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Abstract

Background We have evaluated the safety and feasibility
of combining median-to-lateral and anterior-to-median
(MLAM) approaches to perform laparoscopic complete
mesocolic excision (CME) with radical lymph node dis-
section along the gastrocolic trunk of Henle (GTH) for
right hemicolon cancer.
Patients and methods We retrospectively analyzed data
obtained from a prospectively maintained database on 31
consecutive patients who had undergone laparoscopic
CME with radical lymph node dissection for right hemi-
colon cancer between January 2010 and December 2013.
We used video recordings of the procedure to assess the
quality of the surgery and completeness of CME. We also
assessed operative data, pathological findings, length of
large bowel resected, complications, BMI, operative time
by experience of surgeon, and length of hospital stay.
Results  All patients had undergone en bloc resection of
the enveloped parietal planes and radical lymph node dis-
section along the surgical trunk without any serious intra-
operative complications. Twenty six and five patients
graded mesocolic and intra-mesocolic plane, respectively.
Five, three, eleven, and thirteen patients had T1, T2, T3,
and T4 tumors, respectively. The median number of lymph
nodes retrieved was 25, lymph node metastasis being
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identified in 11 patients. The mean length of large bowel
resected was 21.8 cm. The mean operative time and
intraoperative blood loss were 269 min and 39 mL,
respectively. No intraoperative complications occurred in
any patient. Three patients had postoperative complica-
tions. The mean BMI was 22.6 kg/m>. The mean operative
time for patients stratified by BMI of <22 or >22 was 225
and 297 min, respectively. There were no correlations with
operative time by experience of surgeon. The median
postoperative hospital stay was 13 days.

Conclusions Laparoscopic CME conducted by fusion
fascia exposure with radical lymph node dissection along
the GTH via a combination of MLAM approaches is a safe
and feasible procedure for right hemicolon cancer.

Keywords Complete mesocolic excision - Laparoscopy -
Lymph node dissection - CME - Colon cancer - Fusion
fascia

Laparoscopic colectomy has become a standard surgical
treatment for colon cancer, and many large randomized
trials have shown short-term benefits with more rapid
postoperative recovery and improved quality of life com-
pared with open colectomy [1-3]. The procedure is onco-
logically safe for managing colon cancer [4-6]. Complete
mesocolic excision (CME) with central vascular ligation
(CVL) is now a standard form of colon cancer surgery: it
has a reduced local recurrence rate and improved long-term
survival compared with previously performed procedures
[7]. The feasibility and safety of CME in both open and
laparoscopic surgery have been demonstrated [8—18].
When performing laparoscopic surgery, it is very
important to understand the embryologic basis of adult
anatomy. Until 12 weeks, the primary midgut loop rotates
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270° counterclockwise around the primary superior mes-
enteric artery, and until 20 weeks, the greater omentum and
transverse mesocolon overlay the frontal surface of the
mesoduodenum [19-21]. The peritoneal membrane at the
attachment site fuses and degenerates to form membranous
connective tissue called the fusion fascia [21]. Here, we
describe laparoscopic CME based on embryologic con-
siderations and involving detachment of the fusion fascia
with radical lymph node dissection for right hemicolon
cancer.

