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Abstract

Background Complete mesocolic excision (CME) is advocated based on oncologic superiority, but not commonly performed
in North America. Many data are case series with few comparative studies. Our aim was to perform a systematic review
comparing outcomes between CME and non-CME colectomy.

Methods A systematic review was performed according to PRISMA guidelines of MEDLINE, EMBASE, HealthStar, Web
of Science, and Cochrane Library. Studies were included if they compared conventional resection (non-CME) to CME for
colon cancer. Quality was assessed using methodological index for non-randomized studies (MINORS). The main outcome
measures were short-term morbidity and oncologic outcomes. Weighted pooled means and proportions with 95% CI were
calculated using a random-effects model when appropriate.

Results Out of 825 unique citations, 23 studies underwent full-text reviews and 14 met inclusion criteria. Mean MINORS
score was 13.3 (range 11-15). The mean sample size in CME group was 1166 (range 45-3756) and 945 (range 40-3425) in
non-CME. Four papers reported plane of dissection, with CME plane achieved in 85.8% (95% CI 79.8-91.7). Mean OR time
in CME group was 167 min (163-171) and 138 min (135-142) in conventional group. Perioperative morbidity was reported
in six studies, with pooled overall complications of 22.5% (95% CI 18.4-26.6) for CME and 19.6 (95% CI 13.6-25.5) for
non-CME. Anastomotic leak occurred in 6.0% (95% CI 2.2-9.7) of CME resections versus 6.0% (95% CI 4.1-7.9) in non-
CME. CME had more lymph nodes, longer distance to high tie, and specimen length in all studies. Nine studies compared
long-term oncologic outcomes and only three reported statistically significant higher disease-free or overall survival in favor
of CME. Local recurrence was lower after CME in two of four studies.

Conclusions The quality of evidence is limited and does not consistently support the superiority of CME. Better data are
needed before CME can be recommended as the standard of care for colon cancer resections.

Keywords Colon cancer - Complete mesocolic excision - Central vascular ligation - Lymph node dissection - Systematic
review - Oncologic outcomes

The association between the quality of surgical resection
and oncologic outcomes has been well established for
patients with rectal adenocarcinoma. The adoption of total
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mesorectal excision [1], that is, dissection in the avascular
mesorectal fascial planes to provide an intact mesorectum,
resulted in a significant decrease in local recurrence rates by
50% [2-4] However, these enveloping fascial planes are not
limited to the rectum, but rather extend along the entire mes-
ocolon all the way to the root of the mesentery. Therefore,
the complete mesocolic excision (CME) technique applies
the same principles of rectal cancer surgery to colon can-
cer, that is, sharp dissection along these embryologic fascial
planes enveloping the colonic mesentery. This allows for
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intact removal of the mesocolon and its encompassing lymph
nodes and decreases the risk of tumor spillage into the peri-
toneal cavity. Pathologic assessment of the resected colonic
specimen demonstrated that patients with specimens in the
mesocolic plane of dissection may have superior oncologic
outcomes compared to those with the muscularis propria
plane, especially for stage III disease [5]. CME can also
maximize lymph node harvest by central vascular ligation
(CVL) of the main feeding vessel(s) at their origin, which
has also been associated with improved survival [6]. In the
seminal paper by Hohenberger et al., local recurrence was
reduced from 6.5 to 3.6% and cancer-related 5-year survival
increased from 82.1 to 89.1% in patients that underwent
CME compared to patients who received a conventional
resection [7].

Despite these theoretical advantages and promising
early data, CME has not been widely adopted, especially in
North America [8]. CME is technically demanding and has
been associated with more intraoperative organ injuries and
severe non-surgical complications compared to conventional
colectomy [9]. The seminal papers by Hohenberger et al. and
West et al. that provided much of the initial evidence base
in support of CME have important methodologic flaws [10].
Most of the CME literature is limited to case series with
few comparative studies between CME and conventional
colectomy and with little survival data [11]. Therefore, the
objective of this study is to perform a systematic review of
the short- and long-term outcomes between CME and con-
ventional colectomy in patients with colon cancer.

Materials and methods
Search strategy

A systematic literature search of all English- and French-
language full-text articles published up to August 2017 was
performed. No lower date limit was applied. The Medline,
Embase, HealthStar, PubMed, Web of Science, Scopus,
Cochrane Library, CINAHL, and the Database of Abstracts
of Reviews of Effects (DARE) databases were searched.

