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ORIGINAL RESEARCH
ADULT BRAIN

Imaging Features of Symptomatic MCA Stenosis in Patients
of Different Ages: A Vessel Wall MR Imaging Study

H. Kang, J. Liang, Y. Zhang, Z. Li, X. Yang, and B. Sui

ABSTRACT

BACKGROUND AND PURPOSE: The prevalence of intracranial artery stenosis is high in Asian people. This study aimed to investi-
gate whether there are differences in the imaging features of symptomatic MCA stenosis in patients of different ages using vessel
wall MR imaging.

MATERIALS AND METHODS: We retrospectively reviewed the data of consecutive patients with unilateral MCA stenosis based on a
prospectively established vessel wall MR imaging data base between January 2017 and December 2018. According to age, the patients
were divided into the young group (18–45 years of age) and the middle-aged and elderly group (older than 45 years of age).

RESULTS: Overall, 131 patients with unilateral MCA stenosis were included (45.8% in the young group and 54.2% in the middle-aged
and elderly group). Middle-aged and elderly patients had a higher prevalence of hypertension (P ¼ .01) and diabetes (P ¼ .05). The
lesion length (P , .0001), proportion of circular involvement (P ¼ .006), and proportion of circular enhancement (P ¼ .03) were
higher in the young group than in the middle-aged and elderly group. The analysis of the atherosclerotic subgroup showed that
compared with middle-aged and elderly patients, young patients had longer lesions (P ¼ .002). The atherosclerotic-versus-nonather-
osclerotic subgroup analysis showed that the maximal wall thickness in the patients with atherosclerosis was larger than that of
patients without it (P ¼ .002).

CONCLUSIONS: Compared with the middle-aged and elderly group, young patients with MCA stenosis tended to have longer
lesions and more circular wall involvement and circular enhancement, which may indicate the differences in underlying vascular
pathophysiologic and developmental mechanisms in symptomatic MCA stenosis.

ABBREVIATIONS: AS ¼ atherosclerosis; HR VW-MRI ¼ high-resolution vessel wall MR imaging; MOP ¼ middle-aged and elderly; NWI ¼ normalized wall
index; RI ¼ remodeling index; SI ¼ signal intensity

Ischemic stroke is an important cause of death and disability in
adults. The incidence rate of ischemic stroke in young people

has increased by 40% in the 2020s compared with the 2010s.1,2

Intracranial artery stenosis is an important cause of ischemic
stroke and is more commonly found in Asian people. Although
atherosclerosis (AS) is still considered the most common reason,
the etiology of intracranial artery stenosis, especially in young
people, is more complex and diverse, often making the clinical di-
agnosis difficult and uncertain.

Traditional imaging technologies, including CT angiography,
MR angiography, and digital subtraction angiography, can
provide information only on lumen stenosis, which has limited
value in the etiologic differential diagnosis. In recent years, high-
resolution vessel wall MR imaging (HR VW-MR imaging) has
been increasingly applied in clinical practice. The technique has
proved to be an optimal and reliable method to display intracra-
nial vessel wall features. By directly visualizing the structure of
the vessel wall and identifying the characteristics of lesions,
HR-VW-MR imaging has shown great potential and application
prospects in the evaluation of patients with intracranial artery ste-
nosis.3-9 It has been proposed that different vessel wall imaging
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features can be found in various diseases, including dissection,
vasculitis, and Moyamoya disease,10-12 and they can provide im-
portant information for clinical assessment.

Although it was reported that AS is still the most common
cause of intracranial artery stenosis in young patients, multiple
etiologies other than AS should be considered. It is generally
believed that AS is more commonly found in older patients. With
similar findings of artery stenosis by conventional MRA, different
HR VW-MR imaging manifestations due to various stenosis
mechanisms may be found in young and elderly groups. One pre-
vious study has shown that concentric wall thickening and
enhancement on HR VW-MR imaging were found more com-
monly in patients younger than 35 years of age than in patients
35–45 years of age.13 However, it is still unclear whether there are
different HR VW-MR imaging features in patients of different
ages, and there is no comparison study of HR VW-MR imaging
features between young and middle-aged and elderly (MOP)
patients. In this study, using HR VW-MR imaging, we sought to
identify differences in the imaging features of stenosed MCA
lesions of atherosclerosis and nonatherosclerotic disease in
patients of different ages.

