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Abstract

Background Laparoscopic complete mesocoloic excision
(CME) with central vascular ligation for splenic flexure
cancer is technically challenging because of its anatomical
complexity. Although embryological and anatomical con-
sideration should be helpful to perform CME in colorectal
cancer surgery, such studies on the splenic flexure are
lacking.

Methods The splenic flexure is located embryologically
between the terminal portion of the midgut and the
beginning of the hindgut, and is supplied by the superior
mesenteric and inferior mesenteric arteries. The mesentery
of the transverse and descending colon originally is a
continuous sheet, although they rotate and partially fuse to
each other during development. Our surgical strategy was
excision of the transverse and descending mesocolon with
ligation of the left colic artery and left branch of the middle
colic artery, and extraction of the specimen in an intact
package wrapped by the embryological planes.

Results We performed laparoscopic surgery according to
our surgical strategy in 17 patients with splenic flexure
colon cancer. There were no conversions to open surgery or
serious intraoperative complications. Two patients had
pathological stage (pStage) I, 5 pStage II, 9 pStage III, and
1 pStage IV disease. No patient had recurrence except for 1
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with pStage IV cancer, with a median follow-up of
16 months.

Conclusions Our laparoscopic CME technique is feasible
for treatment of splenic flexure cancer. Knowledge of
anatomy based on embryology is essential to perform this
surgery.

Keywords Embryology - Splenic flexure cancer -
Laparoscopy - Complete mesocoloic excision

Complete mesocoloic excision (CME) with central vascu-
lar ligation (CVL) is recommended as an optimal surgical
treatment for colon cancer patients because it has been
proven to contribute to superior oncological outcomes
[1-3]. To achieve successful CME with CVL, precise
knowledge of the entire regional mesentery to dissect and
the supplying vessels to divide is essential. However, the
anatomy around the splenic flexure is complicated and
difficult to understand well due to embryological adhesion
during development. Furthermore, the arterial blood supply
and lymphatic drainage at this site vary and the anatomy of
the central vessels is uncertain [4-6]. Due to these
anatomical peculiarities, the optimal surgery for splenic
flexure cancer is not standardized either in open or
laparoscopic approach. Although several types of proce-
dures have been advocated so far including extended right
hemicolectomy, transverse colectomy, and left hemi-
colectomy [4, 7-9], the optimal extent of resection remains
controversial. Operative technique including splenic flex-
ure mobilization is also considered complicated and
difficult.

Embryological and anatomical consideration is helpful
and useful when performing CME in colorectal cancer
surgery. Although several anatomical studies based on
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embryology regarding the right colon are available, such
studies on the splenic flexure are rare [10-12]. In this
study, we illustrated the anatomical and embryological
peculiarities of the splenic flexure with diagrams. We also
described our technique of laparoscopic CME with CVL
for splenic flexure cancer based on embryology and
anatomy.

Materials and methods
Patients

We retrospectively analyzed prospectively collected data
of patients who underwent laparoscopic colectomy for
colon cancer at our institutions between January 2013 and
December 2016. A total of 17 patients with splenic flexure
colon cancer were enrolled in this study. In all cases, a
single surgeon (TM) who was qualified by the endoscopic
surgical skill qualification system of the Japan Society for
Endoscopic Surgery (JSES) performed the surgery. Inclu-
sion criteria for this study were (1) histologically proven
adenocarcinoma, (2) ¢T2-4 and cNO-2, and (3) elective
surgery. The patients with more than one carcinoma in the
colon or with concomitant surgery for other organ carci-
noma were excluded. Splenic flexure cancer was defined as
a tumor located in the distal third of the transverse colon, or
in the left colonic angle, or in the proximal descending
colon within 10 cm from the flexure [13]. The clinical
stage was diagnosed using colonoscopy, barium enema,
and contrast-enhanced computed tomography (CT) of the
chest and abdomen. Informed consent was obtained from
all patients prior to surgery. This study was approved by
the ethics committee of the institutional review board.

