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Abstract
Objectives: Few studies have examined the correlations between the arteries and veins of the right colon.

In this study, we aimed to use high-resolution CT scans to understand the vascular anatomy of Henle’s gas-

trocolic trunk and review the terminology describing the arteries and veins of the right colon.

Methods: This retrospective study has examined patients who underwent laparoscopic colectomy for right

colon cancer in a single institution in Japan. Scans from consecutive patients who underwent surgery be-

tween October 2017 and March 2020 (n = 165) were examined. Preoperative CT images were used to cre-

ate multiplanar reformation images and volume rendering images.

Results: Among the 139 patients with Henle’s gastrocolic trunk (GCT) present, arteries accompanying the

accessory right colic vein (ARCV) were most common on the right branch of the middle colic artery

(MCA) (71.2%), followed by the right colic artery (RCA) (19.4%); meanwhile, 9.4% of the patients had no

accompanying arteries. Of patients with no accompanying arteries to the ARCV, RCA was present in

15.4%. Among the 26 patients with no GCT, the right colic vein (RCV) existed in 15 patients, with the ar-

tery accompanying the RCV most commonly being the right branch of the MCA (66.6%), followed by the

RCA (33.3%).

Conclusions: Irrespective of the presence of GCT, approximately 70% of the arteries accompanying the

drainage vein from the right colon were the right branch of the MCA. We suggest that vascular branch for-

mation be considered preoperatively in surgical management for right colon cancer.
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Introduction

The standard operations used for the treatment of colorec-

tal cancer are primary lesion resection surgery and systemic

lymphadenectomy. Recently, there has been a focus on com-

plete mesocolic excision and central vascular ligation[1-4],

in an effort to improve results following colon cancer treat-

ment. In Japan, importance is mostly placed on central re-

section as D3 resection[5,6]. Nevertheless, it is important

that there is sufficient understanding on vascular anatomy to

perform central dissections.

For lymph node resection in cases of right colon cancer,

the flow of lymph along the surgical trunk is thought to be

important. Various studies report its vascular anatomy; how-

ever, there are many different branch morphologies, and

with blood vessels being referred to by different names in

different reports, there are some aspects which are yet to be

understood in a unified manner.
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Existing reports have mostly discussed branch morpholo-

gies and frequency of occurrence of the various systems of

the superior mesenteric arteries and veins[7-20]. However,

there are very few reports examining the correlations be-

tween the arteries and veins, with reports being limited to

those discussing the relationship between the ileocolic artery

(ICA) and vein with the superior mesenteric vein[21-26]. In

particular, there is no report which expounds on the correla-

tions between Henle’s gastrocolic trunk (GCT) and accom-

panying arteries. GCT, in which veins from the colon, stom-

ach, omentum, and pancreas merge, is present in the right

colon[27] and exhibits a large variety of correlations with

arteries; yet, the terminology of the colic branches is yet to

be unified. During surgical operations, awareness of the

three-dimensional correlations between the arteries and veins

is thought to improve both safety and accuracy of the proce-

dure. Accordingly, knowing the frequency of occurrence of

the various vascular correlation variations is of utmost im-

portance.

Many vascular structures have been historically described

in human anatomy, but it has recently become possible to

gain an in-depth understanding of the fine details of vascular

anatomy due to the development of modern, high-resolution

CT scans. For this study, high-resolution scans were used to

investigate the correlations between the arteries and veins

distributed in the right colon.

Methods

Using CT images from a single institute, we performed

observational research into the vascular morphology of the

right colon. The positions and frequency of the right colon’s

vascular system, particularly the ARCV, and morphology

and frequencies of the branches of GCT (namely, colic

branch, gastroepiploic branch, and pancreatic branch) were

recorded.

Study design

This research was implemented under an audit by Saitama

Medical University International Medical Center IRB and

upon approval from the head of the research facility (ap-

proval number 18-191). This study was a single-institutional

retrospective study that used existing information from hos-

pital medical records. Data which were linkable and ano-

nymized were utilized. Cases where patients had undergone

laparoscopic surgery for right colon cancer at the hospital,

between October 1 2017 and March 31 2020, were exam-

ined. Preoperative CT images were used to create multipla-

nar reformation images and volume rendering images, and

branch formation on the right colon and correlations were

retrospectively analyzed. All patients gave informed consent

for their data to be used in future analysis.