Patients and methods
Patients analyzed

In this retrospective study, data on 31 consecutive patients
(14 men, 17 women) of mean age 71.9 years (range:
52-92 years) obtained from a prospectively maintained
database at Kagoshima University hospital in Japan were
analyzed. All patients had undergone laparoscopic CME
with CVL and radical lymph node dissection for right
hemicolon cancer between January 2010 and December
2013. Patients were excluded if they had T4b cancer or
bulky tumors, small bowel obstruction or perforation due to
the primary tumor, dense adhesions, or American Society
of Anesthesiologists scores of 4 or 5. Video recordings of
the procedures were used to assess the quality of the sur-
gery and completeness of CME with CVL, the level of
which was graded as mesocolic, intra-mesocolic, or intra-
muscularis propria plane according to standard definitions
[8]. Pathological findings, operative data, complications,
BMI, operative time by experience of surgeon, and length
of hospital stay were also assessed. The patients were
stratified by BMI (< 22 or >22) and differences in oper-
ative time and results of histopathologic evaluation asses-
sed. The surgeons were also stratified into three categories:
highly experienced laparoscopic colorectal surgeons,
experienced laparoscopic surgeons, and laparoscopic sur-
geons with little experience, after which the mean opera-
tive times according to category of surgeon were
calculated. All mesenteric lymph nodes were retrieved and
fixed in formalin, after which each specimen was assessed
by two pathologists.

Surgical procedure

All patients were administered general anesthesia and
placed in the lithotomy position. The operator and camera
operator stood on the left and the assistant on the right side.
First, a trocar for a 10-mm flexible laparoscope was
inserted through the umbilicus using an open technique
(point a in Fig. 1). A pneumoperitoneum was maintained at
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Fig. 1 Skin incision of trocar placement diagrammatic representation
of skin incisions for placement of a 12-mm trocar in the umbilicus for
a 10-mm flexible laparoscope (A), a 5-mm trocar in the left upper
quadrant for an assistant or operator (B), a 12-mm trocar in the left
mid abdomen for an operator (C), a 5-mm trocar in the left lower
quadrant for an operator or assistant (D), and a 5-mm trocar in the
right upper quadrant for an assistant (E)

10 mm Hg using CO,. Under laparoscopic guidance, 12-
and 5-mm trocars for the operator were placed in the left
lower abdomen and two 5-mm trocars for the assistant in
the right lower and left upper abdomen. The operator used
the left middle trocar (point ¢ in Fig. 1) with the right hand
and the left lower trocar (point d in Fig. 1) with the left
hand during the median-to-lateral approach, and the left
upper trocar (point b in Fig. 1) with the right hand and left
middle trocar (point ¢ in Fig. 1) with the left hand during
the anterior-to-median approach. The abdominal cavity
was initially explored, laparoscopic instruments were
inserted, and a median-to-lateral approach was achieved
using an ultrasonically activated device. Dissection was
then started behind the pedicle of the ileocolic vessels
(Fig. 2A), and proceeded along the superior mesenteric
vein (SMV) using a short pitch technique. The ileocolic
vessels were then severed at their roots (Fig. 2B). After the
embryological tissue planes comprising Told’s and prere-
nal fascia had been exposed, a wide separation between the
pancreatic head and transverse colon was achieved
(Fig. 2C). Dissection then proceeded along the SMYV,
exposing the gastrocolic trunk of Henle (GTH) (Fig. 2D).
Next, the middle colic artery was identified arising from
the superior mesenteric artery (SMA) and severed at the
root of its right branch. This was accompanied by lymph
node dissection, taking care to preserve the left branch of
the middle colic artery. Simultaneously, the middle colic
vein was identified and severed at the root of its right
branch (Fig. 2D). Next, an anterior-to-median approach

@ Springer



36

Surg Endosc (2015) 29:34-40

Fig. 2 Median-to-lateral
approach Intraoperative
photographs of the median-to-
lateral approach showing:

A Dissection starting dorsal to
the ileocolic vessels. B Lymph
node dissection along the SMV
with CVL of the ileocolic artery
(ICA) and vein (ICV).

C Detaching the fusion fascia
between the mesocolon and
prerenal fascia. D Ligation at
the roots of the right branches of
the middle colic artery (MCA)
and vein

Fig. 3 Anterior-to-median
approach Intraoperative
photographs of the anterior-to-
median approach showing:

A Dissection of the right side of
the greater omentum.

B Detaching fusion fascia
between the omentum and
transverse mesocolon.

C Dissection of the accessory
middle colic veins (AMCYV).

