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Abstract

Background Variations of the vasculature at splenic flexure by left colic artery (LCA) and middle colic artery (MCA) remain
ambiguous.

Objectives This study aim to investigate the anatomical variations of the branches from LCA and MCA at splenic flexure
area.

Methods Using ultra-thin CT images (0.5-mm thickness), we traced LCA and MCA till their merging site with paracolic mar-
ginal arteries through maximum intensity projection (MIP) reconstruction and computed tomography angiography (3D-CTA).
Results A total of 229 cases were retrospectively enrolled. LCA ascending branch approached upwards till the distal third of
the transverse colon in 37.6%, reached the splenic flexure in 37.6%, and reached the lower descending colon in 23.1%, and
absent in 1.7% of the cases. Areas supplied by MCA left branch and aMCA were 33.2%, 44.5% and 22.3% in the proximal,
middle and distal third of transverse colon of the cases, respectively. The accessory MCA separately originated from the
superior mesenteric artery was found in 17.9% of the cases. Mutual correlation was found that, when the LCA ascending
branch supplied the distal transverse colon, MCA left branch tended to feed the proximal transverse colon; when the LCA
ascending branch supplied the lower part of descending colon, MCA left branch was more likely to feed the distal third of
transverse colon.

Conclusions Vasculature at splenic flexure by LCA and MCA varied at specific pattern. This study could add more anatomi-
cal details for vessel management in surgeries for left-sided colon cancer.
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Introduction

The level of inferior mesenteric artery (IMA) ligation during
rectal cancer surgery is still being debated, after Miles and
Moynihan proposed low tie and high tie techniques in 1908
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[5,9, 11]. Griffiths and Meyers insisted that after IMA high
ligation, the bifurcation of the left colic artery (LCA) should
be kept intact to preserve the secondary arterial arch besides
Griffiths’ point [2, 6]. Whereas, the splenic vasculature con-
jured by LCA and middle colic artery (MCA) varies a lot,
posing a challenge on the protection of LCA bifurcation and
splenic paracolic vessels. For example, if LCA supply the
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splenic flexure, what is MCA like? Since the left transverse
mesocolon is often deprived of vessels, in what condition
will MCA or accessory appear in this area? If LCA does not
supply the splenic flexure, what is the splenic flexure vascu-
lature like? Does the LCA branches needs to be protected? In
addition, due to the variation of the vasculature, vessel divi-
sion within the radical resection for splenic flexure cancer
or distal transverse colon cancer remain unclear. In which
scenario that the splenic flexure was supplied by LCA and
MCA together, or only by LCA and not by MCA? If LCA
supplied distal descending colon or even absent, does it need
to be dissected and divided? Most of these anatomical ques-
tions were not clearly illustrated before. Anatomic relation-
ships between the terminals of LCA and MCA are hard to
be observed by the invasive surgery exploration, or on CT
images due to thickness problem (3 mm), ptosis of the trans-
verse colon, and interference from surrounding vessels [10].
In this study, we employed SureStart technique to increase
intra-vascular attenuation value [2, 4], and maximum inten-
sity projection (MIP) reconstruction on ultra-thin CT images
(0.5 mm) to observe small mesenteric vessels [12]. Through
these efforts, the anatomic variations in LCA and MCA at
splenic area were illustrated.

Patients and methods

Patients

Patients who had undergone abdominal enhancement CT
scan at our hospital between January 2017 and December
2018 were retrospectively enrolled in this study. Patients
with previous abdominal surgery were excluded. Ethical
approval for this study was obtained and this consent pro-
tocol was reviewed and the need for written and informed
consent was waived by the Ethical Committee.This study
was approved by the Institutional Review Board (IRB) of
our hospital.

CT scanning and image processing protocol

The images were acquired by Toshiba Aquilion ONE 320-
Row detector CT scanner. The tube potential was 100-120
kVp and the tube current was approximately 280-330 mA
(or tube current was automatically controlled). After at least
four hours of fasting, the patients were placed in a supine
position on the scanner for a plain scan. Subsequently,
60-90 mL of lopromide (370 mg/mL) was injected into the
median cubital vein at a rate of 4-5 mL/s. Scan time was
set using the SureStart method. When the signal within in
the abdominal aorta reached 180 Hounsfield units, arterial
phase scan was automatically initiated. 0.75-mm slices were

@ Springer

generated by the scanner, and were reconstructed into 0.5-
mm images. The images of all the patients were processed
through 3D volume rendering performed on Vitrea 6.3 (Vital
Images, Minneapolis, Minnesota, USA) and MIP reconstruc-
tion performed on RadiAnt DICOM Viewer 5.0.1 (Medix-
ant, Poznan, Poland).