Electronic search terms used in the systematic search are
shown in Table 1. In addition, the reference lists of key
records were examined for additional relevant studies. Rec-
ognized experts in the field were also contacted to identify
additional studies. Records were first screened for relevance
based on their title and abstract, and full-text articles were
retained if they met the following criteria: if they were
comparative studies reporting perioperative or oncologic
outcomes of CME versus conventional colectomy for colon
cancer (i.e., no case series). Studies were only included if
the CME technique was satisfactorily defined, including
a description of dissection in the embryologic mesocolic
fascial planes and CVL or D3 lymphadenectomy [12]. For
studies using the Japanese D1-3 nomenclature, D3 dissec-
tion was considered as CME, and D2 and D1 dissection to
be conventional colectomy [12, 13]. Studies were excluded
if the surgical technique was missing, or if they represented
overlapping data from the same institution. However, over-
lapping studies were included if additional outcomes were
reported. Two authors (N.A. and M.Y.) independently
assessed each record for eligibility and extracted the data,
including quality assessment, from full-text articles that met
the inclusion criteria. Disagreements were resolved by con-
sensus, and if no agreement could be made, a third author
(L.L.) was consulted.

Data extraction and synthesis

Study design and population characteristics (including age,
gender, disease stage, tumor location, included procedures,
and surgical approach) were recorded. Perioperative out-
comes were defined as safety (operation duration, blood loss,
intraoperative complications, postoperative morbidity and
mortality, with specific attention to anastomotic leakage)
and quality (length of resected bowel, distance to high tie,
area of resected mesentery, plane of surgery, and lymph node
harvest) variables. Oncologic outcomes included duration of
follow-up, overall or disease-free/specific survival, and local
and distant recurrence.

Quality was assessed using the methodological index for
non-randomized studies (MINORS) [14]. This is a validated

Table 1 Detailed search strategy
using a combination of medical
subject headings (MESH) terms
and keywords, divided into
broad search categories

Complete mesocolic excision

Central vascular ligation

Extended/D3 lymphadenectomy

Complete mesocolic excision.m_titl OR complete mesocolic excision.mp OR mesocolic$.tw

Central vascular ligation.mp OR central vascular ligation.m_titl OR ligation$.tw OR high ligation$.tw

D3 lymphadenect$.tw OR extended lymphadenect$ OR d3$.tw OR lymphadenect$.tw OR lymph node
dissection.tw OR Lymph Node Excision/

Surgery for colon cancer

Colorectal surgery/OR colectomy/OR colonic neoplasms/[su] OR mesocolon/[su]

Terms that end with “/” represent MESH terms
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tool for the methodological assessment of non-randomized
surgical studies whether comparative or non-comparative.
For comparative studies, 12 criteria are used and items are
scored from O to 2: O (not reported), 1 (reported but inad-
equate), 2 (reported and adequate). The global ideal score
for comparative studies is 24.

Data were reported as n (%), mean (SD), or median
[IQR]. Weighted pooled means and proportions with 95% CI
were calculated using a random-effects model when appro-
priate. It was decided a priori to use a random-effects model
to calculate pooled effect estimates as it was anticipated that
the studies included for meta-analysis would include het-
erogeneous patient populations and surgical procedures.
Subgroup analyses were performed between studies that
reported CME sample size < or > 100 cases to account
for the possible effect of experience and volume—outcome
relationship. All statistical analyses were performed using
STATA 15.1 (StataCorp, College Station, TX).

Results

Out of a total of 825 unique citations, 23 studies under-
went full-text reviews and 14 studies met inclusion criteria
(Fig. 1) of which three were overlapping studies [15-17] and

11 were unique series [9, 18-27]. Study design and charac-
teristics are reported in Table 2. Of the 14 included stud-
ies, 3 originated from Japan [20, 21, 23], and the remainder
were European [9, 15-19, 22, 24-27]. There were no North
American studies. All studies were retrospective. Four stud-
ies used historical controls [17, 22, 24, 27]. The mean sam-
ple size in the CME group was 1166 (range 45-3756) and
945 (range 40-3425) in the non-CME group. Four studies
only included right-sided resections [19, 22, 25, 27]. Only
five studies reported surgical approach [9, 15, 16, 21, 26],
with 52.2% (95% CI 31.0-73.3, I’=98.9%) pooled propor-
tion of laparoscopic CME.

