an en
bloc fashion. By consequent application of the procedure
of CME, the study describes the reduction of local 5-year
recurrence rates in colon cancer from 6.5 to 3.6% compared
to patients who received a conventional resection. In the
same period, the cancer related 5-year survival rates in
patients resected for cure increased from 82.1 to 89.1%.

Japanese D3 lymphadenectomy has been performed in
many Asian countries which is based on similar principles
to CME with CVL, according to the Japanese Society for
Cancer of the Colon and Rectum [3]. When comparing D3
specimens with CME specimens, both specimens showed
higher rates of the mesocolic plane surgery and long dis-
tances from the high vascular tie to the bowel wall [4]. CME
surgery increased the number of nodes retrieved compared
with non-CME surgery [5-7]. Nevertheless, CME is techni-
cally demanding and several authors [8] have been associ-
ated it with more intraoperative organ injuries and severe
non-surgical complications compared to CRH.

The aim of this study is to perform a systematic review of
the short- and long-term outcomes of CME to standardize
surgical approach in patients with right-sided colon cancer.

Materials and methods
Search strategy

A systematic review was performed examining available
data on randomized and non-randomized studies evaluating
the role of complete mesocolic excision (CME) and D3 lym-
phadenectomy in the treatment of right-sided colon cancer,
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) standards
(Table 1) [9]. Eligible studies were identified using 3 dis-
tinct databases through January 2020: Medline (PubMed),
Cochrane library and Scopus. The following terms have
been used for the research: “complete mesocolic excision”,
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combined with “colon cancer”, “D3 lymphadenectomy”
and “right colectomy”, without any language or publication
restrictions. Full-text papers were independently screened
by two authors (G.M. and E.M.M.) for eligibility. Reference
lists of eligible studies were assessed manually so that no
relevant article was missed.

Inclusion and exclusion criteria

In the systematic review, we restricted the search using the
following exclusion criteria: (1) animal studies, (2) stud-
ies involving TNM stage IV; studies involving other tumor
sites besides the right-sided localization; (3) reviews and
meta-analyses, (4) editorials and letters to the editors or case
series with less than ten treated patients. Only studies with
significant data on patients undergoing CME for right-sided
colon cancer (involving proximal transverse location) have
been included.

Data extraction and synthesis

After reviewing the full-texts of eligible studies, 2 authors
(G.M., EEM.M.) performed the data extraction and cross-
checked all results. Extracted variables included: general
study characteristics, patient demographics, TNM staging,
postoperative outcomes and oncological results. General
study characteristics included author, journal, year of pub-
lication, study design, number of CME patients and tumor
localization; patient demographics included age, American
Society of Anesthesiology (ASA) score and body mass
index (BMI); staging of tumor included TNM stage LII and
I1I; finally, postoperative outcomes included complications
(anastomotic leakage, gastroplegia, prolonged postoperative
ileus and reoperation rate) and oncological results (5-year
tumor recurrence and 5-year overall survival). When cod-
ing the data, any disagreements were adjudicated by a third
reviewer (B.P.). Data were tabulated and cumulative analysis
was performed when possible. Categorical variables were
extracted as numbers and reported as proportions, tumor
recurrence (TR) was defined as the time from CME surgi-
cal procedure treatment to metastatic or locoregional dis-
ease recurrence. Overall survival (OS) was defined as the
time from CME surgical procedure treatment to death or
last follow-up.

Results

The results of the systematic review are presented in the
PRISMA flow chart in Fig. 1. After literature search, 919
studies have been recorded, 110 studies underwent full-
text reviews and 30 studies met inclusion criteria. Study
design and characteristics are reported in Table 1. Of the
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Table 1 Characteristics of studies included in systematic review

Authors Type of study CME procedures Techniques Tumor localization
Benz et al. [10], Retrospective 69 Open Right-sided colon
Open Surg J, 2013

Bertelsen et al. [11], RCT 256 Laparoscopic, Open Right-sided colon
Lancet oncol, 2019

Siani et Pulica [12], Retrospective 115 Laparoscopic Right-sided colon
Scand J Surg, 2015

Daxing Xie et al. [13], Retrospective 36 Laparoscopic Right-sided colon
Ann Surg Oncol, 2016

