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Abstract

Introduction: Databases of information on surgical treat-
ment for colorectal cancer have been created in various
countries and data have started to be released. The most im-
portant facets of research for statistical processing include
the methodology and firm definitions of content. However,
for trials involving colorectal cancer, the applicable terminol-
ogy has not been defined, and much bias is frequently en-
countered. Starting from definitions of the colon and vascu-
lar system of the colon, we propose definitions of surgical
procedures for colorectal cancer. Methodology: This paper
reviews the colon segments and vascular anatomy of the co-
lon. If surgical treatment of colon cancer is considered from
this perspective, we can see that definitions for these surgi-
cal procedures are lacking. The definition of surgical treat-
ment would also allow clarification of the range of lymph
node dissection. In general, surgical procedures and the area
of surgical lymph node dissection are both defined accord-
ing to the basic structure of the associated arteries. However,
the existing descriptions are not based on a definition of the

arteries. We therefore tried to establish the most useful no-
menclature for the arterial system of the large intestine for
colorectal surgeons and reviewed the frequency of impor-
tant arterial variations. Using the resulting definitions, we
provided consistent definitions for colon cancer surgery.
Conclusion: The segments of the colon need to be defined.
In surgery, procedures are performed using the arteries as
indicators, so vessels originating from the superior and infe-
rior mesenteric arteries are referred to as arteries, with others
are referred to as branches. Surgical treatment of colon can-
cer can be defined from the relationship between these ar-
teries. For the first time, this may allow proper application of
statistics for the treatment of colon cancer.
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released [1-3]. In Japan, general rules for clinical and
pathological studies on cancer of the colon, rectum and
anus have been drawn up by the Japanese Society for Can-
cer of the Colon and Rectum (Japanese Classification of
Colorectal Carcinoma, JCCRC) [4], and the data have
been registered. Most surgeons have performed proce-
dures to treat colorectal cancers under these general rules
[4-6]. However, the definitions regarding surgical treat-
ment are lacking consistency. Lymph node dissection,
however, can be mentioned as having a clear definition of
surgical treatments. In addition, both lymph node dissec-
tion and surgical procedures are usually defined accord-
ing to the basic structure of the arteries. However, this
situation has not been based on the definition of the arter-
ies. We, therefore, tried to establish the most useful no-
menclature for the arterial system of the large intestine
for colorectal surgeons, and reviewed the frequency of
key arterial variations. Using the resulting definition of
the arterial system, we then defined colorectal cancer
surgeries.

Nomenclature of the Portions of the Colon

A key problem is the lack of consistent definitions for
the portions of the colon and rectum around the world
or between textbooks. The portion of the cecum termi-
nates at the upper portion of the ileocecal valve, so the
border between the cecum and the ascending colon is the
upper border of the Bauhin valve [4, 7-10]. However,
this border is not explicitly defined in many textbooks
[11-13]. The ascending colon terminates at the hepatic
flexure of the colon, but textbooks again fail to explicit-
ly define the hepatic flexure. In the JCCRC, the hepat-
ic flexure of the colon is defined as the line connecting
the outer flexure point to the inner flexure point. A sim-
ilar definition is used for the splenic flexure, which is in
turn used to define the transverse colon [4]. The de-
scending colon is then defined as extending from the
splenic flexure to either the iliac crest [4, 10, 11, 13] or
the linea terminalis [7-9, 12]. As a result, the sigmoid
colon is defined from the iliac crest [4, 10, 11] or the
linea terminalis [7-9, 12]. However, some textbooks also
define the iliac colon as extending from the iliac crest to
the linea terminalis [11, 13]. The sigmoid colon termi-
nates at the promontory [4, 7, 12] or third sacral vertebra
[8,10, 11, 13]. The rectum is divided into three portions,
with the portion above the peritoneal flexure divided
into two portions [4, 8, 12]. However, many books use
many different definitions [7, 9, 11, 13]. As stated above,
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various definitions of the portions of the colon have also
been given. Precise and consistent definitions of the por-
tions of the colon are prerequisite to proper recording
and analysis of treatments for colon cancer. This manu-
script is based on the JCCRC. The JCCRC defined the
lymph nodes as the coding of station numbers, the lymph
node station numbers and the lymph node groups. But
the JSCCR did not define the surgical treatment. In view
of the definition the surgeons dissect the specimen along
the feeding artery just after the operation to pick up the
lymph nodes [4].

Vascular Anatomy of the Colon

Despite many efforts to unify the anatomical termi-
nologies [14-16], consensus has not been reached on uni-
form terminology for the colic arteries. Many authors
have arbitrarily named the colic arteries independently of
their origins [14, 17, 18], while other authors have used
the name ‘colic artery’ for those vessels with an indepen-
dent origin from the superior mesenteric artery (SMA) or
inferior mesenteric artery (IMA) [16, 19]. Otherwise,
branches without a direct origin from the SMA or IMA
are indicated as a ‘colic branch’.