D Final view after radical lymph
node dissection along the GTH
and SMV. RGEV, right
gastroepiploic vein; ASPDV,
anterior superior
pancreaticoduodenal vein
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was performed by dissecting the right side of the greater
omentum (Fig. 3A). The fusion fascia was detached
between the omentum and transverse mesocolon and the
hepatic flexure mobilized (Fig. 3B). The accessory middle
colic veins were carefully dissected accompanied by lymph
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node dissection (Fig. 3C), and the transverse mesocolon
dissected below the lower edge of the pancreas, uncovering
the SMV (Fig. 3D). Next, a minilaparotomy was per-
formed via the umbilicus, the incision being approximately
4 cm in diameter. The excised specimen was extracted
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through this incision with wound protection, after which
extracorporeal functional end-to-end anastomosis was
performed.

Statistical analyses

The results were analyzed using SPSS for windows, ver-
sion 15.0 (SPSS, Chicago, IL, USA). Differences between
means were analyzed using Student’s ¢ test. A P value of
less than 0.05 was considered statistically significant.

Results

All patients underwent en bloc resection of the enveloped
parietal planes with radical lymph node dissection along
the surgical trunk. Twenty six and five patients graded
mesocolic and intra-mesocolic plane, respectively. Five,
three, eleven, and thirteen patients had histological T1, T2,
T3, and T4 tumors, respectively. The median number of
lymph nodes retrieved was 25, lymph node metastasis
being identified in 11 patients. According to the Union for
International Cancer Control staging criteria, 5, 12, 10, and
4 patients had stage I, II, III, and IV tumors, respectively.
Twenty-two, four, two, two, and one patient had well-dif-
ferentiated tubular, moderately differentiated tubular,
poorly differentiated, mucinous, and papillary adenocarci-
noma, respectively (Table 1). The mean length of large
bowel resected was 21.8 cm. The mean operative time and
intraoperative  blood loss were 269 min (range:
165-420 min) and 39 mL (range: 0-270 mL), respectively.
Mean time to commencing postoperative oral intake was
4 days (range: 3-5 days). No patients had any serious
intraoperative complications. Three patients had postoper-
ative complications. One patient, aged 67, developed
anastomotic bleeding that was successfully managed by
achieving hemostasis via colonoscopy and was discharged
23 days after surgery. Another patient, aged 78, developed
ileus, which resolved when oral intake was stopped for a
few days; this patient was discharged 8 days after surgery.
The third patient, aged 52, developed cholangitis, recov-
ered with conservative treatment, and was discharged
18 days after surgery. No other postoperative complication,
such as anastomotic leakage, intra-abdominal abscess,
wound infection, or pulmonary infection, occurred in any
patient. There was no intraoperative or postoperative
mortality. The mean BMI was 22.6 kg/m*: 12, 10, and 9
patients had BMI of <22, 22-24, or >24, respectively. The
mean operative time was significantly shorter in patients
with BMI < 22 than in those with BMI > 22 (mean 225
vs. 297 min; P < 0.002). The mean blood loss was sig-
nificantly less in patients with BMI < 22 than in those with
BMI > 22 (mean 15.8 vs. 54.1 min; P < 0.033) (Table 2).

Table 1 Pathological findings

T-stage (n)

Tl 5

T2 3

T3 11

T4 13
Tumor size (cm) 4.2 (1-6.5)
N-stage (n)

NO 20

N1 9

N2 2
No. of retrieved nodes 25 (12-41)
TNM classification (n)

I 5

I 12

I 10

v 4
Histological type (1)

Well or moderately differentiated 26

Others 5

Length of large bowel (cm) 21.8 (14.8-35.0)

There were no significant differences in operative times
between highly experienced and less experienced surgeons
(mean 250 vs. 282 min; P = 0.492). The median postop-
erative hospital stay was 13 days.