64-slice (LightSpeed VCT, GE Healthcare, Chicago, Illi-

nois, USA) or 320-slice (Aquilion ONE, Canon Medical

Systems, Tochigi, Japan) multi-slice CTs were used for the

scans. Following plain CT imaging, 100 mL of 370 mg/mL

water-soluble iodine contrast agent (or 2 mL/kg where pa-

tient weight <50 kg) was injected into the cubital vein for

over 25 seconds, and images were taken at the early phase,

portal vein phase, and the delayed phase. Images were ob-

served using an image analysis volume analyzer (SYNAPSE

VINCENT, Fuji Film, Tokyo, Japan). Coronal and sagittal

multiplanar reformation images of thickness 0.5 mm or

0.625 mm were created, and the branching and positioning

of the blood vessels were observed. Volume rendering imag-

ing was created for some cases, and they were used for ref-

erence.

Branch morphology of the GCT, placement of the middle

colic artery (MCA), right colic artery (RCA) and ICA, and

the correlations between them were determined through con-

sensus between an experienced gastrointestinal surgeon and

a highly experienced radiologist specializing in the abdomi-

nal region. Cases which had standard-quality CT imaging,

where CT imaging had been performed at a different hospi-

tal, or where detailed analysis of the vascular branches was

not possible due to inappropriate timed contrast imaging,

were excluded, providing a total of 165 cases for analyses.

Analysis

Surgical anatomy of the right colon and correlations be-

tween arteries and veins were then analyzed and investi-

gated. In particular, morphologies of the arteries accompany-

ing the accessory right colic vein (ARCV) or the right colic

vein (RCV) were considered. Furthermore, the branching

frequency and morphology of the GCT colic branch, gas-

troepiploic branch, and pancreatic branch were also consid-

ered.

Definition of blood vessel names

1. RCA
Arteries directly branching from the superior mesenteric

artery (SMA) that flow to the ascending colon are referred

to as the RCA, whereas arteries branching from the MCA or

ICA that flow into the ascending colon are not included un-

der the term RCA.

2. RCV
The vein which flows from the ascending colon directly

to the superior mesenteric vein (SMV) is referred to as the

RCV.

3. ARCV and GCT
The colic branch, which forms a common trunk with the

right gastroepiploic vein (RGEV), is referred to as the

ARCV; their common trunk is referred to as the gastrocolic

trunk (GCT). If a common trunk is not formed by the

ARCV and RGEV, there is no GCT. Even where the ante-

rior superior pancreaticoduodenal vein (ASPDV) and ARCV



J Anus Rectum Colon 2021; 5(3): 306-312 dx.doi.org/10.23922/jarc.2021-002

308

Figure　1.　Examples of cases with one ARCV, where MCV also

flows into GCT. 

Figure　2.　Examples of cases with two ARCVs. 

Table　1.　Arterial System of the Right Colon.

Blood vessel/feature Frequency of presence

ICA 100% (165/165)

RCA 28.5% (47/165)

MCA 100% (165/165)

-  Independent branching of right and left 

branches of MCA

 - 4.2% (7/165)

Data is presented as % (number)

ICA, ileocolic artery; RCA, right colic artery; MCA, middle colic artery.

Table　2.　Venous System of the Right Colon.

GCT(+) (n = 139) 

(84.2% of cases) 

GCT(−) (n = 26)

 (15.8% of cases)

ARCV 1 111 RCV 1 14

ARCV 2 26 RCV 2 1

ARCV 3 2 MCV is the drainage 

vein of the right colon

11

- MCV also flowing into GCT 10

- ICV also flowing into GCT 1

ARCV, accessory right colic vein; MCV, middle colic vein; ICV, ileocolic 

vein; GCT, Henle’s gastrocolic trunk.

have merged, if there is no common trunk with the RGEV,

GCT is taken as not existent.

