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Abstract Laparoscopic colorectal surgery for cancer is nowadays routinely performed worldwide. After the introduction
by Heald of total mesorectal excision for rectal cancer, also a
complete mesocolic excision has been advocated as an essential surgical step to improve oncologic results in patients with
colon cancer. The complete removal of mesocolon with high
ligation of the main mesenteric arteries and veins and the
mobilization of splenic flexure are well-known but still debated in western surgical society. The authors reviewed the literature and outlined the rationale and the results of splenic flexure mobilization and complete mesocolic excision in laparoscopic surgery for colorectal cancer.
Keywords Splenic flexure mobilization . Complete
mesocolic excision . Laparoscopy . Colorectal surgical
technique . Colorectal cancer

Introduction
Laparoscopic surgery has gained increasing interest for treatment of colorectal cancer. According to the American Board
of colorectal surgery, already in 2005, about 24.3% of laparoscopic colorectal surgery was performed for oncologic indications. In the same year, about 41.1% of surgical operations for
colorectal cancer were accomplished laparoscopically [1].
Nowadays, the trend towards laparoscopic technique in
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colorectal surgery, either for benign or malignant disease, is
continuously rising up.
Since Heald, back in 1988, described the Bholy plane^ of
rectal cancer surgery [2], total mesorectal excision (TME)
during rectal resection has been broadly adopted and local
recurrence rate has successfully been reduced from 40% to
less than 10% in mid/low rectal tumours [3, 4].
Thanks to this above-mentioned scientific validated observation that proved great results in survival and recurrence of
rectal cancer, a new emphasis has now given to a complete
removal of mesocolon of the affected large bowel. This new
trend in the surgical treatment of colon cancer has been developed first in the eastern countries and now has become popular among western surgeons. [5].
The complete mesocolic excision (CME) for colon cancer
has been introduced in western countries after its publication
in 2009 by Hohenberger et al. [6], who performed and standardized this new surgical approach in colon malignancies,
consisting in the total removal of the mesocolon with its
lymph nodes, in addition to the classical colorectal surgical
technique.
This is defined as the approach of Bcoelomic mesenteric
folds^, which completely responds to the philosophy of eastern surgeons who have always considered large
lymphadenectomies as an important step in surgical oncology.
In western countries, on the contrary, lymphadenectomy has
been performed only for pathological staging and prognosis
rather than for actual survival benefits [7].
Since mesocolic attachments have now a leading role in
colon surgery for cancer, splenic flexure mobilization (SFM)
has also been reconsidered. Although many surgeons advocate that SFM should be performed as a routine step during
anterior resection [8, 9], there is still no universal agreement
on the necessity and usefulness of SFM in left colorectal surgery [10, 11]. However, a complete SFM could become
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essential in case of left mesocolic excisions, especially during
laparoscopic operations.
In this article, based on these advances, the authors
reviewed the literature and discuss on splenic flexure mobilization and complete mesocolic excision. Feasibility, safety
and usefulness of these surgical steps during laparoscopic colorectal cancer surgery are debated.
Splenic Flexure Mobilization
The definition of SFM is not homogeneous among different
studies. It seems to be essential to differentiate a partial splenic
flexure from the complete splenic flexure mobilization. With
partial SFM, it should be intended only to the division of
spleno-colic and phreno-colic ligaments. Complete SFM includes, otherwise, division of spleno-colic and phreno-colic
ligaments (partial mobilization) in addition to division of
gastro-colic and pancreatico-mesocolic attachments, and can
be technically accomplished either through a lateral-to-medial
or a medial-to-lateral fashion [12, 13]. It is in our opinion that
only this Bcomplete^ SFM matches the criteria for better surgical outcomes.
Routine versus selected SFM during left colorectal laparoscopic surgery is still argued. As a matter of fact, SFM is
associated with additional risk of inadvertent splenic injury
and subsequent splenectomy. The incidence of splenic injuries
resulting in splenectomy during colorectal surgery has been
reported in a rate varying from 1.2 to 8% of cases [14].
Patients undergoing colectomy who sustain splenic injury
are at increased risk of morbidity and mortality in both
short- and long-term postoperative period, regardless of
whether or not they have cancer or the spleen was salvaged
[15–18].
SFM is also a demanding step towards both conventional
and laparoscopic procedures and may require patient repositioning, wider incision or additional port insertion [11, 19]. It
is considered more difficult in laparoscopic colorectal resection than in open surgery [20]. According to a survey
questioning 35 experienced laparoscopic colorectal surgeons,
SFM was evaluated as one of the toughest procedures to perform [21]. In the proposed score system, used to evaluate the
difficulty of different procedures, SFM was marked as one of
the trickiest in colorectal surgery.
Pros and cons of SFM during left colon resections need to
be analytically considered. Although some studies have
Table 1 Operative time duration
for SFM (min, mean)