Mean MINORS score 13.3 (range 11-15). The MINORS
score was similar between the Japanese papers with a mean
score 13 (range 12-14) and the Western papers with a mean
score 13.4 (range 11-15). Only three studies used matching
methods to reduce bias (Table 2) [16, 20, 21].

Perioperative outcomes

There were three studies that reported operative duration
[19, 22, 25], of which two reported longer procedure times
for CME [19, 22]. Perioperative morbidity was reported
in six studies [9, 15, 19, 22, 24, 25] with pooled overall
complications of 22.5% (95% CI 18.4-26.6, I* =83.4%) for

Fig.1 Study identification and
selection flowchart

1,499 records identified through
database searching
Embase (2017/08/12) = 530
Medline (2017/08/12) = 346
Web of Science (2017/08/12) = 333
CINAHL (2017/08/12) = 263
Healthstart (2017/08/12) = 160
Cochrane Library (2017/08/12) =9

3 records identified through
other sources
Reference lists & citations = 3

[

v

825 records after duplicates

removed
> 804 records excluded based on title and
abstract
\ 4
23 full-text articles assessed for
eligibility
7 full-text articles excluded
Review, letter, editorial, or abstract = 4
> Duplicates = 2
No conventional colectomy group for
comparison =3
A 4

14 articles included for qualitative

synthesis
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CME and 19.6 (95% CI 13.6-25.5, I’=90.0%) for non-CME
surgery. In the higher volume studies, the pooled overall
incidence of complications was 24.4% (95% CI 20.0-28.9,
?=88.1%) and 15.9% (95% CI 9.0-22.8, I>’=45.6%) in
lower volume studies. Only one study demonstrated higher
incidence of complications after CME [24], as the remaining
did not show a difference between the two groups. Further-
more, only one study reported intraoperative outcomes [9].
In this study, CME was associated with significantly higher
intraoperative organ injuries (CME 9.1% vs. 3.6% non-CME,
p <0.001), in particular splenic and superior mesenteric vein
injuries. However, overall postoperative and surgical com-
plications were similar in that study. The pooled proportion
of four studies reporting anastomotic leak was 6.0% (95%
CI 2.2-9.7, I>=84.4%) after CME resections versus 6.0%
(95% C14.1-7.9, =50.1 %) after non-CME colectomy [9,
15, 22, 24]. In the higher volume studies, the pooled leak
rate was 5.6% (95% CI 0.2—-11.0, I’=93.9%) and 6.6% (95%
CI2.5-10.8, 12=48.4%) in lower volume studies. Only one
study reported a statistically significant difference in anas-
tomotic leak rate [24], although it was lower in the CME
group. Operative blood loss between the groups was similar
in the three studies that reported this outcome [15, 22, 25],
but one study noted that the CME group had a significantly
higher rate of excessive bleeding (> 350 ml) [25].

Histological outcomes

There were four papers reporting plane of dissection [15-17,
22], with the pooled proportion of CME plane of dissection
being 85.8% (95% CI 79.8-91.7, I*=67.4%). In the single
high-volume study, 81.3% (95% CI 76.9-85.2) of specimens
were graded in the mesocolic plane. In low-volume studies,
the pooled proportion of specimens in the mesocolic plane
of dissection was 87.9% (95% CI 80.8-95.0, I’=57.6%).
The distance to high tie, area of resected mesentery, and
specimen length were poorly described (Table 3) and were
mostly in favor of CME when reported. Using the CME
criteria defined by Sondenaa et al. [12], only one study [17]
included all of the relevant outcomes of bowel length, dis-
tance to high tie, and plane of dissection. Lymph node har-
vest was reported in all studies except two [9, 15, 17-22,
24-27]. Nodal yield was higher in the CME group in all
studies except for two [26, 27]. However, one of the studies
demonstrating a difference had a mean lymph node yield less
than 12 in the non-CME group [21].