MATERIALS AND METHODS
Participants
We retrospectively reviewed the data of consecutive patients with
unilateral MCA stenosis based on a prospectively established HR
VW-MR imaging data base between January 2017 and December
2018. Our ethics committee approved this retrospective study,
and the requirement for written informed consent was waived
due to its retrospective nature. Consecutive patients with ipsilat-
eral MCA stenosis were included. The inclusion criteria were as
follows: 1) symptomatic patients who had an ischemic stroke or
TIA, 2) unilateral MCA stenosis confirmed by CT angiography
orMRA, or 3) the stenosedMCA ipsilateral to the ischemic lesion
or responsible for the TIA and defined as the culprit (index) ves-
sel by the neurologist and neuroradiologist. Patients were
excluded for the following reasons: 1) definite cardiogenic embo-
lism, such as a history of atrial fibrillation confirmed by electrocar-
diogram or a Holter monitor within 1month or a recent history of
myocardial infarction, atrial septal defect, or left atrial/ventricular
thrombosis confirmed by echocardiography; 2) extracranial carotid
stenosis of.50%;14 unstable plaques of the extracranial carotid ar-
tery that met 3 of the following 4 criteria: stenosis.70%, mainly
hypoechoic on ultrasound images, superficial irregularity, and
ulceration; 3) definite Moyamoya disease; 4) ipsilateral or bilateral
MCA occlusion or bilateral MCA stenosis; or 5) poor MR image
quality or lack of clinical data. The clinical data (including age, sex,
smoking history, hypertension, diabetes, hyperlipidemia, and ho-
mocysteine) and the HR VW-MR imaging characteristics were
reviewed and analyzed. According to age, the patients were divided
into the young group (18–45 years of age) and the MOP group
(older than 45 years of age).

MR Imaging Protocol
MR imaging was performed using 3T MR imaging scanners (Trio
Tim, Siemens; Discovery 750, GE Healthcare; and Ingenia CX,
Philips Healthcare) with a 32-channel head coil. The MR imaging

protocol included 3D TOF-MRA, 3D T1WI (sampling perfection
with application-optimized contrasts by using different flip angle
evolution [SPACE sequence, Siemens]/Cube [GE Healthcare]/vol-
ume isotropic turbo spin-echo acquisition [VISTA]), 3D T2/PDWI
proton-density weighted imaging (PDWI) (SPACE/CUBE/VISTA),
3D T1 MPRAGE, and contrast-enhanced 3D T1WI (SPACE/
CUBE/VISTA). Postcontrast T1-weighted images were acquired
3minutes after gadolinium injection (0.1mmol/kg of gadopentetate
dimeglumine, Magnevist; Bayer HealthCare Pharmaceuticals) using
parameters identical to those of the precontrast T1-weighted
images. The parameters of the imaging sequences are listed in the
Online Supplemental Data.

Image Analysis
All MR images were transferred to a dedicated postprocessing
workstation for analysis with Vessel Explorer software (Version
1.1; TsingHua Imaging Co). HR VW-MR imaging data were ana-
lyzed by 2 experienced neuroradiologists (J.L. and B.S.) inde-
pendently, who were blinded to the clinical data. Differences
between the 2 observers were solved by consensus.

The vessel centerline of the MCA was extracted automatically
on TOF-MRA and copied to the precontrast 3D T1-weighted
images. Then, oblique sagittal precontrast T1-weighted images
were reconstructed perpendicular to the M1 segment of the rele-
vant MCA with a reconstructed section thickness of 0.7mm. The
analysis plane was set as the maximal lumen narrowing site. The
reference site was defined as the nearest lesion-free segment prox-
imal or distal to the lumen narrowing site. Precontrast T1-
weighted images were used for the main analysis, including the
measurements of lumen and wall thickness at the analysis and
reference planes, assessment of the wall thickening and involve-
ment pattern, remodeling patterns, and the surface morphology.
A 3D T1 MPRAGE sequence was used to identify intralesion
hemorrhages. Postcontrast T1-weighted images were used for the
enhancement assessment. 3D T2-weighted and proton-density
weighted images were used as supplementary images if there was
obscurity of the vessel wall on T1-weighted images.