Discussion

Cancer surgery based on embryologic considerations plays
a central role in the meaningful management of colorectal
surgery. Patients with T3-T4 right colon cancer are suit-
able candidates for lymph node dissection with high liga-
tion [22]. There is global consensus that total mesorectal
excision is the standard for rectal cancer surgery: this
procedure focuses on achieving intact block resection of
the mesorectum, tumor, and lymphatic drainage [23-25].
CME with CVL, in which the embryologic tissue planes
are resected along the entire enveloped mesocolon, has
been found to reduce local recurrence and improve long-
term survival compared with previously performed proce-
dures [7-9]. A retrospective analysis of surgical quality and
its correlation with prognosis in 399 patients with colon
cancer found that improving the plane of dissection may
improve survival, especially in patients with stage III dis-
ease [8]. Moreover, laparoscopic CME with CVL for colon
surgery has been shown to be technically feasible and
effective, surgical results being optimized through a com-
bination of surgical proficiency, institutional caseload, and
expertise [12—18]. However, a safe strategy for vascular
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Table 2 Analysis stratified by

BMI < 22 BMI > 22
BMI
Factor (n=12) (n=19) p value
Age
75.3 £ 2.8 (Mean £+ SD*) 69.84 £+ 2.2 (Mean + SD¥*) 0.142 (N.S.)
Mean blood loss (ml)
15.8 £ 16.2 (Mean + SD¥*) 54.1 + 12.9 (Mean + SD¥*) 0.033
Mean operative time (min)
225.4 £+ 16.5 (Mean + SD¥*) 297.8 £ 13.1 (Mean £+ SD¥*) 0.002
Tumor size (cm)
4.5 + 0.6 (Mean 4+ SD¥*) 4.0 £ 0.5 (Mean 4+ SD¥*) 0.614 (N.S.)
Histological type (1)
Well or moderately 11 15 0.320 (N.S.)
Others 1 4
Depth of invasion (n)
T1/2 1 7 0.061 (N.S.)
T3/4 11 12
No. of retrieved nodes
26.9 + 2.9 (Mean £+ SD¥) 23.0 + 2.3 (Mean 4+ SD¥*) 0.290 (N.S.)
Lymph node metastasis (1)
pNO 9 3 0.692 (N.S.)
pNI1 13
Histological stage (n)
Stage I, II 10 0.756 (N.S.)
Stage III, IV 5 9

* Standard deviation

ligation around the GTH and middle colic vessels with
radical lymph node dissection has not yet been described.
In this study, we describe laparoscopic CME involving
detachment of the fusion fascia accompanied by radical
lymph node dissection via a combination of median-to-
lateral and anterior-to-median (MLAM) approaches for
right hemicolon cancer.