4. MCV
The vein which flows from around the hepatic flexure and

forms a common trunk with a drainage vein of the middle

transverse colon is referred to as the right branch of middle

colic vein (MCV).

Results

Arterial system (Table 1)

Frequency of presence of ICA was 100%, whereas that of

RCA was 28.5%. Frequency of the presence of MCA was

100%, and of these, seven cases (4.2%) had independent

branching of the right and left branches.

Venous system (Table 2)

There were 139 cases (84.2%) in which GCT was pre-

sent. Of these, 111 cases (79.9%) (Figure 1) had 1 ARCV,

26 cases (18.7%) (Figure 2) had 2 ARCVs, and 2 cases

(1.4%) (Figure 3) had 3 ARCVs. There were 10 cases where

the MCV was flowing into the GCT and 1 case that had the

ileocolic vein (ICV) flowing in. Further, there were two

cases with GCT formation that also had RCV.

There were 26 cases (15.8%) with no GCT present. There

were 14 cases with 1 RCV and 1 case with 2 RCVs, with

the rate of presence of RCV among all cases 9.1%. More-

over, there were 11 cases which had no RCV and the right

branch of the MCV was the drainage vein for the right co-

lon. The ASPDV flowed into the ARCV in 68 cases

(41.2%), into the RCV in 7 cases (4.2%), into the right gas-

troepiploic vein (RGEV) in 38 cases (23.1%), into the GCT

in 44 cases (26.7%), into the SMV in 5 cases (3.0%), and

unknown in 3 cases (1.8%) (Table 3).
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Figure　3.　Examples of cases with three ARCVs. Figure　4.　Correlation between GCT(+) and ARCV with arteries.

Table　3.　Variations of Anterior Superior Pancreaticoduodenal Vein 

(ASPDV).

GCT(+) (n = 139) (84.2% of cases) GCT(−) (n = 26) (15.8% of cases)

- Flowing into ARCV 68 (41.2%) - Flowing into RCV 7 (4.2%)

- Flowing into RGEV 19 (11.6%) - Flowing into RGEV 19 (11.5%)

- Flowing into GCT 44 (26.7%) 

- Flowing into SMV 5 (3.0%) 

- Unknown 3 (1.8%) 

Data is presented as number (%)

ARCV, accessory right colic vein; RCV, right colic vein; RGEV, right gastroepiploic 

vein; GCT, Henle’s gastrocolic trunk; SMV, superior mesenteric vein.

Arteriovenous correlations

Among the 139 cases with GCT present, the artery that

accompanied the ARCV most frequently was the right

branch of the MCA, that is, at 71.2% (99/139) (Figure 4, 5),

followed by the RCA at 19.4% (27/139) and with no ac-

companying arteries at 9.4% (13/139). Of the cases with no

arteries accompanying the ARCV, the RCA was present in

15.4% (2/13). Of the 26 cases with no GCT, RCV existed in

15 cases. Of these, the artery accompanying the RCV was

the right branch of the MCA in 66.6% of the cases (10/15)

(Figure 6, 7) and the RCA in 33.3% of the cases (5/15).

The artery accompanying the ICV was the ICA in all cases

(100%). The accompanying vein in the 47 cases with RCA

present was the ARCV in 27 cases, the RCV in 8 cases; the

MCV in 1 case, and with no accompanying veins in 11

cases.

Discussion

Previous studies have discussed the SMA or SMV, but

with the progression in surgical techniques and image diag-

noses, more detailed descriptions are now possible and thus

have been detailed in this paper. However, practical anatomi-

cal knowledge is required for surgical procedures, and the

details of the arteriovenous system and its correlations out-

lined here should be considered before gastroenterological

surgery.

Surgery in respect of right colon cancer is one of the ba-

sic procedures used in gastroenterological surgery. With ileo-

cecal resection, in which only the ileocolic arteries and

veins are dissected, the branch formation of the blood ves-

sels presents little variation; hence, complications during the

surgical procedure are rare. However, with right hemicolec-

tomy, there is a need to understand the complicated vascular

branches in order to dissect the lymph nodes and to further

identify and dissect the correct blood vessels. The branch

morphologies of the RCV, MCV, and GCT are highly var-

ied, and with both the head of the pancreas and the duode-

num in close proximity, D3 lymphadenectomy is considered

to be a highly difficult surgical technique.
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Figure　5.　Examples of cases where the right branch of MCA ac-

companies GCT(+) and ARCV. 