The maximum wall thickness and lesion length were measured
in the circumferential plane and along the longitudinal axis of the
artery, respectively (Fig 1A). The degree of stenosis was calculated
as follows: degree of stenosis ¼ (1� Lumen Area at the Maximal
Lumen Narrowing Site/Reference Lumen Area)� 100%.15,16 The
normalized wall index (NWI) was calculated as follows: NWI ¼
Wall Area/(Lumen Area 1 Wall Area).17 The wall thickening,
involvement pattern, and remodeling patterns of the index MCA
were analyzed on precontrast T1-weighted images, as was the sur-
face morphology. In the circumferential plane, the wall of the
MCA was divided into 4 quadrants: namely, the superior wall, the
inferior wall, the ventral wall, and the dorsal wall (Fig 1B); and cir-
cular involvement was defined as lesions involving all 4 quadrants.
The pattern of wall thickening was classified as concentric or
eccentric (Fig 1C, -D). Concentric stenosis was identified if the
thinnest part of the vessel wall was estimated to have a thickness
no less than 50% of the thickest point on all image slices or a steno-
sis without wall thickening.6 Eccentric stenosis was diagnosed if
the thinnest part of the vessel wall was estimated to have a thick-
ness of ,50% of the thickest point.15 The remodeling index (RI)
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was calculated as follows: RI ¼ Lumen Area at the Maximal
Lumen Narrowing Site / Reference Lumen Area. RI$ 1.05 was
considered positive remodeling, RI# 0.95 was considered negative
remodeling, and 0.95,RI,1.05 nonremodeling.18

Intralesion hemorrhage19 was defined as high signal intensity
(SI) in MCA lesions on 3D T1 MPRAGE images, with an SI of
.150% of the adjacent brain parenchyma (Fig 1E, -F).20 On post-
contrast T1-weighted images, the degree of lesion enhancement
was defined using the following grading criteria: grade 0, the
degree of enhancement less than or equal to that of the adjacent
normal arterial wall (Fig 1G); grade I, the degree of enhancement
greater than grade 0 but lower than that of the pituitary funnel
(Fig 1H); and grade II, the degree of enhancement greater than or
equal to that of pituitary funnel enhancement (Fig 1I).21

Maaijwee et al22 reported that traditional vascular risk fac-
tors in young adults, especially in patients between 35 and
50 years of age, have increased in prevalence, indicating a sharp
rise. Therefore, we further conducted a subgroup analysis by
dividing patients into the older than 35-year group and the 35-
year-or-younger group. In addition, to clarify the difference in
the characteristics of lesions between young and MOP patients
with different degrees of stenosis, patients with stenosis of
$50% and patients with stenosis of ,50% were classified into
different subgroups. We also performed subgroup analysis of
confirmed atherosclerotic plaque cases. Atherosclerotic lesions

were defined according to the following diagnostic criteria: The
clinical diagnosis of AS required$2 vascular risk factors
(hypertension, hyperlipidemia, diabetes mellitus, obesity, coro-
nary artery disease, men older than 50 years of age, and women
older than 60 years of age) and failure to meet the clinical crite-
ria for CNS vasculitis or reversible cerebral vasoconstriction
syndrome.23 The typical HR-VW-MR imaging diagnosis of AS
is based on eccentric, irregular, heterogeneous wall thickening
with vessel wall enhancement and T2-weighted hyperinten-
sity.24 The diagnosis was confirmed by consensus of the neurol-
ogist, neurointerventional surgeon, and neuroradiologist. The
clinical and imaging features of MCA AS were compared
between young and MOP patients. The clinical and imaging fea-
tures of intracranial atherosclerosis versus nonatherosclerosis
were compared in the young group and the middle-aged and
older group.

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS 25.0; IBM)
was used to analyze the differences between the 2 groups. The
intraclass correlation coefficient was calculated to find the intra-
observer and interobserver reproducibility in the measurements
of high SI, vessel wall area, and luminal area. Continuous varia-
bles are expressed as mean (SD), and categoric variables were
analyzed using the Pearson x 2 test or Fisher exact test.

FIG 1. A, Normal MCA. B, Enlarged view perpendicular to the lumen section. The wall of the MCA is divided into 4 quadrants: namely, the upper
wall, the lower wall, the ventral wall, and the dorsal wall. C, Annular thickening of the vessel wall, ie, concentricity. D, Eccentric thickening of the
vessel wall. E, Local T1 hyperintensity in the M1 segment of the left MCA. F, An enlarged cross-section of the blood vessel at the lesion shows
eccentric wall thickening and T1 hyperintensity. Degree of lesion enhancement: grade 0 (G); grade I (H); grade II (I). Min indicates minimum; Max,
maximum, Std. Dev., standard deviation.
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Continuous variables were compared between the 2 groups by
the independent-samples t test or the Mann-Whitney U test.
The significance threshold was set at P, .05.

