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ABSTRACT
Objective: To compare the superior mesenteric artery (SMA) and inferior mesenteric artery (IMA) diameters in colorectal cancer
compared to control.
Study Design: Observational study.
Place and Duration of Study: Taizhou Hospital, Zhejiang University, Taizhou, China, from March 2019 to June 2020.
Methodology: A total of 203 diagnosed colorectal cancer patients and 40 patients as control subjects were reviewed. Patients
were divided into three groups based on tumor location as the right colon, left colon, and rectal groups. The diameters were
measured on axial computed tomography images independently by two observers.
Results: The SMA diameter did not diﬀer between the right colon and control groups (p=0.626). The IMA diameter was signiﬁcantly
higher in the left colon group than in the control group (p=0.002), but there was no signiﬁcant diﬀerence in the IMA diameter
between the diﬀerent tumour stages (p=0.263). The IMA diameter was signiﬁcantly higher in the rectal group than in the control
group (p<0.001). There was a signiﬁcant increase in the IMA diameter from stage I to stage II rectal cancers (p=0.022) and from
stage II to stage III rectal cancers (p=0.003). The IMA diameter did not diﬀer between stage III and IV rectal cancers (p=0.600). In
locoregional rectal cancer patients, there was a signiﬁcant correlation between the IMA diameter and tumour-node-metastasis
stage (p<0.001, rs = 0.494).
Conclusion: Patients with rectal cancer and left colon cancer have a wider IMA diameter than patients without colorectal cancer.
IMA diameter can be a potential marker for locoregional staging of rectal cancer.
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INTRODUCTION
Colorectal cancer is one of the most common alimentary canal
malignancies worldwide.1,2 In China, colorectal cancer is the
third most common cancer, with rectal cancer speciﬁcally
accounting for nearly one-third of the total incidence.3 The superior mesenteric artery (SMA) and inferior mesenteric artery (IMA)
are two of the three unpaired branches of the abdominal aorta.4,5
Tumours in the right colon derive blood supply from the SMA,6
while those in the left colon and rectum derive blood supply from
6,7
the IMA.
To meet their increasing vascularisation needs, tumours release
angiogenic chemical signals to create new blood vessels, by a
8
phenomenon known as tumour angiogenesis.
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Thus, we speculated that the artery feeding a tumour may
dilate to accommodate the increase in blood ﬂow. Previous
studies found that the diameter of the superior mesenteric
vein was increased in right colon cancer, and the diameter of
the inferior mesenteric vein was increased in rectal
cancer.9,10 However, no assessment of the SMA and IMA diameters in colorectal cancer has been reported.
Therefore, the aim of this study was to assess whether the SMA
and IMA were dilated in colorectal cancer, and whether they
could be of use as new staging criteria for colorectal cancer.

METHODOLOGY
The current study recruited consecutive patients with primary
colorectal cancer from Taizhou Hospital, Zhejiang University
(Taizhou, China) from March 2019 to June 2020. The study was
approved by the Ethics Committee of the Hospital (Number:
K20200807). All patients underwent contrast-enhanced
computed tomography (CT) of the abdomen and pelvis by
endoscopic biopsy after conﬁrmation of the presence of colon
or rectal cancer. Patients with synchronous cancers, those who
had undergone neoadjuvant treatment, those who had a
history of abdominal surgery, and those with severe atheros-
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clerosis of the abdominal aorta and its branches were
excluded.
The inducted patients were divided into three groups based on
the tumour location as the right colon, left colon, and rectal
groups. Patients with tumours in the caecum, ascending colon,
hepatic ﬂexure, and right half of the transverse colon were
included in the right colon group; patients who had tumours in
the left half of the transverse colon, splenic ﬂexure, descending
colon, and sigmoid colon were included in the left colon group.
Patients with rectal cancer were included in the rectal group.
The control group included 40 patients with abdominal pain who
had normal contrast-enhanced abdominopelvic CT ﬁndings.
The clinicopathological characteristics of the patients such as
age, sex, body mass index (BMI), and tumour-node-metastasis
(TNM) stage (7th American Joint Committee on Cancer classiﬁcation) were recorded.11
A 64-slice CT scanner (Aquilion, Canon, Japan) was used on all
patients, following a standardised protocol. They were injected
intravenously with 90 ml of iopromide (370 mg/ml, Iopamiron
370; Bayer, Osaka, Japan) at a speed of 3.0 ml/s. Abdominal and
pelvic scans were obtained using the following parameters: 120
kVP, 220 mAs, and 0.5 mm slice thickness. The multiphase CT
scanning protocol included unenhanced, arterial (30 s delay),
portal venous (60 s delay), and equilibrium phases (120 s delay).

