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Objective: The development of atherosclerotic plaques

and spontaneous isolated dissection (SID) of the supe-

rior mesenteric artery (SMA) was considered to be

related to opposite haemodynamics. The purpose of

this study was to compare their occurrence sites and the

morphology of the SMA to confirm the haemodynamic

aetiologies.

Methods: 57 patients with SID and 64 patients with

atherosclerotic plaques were compared about patient

characteristics, location of SID and plaque, the distance

from lesion to the aortic ostia, SMA branching angle and

inlet diameter of the SMA.

Results: The location of SID and plaquewas very different

(p,0.001). The anterior wall was the most common

entry site of SIDSMA (84.0%) but the least frequent origin

site of atherosclerotic plaques (7.8%). The posterior, left

and right walls were the frequent origin sites of athero-

sclerotic plaques (total 92.2%) but not for SIDSMA. Most

plaques started from the aortic ostia, and their average

distance to the aortic ostia was significantly less than the

distance from the entry site to the aortic ostia of SIDSMA

(p,0.001). No significant difference was found between

SIDSMA and the plaque groups in the branching angle

and inlet diameter of the SMA.

Conclusion: The vastly different sites of SIDSMA and

atherosclerotic plaque indicate their opposite haemody-

namic aetiology.

Advances in knowledge: By comparing the location of

the two diseases, we demonstrate their different haemo-

dynamic causes.

INTRODUCTION
Spontaneous isolated dissection (SID) of the superior
mesenteric artery (SMA) was once considered to be a rare
disease. However, with the increasing use of contrast-
enhanced CT, a growing number of cases with SIDSMA
have been reported in recent years, especially in East Asian
countries.1–5 In our institution, this condition is also not
uncommon in clinical practice. SIDSMA is more prevalent
in male patients in their 50s. The potential risk factors
included hypertension, smoking, gene variation and hae-
modynamic abnormalities. The entry sites of SIDSMAwere
always close to the lower margin of the pancreas. Thus, one
explanation was the shear stress injury at the transitional
zone of the SMA from a fixed to a relatively unfixed seg-
ment.6 However, in the study of Park et al,4 the dissection
entry was found not consistent with the lower margin of
the pancreas. With the constant entry site corresponding to
high wall shear stress, SIDSMA was believed to be more
likely due to abnormal haemodynamic forces. The site was

in accordance with the high wall shear stress area in an-
other computational fluid dynamic model.7 However,
Tomita et al2 demonstrated the “dissection origin” was
more proximal to the pancreatic edge or the maximum
curve of the SMA, therefore the haemodynamic mecha-
nism was still controversial.

Atherosclerotic plaques are the main cause of SMA ste-
nosis and may lead to acute or chronic mesenteric is-
chaemia.8 It has now been widely accepted that although
affected by many factors,9 the development of athero-
sclerotic plaques was related to haemodynamic
forces.10,11 The plaques initially arise in the area of low
and oscillatory shear stress and rarely appear in the area
of high shear stress. Thus, low and oscillatory shear stress
facilitated the development of atherosclerotic plaques,
whereas high shear stress was considered as an athero-
protective factor. Plaques of the SMA were frequently
close to the aortic ostia.8,12,13 A transient computational
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fluid dynamic model showed that the site of high oscillatory
shear stress in the SMA was consistent with the clinical ob-
served location of atheroma.7 Therefore, if the occurrence of
SIDSMA was closely related to high shear stress, the entry site
cannot be located in the common site of atherosclerotic pla-
ques. The common occurrence site of SID and atherosclerotic
plaques of the SMA should be very different.

The purpose of this study was to retrospectively analyze the
contrast-enhanced CT images of SID and atherosclerotic plaques
of the SMA and to compare their occurrence sites and the
morphology of the SMA to verify the opposite haemodynamic
aetiology.