RESULTS
Demographic Data of Young and MOP Groups
In total, 131 patients with unilateral MCA stenosis were included
from January 2017 to December 2018. The mean age of the
patients was 47.1 (SD, 12.5) years, and 16.8% (22/131) were
women. The young group included 60 patients (45.8%), and the
MOP group included 71 patients (54.2%). The young group
included 27 patients (45.0%) with TIA and 33 patients (55%) with
infarction, and the MOP group included 20 patients (28.2%) with
TIA and 51 patients (71.8%) with infarction. The median interval
time between symptom onset and HR VW-MR imaging was 4.3
(SD, 3.3) days. One hundred and eleven (84.7%) patients had athe-
rosclerotic disease, and 20 (15.3%) had nonatherosclerotic disease.

Intraobserver and Interobserver Reproducibility for
Imaging Analysis
The intraobserver and interobserver reproducibility of measure-
ments of high SI were 0.870 (95% CI, 0.773–0.969) and 0.936
(95% CI, 0.860–1.000), respectively. The intraobserver and inter-
observer reproducibility of measurements of the wall area were
0.854 (95% CI, 0.744–0.964) and 0.920 (95% CI, 0.838–1.000),

respectively. The intraobserver and interobserver reproducibility
of measurements of the luminal area were 0.838 (95% CI, 0.731–
0.946) and 0.918 (95% CI, 0.846–0.990), respectively.

Comparison of Clinical and Imaging Features between the
Young and MOP Groups
The clinical and imaging features were compared between the
young and MOP groups in the Online Supplemental Data. MOP
patients had a higher prevalence of hypertension (70.4% versus
41.7%, P ¼ .01) and diabetes (29.6% versus 15.0%, P ¼ .05) than
young patients. The proportions of circular wall involvement
(40.0% versus 19.7%, P ¼ .006) and circular enhancement (68.1%
versus 45.5%, P ¼ .03) were higher in the young group than in
the MOP group (Figs 2 and 3). Lesions were significantly longer
in the young group than in the MOP group (8.47 versus 6.23mm,
P , .0001). The proportion of eccentric thickening was slightly
higher in the MOP group (85.9%) than in young patients
(80.0%), but this difference was not statistically significant (P ¼
.37). No significant differences were found in other parameters
between the 2 groups.

Comparison of Clinical and Imaging Features of
Atherosclerotic Plaques between Young and MOP
Patients
In total, 111 cases (84.7%) were confirmed as peri-interventional
plaques (47 cases in the young group and 64 cases in the MOP

FIG 2. A 37-year-old man. Left MCA stenosis is shown on a 3D TOF-MRA MIP image (A). HR-VW-MR imaging shows an isointense signal lesion on
precontrast T1 images at the stenosed segment of the left MCA, with an irregular surface (B and C). Oblique serial sagittal images demonstrate a
concentric wall thickening lesion with circular wall involvement (D). Postcontrast T1 images show intense (grade II) concentric enhancement of the
lesion (E–G). DWI shows a small patchy acute ischemic lesion in the left centrum semiovale, with restricted diffusion displayed (H and I).
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group) (Online Supplemental Data). The subgroup analysis showed
that MOP patients had a higher prevalence (75.0% versus 44.7%,
P¼ .001) of hypertension than young patients. Lesions were longer
in the young group than in the MOP group (8.25 versus 6.28mm,
P¼ .002). The prevalence of intraplaque hemorrhage was higher in
the MOP group (20.3%) than in the young group (44.7%), but no
significant difference was found between two groups (P¼ .09).

Comparison of Intracranial Atherosclerotic versus Non-
Atherosclerotic Disease in the Young Group and Middle-
Aged and Older Group
The atherosclerosis-versus-nonatherosclerosis subgroup analy-
sis only showed that the wall maximal thickness in the patients
with AS was larger than that of patients without atherosclerosis
(1.72 versus 1.42mm, P ¼ .002). The patients with AS had a
higher prevalence of hypertension (62.2% versus 30.0%, P ¼
.007), diabetes (26.1% versus 5.0%, P ¼ .04), hyperlipidemia
(63.1% versus 35.3%, P ¼ .02), and smoking (78.4% versus
50.0%, P ¼ .008) than the patients without it (Online
Supplemental Data).

Comparison of Clinical and Imaging Features in Different
Age/Stenosis Subgroups
In our subgroup analysis of patients with a degree of stenosis
of .50%, the rates of hypertension (75.8% versus 43.3%, P ¼
.009) and diabetes (30.3% versus 10.0%, P ¼ .05) were higher in
the MOP group than in the young group, while the lesions were
longer in the young group than in the MOP group (8.90 versus
6.57mm, P¼ .002) (Online Supplemental Data).