There were vascular anomalies noted around the GTH
and middle colic vessels in any of the patients. The supe-
rior right colic vein exits and drains from the right flexure
to the GHT in 89 % of cases [26]. Several cadaver studies
have clarified the three-dimensional venous anatomy of the
GTH and reported that the GTH is a constant and con-
spicuous anatomic entity [27-29]. Preoperative 3D-CT is
informative and helpful for surgeons performing laparo-
scopic CME for right colon cancer as the venous tributaries
of the right colon are variable [30]. However, because of its
tight relationship to the right colon arteries and their
variations, it is not easily accessible [26-29]. Although in
both total mesorectal excision and CME detachment of the
fusion fascia is performed by techniques derived from
embryologic considerations, in adults, the fusion planes
around the SMV and SMA are complicated because of
secondary modification and simplification during vascular
development [21]. An understanding of the embryologic
basis for anatomy is very important for laparoscopic
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surgeons. Until 20 weeks, the mesocolon is attached to the
renal fascia covering the right kidney and the greater
omentum and transverse mesocolon overlie the frontal
surface of the mesoduodenum: these fuse together and
degenerate to form the membranous connective tissue
called the fusion fascia [19-21]. We here propose a novel
form of laparoscopic surgery for right hemicolon cancer
based on embryologic considerations and consisting of
CME with CVL via a combination of MLAM approaches.
We use a median-to-lateral approach to uncover the SMV,
ileocolic vessels, duodenum, pancreas head, GTH, and
middle colic vessels and detach the fusion fascia. In
addition, we dissect the ileocolic vessels and right branch
of the middle colic vessels together with regional lymph
nodes. Following this, we use an anterior-to-median
approach to dissect the greater omentum and detach the
fusion fascia of the greater omentum and transverse mes-
ocolon, after which we carefully dissect the accessory
middle colic veins together with lymph node dissection.
When the carcinomas were located in the caecum and
proximal ascending colon, we did not dissect the accessory
middle colic veins. Because the GTH can have variations
involving the accessory middle colic veins, anterior supe-
rior pancreaticoduodenal vein, right gastroepiploic vein,
and sometimes the middle colic vein, it is necessary to have
a three-dimensional grasp of the surgical anatomy. Because
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the combination of MLAM approaches allows us to rec-
ognize the GTH from median and anterior, our procedure
ensures three-dimensional visualization of the anatomy
around the GTH. Thus, we perform CME with radical
lymph node dissection along the SMV and en bloc resec-
tion of the mesocolon. This formalized technique yields
good short-term outcomes, including minimal blood loss,
retrieval of sufficient numbers of lymph nodes, and few
perioperative complications. Our procedure provides
patients safety and oncological clearance.

One limitation of this study is that it included only 31
patients; however, none had any intraoperative complica-
tions, and only three had postoperative complications. A
second limitation is that during our procedure the operators
must change position when they move from the median-to-
lateral approach to the anterior-to-median approach: this is
not complex. Third, the mean duration of surgery was
269 min. We attribute this relatively long duration to the
number of different surgeons who performed it: one highly
experienced laparoscopic colorectal surgeon, three experi-
enced laparoscopic surgeons, and two laparoscopic sur-
geons with little experience. There were no significant
differences in duration of surgery between the highly
experienced and less experienced surgeons. We also
assessed the effect of BMI. Although longer operative
times were significant correlated with high BMI, there were
no intraoperative complications in this series. We attribute
our lack of such complications to the fact that we per-
formed CME by detaching the fusion fascia along the
embryologic tissue plane, dissected carefully using a short
pitch technique, had a good grasp of the 3-dimensional
anatomy of the GTH and used the combined MLAM
approach. We assessed the level of CME with CVL using
the video recording, and graded as mesocolic plane, intra-
mesocolic plane or intra-muscularis propria plane accord-
ing to standard definitions [8]. We verified that 26 and 5
patients graded mesocolic and intra-mesocolic plane,
respectively. In these 5 patients graded intra-mesocolic
plane, who had Stage I of 2 and Stage IV of 3, all patients
underwent high ligation of its root of vessels, but mesocolic
resection was not sufficient. In contrast, we are unable to
provide data on the length of vascular pedicle, the length of
small bowel, and the area of mesentery, because we were
unable to assess these parameters from the available video
recordings of the procedures. Indeed, in all we have had
only 3 years of experience with this procedure, suggesting
that our team has not yet reached a plateau in our learning
curve. Another limitation of our study is that it was a ret-
rospective analysis of data on 31 consecutive patients with
right hemicolon cancer obtained from a prospectively
maintained database. Short- and long-term randomized
trials are required to assess the effectiveness of this
procedure.

In conclusion, we propose that laparoscopic CME with
detachment of fusion fascia and radical lymph node dis-
section along the GTH via a combination of MLAM
approaches is a safe and feasible surgical procedure for
patients with right hemicolon cancer. This procedure also
offers an improved oncological strategy for cancer surgery.
Although our results suggest that this strategy is acceptable
for right hemicolon cancer, the effectiveness and feasibility
of this procedure should be assessed in randomized trials.
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