Vascular Anatomy of the Right Colon

We reviewed the anatomy of the SMA and its colonic
arteries. First, the SMA should be defined in the right co-
lon. The SMA is a vessel originating directly from the
aorta and feeding the entire small intestine as well as the
colon up to two thirds of the transverse colon. Embryo-
logically, the intestine rotates around the SMA, the pe-
ripheral portion of which is the yolk sac. The yolk sac is
also a portion of Meckel’s diverticulum (fig. 1). The SMA
is thus defined as the artery that heads to the ileum, 50-
100 cm from the terminal ileum.

Arteries arising from the SMA are highly variable
compared with the left colon, but the terminal artery
from the SMA, the ileocolic artery (ICA), is always pres-
ent. The right colic artery (RCA) is an artery arising di-
rectly from the SMA, but is present in only 10-40% of
cadavers (fig. 2) [19]. In 70-90% of cadavers, two arteries
arise from the SMA to supply the right colon, while 10-
30% have three arteries. This means that, in many cases,
two arteries are present: the ICA and the middle colic ar-
tery (MCA) [19].

As for the arteries of the transverse colon, the first ar-
tery arising from the SMA to the right is the MCA, which
arises within the lower border of the pancreas body. Then,
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Fig. 1. SMA and intestinal rotation. Embryologically, the intestine rotates around the SMA, the peripheral por-
tion of which is the yolk sac. The yolk sac is a portion of Meckel’s diverticulum. The SMA is thus defined as the
artery that heads to the ileum, 50-100 cm from the terminal ileum.

to avoid using words such as ‘right branch’ or ‘left branch’
of the MCA, the artery for the right angle or the branch
for the right angle of the MCA, and the artery for the
transverse colon or the branch for the transverse colon of
the MCA are considered adequate representations of the
arteries originating from the SMA or the branches aris-
ing from the MCA (fig. 2) [16].

In the area between the RCA (or, in its absence, the
ICA) and the left colic artery (LCA), more than one so-
called ‘MCA’ arising directly from the SMA may be
found. Among these ‘MCAs’, five distinct vessels have
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been isolated, individually behaving like arteries (with
separate origins) or like branches: (1) the true MCA
(found in 46% of specimens), (2) the artery for the right
angle (32%), (3) the artery for the transverse colon (12%),
(4) the accessory artery for the transverse colon (3%), and
(5) the accessory LCA (7%). There is one ‘MCA’ in 75%
of cases, two ‘MCAs’ with separate origins in 24% and
three in 1% [16]. Given these findings, it would be prefer-
able to designate blood vessels arising directly from the
SMA as ‘artery’ and blood vessels arising from an ‘artery’
as ‘branch’.
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Fig. 2. Vascular anatomy of the right colon.
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branch directly from the SMA, but its pres-
ence is recorded in only 10-40% of cadav-
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Fig. 3. Surgical trunk for the concept of
Gillot. The ‘surgical trunk’ is limited to the
confluent region of the SMV, which means
only the right ventrolateral SMV. Lymph
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flow is present along this surgical trunk.

In Japan, lymphadenectomy is recommended to be
performed centered on the arteries according to the
JCCRC [4]. NCCN (National Comprehensive Cancer
Network) Guidelines (Colon Cancer) recommend that
the lymph nodes should be harvested for the pathological
examination at the origin of the feeding vessel [20]. How-
ever, in reality, since Gillot’s concept (fig. 3) [21] was in-
troduced into Japan in the 1970s, two kinds of definitions
have been applied in lymph node dissections of the right
colon: one is that of main lymph node dissection corre-
sponding to the root of the main feeding artery according
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to the JCCRC [4], while the other is lymph node dissec-
tion according to lymph flow based on Gillot’s concept,
with dissection of the nodes of the surgical trunk as the
main lymph nodes [21].

In the study of Gillot et al. [21], the term ‘surgical
trunk’ has been limited to the superior mesenteric vein
(SMV) between the ileocolic vein caudally and Henle’s
trunk (gastrocolic trunk) cranially. Speaking more gener-
ally, the ‘surgical trunk’ is limited to the region of conflu-
ence of the SMV, meaning only the right ventrolateral
SMV. In the right colon, lymph node dissection along this
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Fig. 4. Vascular anatomy of the left colon.
The LCA is defined as the first left lateral
branch from the IMA. Any vessel diverging
from the LCA is termed a ‘branch’. Accord-
ing to this definition, the variations of the
IMA can be divided into: (1) the LCA con-
tinuing from the IMA with no further
branches, (2) the first branch to the sig-
moid colon branching from the LCA, or (3)
the LCA and first sigmoid artery together
branching from the same site on the IMA.
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‘surgical trunk’ is better than lymph node dissection to
the root of the main artery (fig. 3). However, whether
lymph node dissection along the surgical trunk is appro-
priate has not been verified. In addition, formation of the
gastrocolic trunk has been noted in 69% of cases [22].