Definition and classification

LCA was defined as the first branch originated from IMA
and supplying the left-sided colon. Several branches might
be given out on its approaching track. A branch was defined
as a vessel bifurcated from LCA or MCA, at least 3 cm away
from the marginal artery. The ascending branch of LCA
was defined as the branch that approached most upwards,
or as LCA itself when LCA do not bifurcate. The MCA
was defined as the first branch of the superior mesenteric
artery (SMA) and supplying the transverse colon. The mar-
ginal artery was defined as the vessel runs in the mesentery
2-3 cm interior to the large intestine, and serve as a vascular
arcade that connects the branches from SMA and IMA. The
MCA right branch was defined as the branch running toward
the most right before reaching the marginal artery, and the
MCA left branch was defined as the branch other than MCA
right branch running toward the middle or left of transverse
colon. The accessory MCA (aMCA) was defined as the other
artery separately originated from SMA besides the existing
MCA, and run along the inferior border of the pancreas sup-
plying the splenic flexure.

The supplying areas of LCA ascending branch and MCA
left branch were classified by the region of their anastomosis
site with paracolic marginal artery. Therefore, the descend-
ing colon was divided into splenic flexure region and distal
descending colon (shown in Fig. 1). The transverse colon
was classified into three areas: proximal third, middle third,
and distal third (shown in Fig. 2). The splenic flexure sup-
plying artery was defined as the vessel reached the regions
of distal 3rd of transverse colon and splenic flexure.

Statistical analysis

IBM SPSS Statistics 22.0 (IBM Corporation, Somers, New
York, USA) was used for statistical calculations. Percentages
were performed using y2 analysis. Chi-square and logistic
regression were used for binary variables. For continuous
data, the Mann—Whitney test was used. Correlation between
the presence of accessory MCA, for each item of the analy-
sis grid, was evaluated by both univariate and multivariate
analyses. Correlations were tested using the nonparametric
Spearman's rank test. P value of less than 0.05 was consid-
ered to be statistically significant.
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A (37.6%)

(23.1%)

Fig. 1 LCA subtypes classified by the terminal reach of LCA ascend-
ing branch, regardless of other LCA branches. Type A (37.6%,
86/229): LCA ascending branch reached the distal third of the trans-
verse colon; Type B (37.6%, 86/229): LCA ascending branch reached
splenic flexure; Type C (23.1%, 53/229): LCA reached the descend-
ing colon; Type D (1.7%, 4/229): LCA absent

Results

Variations of the terminal reach of LCA and its
bifurcation

A total of 229 patients (144 males and 85 females) were
retrospectively enrolled, with a median age of 51.9 years
old (range, 15-80 years). 60.7% of them (139/229) were
diagnosed as gastrointestinal neoplasms, 16.6% (38/229)
as inflammatory bowel disease, and 22.7% (52/229) as

B (44.5%)

C  (4.4%)

Fig.2 Classifications of MCA left branches by their terminal reaches.
A MCA approached the proximal third of transverse colon (33.2%,
76/229); B MCA left branch reached the middle third of transverse
colon (44.5%, 102/229); C MCA left branch reached the distal third
of transverse colon (4.4%,10/229); D Accessory MCA separately
originated from SMA and reached the distal third of transverse colon
(17.9%, 41/229)

other gastrointestinal abnormalities. The LCA ascending
branch anastomosed with the marginal artery at the distal
third of the transverse colon in 37.6% (type A, 86/229),
at the splenic flexure area in 37.6% (type B, n=_86/229),
23.1% at the lower descending colon of total cases (type C,
n=>53/229). LCA was absent in 1.7% (type D, n=4/229)
(Table 1) (shown in Fig. 1). LCA bifurcated in 73.8%
(169/229) of total patients, and 45.0% (76/169) in type
A, 42.6% (72/169) in type B and 12.4% (21/169) in type
C. The number of LCA branches was correlated with
LCA subtype, highest in type A and lowest in type C/D
(p=-0.418, P<0.0001) (Table 2).
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Table 1 The numbers of LCA and MCA branches, and their supply-
ing areas