The arterial phase axial CT images were anonymised and
assessed for the SMA and IMA diameters by two observers. The
SMA diameter was measured approximately 5 mm distal to its
origin in the right colon and control groups (Figure 1). The IMA
diameter was measured approximately 5 mm distal to its origin
in the left colon, rectal, and control groups (Figure 2). Each
observer took three measurements using an electronic calliper
on the imaging workstation. The resultant SMA and IMA diameters were reported as the average of six measurements to
minimise measuring error.
Continuous variables were presented as mean ± standard deviations and analysed using Student’s t-test. Categorical variables were expressed as proportions and tested using chisquare test. The one-way analysis of variance and least signiﬁcant diﬀerence test were used to compare continuous variables
in multiple comparisons. The relationship among variables was
assessed using the Spearman’s rank correlation coeﬃcient.
The p-values<0.05 were considered to indicate statistical
signiﬁcance. Analyses were performed using IBM SPSS Statistics version 22.0 (IBM Co., Armonk, NY, USA).

RESULTS
A total of 203 patients were enrolled, of whom 23 patients with
stage IV cancers were diagnosed by laparoscopic exploration or
CT (visibility of characteristic ﬁndings of metastasis). The
remaining 180 patients without metastasis underwent surgical
resection and were staged postoperatively according to the
pathology observed in the resected specimen.

(14.3%) patients with stage I cancer, 14 (33.3%) with stage II
cancer, 16 (38.1%) with stage III cancer, and 6 (14.3%) with
stage IV cancer. Age, sex, weight, and BMI did not diﬀer between
the right colon group and the control group (all p>0.05). There
was no signiﬁcant diﬀerence in the SMA diameter between the
right colon group and the control group (p=0.626, Table I).
Table I: Comparison of clinicopathologic characteristics between right
colon cancer patients and controls.
Parameter

Right colon group
(n=42)

Control group
(n=40)

p-value

Age (years)

58.57±12.38

61.25±9.02

0.268

23 (54.8%)
19 (45.2%)

21 (52.5%)
19 (47.5%)

0.837

Weight (kg)

60.26±11.58

60.82±10.14

0.816

BMI (kg/m2)
SMA diameter
(mm)

22.60±3.55

22.79±3.51

0.801

5.32±0.90

5.22±1.04

0.626

Sex
Male
Female

BMI: Body mass index, SMA: Superior mesenteric artery.
Table II: Comparison of clinicopathologic characteristics between left
colon cancer patients and controls.
Parameter

Age (years)
Sex
Male
Female
Weight (kg)
BMI (kg/m2)
IMA diameter
(mm)

Left colon group
(n=52)

Control group
(n=40)

p-value

64.15±10.59

61.25±9.02

0.168

25 (48.1%)
27 (51.9%)
59.49±10.41
22.51±3.25

21 (52.5%)
19 (47.5%)
60.82±10.14
22.79±3.51

0.674

2.48±0.38

2.20±0.47

0.002

0.539
0.686

BMI: Body mass index, IMA: Inferior mesenteric artery.