Vascular Anatomy of the Left Colon

For the left colon, as the IMA is always present, the
LCA has to be defined. Unless the artery arising from the
SMA provides the only blood supply to the descending
colon, the LCA is defined as the first left lateral artery
arising from the IMA. Any vessel diverging from the
LCA is called a ‘branch’ rather than an ‘artery’, using the
same branch-naming system applied to the SMA (fig. 4).
According to this definition, variations of the IMA can be
divided into: (1) the LCA acting as the sole artery aris-
ing from the IMA (58%), (2) the first branch of the sig-
moid vessel arising from the LCA (27%), or (3) the LCA
and first sigmoid artery together arising from the same
site on the IMA (15%) [23, 24]. Given these possibilities,
those vessels arising directly from the IMA are termed
‘artery’ and those arising from the ‘artery’ are named
‘branch’ (fig. 4).

In many papers, the superior rectal artery (SRA) has
been described as the artery immediately after diver-
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gence of the LCA from the IMA. In 1908, Miles [25] re-
ferred to the route of lymphatic drainage along the IMA.
He recommended the division of the IMA just distal to
the LCA. After that the artery just distal to the LCA is
not the SRA, but the IMA. Until 1993, in most publica-
tions ‘high or low ligation of the IMA’ is the usual pre-
sentation during surgery for cancer of the rectum. Liga-
tion above the origin of the left colic artery had been
high ligation and ligation below this level low ligation
(26, 27]. But after Lanz and Wachsmuth the artery cau-
dally to the origin of the LCA is denominated SRA and
not IMA. SRA is incorrectly denominated as IMA cau-
dally to the origin of the LCA [28]. Based on common
sense the sigmoid arteries should not diverge from the
SRA. The SRA has been defined as the artery after the
diverging of the rectosigmoid artery (fig. 4) [29-31].
Such misapplication of the nomenclature should obvi-
ously be addressed. Of course, in this paper, the caudal
side of the IMA after the diverging of the LCS is de-
scribed as the IMA.

Vascular Anatomy of the Splenic Flexure

The splenic flexure of the colon is defined as extending
from one third of the left transverse colon to the first por-
tion of the descending colon [32]. Blood flow to this part
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Fig. 5. a-c Vascular anatomy of the splenic flexure. Blood flow to this part is almost entirely from the LCA (a).
However, although blood flow from the transverse colon to this portion involves a variety of vessels, the artery
for the transverse colon (b) or the branch for the transverse colon from the MCA (c) are the most commonly

used terms.

is almost entirely from the LCA. However, although
blood flow from the transverse colon to this portion in-
volves a variety of vessels, ‘the artery for the transverse
colon’ and ‘the branch for the transverse colon’ from the
MCA are the most commonly used terms (fig. 5).

Definitions of Surgical Treatments for Colon Cancer

First, when considering surgery of the colon, the
definitions of surgical procedures have to be checked.
In the JCCRC [4], operative procedures include ileoce-
cal resection, partial resection of the colon, right hemi-
colectomy, left hemicolectomy, sigmoidectomy, subto-
tal colectomy and total colectomy. Right hemicolecto-
my is defined as resection of the terminal ileum, cecum,
ascending colon, rightmost one third of the transverse
colon, ICA/ileocolic vein, RCA/right colic vein and
right branch of the MCA/middle colic vein. Left hemi-
colectomy is defined as resection of the leftmost one
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third of the transverse colon, descending colon, sig-
moid colon, left branch of the MCA/middle colic vein,
LCA/left colic vein and sigmoid artery/vein. In addi-
tion, ileocecal resection and sigmoidectomy must be de-
fined. Surgical excision over a smaller range is defined
as partial resection of the colon. However, resection of
the right colon over a narrower range than right hemi-
colectomy is more likely to be performed, and further-
more the frequency of left hemicolectomy is considered
very low. The definitions of these terms are thus unre-
alistic and the terms of segmental resection need to be
defined.