METHODS AND MATERIALS
The local institutional review board approved this retrospective
study. All procedures performed in this study involving human
participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or compa-
rable ethical standards. Informed consent was obtained from all
individual participants included in the study. Cases diagnosed of
“superior mesenteric artery dissection” and “superior mesenteric
artery plaque/stenosis” were retrieved from the CT database
from June 2013 to September 2016. Two radiologists with more
than 10 years of experience reviewed the images individually.
Disagreements were resolved by discussion or upon consensus
by a third author. The diagnosis of SIDSMAwas made when: (a)
double lumen with intimal flap was seen after contrast en-
hancement or (b) a crescent-shaped area with higher attenuation
than blood was found with no contrast enhancement.14 Patients
with combined aortic dissection and trauma- or operation-
related SMA dissection were excluded. The atherosclerotic pla-
ques of the SMA were confirmed as calcification or filling
defected with low density after contrast agent injection. Patients
with two or more plaques or combined with other conditions in
SMA, such as thrombosis or aneurysm were also excluded. Fi-
nally, a total of 57 patients (55 males and 2 females; mean age,
54.4 years; range, 40–87 years) with SIDSMA and 64 patients
(37 males and 27 females; mean age, 74.7 years; range, 54–
93 years) with atherosclerotic plaques were included in this
study. The demographic characteristics (age and gender) and
clinical characteristics (acute abdominal pain, hypertension,

diabetes mellitus, smoking history and intra-abdominal cancer)
are shown in Table 1.

CT imaging was conducted with dual-source 64-slice scanner
(Siemens Medical System, Forchheim, Bavaria, Germany). After
intravenous injection of 1.5 ml kg21 of iopromide (Ultravist® 370;
Bayer Schering, Berlin, Germany) at a flow rate of 3–5ml s21, the
contrast-enhanced images were acquired. The scanning parame-
ters were 120 kV, 312mA, field of view 3623362 cm, matrix
5123 512 and slice thickness 0.75mm. Raw data were transferred
to the local database. Under the supervision of an expert, three
authors investigated the lesion characteristics and the morphology
of the SMA on the Volume Viewer (AW Suite 2.0; GE Healthcare
Milwaukee, WI, USA) with multiplanar reformatting (MPR) and
maximum intensity projections. The morphology types of

Table 1. The demographic and clinical characteristics of patients

Patient characteristics SIDSMA (n5 57) Plaque (n5 64) p-value

Age (years), mean6 SD 54.46 9.1 74.76 9.1 ,0.001

Male, n (%) 55 (96.5%) 37 (57.8%) ,0.001

Acute abdominal pain, n (%) 51 (89.5%) 23 (35.9%) ,0.001

Hypertension, n (%) 16 (28.1%) 28 (43.8%) 0.073

Diabetes mellitus, n (%) 3 (5.3%) 12 (18.6%) 0.025

Smoking history, n (%) 22 (38.6%) 15 (23.4%) 0.108

Intra-abdominal cancer, n (%) 3 (5.3%) 16 (25%) 0.003

SD, standard deviation; SIDSMA, spontaneous isolated dissection of the superior mesenteric artery.

Figure 1. The distance from the entry site of spontaneous

isolated dissection of the superior mesenteric artery (SMA) to

the aortic ostia (green), the SMA branching angle (blue) and

the inlet diameter (red) were measured on a sagittal multi-

planar reconstruction image.
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SIDSMA were categorized based on the classification of Yun
et al.3 The location of the entry site of SID and origin site of
plaques were recorded as anterior, posterior, left or right. The
distance from the entry site or origin site to the aortic ostia and
the distance from the entry site to the lower margin of the
pancreas were measured on the MPR images. The anatomical
feature of the SMA, including the SMA branching angle from

the aorta and the inlet diameter were measured on sagittal
MPR images (Figure 1).

Patient characteristics, lesion characteristics and the morphology
measurement of the SMA were compared between the SID and
atherosclerotic plaque groups. Pearson’s or Spearman’s correla-
tion analysis was employed to test the influence of age, sex and
clinical characteristics on the occurrence site of SID and
atherosclerotic plaques. Numerical data and approximately
normally distributed data were compared using the Student’s t
test. The x2 or Fisher’s exact test (for small samples or highly
imbalanced table cells) were used for categorical variables. Sta-
tistical analyses were performed using SPSS® software v. 22
(IBM Corp., New York, NY; formerly SPSS Inc., Chicago, IL),
with two-sided p, 0.05 indicating a significant difference.