Spinoglio et al. [14], Retrospective 202 Robotic, Laparoscopic Right-sided colon
Ann Surg Oncol, 2018

Garcia-Granero et al. [15], Prospective 17 Laparoscopic Right-sided colon
Surg Endosc, 2019

Adamina et al. [16], Prospective 52 Laparoscopic Right-sided colon
Surg Endosc, 2012

Jung Kyong Shin et al. [17], Retrospective 1366 Laparoscopic, Open Right-sided colon
Surg Endosc, 2018

Jan Schulte Am Esch et al. [18], Retrospective 31 Robotic Right-sided colon
BMC Surg, 2019

Yong Wang et al. [19], Retrospective 172 Laparoscopic Right-sided colon
Worl J Surg Oncol, 2017

Min Sung An et al. [20], Retrospective 34 Laparoscopic Right-sided colon
ANZ ] Surg, 2018

Sung Bae et al. [21], Retrospective 43 Robotic Right-sided colon
Int J Colorectal Dis, 2019

Qin-Song Sheng et al. [22], Retrospective 150 Laparoscopic, Open Right-sided colon
Ann Surg Treat Res, 2017

Ouyang et al. [23], Retrospective 107 Laparoscopic Right-sided colon
Cancer Manag Res, 2019

Deng et al. [24], Retrospective 58 Laparoscopic Right-sided colon
Langenbecks Arch Surg, 2018

Elias A. W. et al. [25], Retrospective 813 Laparoscopic, Open Right-sided colon
J Gastrointest Surg, 2020

Petz W. et al. [26], Prospective 20 Robotic Right-sided colon
Eur J Surg Oncol, 2017

He Z. et al. [27], Retrospective 67 Laparoscopic Right-sided colon
Surg Endosc, 2019

Spinoglio et al. [28], Retrospective 100 Robotic Right-sided colon
Ann Surg Oncol, 2016

Siani et al. [29], Retrospective 600 Laparoscopic Right-sided colon
Am J Surg, 2017

Kanemitsu et al. [30], Retrospective 370 Open Right-sided colon
Dis Colon Rectum, 2013

Sung Bae et al. [31], Retrospective 170 Laparoscopic, Open Right-sided colon
Ann Surg Oncol, 2014

Benz et al. [32], Prospective 79 Laparoscopic, Open Right-sided colon
Surg Endosc, 2016

Feng et al. [33], Retrospective 35 Laparoscopic Right-sided colon
Surg Endosc, 2012

Feng et al. [34], RCT 99 Laparoscopic Right-sided colon
Surg Endosc, 2014

Kang et al. [35], Retrospective 128 Laparoscopic Right-sided colon
Surg Endosc, 2014

Lee et al. [36], Retrospective 42 Laparoscopic, Open Right-sided colon

Int J Colorectal Dis, 2009
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Table 1 (continued)

Authors Type of study CME procedures Techniques Tumor localization
Liang et al. [37], Prospective 244 Laparoscopic Right-sided colon
Surg Endosc, 2015

Subbiah et al. [38], Retrospective 220 Laparoscopic Right-sided colon
Int J Colorectal Dis, 2016

Trastulli et al. [39], Retrospective 236 Robotic, Laparoscopic Right-sided colon
Surg Endosc, 2015

Total (n=30) 5931 pts

CME Complete mesocolic excision, RCT Randomized controlled trial, pts Patients

Fig.1 PRISMA statement

Recordsidentified through search
of the Pubmed (n=919)

Identification

Records excluded from title and
abstract screening (n=809)

v

Screening

Records after irrelevant articles removed

(n=110)

Eligibility

v

Full-text articles evaluated for eligibility

(n=110)

Included

Full-text excluded (n=80):
Reviews and Meta-analyses
(n=24)

Including TNM stage IV (n=25)
Involving other tumor sites
(n=24)

Case reports and letter to
editors (n=7)

v

A4

Studies included in systematic review (n=30)

30 included studies, 23 studies were retrospective, 5 were
prospective and 2 were randomized controlled trials (RCTs)
published from 2009 to 2020.