Items Cases (n=229)
Numbers of LCA branches
One 56 (24.5%)
Two 126 (55.0%)
Three 43 (18.8%)
None 4 (1.7%)
Areas supplied by the ascending LCA
Distal third of TC (type A) 86 (37.6%)
Splenic flexure (type B) 86 (37.6%)
Descending colon (type C) 53 (23.1%)
Absent (type D) 4 (1.7%)
Numbers of MCA branches
One 50 (21.8%)
Two 169 (73.8%)
Three 10 (4.4%)
Presence of AMCA
Yes 41 (17.9%)
No 188 (82.1%)
Areas supplied by MCA left branch/ AMCA
Proximal third of TC" 76 (33.2%)
Middle third of TC" 102 (44.5%)
Distal third of TC 51 (22.3%)
by MCA left branch 10 (4.4%)
by AMCA 41 (17.9%)

TC transverse colon, MCA middle colic artery, AMCA accessory mid-
dle colic artery

*Only supplied by MCA left branch

Variations of the MCA left branch and accessory
MCA

Two MCA branches were observed in 73.8% (169/229),
3 branches in 4.4% (10/229), and no bifurcation in 21.8%
(50/229) of total cases (Table 1). The number of MCA
branches was correlated with LCA subtype, lowest in type
A LCA. (p=0.1491, P<0.0241). Areas supplied by MCA
left branch and aMCA were 44.5% (102/229) in the mid-
dle third of the transverse colon, 33.2% (76/229) in the
proximal third and 22.3% (51/229) in the distal third of the
transverse colon of total cases (Table 1) (shown in Fig. 2).
Accessory MCA (aMCA) was found in 17.9% (41/229) of
total cases (Table 1) (shown in Fig. 2), and in 1 case, it
originated from celiac flow. Multivariate analysis showed
that this anatomic structure was more common in type C/D
of LCA and MCA without bifurcation (Table 3). In the
MCAs without bifurcations, 78.0% (39/50) of MCA left
branch supplied the proximal third, 22.0% (11/50) supplied
the middle third, and none for distal third of the transverse
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colon, but 46.0% (23/50) of aMCA supplied the distal third
of the transverse colon as supplementary.

Anatomical relationships between LCA ascending
branch and MCA left branch/aMCA at splenic flexure

A close anatomical relationship was found between the LCA
ascending branch and MCA left branch/aMCA. When the
LCA ascending branch supplied the distal transverse colon
(type A), MCA left branch tended to feed the proximal
transverse colon. When the LCA ascending branch supplied
splenic flexure, MCA left branch tended to feed the mid-
dle third of the transverse colon. When the LCA ascending
branch supplied the lower part of descending colon (type
C/D), MCA left branch/aMCA was more likely to feed the
distal third of the transverse colon (p =0.6093, P <0.001)
(Table 2) (shown in Fig. 3).

Discussion

In the current study, we reported the anatomical variations
in the LCA ascending branch and MCA left branch within
the splenic mesenteric vasculature. It was believed that the
terminals of these arteries are hard to trace, but we success-
fully displayed their anatomical relationships through MIP
reconstruction with ultra-thin images. Our findings provided
a basis for surgeons to protect the splenic mesenteric vascu-
lature, to ensure the blood supply of anastomosis of rectal
cancer surgery.

We found that the splenic flexure was more often supplied
by LCA ascending branch than by MCA left branch/aMCA
(69.0 vs 22.3%). This is of significance that, for splenic flex-
ure cancer, LCA and MCA might not always be the drain-
age vessel that need to be divided at the root level. Notably,
a close correlation of the supplying areas was found that,
when the LCA ascending branch supplied the distal trans-
verse colon (type A), MCA left branch tended to feed the
proximal transverse colon; when the LCA ascending branch
supplied the lower part of the descending colon (type C/D),
MCA left branch/aMCA is prone to feed the distal third of
the transverse colon. Thus, the vasculature at splenic flexure
could be anticipated by the track of LCA ascending branch,
which can be usually observed within laparoscopic splenic
flexure cancer resection using a caudal-cranial approach.
This relationship was previously hypothesized [12] yet veri-
fied for the first time in this study. It is also notable that in
5 cases (2.2%), the splenic flexure was neither approached
by LCA ascending branch nor by MCA left branch. Special
caution should be given to this type of patients within the
rectal cancer surgery, especially with elder age and smok-
ing habit, because the poorly structured marginal artery at
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Table 2 Correlations between the subtypes of LCA ascending branch and the number of LCA/MCA branches, and the areas supplied by MCA
left branch