Embryological background

The primitive gut mainly consists of three sections: the
foregut, midgut, and hindgut (Fig. 1A). The midgut elon-
gates rapidly during week 6 of development, resulting in
the formation of the primary intestinal loop [14, 15]. The
midgut gives rise to the duodenum distal to the entrance of
the bile duct and terminates at the junction between the
proximal two-thirds and distal one-third of the transverse
colon. The hindgut begins immediately distal to its junc-
tion. The superior mesenteric artery (SMA) supplies the
midgut, while the inferior mesenteric artery (IMA) supplies
the hindgut. Therefore, the splenic flexure located between
the terminal portion of the midgut and the beginning of the
hindgut is supplied by the SMA and IMA (Fig. 1B).
During week 10 of development, the primary intestinal
loop rotates 270° counterclockwise around an axis formed
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Fig. 1 Development of the primitive gastrointestinal tract. A Lateral
view of the primitive gastrointestinal tract at 4-5 weeks of embryonic
development. B Lateral view of the primary intestinal loop before
rotation. PV portal vein, CA celiac artery, SMA superior mesenteric
artery, IMA inferior mesenteric artery, SMV superior mesenteric vein,
IMYV inferior mesenteric vein

by the SMA (Fig. 2A). After rotation, the mesentery of the
transverse and descending colon folds and partially fuses to
each other, although it originally is a continuous sheet. The
anterior sheet of the transverse mesocolon fuses with the
posterior wall of the greater omentum while maintaining its
mobility. The left edge of its attachment is at the lower pole
of the spleen. On the other hand, the posterior sheet of the
descending mesocolon fuses with the retroperitoneal wall
and the descending colon is fixed to the left abdominal wall
in a retroperitoneal position (Fig. 2B). In this way, the
splenic flexure of the colon is formed.

Surgical strategy

As described above, the splenic flexure cancer can be
supplied by the SMA and IMA, suggesting that the dis-
section of the lymphatic vessels that run into the root of the
SMA and IMA would be necessary to achieve radical
lymph node (LN) dissection. Therefore, the left colic artery
(LCA) from the IMA and the left branch of the middle
colic artery (MCA) from the SMA must be divided for
CVL. For CME, the transverse and descending mesocolon
must be dissected with an intact fascial package. The
mesentery of the transverse and descending colon origi-
nally is a continuous sheet, although it is rotated and par-
tially fused together during development. Resection of this
mesentery with the primary tumor without damage to the
embryological planes is required.

Operative procedure
The patient is placed in the Trendelenburg position and the

surgery is begun using five ports (Fig. 3).
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primary intestinal loop after
270° counterclockwise rotation
(A) and in the newborn (B). The
greater omentum was removed
in both figures. The blue and red
areas indicate the transverse and
descending mesocolons,
respectively. SMA superior
mesenteric artery, /MA inferior
mesenteric artery, MCA middle
colic artery; LCA left colic
artery, SMV superior mesenteric
vein, IMV inferior mesenteric
vein (Color figure online)
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Fig. 3 The surgery was performed using five ports

First, the mesorectum is raised by the first assistant and
the retroperitoneal plane is created from the sacral
promontory by a medial-to-lateral approach. After identi-
fication of the left ureter and gonadal vessels on the dorsal
side, the IMA and LCA are exposed. The LCA is isolated
and divided at its origin. The inferior mesenteric vein
(IMV) is isolated and divided just lateral to the stump of
the LCA (Fig. 4A). A medial-to-lateral dissection of the
mesentery of the sigmoid colon from the retroperitoneum is
performed to the lateral peritoneal reflection. Thereafter,
the lateral attachment of the sigmoid colon to the abdom-
inal wall is divided, and the sigmoid colon is completely
mobilized.
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Transverse mesocolon

Descending mesocolon

Next, the patient’s position is changed to the head-up tilt
position to move the small intestine to the caudal side. The
mesenteric side of the divided vessels is raised by the first
assistant, and the descending mesocolon is separated from
the retroperitoneal planes, including Gerota’s fascia, in a
medial-to-lateral or caudal-to-cranial manner using the
IMV as a landmark (Fig. 4B). This separation is performed
laterally to the descending colon attaching to the left
abdominal wall. Separation also is performed cranially
until the back surface of the pancreas is sufficiently
exposed (Fig. 5A). Then, a gauze is inserted in the dis-
sected space (Fig. 4C).