In our systematic review the total number of CME
procedures was 5931 and the sample size ranged from
17 to 1366. 21 studies (patients n=2616) fully reported
minimally invasive surgery (MIS) (15 laparoscopic, 4
robotic and 2 both laparoscopic and robotic CME); 7 stud-
ies (patients n=2876) described open and laparoscopic
CME surgery; only 2 studies (patients n=439) reported
open technique. All studies (100%) included right-sided
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resections. Patient demographics: only 8 studies analyzed
patients with a mean age over 70 years old [11, 14-16,
18, 25, 28, 29], 1 study does not specify the sample mean
age [34] and the remainder performed CME procedures
in a mean age of patients under 70 years old; 22 studies
analyzed patients with a mean BMI under 30 [11, 13, 14,
16-18, 21-28, 31, 32, 34-39], only 1 study reported a
mean BMI of 30 [29] and the remainder did not specify the
BMI of patients underwent CME; there is no prevalence of
ASA score among patients in all studies analyzed.
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According to the Union for International Cancer Con-
trol (UICC), all studies reported every pathological T and
N stage, one study included only T1-T3 [26] and one study
included only N + stage [37].

Postoperative outcomes

Postoperative complications was reported in 28 studies
(patients n=4862) (Table 2) with pooled overall complica-
tions included in the research of 1.88% for CME surgery
[10, 12-24, 26-39]. In the higher volume study (patients
n=1366) [17], the pooled overall incidence of complica-
tions was 3.65% and 5.8% in lower volume study (patients
n=17) [15].

Anastomotic leak was reported in 27 studies (patients
n=4793) of this systematic review with pooled proportion

Table 2 Postoperative complications

of 0.92% after CME resections [12-24, 26-39]. In the higher
volume study (patients n=1366) [17], the anastomotic leak
rate was 1.3 and 0% in lower volume study (patients n=17)
[15]. 12 studies (patients n="729) reported 0% of anasto-
motic leak rate in their series of CME procedures performed
[13, 15, 18, 20, 22, 24, 26, 32-36].

Prolonged postoperative ileus was reported in 20 stud-
ies (patients n=3737) with pooled proportion of 4.71%
[14-18,21-24,27, 28, 30, 31, 33-39]. In the higher volume
study (patients n=1366) [17], the postoperative ileus rate
was 6% and 17.6% in lower volume study (patients n=17)
[15]. 4 studies (patients n=232) reported 0% of prolonged
postoperative ileus rate in their series of CME procedures
performed [18, 27, 33, 34].

Gastroplegia is the less reported complication among
studies in this systematic review.

Authors CME proce-  Age (yr) mean Anastomotic Gastroplegia ~ Prolonged postopera-  Reopera-
dures n leak n (%) n (%) tive ileus n (%) tion rate n
(%)
Benz et al. [10] 69 <70 - - - 5(7.2)
Siani et Pulica [12] 115 <70 54.3) - - -
Daxing Xie et al. [13] 36 <70 0 (0) - - 1(2.78)
Spinoglio et al. [14] 202 >70 2(0.9) - 20 (9.9) 4(1.9)
Garcia—Granero et al. [15] 17 >70 0(0) - 3(17.6) 00
Adamina et al. [16] 52 >70 2 (3.8) - 6 (11.5) 2 (3.8)
Jung Kyong Shin et al. [17] 1366 <70 18 (1.3) - 81 (6) -
Jan Schulte Am Esch et al. [18] 31 >70 0(0) - 0(0) 0(0)
Yong Wang et al. [19] 172 <70 1 (0.005) - - 2 (0.01)
Min Sung An et al. [20] 34 <70 0(0) - - -
Sung Bae et al. [21] 43 <70 1(2.3) - 24.7) 12.3)
Qin—Song Sheng et al. [22] 150 <70 0(0) 3(Q2) 4 (2.7 -
Ouyang et al. [23] 107 <70 1(0.9) - 54.7) 1(0.9)
Deng et al. [24] 58 <70 00 - 305 -
Petz W. et al. [26] 20 <70 00 - - -
He Z. et al. [27] 67 <70 1(1.5) - 0(0) -
Spinoglio et al. [28] 100 >70 1(1) - 909 2(2)
Siani et al. [29] 600 >70 15 (2.5) - - 15 (2.5)
Kanemitsu et al. [30] 370 <70 6 (1.6) - 29 (7.8) -
Sung Bae et al. [31] 170 <70 1(0.6) - 5(2.9) -
Benz et al. [32] 79 <70 0 (0) - - 0(0)
Feng et al. [33] 35 <70 0(0) 0(0) 0(0) 0(0)
Feng et al. [34] 99 - 0(0) 0 (0) 0(0) 0(0)
Kang et al. [35] 128 <70 0(0) 0(0) 1(0.7) 0(0)
Lee et al. [36] 42 <70 0(0) 0(0) 1(24) 0(0)
Liang et al. [37] 244 <170 4(1.6) - 4(1.6) -
Subbiah et al. [38] 220 <70 1(0.45) - 11 (5.15) 0(0)
Trastulli et al. [39] 236 <70 5(2.12) - 6(2.5) 9(3.8)