shown that routine SFM confers no advantage with regard to
morbidity, oncological results or survival in both laparoscopic
and open anterior resections [10, 11], other surgeons perform
SFM especially during anterior resection with improved postoperative outcome. Their series demonstrates a lower risk of
anastomotic leak and oncological compromise in the groups in
which SFM had been undertaken [8, 9].
Besides, SFM is a time-consuming procedure (Table 1,
Fig. 1). Analysing four different case-control studies [8, 10,
13, 22], it appears evident that SFM entails a statistically significant extra time, regardless of the type of surgery chosen:
open or laparoscopic. In Brennan’s experience on open colorectal surgery [10], SFM was associated to a longer operative
time with a mean extra time of 47 min (P = 0.023). Similar
data were reported by Marsden [22] and Akiyoshi [8] in laparoscopic series. The first reported an extra time of 70 min
(P < 0.001), and the latter an extra time of 52 min
(P < 0.0001). Kim [13], who prefers to mobilize the splenic
flexure through an extended medial-to-lateral approach,
showed better results, with only a mean extra time of
16 min, suggesting this approach over the lateral-to-medial
one which required 28 min mean (P < 0.001). Today, almost
all laparoscopic colorectal surgeons, including our team, prefer a medial-to-lateral approach.
Some authors reported that SFM is related to specific intraoperative complications [8], including bleeding near the pancreatic tail and marginal artery injury. Gezen et al. indicated
that postoperative complication rates were 22.2 and 36.0% in
patients undergoing, respectively, partial and complete SFM
[12]. SFM is also significantly associated with greater intraoperative blood loss (P = 0.0006) and longer operative time
(P < 0.0001) because of technical difficulty, which potentially
increases risk of complications [8].
On the other hand, in favour of SFM as part of colorectal
cancer surgery, there are several anatomical and oncological
studies [23–25], which support its usefulness. As a matter of
fact, it is plausible to speculate that SFM, extending the colon
segment available for colorectal anastomosis, would reduce
tension, preserve blood flow to the anastomosis and, subsequently, improve surgical outcomes.
High ligation of the inferior mesenteric artery (HL-IMA)
before the origin of the left colic artery, although not universally accepted, is by most considered an essential step for
radical oncologic surgery, allowing removal of D3 lymph
nodes [26]. HL-IMA, however, is dependent on the arcade

Author

Pts N.

Surgery

SFM

No SFM

Extra time

P value

Akiyoshi [8]
Brennan [10]
Marsden [22]
Kim [13]

260
100
138
237

Laparoscopic
Open
Laparoscopic
Laparoscopic

194
167
255
162

120
185
140

52
47
70
22

<0.0001
0.023
<0.001
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Fig. 1 Operative time duration for SFM (min, mean)

of Riolan as well as the vascularization of any distal anastomosis. But the arcade of Riolan is an inconstant artery.
Therefore, in cases it was not present, but HL-IMA was accomplished for oncologic reasons, the redundancy of colon
after SFM should allow to resect the colon more proximally
and still to achieve a tension-free anastomosis. This more
proximal resection would also assure a better blood supply
to the anastomosis ensuring its vitality.
In Aranjo’s study [23], anatomical dissections for left
colectomy and colorectal anastomosis were conducted in 20
fresh bodies by the same team of surgeons. The effect of
partial and complete splenic flexure mobilization on the extent
of the mobilized left colon segment was determined. The
length of the resected left colon, enabling a tension-free colorectal anastomosis at the level of sacral promontory, achieved
without mobilizing the splenic flexure, was 46.3 cm (range
35–81 cm). After partial mobilization of the splenic flexure,
the length of the achieved mobilized left colon segment
reached 57 cm (range 48.3–76.3 cm). Eventually, after full
mobilization of the distal transverse colon, it measured
85.3 cm mean (range 67–122 cm).
Thum-umnuaysuk, in his article [24], measured the colon
length gained after three different surgical procedures of colon
mobilization for low rectal anastomosis. The maximum colon
elongation was achieved only when high ligation of inferior
mesenteric artery (HL-IMA) and SFM had been associated
with high ligation of the inferior mesenteric vein (HL–IMV),
demonstrating a high statistical significance when compared
with the other two techniques (P < 0.0001).
In Kye’s work [25], the author defines ligation of the IMV
after the left colic vein converged to the IMV as a high ligation, and ligation of the IMV before the left colic vein converged to the IMV as a low ligation. The obtained redundancy
of the colon after SFM in the HL-IMV group
(29.54 ± 7.17 cm) was higher than in the low ligation group
(24.94 ± 6.07 cm; P < 0.0001).
For sure, SFM is an additional and complex surgical step
also in experienced teams and the controversy over the utility