RESULTS
According to the classification of Yun et al, SIDSMAs were
classified as 16 Type I (28.1%), 11 Type IIa (19.3%), 23 Type IIb
(40.4%) and 7 Type III (12.3%) (Figure 2). Patients with
SIDSMA had younger age and higher sex ratio than patients
with atherosclerotic plaques (p, 0.001 for both). Acute ab-
dominal pain was more common in patients with SIDSMA
(89.5%) than in those with atherosclerotic plaques (35.9%).
Diabetes mellitus and intra-abdominal cancer were more fre-
quent in patients with atherosclerotic plaques (Table 1). The
location of SID and plaque was very different (p, 0.001). The
most common entry site of SIDSMA was the anterior wall
(84.0%), which was the least frequent origin site for athero-
sclerotic plaques (7.8%). Atherosclerotic plaques were equally
distributed in the posterior, left and right walls (total 92.2%).
There were six SIDSMAs started in the left wall and two in the
right wall, with none in the posterior wall (Table 2). 49 (76.6%)
of the 64 plaques started from the aortic ostia (Figure 3). The
distance from the origin site to the aortic ostia of the athero-
sclerotic plaques was significantly less than the distance from the
entry site to the aortic ostia of SIDSMA (p, 0.001). There was
no significant relationship between age, gender, clinical char-
acteristics and site of SIDSMA or plaques. No significant dif-
ferent was found between SIDSMA and plaque groups with
regard to SMA branching angle and inlet diameter (Table 3).
The distance from the entry site to the lower margin of the
pancreas of SIDSMA varied from 227.9 cm (below) to 33.5 cm
(higher) (mean6 standard deviation, 21.86 14.7 cm).

DISCUSSION
The exact pathogenic factor of SIDSMA is still elusive. It may be
related to hypertension, smoking or gene variation. A new
point of view was that the anatomical and haemodynamic

Figure 2. A 47-year-old female patient with Type IIa sponta-

neous isolated dissection (SID) of the superior mesenteric

artery (SMA) (a, b) and a 48-year-old male patient with Type

IIb SIDSMA (c, d). Sagittal and transverse views of post-

contrast-enhanced images show the entry site (white arrows)

of the dissection (a–c) located in the anterior wall of the SMA;

the transverse view before contrast enhancement shows the

crescent-shaped high attenuation (white arrowhead) in the

SMA (d).

Table 2. The entry site of spontaneous isolated dissection of the superior mesenteric artery (SIDSMA) and the origin site of
atherosclerotic plaque

Anterior, n (%) Posterior, n (%) Left, n (%) Right, n (%)

SID (n5 50) 42 (84.0%) 0 6 (12.0%) 2 (4.0%)

Plaque (n5 64) 5 (7.8%) 21 (32.8%) 18 (28.1%) 20 (31.2%)

SID, spontaneous isolated dissection.
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characteristics of the SMA may be a causative factor of
SIDSMA.4,15 The systemic risk factors of atherosclerotic plaque
formation included hypertension, diabetes, high low-density li-
poprotein cholesterol and smoking.9 However, haemodynamic
factors contribute to the localization of plaque by interplaying
with endothelial surfaces at the cellular and biochemical
level.10,16 Although both SIDSMA and atherosclerotic plaque
might be related to haemodynamic aetiology, their mechanisms
were substantially different. Our cases demonstrate that the vast
majority of SIDSMA occurred in the convex arc of the anterior
wall, which was consistent with the high shear stress area shown on
the vascular haemodynamic model of several previous studies.4,7 In
addition, a few SIDSMAs appeared in the left and right walls but
none in the posterior wall. The mean distance between the entry
site of SID and the origin of the SMA in our study was close to that
recorded by Park et al4 but larger than that recorded by Tomita
et al.2 The possible explanation was that Tomita et al did not
measure the distance from the location of the rupture but the
origin site of dissection to the aortic ostia, which is closer to the
SMA origin. The preference location of the plaque was the pos-
terior, left and right walls near the aortic ostia. The anterior wall
was rarely involved. The frequent location was vastly different from
the SIDSMA and consistent with the site of high oscillatory shear
stress showed by previous haemodynamic models.7 This suggests