Figure　6.　Correlation between GCT(−) and RCV with arteries. 

Figure　7.　Examples of cases where the right branch of MCA ac-

companies GCT(−) and RCV.

According to the data from the Japanese National Clinical

Database in 2015[28], the surgical mortality rate for right

colon resection was slightly higher than that of low anterior

resection for rectal cancer (at 1.3% and 0.3%, respectively).

Although the exact reasons are unclear, we must take the

complicated vascular branching into consideration and pay

attention not to injury blood vessels during the surgery.

Multiple studies show that frequency of the presence of

RCA is approximately 30%[22,24-26], which is in line with

the results of this study. Although, one study reports that the

MCA forms the common trunk in approximately 80% of

cases[21], this particular morphology was more common in

this study, at over 90%. Additionally, the frequency of RCV

is reported to be approximately 20%-30%[8,22], but our re-

sults showed an incidence of less than 10%. This may be

due to the definition of RCV differing between reports. As

described above, we defined RCV as an independent branch

from the SMV, although there are some reports which in-

clude a branch at the base of the ICV in RCV[7]. Other

studies report the frequency of presence of GCT as between

70% and 80% and frequency of MCV flowing into the GCT

at approximately 10%[8,10,14,15,26].

Irrespective of GCT occurring, approximately 70% of the

arteries accompanying the drainage vein from the right co-

lon (ARCV or RCV) were found to be the right branch of

the MCA; in approximately 20%-30% of the cases, it was

the RCA; however, there were also cases when there were

no accompanying veins or arteries. Moreover, in this study,

in order to simplify the branching pattern, the ASPDV was

not considered (as it flows into various branches, such as the

ARCV, RCV, RGEV, GCT, or SMV); hence, including the

ASPDV in this study, it would only further complicate

branch formation descriptions.

As we have shown, there are many variations in the mor-

phology of the right colon vascular anatomy, and there is a

preoperative imperative to consider the individual vascular

system of each patient. Pre-surgery contrast-enhanced CT

imaging is a useful tool; however, there are several limita-

tions. For example, there are small veins which are not de-

tected by a contrast-enhanced CT; arteries and veins may

not be clearly depicted depending on the timing of contrast

agent injection; and a dilated intestinal tract may cause
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blood vessels (particularly veins) to retract during CT

colonography, which also reduces clarity of depiction in the

scans. Currently, in real practice, even if preoperative CT

images are referred to, vascular recognition is determined ul-

timately based on the findings intraoperatively, and it is

thought that the findings are sometimes different from pre-

operative expectations.

In this study, particular attention was given to the arteries

that accompany the ARCV. As the ARCV is dissected at the

pancreas head, it must be dissected carefully. The ARCV

frequently merges with the anterior pancreaticoduodenal

vein which is relatively short in length, although the accom-

panying artery may cover a longer distance, going beyond

the SMV to the SMA. In this study, analysis showed that

many cases occur in conjunction with the right branch of

the MCA. According to the definition of D3 lymph node

dissection, the MCA is completely dissected for cancer of

the distal ascending colon; in the meantime, the ARCV is

required to divide in most cases based on our research.

There is room for debate regarding whether D3 lymph node

dissection should be performed mostly on veins before the

SMV, or only used on the arteries up to the SMA. However,

the anatomical findings reported here may prove highly

beneficial during right hemicolectomies for colon cancer.

This study has some limitations, including its single-

institutional and retrospective nature. In addition, we did not

confirm CT findings intraoperatively. We expect that further

study will clarify the differences between the CT findings

and the intraoperative findings.

Conclusion

The ARCV existed in most cases, and approximately 70%

of feeding artery accompanying the ARCV or the RCV was

the right branch of the MCA. In order to achieve safe and

accurate surgery in respect to right colon cancer, we suggest

that vascular branch formation should be considered preop-

eratively as standard practice.
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