Complete Mesocolic Excision
In 2009, based on similar theories introduced for total
mesorectal excision (TME), Hohenberger et al. proposed a
new technique for colon cancer [6], termed Bcomplete
mesocolic excision^ (CME). Dissection, according to the concept of CME, ensures complete removal of the lymphatic,
vascular and neural tissues in the drainage area of the colon
cancer. Hohemberg’s principle matched eastern philosophy
where lymphadenectomies are performed for oncological purposes to increase survival rate. On the contrary, in Europe and
North America lymphadenectomy has been performed only
for staging and prognosis [7]. Laparoscopic surgery might be
crucial in the general acceptance of mesocolic excision, since
the magnification of the images and the help of gas dissection
could improve the precision and safety of this surgical step
[27].
There are three essential components of CME. The main
one involves a dissection between the mesenteric plane and
the parietal fascia and removal of the mesentery within a complete envelope of mesenteric fascia and visceral peritoneum
that contains all lymph nodes draining from the tumour area
[6, 28]. This envelope contains potentially involved lymph
nodes, and, by keeping it intact, the risk of spillage of neoplastic cells into the peritoneal cavity is minimized. The second component is a central (or high) vascular ligation of the
relevant blood supply feeding vessel so as to completely remove all lymph nodes in the central (or vertical) direction [6,
29]. For right-sided resections, there might be quite radical
differences. Even though a high vascular tie has always been
recommended, there have never been clear guidelines on exactly how high the vascular tie should be. The third component is the resection of an adequate length of bowel to remove
involved pericolic lymph nodes in the longitudinal direction.
The most commonly used grading system with regard to
CME is the one designed for the CLASICC trial by the
Medical Research Council [28, 30], and it is based on the
grading system used for TME. Surgery is classified as being
in the muscularis propria (Bpoor^ plane) if the layer of dissection gives little bulk to the mesocolon and contains disruptions
extending down into the muscularis propria. The
intramesocolic plane (Bmoderate^ plane of surgery) occurs if
the layer of dissection gives moderate bulk to the mesocolon,
and it breaches through the mesocolon fascia but without
reaching the muscularis propria. The mesocolic (Bgood^)
plane occurs when there is an intact mesocolon with a smooth,
peritoneal lined surface. Following the mesocolic plane, and
then performing a CME, also allows a better staging for the
following adjuvant chemotherapy, even in cases of skip lymph
node metastasis.
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The knowledge of embryology and anatomy of the peritoneal layer is essential to understanding the role of mesocolic
dissection in colon cancer. The embryologic development,
however, can help to understand the anatomy of coelomic
mesenteric folds in the adult. At the end of the embryologic
rotations, the mesentery of the colon is attached posteriorly to
the retroperitoneum, medially to the colon sections. This is in
accordance with the hypothesis of Toldt, who in 1873 identified a distinct fascial plane between the mesocolon and the
underlying retroperitoneum, formed by the fusion of the visceral peritoneum of the mesocolon with the parietal peritoneum of the retroperitoneum (Toldt’s fascia).
Interestingly, laparoscopic surgery, with its high magnification and resolution, sustained the terminology such as
Bmesocolon^ and BToldt’s fascia^, and led to a resurgence of
interest in surgical anatomy in general. Contemporary appraisals have confirmed that the mesenteric organ is, as a
matter of fact, a continuous structure from the duodenojejunal flexure to the mesorectum [31, 32].
Beside the embryologic and anatomic considerations above
reported, the rationale for CME has been remarked, by several
oncologic studies. As known, central lymphatic spread occurs
along the feeding vessels. The area of lymphatic spread is
divided into the pericolic nodes along the marginal artery
(D1), mesenteric or intermediate nodes (D2) and central or
main nodes (D3). In colon cancer, it has been shown that
lymph node metastases may not occur in a stepwise fashion
(i.e. from pericolic to intermediate to apical nodes) in up to
18% of patients [33]. In some studies, apical skip metastatic
nodes were detected in up to 5.1% of patients who had no
other nodal disease close to the tumour [33–35].