Value are expressed as n (%)

CME Complete mesocolic excision, yr Years
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Finally, overall reoperation rate was reported in 18 stud-
ies (patients n=2268) with a pooled proportion of 1.51%
[10, 13-16, 18, 19, 21, 23, 28, 29, 32-36, 38, 39], and 0%
in 8 studies (patients n =651) included in this review [15,
18, 32-36, 38].

Table 3 Oncological results

Authors CME pro- OS n (%) TR n (%)
cedures n
Benz et al. [10] 69 62 (89.4) 11 (16.2)
Bertelsen et al. [11] 256 183 (71.6) 259.7)
Siani et Pulica [12] 115 91 (79.1) 35(30.4)
Daxing Xie et al. [13] 36 - 0(0)
Spinoglio et al. [14] 202 151 (75) 32 (16)
Garcia—Granero et al. [15] 17 - 0(0)
Adamina et al. [16] 52 - 4.(7.7)
Jung Kyong Shin et al. [17] 1366 1218 (89.2) 183 (13.4)
Yong Wang et al. [19] 172 153 (89.1) 31 (18.3)
Min Sung An et al. [20] 34 34 (100) 2 (5.88)
Sung Bae et al. [21] 43 40 (93.6) 7(16.3)
Qin-Song Sheng et al. [22] 150 118 (78.6) 427
Ouyang et al. [23] 107 100 (93.5) 9(8.4)
Deng et al. [24] 58 45 (78) 13 (23)
Elias A. W. et al. [25] 813 589 (72.4) 97 (11.9)
Spinoglio et al. [28] 100 90 (90.3) 9 (8.6)
Siani et al. [29] 600 498 (83) 177 (29.5)
Kanemitsu et al. [30] 370 350 (94.6) 56 (15)
Sung Bae et al. [31] 170 143 (84) 30 (16.45)
Kang et al. [35] 128 - 7(5.4)
Lee et al. [36] 42 - 1(24)

Value are expressed as n (%)

CME Complete mesocolic excision, OS Overall survival, TR Tumor
recurrence

Oncological results

Overall oncological results are reported in Table 3, UICC
stage-based OS and TR are listed in Tables 4 and 5.

In our systematic review, there were 16 papers (patients
n=4625) reporting OS following CME procedure [10-12,
14, 17, 19-25, 28-31], with a mean of 85% of patients
(n=3865) survived at 5 years. In the higher volume study
(patients n=1366) [17], OS was 89.2%. In lower volume
study (patients n=234) [20], OS was 100%. Oncological
results with available data divided for each stage (I, II and
IIT) were collected where possible. There were some patients
without data from the OS after CME. Mean 5-year OS was
93.05% in stage I patients (n=358), 89.76% in stage II
patients (n="775) and 79.65% in stage III patients (n=683).
In our systematic review, three studies reported 100% OS in
stage I patients [10, 20, 31], one study reported 100% OS
in stage II patients [20] and one study reported 100% OS in
stage III patients underwent CME [20].

Local and distant recurrence was included in 21 studies
(patients n=4900), reporting TR rate of 12.25% following
CME [10-17, 19-25, 28-31, 35, 36]. In the higher volume
study (patients n=1366) [17], TR was 13.4%. In lower vol-
ume study (patients n=34) [20], TR was 0%. 5-year TR
was 5.8% in stage I patients, 7.68% in stage II patients and
15.69% in stage III patients. In our systematic review, five
studies reported 0% TR in stage I patients [10, 11, 13, 15,
28], two studies reported 0% TR in stage II patients [13, 15]
and two studies reported 0% TR in stage III patients under-
went CME [13, 15].