LCA subtypes
Overall Type A Type B Type C & D P P
Distal third of TC Splenic flexure Descending colon
and absent
(n=229) (n=86) (n=286) (n=57)
Gender
Female 85 (37.1%) 30 (34.9%) 27 (31.4%) 28 (49.1%) —0.0955 0.1498
Male 144 (62.9%) 56 (65.1%) 59 (68.6%) 29 (50.9%)
Age 51.9 (14.6) 50.4 (14.1) 53.5(13.5) 51.7 (16.7) 0.0844 0.2033
Weight 59.1(11.0) 59.0(11.4) 60.1 (9.59) 57.9 (12.3) 0.0016 0.9809
Height 164 (8.00) 164 (7.73) 165 (7.70) 163 (8.83) —0.0461 0.4873
BMI 21.9 (3.37) 21.8 (3.56) 22.1(3.09) 21.6 (3.49) 0.0192 0.7726
Number of LCA branches
1 60 (26.2%) 10 (11.6%) 14 (16.3%) 36 (63.2%) - 0418 <0.0001
2 126 (55.0%) 50 (58.1%) 59 (68.6%) 17 (29.8%)
3 43 (18.8%) 26 (30.2%) 13 (15.1%) 4(7.0%)
Number of MCA branches
1 50 (21.8%) 25 (29.1%) 14 (16.3%) 11 (19.3%) 0.1491 0.0241
2 169 (73.8%) 60 (69.8%) 68 (79.1%) 41 (71.9%)
3 10 (4.4%) 1(1.2%) 4 (4.7%) 5 (8.8%)
Presence of AMCA
Yes 41 (17.9%) 7 (8.1%) 13 (15.1%) 21 (36.8%) 0.2746 <0.0001
No 188 (82.1%) 79 (91.9%) 73 (84.9%) 36 (63.2%)
Areas supplied by MCA left
branch/AMCA
Proximal third of TC 76 (33.2%) 56 (65.1%) 15 (17.4%) 5(8.8%) 0.6093 <0.0001
Middle third of TC 102 (44.5%) 26 (30.2%) 61 (70.9%) 15 (26.3%)
Distal third of TC 51 (22.3%) 4 (4.7%) 10 (11.6%) 37 (64.9%)
Tabl(? 3 .Univariate' and Univariate analysis Multivariate analysis
multivariate analysis of the
presence of accessory MCA OR CI P OR CI P
Gender 0494  0.137-1.782 0.281
Female vs Male
Age 1.020  0.985-1.057 0.266
Weight 1.157  0.706-1.897 0.562
Height 0.875  0.610-1.255 0.469
BMI 0.743  0.205-2.691 0.651
LCA subtype 4433 2.175-9.036 <0.001  7.629 3.141-18.528  <0.001
Type C & D vs type A & B
MCA bifurcation 7.619  3.638-15.959  <0.001 12.103  4.989-29.365 <0.001
No vs yes

splenic flexure might jeopardize the blood compensation  is an “avascular area” that can be used as the access for post-
from MCA, after IMA high ligation. colic Billroth IT or Roux-en-Y anastomosis. 17.9% in all cases)

In addition, Areas supplied by MCA left branch/AMCA  were the aMCA separately arising from SMA. This percentage
was found in 22.3% of the cases (51/229). This finding may was similar to the study by Hamabe, Atsushi et al. (14.3%) [3],
contradict the notion that the left side of transverse mesocolon whereas lower than that by H. Miyake et al. (36.4%) [7] since
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Fig.3 Correlation between the terminal reaches of LCA ascending
and MCA left branch. A MCA left branch reached the proximal third
of transverse colon while LCA ascending branch reached the distal
third of transverse colon (24.5%, 56/229); B MCA left branch reached
the middle third of transverse colon while LCA ascending branch
fed the region of splenic flexure (26.6%, 61/229); C LCA ascending
branch reached the middle part of descending colon and MCA left
branch supplied the distal third of transverse colon (16.2%, 37/229);
D LCA ascending branch reached the middle part of descending
colon and MCA left branch supplied the proximal third of transverse
colon (2.2%, 5/229)

they also included vessels originated from celiac flow. The
presence of aMCA was strongly correlated with LCA branch-
ing pattern in this study, which was also found by H. Miyake
et al. [7]. Surgical dissection for this type of splenic flexure or
descending colon cancer might be more challenging, since the
regional lymph nodes drains into SMA instead of MCA [1, 8].

The main limitation of this study was that the anatomy
was not confirmed intra-operatively. However, previous stud-
ies have suggested that MIP reconstruction with ultra-thin
images can achieve satisfactory accuracy [4, 8]. In this study,
the thickness of the image was 0.5 mm, which can significantly
improve the accuracy of fine vessel delineation.
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Conclusions

This study presents the variations in splenic vasculature
caused by the branches of LCA and MCA. This information
is helpful to increase the accuracy and safety of left-sided
and rectal cancer surgery.
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