This above-mentioned oncologic evidence suggests the importance of CME, both for treatment and staging. When standard surgery is performed, patients with skip node metastasis
may not receive appropriate adjuvant therapy. The removal of
lymph nodes up to and including the D3 area should thereby
be currently recommended as part of the CME with central
vascular ligation (CVL) strategy. D3 lymphadenectomy
should be considered equivalent to CME with CVL [26]. D3
lymphadenectomy resections for colon cancer have now been
widely published by the Japanese, Chinese, Korean and
Taiwanese [36–39]. In Japan, a D3 lymphadenectomy has
remained the standard of care for clinical stage II and III for
colorectal cancer surgery through all editions of their general
rules [40, 41].
Micro-metastases, defined as tumour deposits (<2 mm)
identified within lymph nodes with special staining methods
[42, 43], may also occur along the lymphatic ways of spread
of colon cancer. It has been hypothesised that surgical removal
of micro-metastases may offer an explanation for, at least, part
of the benefits of CME in TNM stage II patients [34, 42].
In a recent study [35], moreover, longitudinal spread was
only observed to the N1 zone (within 5 cm) and N2 (within
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10 cm) pericolic stations. Bidirectional spread along the colon
arcade to any of the two nearest feeding vessels is also possible if these are at an equal distance from the tumour. This
suggests an appropriate removal of bowel length above and
below the tumour site.
Until now, there has been neither randomized prospective
study comparing the difference of outcomes between CME
and traditional colon cancer surgery, nor a systematic prospective study analysing the application of CME for colonic tumours at different locations, stages, pathological grades and
patterns of lymph node metastasis. However, the benefits, in
terms of local recurrence or survival rate, are demonstrated
and reported in some case-control studies (Table 2, Fig. 2)
[6, 30, 44–46]. In these large series, 3- and 5-year survival
rate ranged between 61.5 and 90.5% in the study group where
CME was performed and from 46.0 to 82.1% in the standard
colectomy group. Statistical significance confirmed the superiority of CME in four out of five analyses. Local 5-year recurrence rate also increased considerably. Hohemberg showed
a reduction from 6.5% in the classic colectomy subgroup to
3.6% in the CME group [6], whereas in Galizia’s article it
passed from 20.7 to 0% where significance has been statistically proved (P = 0.03) [46].
CME can be safely performed laparoscopically for proximal right- and left-sided tumours with good oncological results. The evidence for hepatic flexure and transverse colon
tumours, however, remains lacking. In open-access surgery,
the lateral-to-medial approach to the retro-mesenteric plane
(Toldt’s) is relatively easy. It has been questioned if the
medial-to-lateral approach most often used in laparoscopic
surgery can achieve the same clearance [47, 48]. Specimen
inspection by laparoscopic specialist surgeons and specialist
pathologists has confirmed the adequacy of this approach. The
place of laparoscopy for tumours in the transverse colon or
bulkier or T4 tumours, or in patients with a high BMI, is still
debated by some [49]. Nevertheless, these limitations are not
absolute [49, 50]. Therefore, the range of bowel resection
should be determined, based on three considerations—standardized paracolic dissection, bowel viability after D3 lymph
node dissection and restoration of near-normal consistency
after anastomosis—rather than ensuring negative resection
margins alone.

Table 2

Survival rate (%) with CME versus classic colectomy

Author

Pts N.

Stage

Years

CME

Classic

P value

Hohenberg [6]
West [30]
Bokey [44]
Storli [45]
Galizia [46]

1329
399
867
189
103

I–III
I–IV
A–C
I–II
I–IVa

5
5
5
3
5

89.1
61.5
63.7
88.1
90.5

82.1
46.0
48.1
79.0
74.4

0.039
0.02
<0.0001
0.003
0.13
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Fig. 2 Survival rate (%) with CME versus classic colectomy

Conclusion
CME in the era of laparoscopic colorectal surgery should be
recommended, along with SFM. Randomized studies are required to confirm the value of these steps in laparoscopic
colorectal surgery, both to demonstrate the reduction of postoperative complications and to validate the improvement towards oncologic long-term survival. The laparoscopic approach might be of great help in the teaching and standardization of the surgical technique including CME and SFM.
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