Table III: Comparison of clinicopathologic characteristics between
rectal cancer patients and controls.
Parameter

Age (years)
Sex
Male
Female
Weight (kg)
BMI (kg/m2)
IMA diameter
(mm)

Rectal group
(n=109)

Control group
(n=40)

p-value

63.54±10.18

61.25±9.02

0.212

70 (64.2%)
39 (35.8%)
61.12±9.70
22.95±3.12

21 (52.5%)
19 (47.5%)
60.82±10.14
22.79±3.51

0.194

2.57±0.49

2.20±0.47

<0.001

0.869
0.795

BMI: Body mass index, IMA: Inferior mesenteric artery.

There were 52 patients in the left colon group, including 9
(17.3%) patients with stage I cancer, 19 (36.5%) with stage II
cancer, 17 (32.7%) with stage III cancer, and 7 (13.5%) with
stage IV cancer. Age, sex, weight, and BMI did not diﬀer between
the left colon group and the control group (all p>0.05). The
mean IMA diameter was signiﬁcantly wider in the left colon
group than in the control group (p=0.002, Table II). The IMA
diameters in patients with stage I, stage II, stage III, and stage IV
left colon cancer were 2.28±0.33 mm, 2.46±0.32 mm,
2.58±0.42 mm, and 2.51±0.42 mm, respectively. There was no
signiﬁcant diﬀerence in the IMA diameter between patients with
diﬀerent stages of cancer (p=0.263).

There were 42 patients in the right colon group including 6
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F i g ure 1: Measurement of the superior mesenteric artery (SMA) diameter on arterial-phase axial computed tomography (CT).

There were 109 patients in the rectal group, including 24
(22.0%) with stage I cancer, 34 (31.2%) with stage II cancer, 41
(37.6%) with stage III cancer, and 10 (9.2%) with stage IV
cancer. Age, sex, weight, and BMI did not diﬀer between the
rectal and control groups (all p>0.05). The mean IMA diameter
was signiﬁcantly wider in the rectal group than in the control
group (p<0.001, Table III). The IMA diameters in patients with
stage I, stage II, stage III, and stage IV rectal cancer were
2.21±0.29 mm, 2.48±0.40 mm, 2.78±0.53 mm, and
2.86±0.39 mm, respectively (p<0.001). There was a signiﬁcant diﬀerence in the IMA diameter between patients with stage
I and stage II cancers (p=0.022), stage I and stage III cancers
(p<0.001), stage I and stage IV cancers (p<0.001), stage II and
stage III cancers (p=0.003), and stage II and stage IV cancers
(p=0.015). However, there was no signiﬁcant diﬀerence
between patients with stage III and stage IV cancers (p=0.600).
In patients with locoregional (stages I-III) rectal cancers, there
was a signiﬁcant linear and moderate correlation between the
IMA diameter and TNM stage (p<0.001, rs = 0.494, Figure 3).

DISCUSSION

Figure 2: Measurement of the inferior mesenteric artery (IMA) diameter
on arterial-phase axial computed tomography (CT).

For colorectal cancer, imaging plays an important role in developing optimal treatment strategies by identifying the extent of
local tumour growth and metastases.12,13 Patients with early
tumours can proceed to surgery directly. However, patients with
locally advanced tumours or metastasis usually require neoadjuvant chemoradiotherapy or palliative chemotherapy.14,15
Imaging modalities commonly used in the staging of colorectal
cancer are CT, magnetic resonance imaging (MRI), and endoscopic ultrasonography (EUS).16,17 However, these modalities
have limitations. CT exposes patients to radiation. MRI is relatively more expensive and time-consuming and is not applicable
for patients with contraindications to MRI use.18 EUS is invasive,
operator-dependent, and not applicable for patients with
stenosis.19 Since the quality of preoperative staging could
inﬂuence the treatment and prognosis of patients with colorectal
cancer, there is an urgent need for new markers to increase the
staging accuracy of this cancer.