Discussion

Complete mesocolic excision (CME)

The CME procedure involves the principle of sharp anatomic
dissection along the embryologic planes with preservation

TABLE4 UICC stage I-1I-I1I

. Authors StageIn  OSn (%) StagelIn  OS n (%) Stage llln OS n (%)
overall survival

Benz et al. [10] 14 14 (100) 36 32(88.5) 19 16 (83.7)
Bertelsen et al. [11] 32 25(78.3) 133 100 (75.6) 91 60 (66)
Siani et Pulica [12] 25 20(79.1) 26 24 (93.7) 64 49 (76.9)
Min Sung Anetal. [20] 10 10 (100) 17 17 (100) 7 7 (100)
Ouyang et al. [23] 15 14 (93.3) 59 55(93.2) 33 31(93.4)
Spinoglio et al. [28] 21 20 (95) 37 34 (91.7) 37 32 (86.3)
Siani et al. [29] 153 149 (97.3) 231 204 (88.7) 216 123 (57)
Kanemitsu et al. [30] 73 69 (94.5) 155 136 (87.6) 142 112 (79.2)
Sung Bae et al. [31] 15 15 (100) 81 72(88.9) 74 55 (74.4)

Value are expressed as n (%)

OS Overall survival
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Table 5 UICC Stage I-II-I1I Authors Stageln TRn(%) Stagelln TRn(%) Stagellln TR n (%)

tumor recurrence
Benz et al. [10] 14 0(0) 36 5(14.1) 19 5(27.8)
Bertelsen et al. [11] 32 0 (0) 133 5(3.5) 91 17 (20.5)
Daxing Xie et al. [13] - 0 (0) - 0 (0) - 0(0)
Spinoglio et al. [14] 47 - 66 - 70 18 (25.5)
Garcia—Granero et al. [15] - 0(0) - 0(0) - 0(0)
Ouyang et al. [23] 15 1(6.7) 59 5(8.4) 33 3(8.4)
Elias A. W. et al. [25] 220 9 (1.1) 318 26 (3.2) 275 62 (7.6)
Spinoglio et al. [28] 21 0 (0) 37 2(5.7) 37 8 (21.8)
Siani et al. [29] 153 45(29.4) 231 45(194) 216 64 (29.6)
Kanemitsu et al. [30] 73 11 (15) 155 23 (14.8) 142 21 (14.8)
Liang et al. [37] - - - - - 40 (16.6)

Value are expressed as n (%)
TR Tumor recurrence

of an intact visceral fascia of the mesocolon analogous to
the concept of total mesorectal excision with sharp dissec-
tion along the fascia propria of the mesorectum [40]. If the
cancer is located in the right colon the surgical procedure
includes mobilization of the duodenum with the pancreatic
head (Kocher maneuver) and the mesenteric root up to the
origin of the superior mesenteric artery for optimal exposure
of the supplying vessels. The attachments of the mesenteric
plane covering the duodenum and the uncinate process were
taken down from the corresponding one of the mesenteric
root to get full access to the superior mesenteric vein and
the artery behind [2].

D3 lymphadenectomy

Resection of the D1 lymph node represents transection of
the mesenteric vessels at the level proximal to the marginal
vessel, whereas D2 resection is a more traditional resection
of the main feeding vessel to a given colonic segment at its
origin. Dissection of D2 should include vascular ligation
and lymphadenectomy that includes the origin of the named
feeding vessel (e.g., ileocolic artery at its origin from the
superior mesenteric artery or superior rectal artery at the
takeoff of the left colic artery). Dissection of D3 represents
an extended lymphadenectomy that includes lymph nodes
along the root vessel. A D3 dissection for a right-sided tumor
includes lymph nodes along the anterior aspect of the supe-
rior mesenteric vein (SMV) and superior mesenteric artery
(SMA) (central lymph nodes) and for a left sided tumor
includes lymph nodes around the inferior mesenteric artery
(IMA). [2, 3] However, in addition, for cancer of the hepatic
flexure of the colon, about 5% positive lymph nodes can be
found over the head of the pancreas, and less frequently (4%)
[41], in lymph nodes along the gastroepiploic arcade at the
greater curvature of the stomach [2].