Finally, the omental bursa is opened wide by dissecting
the greater omentum at the gastro-colic ligament with
preservation of the gastroepipoloic arcade. An additional
port is inserted at the epigastric region if necessary. The
transverse mesocolon is divided at the inferior border of the
pancreas using the inserted gauze as a landmark (Fig. 4D).
The transverse mesocolon is divided to the inferior pole of
the spleen. The lateral attachment of the descending colon
is divided from the left abdominal wall, and mobilization
of the splenic flexure is completed (Fig. 5B). The IMV is
divided again at the inferior border of the pancreas. The left
branch of the MCA also is divided. The accessory MCA, if
any, is divided at the inferior border of the pancreas. It is
ready for the specimen to be excised in a package by
transection of the colon (Fig. 5C).

The transverse and descending colon, including the
splenic flexure tumor, is pulled out through a small incision
at the umbilicus and transected using linear staplers.
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Fig. 4 Intraoperative photos. A The IMA was skeletonized to dissect
lymph nodes around its root. The LCA and IMV were divided at
origin. B The mesenteric side of the divided vessels was raised by the
first assistant, and the descending mesocolon was separated from the
retroperitoneal planes. C A gauze was inserted in the dissected space

Fig. 5 Operative procedures for laparoscopic CME. A After division
of the LCA and IMV, the descending mesocolon was separated from
the retroperitoneal tissues using a medial-to-lateral approach. B After
opening the omental bursa, the transverse mesocolon was divided at

between the descending mesocolon and the retroperitoneal planes.
D The transverse mesocolon was divided at the inferior border of the
pancreas using the inserted gauze as a landmark. A-D are intraop-
erative photos in different patients. IMA inferior mesenteric artery,
LCA left colic artery, IMV inferior mesenteric vein

Excision

/

the inferior border of the pancreas. The splenic flexure was
completely mobilized. C The left branches of the MCA and IMV
were divided. The specimen was excised in a package
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Anastomosis is performed extracorporeally using a func-
tional end-to-end anastomosis technique.

Follow-up

Follow-up was performed every 3 months in the first
2 years and every 6 months thereafter. Tumor markers
including CEA and CA19-9 were examined on each fol-
low-up, and CT (chest to abdomen) was performed every
6 months. Total colonoscopy was performed every 2 years.

Results

Patient and tumor characteristics and surgical outcomes are
summarized in Table 1. Only 2 patients had a tumor
located in the left colonic angle. The median operative time
and intraoperative blood loss were 237 min and 20 g,
respectively. The median number of harvested LNs was 17.
There were no conversions to open surgery or serious
intraoperative complications. There were 9 patients with
positive LN metastasis. One patient with distal transverse
colon cancer had LN metastasis along the left branch of the
MCA, while the other 8 had LN metastasis only in the
pericolic regions. No patient had recurrence except for 1
with pStage IV disease, with a median follow-up of
16 months.

Discussion

Laparoscopic surgery for splenic flexure cancer performed
with CME and CVL is considered difficult because of its
anatomical complexity. Its low frequency also is another
problem precluding its standardization. Although embry-
ological consideration sometimes is useful for better
understanding of surgical anatomy [10-12], few studies
have focused on the anatomy and embryology of the
splenic flexure. In this study, we illustrated the anatomy of
the splenic flexure from the embryological point of view.
Our laparoscopic technique of CME and CVL based on
embryology also was described.

The optimal extent of LN dissection or mesocoloic
excision depends mainly on the supplying vessels of the
tumor. In cases of right-sided colon cancer, the supplying
vessels always originate from the SMA and it is well
known that LN dissection along the surgical trunk would
be sufficient [16]. In cases of sigmoid colon or upper rectal
cancer, mesocoloic or mesorectal excision with high liga-
tion of the IMA should be optimal as radical surgery for
advanced disease [17, 18]. However, as described above,
the arterial supply of splenic flexure cancers can be from
the SMA and IMA, and the optimal extent of lymphatic

@ Springer

Table 1 Patient and tumor characteristics and surgical outcomes

n=17
Age, (range)* 70 (40-85)
Sex, n (%)

Male 9 (73.3)
Female 8 (26.7)
BMI (kg/m?), (range)* 23 (17-33)

Tumor location, n (%)

Distal transverse colon 7 (41.1)

Left colonic angle 2 (11.8)

Proximal descending colon 8 (47.1)
pStage, n (%)**

I 2 (11.8)