Oncological outcomes

There were nine studies that compared long-term oncologic
outcomes between CME and non-CME resections (Table 3)
[16, 19-26]. Overall survival was higher for the CME group
at years in stages I-III in one study [26] and for stage III only

in the other [24]. The five other studies reporting 3- or 5-year
overall survival did not demonstrate a difference between
CME and non-CME resections. Disease-free or disease-
specific survival was higher for the CME group in three of
the six studies [16, 24, 26] .One study reported significantly
lower 5-year disease-specific survival for D3 resections
compared to D1/D2, although the difference was small (D3
91% vs. 92% for D1 and 95% for D2) [23]. Local and distant
recurrence was included in four studies [22, 24-26], with
two studies reporting lower recurrence in favor of CME [22,
24]. The local recurrence rates in the non-CME group for
these two studies were 20.6% (Dukes A-D) [22] and 14.8%
(stage III only) [24].

Discussion

CME applies many of the same principles of the total meso-
rectal excision concept for rectal cancer to colon cancer
surgery. Dissection along the ‘holy plane’ at the mesorec-
tal fascia has shown to minimize CRM involvement and
is associated with improved outcomes in rectal cancer.
Similarly, CME involves a meticulous dissection along the
embryological planes surrounding the colon and its mesen-
tery, resulting in an intact mesocolic envelope. CME also
includes a division of the supplying vessels at their origin
(CVL) to improve lymph node harvest. Early data suggested
improved oncologic outcomes with the CME technique, but
data are sparse. Past systematic reviews have not included
much of the newer data and have also included case series
without a comparison group [11, 28, 29]. We performed a
systematic review on the perioperative and long-term out-
comes of CME, but only included comparative studies. In
the present study, the available evidence does not consist-
ently demonstrate the superiority of CME over conventional
colectomy.

There are several elements that are essential in CME sur-
gery [12]. First, the dissection is performed in the embryo-
logic plane between the colonic mesentery and the parietal
fascia of retroperitoneum. This allows for the removal of
vascular, lymphatic, and perineural tissues as a complete
undisturbed package en bloc with the colon. Second is CVL,
where all the regional lymph nodes, including the apical or
D3-level nodes, are removed with high ligation of the vas-
cular pedicle. The third element is adequate bowel length
of the resected specimen and the removal of the pericolic
lymph nodes in the longitudinal direction. There were few
studies that reported these important elements of CME,
with only one study reporting all three. While the relation-
ship between these histopathologic variables and oncologic
outcomes is unclear, these variables are important in deter-
mining the quality of the CME in comparison to what is
considered ‘conventional’ colectomy. The one variable that
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was consistently reported was lymph node yield, which was
higher in all studies except for two (Table 3) [26].

In this review, CME and D3 dissection were considered
in the same manner; however, there are several differences
between the two techniques. The amount of bowel resected
is based on tumor location in the CME techniques, whereas
the bowel transection margins are generally limited to 10 cm
from the tumor and 5 cm from the feeding vessels in D3 dis-
section [12, 20, 21]. Consequently, bowel length and area
of resected mesentery is higher in CME compared to D3
dissection, although nodal harvest is similar [13, 30]. The
planes of dissection between the two techniques are identi-
cal. Some of these differences may be explained by the level
of expertise, as D3 dissection is considered standard of care
for stage II and III colon cancer according to Japanese prac-
tice guidelines published in 2005, and over 75% of colecto-
mies are performed by the D3 technique [31].

There was variability in the description of the CME tech-
nique amongst the included studies. The Japanese studies
tended to only describe the extent of the lymphadenectomy,
detailing their surgical approach to D1, D2, and D3 [20,
23]. Japanese D3 dissection is generally considered similar
to CME as described above, except for the length of bowel
that is resected, which is lower in the D3 technique. For the
Western studies, the surgical technique was clearly described
in most. Only one study had a vague description of CME,
but did mention the extent of lymphadenectomy in each
group as well as performing CVL in the study group [19].
Another study focused on the extent of vascular ligation to
delineate the differences in the study groups, where we con-
sidered CVL to be the study arm and the remaining groups
as standard technique.