Central vascular ligation (CVL)

Following the complete mobilization of the right colon
including the mesenteric root, the entire bowel can easily be
twisted in a clockwise fashion to achieve easy access to the
central part of the superior mesenteric vein and artery [42].

Hohenberger et al. [2] proposed technical notes on nodal
dissection, noted as CVL. According to the pattern of poten-
tial lymphatic spread, first the ileocolic and if present the
right colic vessels were divided at their origin from the
SMV and SMA, respectively. For cancer of the caecum
and ascending colon, only the right branches of the middle
colic vessels are divided centrally. So, the colon was divided
right at the level of the middle colic vessels. Cancer of the
transverse colon including both flexures needs true central
ligation of the middle colic artery and vein considering the
variations that may be found. In addition, according to the
additional pattern of lymphatic spread described above, cen-
tral tie of the right gastroepiploic artery and vein may be
needed.

Preservation of the surrounding autonomous nervous
plexus was ensured to avoid the risk of functional sequelae,
e.g. diarrhea. If lymph nodes over the pancreatic head were
potentially involved, these nodes were dissected off the pan-
creatic head with central ligation of the right gastroepiploic
artery. The superior pancreaticoduodenal artery was usually
preserved.

Classically, CVL includes individual proximal vascular
ligation, with extended central lymph node dissection. The
benefits conferred by this type of extended resection need to
be interpreted in the context of the increased surgical com-
plications that can occur [40].

Colorectal cancer is one of the most common malignant
tumors in western countries. Worldwide approximately more
than one million people per year develop this tumor and
more than half of them will die from this malignancy [43].
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Currently, matter of debate is the potential oncologic
impact and the risk—benefit ratio of CME compared with
CRH. Objective of this systematic review was to investigate
surgical safety, the short- and long-term outcomes of CME
in patients with right colon cancer.

Several authors have reported some comparative reviews
showing improved recurrence rates and survival from CME
compared to conventional surgery [44—46].

However, more accurate results may be available in some
updated meta-analyses [47-51], aiming to assess the com-
parative oncological benefits of CME. In the meta-analyses
by Chao Wang et al. [47], CME had positive effects on sur-
vival for stage III disease compared with CRH. Furthermore,
Ow ZGW et al. [48] published the first systematic review
and meta-analysis to demonstrate that CME and D3 lym-
phadenectomy has superior long-term survival outcomes
compared to CRH and D2 lymphadenectomy, with similar
complications rates in the two groups. The most recent meta-
analysis reports that rates of local and distant recurrence
were lower in the CME group, as well as pooled 5-year
overall survival was significantly higher [49]. Other authors
[50], conclude that its safety and survival benefits need to
be further studied.

To our knowledge, only another review and meta-analysis
in the literature exclusively analyzes the outcomes of the
CME in the right-sided colon cancer [51], showing that no
difference was observed between CME and CRH techniques
in postoperative complications while a significant negative
median was reported for intraoperative bleeding in favor of
CME group. Furthermore, 76.4% of patients undergoing
CME surgery were alive at 5 years, compared with 68.2%
of CRH.

In our systematic review the results include low rate of
postoperative complications analyzed (overall complications
1.88%, anastomotic leak 0.92%, prolonged postoperative
ileus 4.71% and reoperation rate 1.51%) and a significant
long-term oncological impact of CME and D3 lymphadenec-
tomy surgery (OS 93.05% stage I, 89.76% stage 11, 79.65%
stage III; TR 5.8% stage I, 7.68% stage 11, 15.69% stage III).

Prolonged postoperative ileus is the only complication in
evidence, although at a low percentage (4.71%). This func-
tional and non-mechanical inhibition of coordinated gas-
trointestinal activity may present with nausea or vomiting,
inability to tolerate oral food intake, abdominal distension as
well as delayed passage of flatus and stool, prolonging hospi-
tal stay. Ileus remains one of the commonest complications
after elective colorectal surgery, with an estimated incidence
of 10-20% following elective colonic resection [52, 53].

Overall, results of our systematic review show an encour-
aging oncological impact of CME for both survival and
recurrence rate, even in stage III cancer.