that the haemodynamic factor plays an important role in their
development, especially in the occurrence site. In addition, it is of
clinical significance to make clear the different haemodynamic
aetiologies for the prevention and treatment of these two diseases.
Earlier reporters believed that the occurrence of SIDSMA was re-
lated to the inferior borderline of the pancreas and the unfixed
mesentery.6 However, the large variation in distance between the
entry site and the lower margin of the pancreas ruled out such
a probability. There was no significant difference in the diameter of
the SMA entrance between the two groups. The SMA branching
angle in patients with SIDSMA was higher than that in patients
with plaque, but with no statistical difference.

The characteristics of patients with SIDSMA in this study were
similar to those in previous studies.4,5,17 The reason of gender
and age preference was still unclear.15 A case report showed that
SIDSMA may be related to genes. The heterogeneity of a chro-
mosome locus at 5q13-14, which linked to familial ascending
aortic aneurysms and dissections, was found in two patients (an
uncle and his nephew) and an unaffected female familial
member.18 An interesting question was the sparing of the female
with the defective gene. By contrast, there was no obvious
gender preference for the atherosclerotic plaque in the SMA. The
age of patients of atherosclerotic plaque was significantly greater

Figure 3. A 58-year-old female patient with atherosclerotic plaque. Transverse (a) and sagittal (b) views of post-contrast-enhanced

images show the plaque (white arrow) located in the right wall of the superior mesenteric artery and started from the aortic ostia.

Table 3. The comparison of lesion characteristics and the morphology of the superior mesenteric artery between spontaneous
isolated dissection of the superior mesenteric artery (SIDSMA) and atherosclerotic group

SIDSMA, mean6 SD Plaque, mean6 SD t p-value

DEntry (cm) 26.46 10.7a 5.76 12.8 9.192 ,0.001

Angle (°) 70.86 29.2 61.66 23.4 1.892 0.061

Diameter (mm) 9.36 1.3 9.26 1.4 0.545 0.587

SD, standard deviation.
aMeasurement from 50 patients with Type I and Type II. DEntry, distance from the entry site or origin site to the aortic ostia.
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than that of SIDSMA. However, age and gender were not con-
firmed to be related to the lesion site. Patient numbers for hy-
pertension, diabetes mellitus, smoking history or intra-abdominal
cancer in the SIDSMA group were not significantly more than
those in the atherosclerotic group. The incidence rate of diabetes
and hypertension in this study was not higher than the average
value of the similar age group in a population-based survey.19 In
the study by Park et al,4 SIDSMA was less common in patients
with hypertension than in those with combined aortic and SMA
dissection. This suggests that systemic risk factors may not play an
important role in the development of SIDSMA.

There are some limitations in this study. Firstly, the hypothesis
of haemodynamic distribution came from previous studies. This
study did not analyze individual haemodynamics. Individual
haemodynamics may vary due to different branching angles,
inlet diameters and convex curvatures of the SMA. Further
studies are needed to compare the haemodynamic abnormalities

with the site of the lesion. In addition, the mechanisms of their
formation are quite different, therefore the same factors, in-
cluding age, gender and clinical characteristics, might play
a different role in their formation. In spite of this, the correlation
analysis showed these factors had no influence on the occur-
rence site.

CONCLUSION
The frequent occurrence site of SIDSMA and atherosclerotic
plaque had almost no overlap and was consistent with areas of
high and low (oscillatory) wall shear stress, respectively. This
indicated critical and opposite roles that hemodynamic factors
played in their occurrence site.
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