Survival data were also equivocal. There were nine stud-
ies that reported long-term oncologic outcomes, of which
only four reported improved overall or disease-free survival
[16, 24, 26], or decreased local or distant recurrence in favor
of CME [22, 24]. One study reported lower disease-specific
survival for D3 dissection compared to D2 and D1, although
this difference was no longer significant on multiple regres-
sion analysis [23]. There were important methodologic limi-
tations in the four studies demonstrating favorable results.
Two of the studies compared outcomes from one hospital
performing CME to other hospitals performing conventional
colectomy [16, 26]. There may have been other important
differences in the referral status, hospital and surgeon vol-
ume, and treatment characteristics between the hospitals that
may have further biased the results. The other two studies
compared patients undergoing CME with historical controls
[22, 24]. There have been important advances in the treat-
ment of colorectal cancer over time that may also explain
the improvements in outcomes beyond CME, especially for
the study by Merkel et al. [24] which compared CME out-
comes from 1995 to 2002, 2003-2009, and ‘pre-CME’ era
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of 1978-1984. Clearly, perioperative morbidity and mortal-
ity, as well as chemotherapy regimens, have significantly
changed over these time periods [10]. Similarly, the seminal
study by Hohenberger et al. [7], which was not included in
this systematic review as it did not adequately describe the
patient and surgical characteristics of the non-CME group,
demonstrated favorable outcomes for CME, but compared
to historical controls over an extended time period that also
included significant advances in the treatment of colorectal
cancer. The two studies reporting lower local recurrences in
favor of CME had exceedingly high local recurrence rates
in the non-CME group (20.6% [22] and 14.8% [24]), which
calls into question the adequacy of the resection in these
patients. Locoregional recurrence in the randomized trials
comparing laparoscopic and open ‘conventional’ colec-
tomy for colon cancer [32—35] have all reported lower rates
with longer follow-up (highest rate was 10.6% after 10-year
follow-up of the Lacy et al. trial [35]) than the two stud-
ies in this review. Only one of these studies also included
overall survival data, which was in favor of CME [24]. It is
unclear whether this was a result of the high incidence of
local recurrences.

CME is generally thought to be more technically diffi-
cult compared to ‘conventional’ colectomy due to the central
vascular dissection, especially in patients with significant
visceral obesity. Perioperative outcomes such as overall
morbidity, anastomotic leak, and mortality were inconsist-
ently reported, and generally do not demonstrate a difference
between CME and conventional colectomy. However, only
one study reported intraoperative complications [9], which
demonstrated a significantly higher incidence of injuries to
the superior mesenteric vein and spleen, although overall
morbidity was similar. The lack of reporting of intraopera-
tive complications was a significant gap in the available lit-
erature, especially as many surgeons that have not adopted
the CME technique are especially wary of the potential sig-
nificant intraoperative complications that may occur with the
central dissection during CME. It is unclear if the purported
survival benefits are offset by these complications [36].
Other data have shown an important association between
perioperative morbidity and decreased long-term survival
after colon cancer surgery [37].

The results of this systematic review should be interpreted
in view of several other limitations. Most importantly, there
is a lack of high-quality data. There were no randomized
trials, and all of the remaining observational studies were
retrospective in nature. There was significant heterogene-
ity in study design amongst the included studies, with little
standardization of the CME technique [36]. We attempted
to account for possible learning curve and volume—outcome
effect by performing subgroup analysis based on sample size
(<100 vs. > 100 cases), but the requisite volume is not yet
known. There was significant heterogeneity in the reported
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outcomes which limited our ability to perform a pooled anal-
ysis for many of the variables. This is especially important
as many of the studies had small sample sizes and therefore
are subject to potential type II error. Quality assessment was
also difficult, as there is no consensus on the best instrument
to evaluate non-randomized studies, as well as the multi-
ple study designs of the articles included in this systematic
review. We used the MINORS instrument, which was been
specifically designed and validated for surgical studies, but
many other instruments exist.

In light of the available literature, more comparative
research is needed before CME can be widely recom-
mended and implemented. The first requirement of future
studies should be a standardized definition of CME and its
outcomes. This systematic review demonstrated that the
important ‘quality of surgery’ outcomes specific to CME
are poorly described in the literature, in particular plane
of surgery. Without these important data, the true effect of
CME may never be clearly elucidated. Consensus guidelines
exist which provide recommendations on the extent of bowel
resection and vascular ligation [12]. There also needs to be
more data on the incidence of CME-related intraoperative
injuries and perioperative morbidity, in particular amongst
those who are starting to implement this technique. Finally,
comparisons of long-term oncologic outcomes should be
performed with contemporary controls to avoid biases due
to changes in management over time.

In summary, the quality of the current evidence is limited
and does not consistently support the superiority of CME.
Better data are needed before CME can be recommended as
the standard of care for colon cancer resections.
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