In this study, it was hypothesised that the SMA and IMA might
be dilated in colorectal cancer and thus, might be of use as new
markers for colorectal cancer. This hypothesis was mainly
based on the fact that tumour growth requires an increased
blood supply than normal. In routine practice, SMA and IMA are
easily visualised on contrast-enhanced CT, which is a routine
test done on patients with colorectal cancer at the study
centre. Hence, the authors used contrast-enhanced CT rather
than angiography to measure the SMA and IMA diameters.

Figure 3: Correlation between TNM stage and inferior mesenteric
artery (IMA) diameter in locoregional rectal cancer. Spearman’s
rank correlation analysis shows positive and moderate correlation
between TNM stage and IMA diameter (rs=0.494, p<0.001). TNM
stages 1, 2, and 3 (X-axis) represent stages I, II, and III, respectively.

Since branches of the SMA supply the the right half of the colon,
the SMA diameter between patients in the right colon cancer
group and those in the control group were compared. The IMA
supplies the left side of the colon and rectum; hence, the
authors compared the IMA diameter between left colon cancer
patients and rectal cancer patients and the control group.
It was found that there was no relationship between the pres-
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ence or absence of right colon cancer and the SMA diameter.
Hence, the SMA diameter had no diagnostic signiﬁcance in right
colon cancer. However, it was found that the IMA diameter of
patients with left colon cancer and rectal cancer was signiﬁcantly higher than that of patients in the control group. This can
be explained by the fact that the baseline diameter of the SMA is
much wider than that of the IMA. Hence, the increased blood
supply that the tumour induces has lesser inﬂuence on the SMA
diameters than on the IMA diameter.
The IMA diameters were further compared in left colon cancer
and rectal cancer patients with diﬀerent TNM stages. There was
a signiﬁcant diﬀerence between the IMA diameter in rectal
cancer patients with diﬀerent TNM stages. However, no signiﬁcant diﬀerence was found between the IMA diameter in left
colon cancer patients with diﬀerent TNM stages. The authors
speculate that this may be due to the pattern of arterial supply
to the left colon and rectosigmoid colon. The blood supply to the
left colon and rectosigmoid region is from the branches of the
IMA, namely the left colic artery, sigmoid arteries (could be two
or three), and superior rectal artery (SRA).20 These arteries are
connected by the marginal artery of Drummond, which further
connects to the branches of the SMA.21,22 Left colon cancer is
proximal to rectal cancer, which means that it is more likely for
left colon cancer to derive part of its blood supply from the SMA
through the marginal artery of Drummond than rectal cancer. In
addition, there is a weak point in the colorectal blood supply
known as Sudeck's point between the last sigmoidal branch and
the SRA.23,24 This hinders the blood supply of IMA from other
major arteries except the SRA. For these reasons, the IMA diameter could be a major factor for the growth of rectal cancer than
left colon cancer.
There was a signiﬁcant increase in the IMA diameter from stage I
to stage II rectal cancers and from stage II to stage III rectal
cancers. However, there was no signiﬁcant diﬀerence between
patients with stage III and stage IV cancers. This could be
explained by the fact that stage I, stage II, and stage III rectal
cancers are locoregional rectal cancers, all of which derive their
blood supply from the IMA, but not in the case of metastatic
tumours in stage IV rectal cancer. A moderate positive correlation was found between the IMA diameter and TNM stage in
patients with locoregional rectal cancer. These ﬁndings suggest
that the IMA diameter may be a new diagnostic marker for the
locoregional staging of rectal cancer.
This study also had some limitations. First, this was a retrospective study conducted in a single centre, which might have led to
selection bias. Second, the sample size was small. Third, the
measurement error was also an important limitation. However,
we minimised this by using two observers and considering the
average of six measurements. Future, well-designed prospective studies are required to further support the ﬁndings of this
study.

CONCLUSION
Patients with left colon cancer and rectal cancer had signiﬁ-
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cantly an increased mean IMA diameter. In patients with locoregional rectal cancer, the IMA diameter increased with
increasing TNM stage, suggesting the potential role of the IMA
diameter in staging locoregional rectal cancer.
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