1T 5(29.4)

I 9 (52.9)

v 1(5.9)
Histological type, n (%)

Well/moderately 15 (88.2)

Mucinous/poorly 2 (11.8)
Lymphatic invasion, n (%)

Absent 0 (0)

Present 17 (100)
Vascular invasion, n (%)

Absent 0 (©)

Present 17 (100)
Operation time, min (range)* 237 (176-486)
Estimated blood loss, g (range)* 20 (0-130)
Number of harvested lymph nodes, (range)* 17 (5-31)
Resected free margin, mm (range)*

Proximal 82 (50-140)

Distal 70 (41-130)
Postoperative hospital stay, days (range)* 12.5 (9-40)
Postoperative complications, n (%)

Colitis 1(5.9)

Ileus 1(5.9)

Wound infection 0 (0)

Anastomotic leakage 0 (0)

* The data are expressed as the median (range)

** Tumors were classified according to the American Joint Com-
mittee on Cancer (AJCC) TNM system

dissection remains uncertain. Nakagoe et al. [4] reported
that LN metastasis in patients with splenic flexure cancer
developed along the LCA and the left branch of the MCA,
suggesting that dissection of lymphatic vessels with liga-
tion of the LCA and the left branch of the MCA might be
necessary for treatment of advanced cancer.

To perform such surgery in accordance with CME,
keeping the embryological fascial planes intact during
dissection is important. However, the anatomy of the
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splenic flexure, including its corresponding mesentery and
surrounding organs, is very complicated due to torsion and
fusion of the primitive gut during development. Surgical
techniques that overcome this anatomical complexity must
be established. Our technique enables laparoscopic CME
with CVL of the LCA and the left branch of the MCA
while keeping the embryological planes intact.

Recently, preoperative analysis of vascular anatomy
using three-dimensional computed tomography (3D-CT) is
making remarkable progress. Although several precise
studies on vascular anatomy using 3D-CT for colorectal
cancer surgery have been published [19-21], most focused
on the right colon or rectum, and such data on the splenic
flexure are limited. Among our 17 patients, 6 underwent
preoperative 3D-CT to evaluate the blood supply to the
splenic flexure. Three of the 6 patients had an accessory
MCA, which had been reported as a left accessory aberrant
colic artery by Rusu [22], as the supplying artery from the
SMA to the splenic flexure instead of the left branch of the
MCA. On the other hand, the LCA distributed flow to the
splenic flexure in all 6 patients. In a previous study on
lymphatic flow patterns using indocyanine green fluores-
cence by Watanabe et al. [23], lymphatic flow of the
splenic flexure was observed either in the LCA or the left
branch of the MCA. None of their 31 patients exhibited
lymphatic flow in both areas. On the other hand, all of our
patients underwent lymphatic dissection of both areas.
More precise preoperative evaluation of the vascular
anatomy and the distribution of lymphatic flows may
enable simplification of the operative procedure or short-
ening of the operative time.

One of the important concerns when performing this
surgery is division of the IMV. In this surgery, the IMV
must be divided twice. The IMV is divided first at the
same level as division of the LCA. After mobilization of
the splenic flexure, the IMV must be divided again.
Although the IMV generally drains to the splenic vein
(SV), it sometimes enters the SMV or the confluence
between the SV and SMV [24]. In our technique, the IMV
was divided again at the inferior border of the pancreas
regardless of the drainage patterns of the IMV. Impor-
tantly, as shown in our figures, a main drainage vein of the
primitive gut originally was the IMV but not the SMV.
There were three main vessels (the LCA, the left branch
of the MCA, and the IMV) in the mesentery to be dis-
sected. Therefore, to perform CME for splenic flexure
cancer, the IMV must be removed together with the LCA
and the left branch of the MCA in a package. Watanabe
et al. [23]. reported that 19 of 31 patients (61.3%)
exhibited lymphatic flow to the area of the root of the
IMV. In addition to the embryological background of the
IMV, their findings also support the importance of dis-
section of the IMV in this surgery.

In conclusion, we described the anatomical peculiarities
of the splenic flexure from the embryological point of
view. Knowledge of anatomy based on embryology is
helpful and essential to perform laparoscopic CME with
CVL successfully for splenic flexure cancer.
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