There are studies included with unbelievable oncologi-
cal results and postoperative outcomes. One study [20]
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surprisingly reports 100% OS in any stage of cancer. In
this results published by Min Sung An et al. [20], the
5-year OS rate was statistically significantly different:
100% in the CME group versus 89.49% in the non-CME
group (p=0.049), including all tumor stages (UICC stage
L, IT and III).

Two studies reported no recurrence cases (TR) in stage
I, IT and III [13, 15]. In the paper by Daxing Xie et al.
[13], all the patients received adjuvant chemotherapy, with
no case of recurrence. Garcia-Granero et al. [15] showed
local recurrence rate of 0% and none of the patients had
distal metastasis.

In addiction, six studies in our systematic review report
0% of anastomotic leak, 0% of prolonged postoperative
ileus, 0% of gastroplegia and finally 0% of reoperation rate
after CME [18, 20, 26, 32-34]. Therefore, these relevant
data demonstrated a low incidence of complications fol-
lowing CME procedure. Jan Schulte am Esch et al. [18],
experienced all Clavien-Dindo grade I-II complications
(according to Clavien-Dindo classification scale [54]) and
reported no anastomotic leaks, Dindo grade III/IV compli-
cations or mortality (Dindo grande V). In the prospective
study by W. Petz et al. [26], 18 out of 20 patients had an
uneventful postoperative course and 2 patients experienced
a Dindo grade Illa complication. In the prospective study
by Benz et al. [32], no relaparoscopy or relaparotomy was
required following CME procedure. Also in a retrospective
series and then in a prospective RCT, Feng et al. [33, 34]
included postoperative complications effectively treated
by relevant conservative treatments.

From our revised studies, we also evaluated how MIS
is now become the standard for colorectal cancer surgery.
However, the learning difficulties of the CME are evident
and carries the risk of serious complications, but it would
decrease with the standardization of the technique [55].
Postoperative complications did not increase with the age
of patients. Consequently, according to the revised stud-
ies, elderly patients are not a limit or a contraindication
to CME (Table 6). By the way, proposals for prospective
multicentre studies would be needed, to evaluate if right
colectomy with CME is a necessary and standardized tech-
nique in all patients, including early cancer stages (stage
I and IT) and elderly patients with significant comorbidity.

It should be noted, however, that the definition of CME
remains a matter of some debate and the still not-stand-
ardization of CME could influence the comparative evalu-
ation of the outcomes from different papers; this may be
a limitation of our extensive systematic review. There are
no publications on the number of patients needed in the
learning curve for CME and for this reason, outcomes may
be variable when comparing high and low volume centers.
Otherwise, the results would already be much clearer.
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Table 6 Relationship between age and short- and long-term outcomes
of CME

Age<70 Age>T70 p value
(3761 pts) (2071 pts)
Postoperative complications
Anastomotic leak (%) 0.8% 1.37% 0.599
Prolonged postoperative ileus 3.29% 9.6% 0.748
(%)
Gastroplegia (%) 0.5% - 0.391
Reoperation rate (%) 1.54% 1.7% 0.316
Oncological results
OS (%) 94.5% 78.5% 0.611
TR (%) 12.4% 11.9% 0.401

Value are expressed as (%)

OS Overall survival, TR Tumor recurrence, pts Patients

Although most are retrospective studies, we also involv-
ing prospective observational studies and RCTs that attribute
higher quality data to our review. Currently, two prospective
randomized studies, RELARC and COLD, are ongoing [56,
57].

In summary, CME is generally thought to be more tech-
nically difficult compared to conventional colectomy and
necessarily requires a learning curve in colorectal onco-
logic surgery. Overcome this learning curve, CME does not
increase the risk of postoperative complications and signifi-
cantly improves the long-term oncological impact. However,
oncological outcome can only be achieved if optimal surgery
is performed. Although outcomes of CME seem to be bet-
ter than CRH, they should be validated mainly in cohorts
of patients with more advanced stage, because in the early
stages it may not be justified. Prospective multicentre stud-
ies results are needed to verify if CME could be consid-
ered standard surgery for right colon cancer, representing
an enormous challenge for the current status of colorectal
oncologic surgery.
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