There has been a concept that is accepted in French
as the definition of surgical procedures for colorectal
cancer surgery [33]. The four main arteries of the colon
are defined using a square as a model, considered as the
backbone of the large intestine (fig. 6a). The four vessels
are the ICA, the branch for the right angle of the MCA
(or the artery for the right angle), the LCA and the
sigmoid artery (fig. 6b). Anomalous arteries in addition
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Fig. 6. a The four main arteries of the colon
are defined using a square as a model of the
backbone of the large intestine. b Vessels
comprise the ICA, branch for the right an-
gle of the MCA (or artery for the right an-
gle), LCA and sigmoid artery. ¢ Anoma-
lous arteries in addition to the four main
arteries are the RCA, the branch for the
transverse colon of the MCA (or the artery
for the transverse colon), the first branch of
the sigmoid colon, and the second or third
sigmoid artery. Arrows represent arteries
to the small intestine and rectum.
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to the four main arteries are the RCA, the branch for
the transverse colon of the MCA (or the artery for
the transverse colon), the first branch of the sigmoid
colon, and the second or third sigmoid artery (fig. 6¢)
(34, 35].

Based on the above definitions, colon cancer sur-
gery can be defined. It includes colon segmental resec-
tion, hemicolectomy, subtotal colectomy and total col-
ectomy.

Segmental resection is defined as treatment in which
one main artery is divided, whereas hemicolectomy
is defined as treatment with a division of two main ar-
teries. In this situation, ligation or division of addition-
al colic arteries does not matter. However, in hemico-
lectomy, a certain portion of the transverse colon has
to be resected in addition to the area of the right or
left colon. Extended hemicolectomy thus involves the
excision of additional arteries from the MCA. Subto-
tal colectomy divides three major colic arteries, and to-
tal colectomy divides four main colic arteries (fig. 7)
[33].
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However, there are problems with these ideas, in that
the definition of ileocecal resection partially overlaps the
definition of right colectomy. In addition, although right
hemicolectomy plus left hemicolectomy would logically
cover the entire colon, this has actually not been the case.
In terms of the embryology of the blood supply, using the
left one third as a border between the right and left colon
appears to be a good idea.

Low anterior resection of the rectum involves dissec-
tion and anastomosis below the peritoneal reflection with
ligation of superior and middle rectal arteries. High ante-
rior resection involves anastomosis above the peritoneal
reflection [36].

Discussion

To date, cancer research has been undertaken without
adequately addressing the many differences in termino-
logical definitions between countries. Particularly in the
treatment of colorectal cancer, differences exist in defini-
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a Right colectomy

b Transverse colectomy

c Left colectomy

h Subtotal colectomy

i Total colectomy

Fig. 7. a-i Definitions of surgical treatment for colon cancer. Segmental resection is defined as treatment in
which one main artery is divided (a-c), while hemicolectomy involves division of two main arteries (e, f).
In this situation, ligation and division of additional colic arteries does not matter. In hemicolectomy, how-
ever, a certain portion of the transverse colon has to be resected in addition to the area of the right or left
colon. Extended hemicolectomy is performed if an additional artery from the MCA is excised (g). Subtotal
colectomy is performed if three main colic arteries are divided, while total colectomy involves four main

colic arteries (i).

tions, such as the names of each segment, the vascular
anatomy and surgical procedures for the colon. We
therefore considered the definitions of vessel structures
and defined the surgical procedures. Today, with ad-
vances in diagnostic equipment and chemotherapeutic
techniques, comparing the merits of surgical procedures
is difficult. However, as a basis for further discussion of
whether differences in surgical procedures exert effects
on outcomes, exact and consistent definitions of surgical
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terms will lead to exact recognition of the surgical pro-
cedures applied.

For colorectal cancer, the idea has been suggested
that performing wide-ranging colon resection to in-
crease the number of lymph nodes dissected will lead to
an improved prognosis. However, with the increasing
precision of preoperative computed tomography, nar-
rower lymph node dissection has been considered pref-
erable. With reference to the precise diagnosis of lymph
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node metastases using current computed tomography
techniques, intraoperative lymph node mapping of an
accurately resected specimen by the surgeon should be
done immediately postoperatively and histopathologi-
cal findings should reveal which of the various surgical
procedures are most advantageous. However, the defi-
nitions of surgical procedures underpin all of these con-
siderations, and without consistent definitions there
can be no truly comparative studies of surgical options.
The current idea of creating a database of surgical treat-
ments and accumulating data is important. With this
idea, unless the underlying surgical terminology is con-
sistently and precisely defined, progress is impossible.
In addition, the collection of appropriate cases with pre-

cisely defined surgical procedures based on a rigorous
definition of the vascular system is important. Such a
system is necessary to guarantee the validity of surgical
data.

We have reviewed and made recommendations for the
nomenclature of the vascular system of the colon and the
surgical techniques applicable to colon cancer. Establishing
the basicanatomy of surgery techniques and the nomencla-
ture for surgical procedures are crucial for future progress.
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