In our subgroup analysis of patients with a degree of stenosis
of ,50%, the rate of hypertension (65.8% versus 40.0%, P ¼ .03)
and the degree of stenosis (34.7% versus 26.6%, P ¼ .04) were
higher in the MOP group than in the young group. Moreover, the
lesions were longer in the young group than in the MOP group
(8.40 versus 5.95mm, P¼ .02) (Online Supplemental Data).

Comparison of Clinical and Imaging Features between
Patients 35 Years of Age or Younger and Patients 35–45
Years of Age
Our subgroup analysis by age within the young group revealed
that patients 35 years of age or younger had a smaller proportion

FIG 3. A 37-year-old woman. Right MCA stenosis is shown on a 3D TOF-MRA MIP image (A). HR-VW-MR imaging shows an isointense signal
lesion on precontrast T1 images at the stenosed segment of the right MCA, with a relatively regular surface (B). Oblique sagittal serial images
demonstrate an eccentric wall thickening lesion with mainly ventral and superior wall involvement (C). Postcontrast T1 images show moderate
(grade I) eccentric enhancement of the lesion (D–F). DWI shows that there was no abnormally restricted lesion (G–H).
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of constrictive remodeling (36.0% versus 71.4%, P ¼ .02), less cir-
cular wall involvement (20.0% versus 54.3%, P ¼ .005), and a
higher remodeling ratio (1.05 versus 0.85, P ¼ .004) than patients
35–45 years of age (Online Supplemental Data).

DISCUSSION
In recent years, the incidence of stroke in young adults has mark-
edly increased.20 Approximately 10% of ischemic strokes occur in
young patients.22 The risk factors and etiologic features of ische-
mic stroke in young adults are considered very different from
those of older patients with stroke with traditional vascular risk
factors such as hypertension, hypercholesterolemia, diabetes mel-
litus, and obesity.25 One study reported that the high incidence of
traditional vascular risk factors among young people showed the
same trend as the increasing incidence of ischemic stroke.20 Our
results showed that the MOP group had a higher prevalence of
hypertension (P ¼ .01) and diabetes (P ¼ .05) than the young
patients. The atherosclerosis-versus-nonatherosclerosis subgroup
analysis showed that the patients with AS had a higher prevalence
of hypertension (P ¼ .007), diabetes (P ¼ .04), hyperlipidemia
(P¼ .02), and smoking (P¼ .008) than the patients without athero-
sclerosis. No significant difference was found between people
35 years of age and younger and people 35–45 years of age in these
traditional risk factors (P. .05). These findings indicate that tradi-
tional risk factors are still mainly prevalent among elderly individu-
als with atherosclerosis. However, only the incidence of diabetes
was collected in the current study. Uncontrolled diabetes is thought
to be an important contributor to intracranial plaque. It is necessary
to include the analysis of hemoglobin A1C in future studies.

In our subgroup analysis of people with,50% stenosis, the
degree of stenosis was higher in the MOP group than in the young
group (34.7% versus 26.6%, P ¼ .04). This finding might suggest
that in cases of mild stenosis, the progression and degree of MCA
stenosis in MOP patients may be faster and more severe due to the
effects of traditional risk factors. The stenosis degree was ,50% in
68 patients (30 in the young group, 38 in the MOP group), which
suggests that mild and moderate stenosis can be symptomatic.
Along with stenosis degree, MCA lesion features on HR VW-MR
imaging should considered when assessing MCA stenosis.

HR VW-MR imaging plays a very important role in the evalu-
ation of intracranial artery stenosis. Many features of vessel wall
lesions, including the wall thickening morphology, surface status,
lesion burden, and the degree and pattern of lesion enhancement,
can be analyzed. These detailed features of the involved arterial
wall are helpful to establish diagnoses and differential diagnoses
of vascular diseases, as well as to evaluate the severity and stability
of the lesions. In the current study, we did not find a statistically
significant difference in NWI, wall thickening pattern, remodel-
ing pattern, wall maximal thickness, or surface morphology
between young and MOP patients (all P ..05). These results
might indicate that these parameters were similar in symptomatic
MCA stenosis irrespective of age. However, we found that the
wall maximal thickness of the patients with AS was larger than
that of the patients without it (P ¼ .002). One possible reason is
that many patients with atherosclerosis have eccentric thickening
of the vessel wall, so the maximum thickness of the vessel wall is
larger than that of the nonatherosclerotic vessel wall.

Eccentric wall thickening was found more often in patients
35 years of age and younger than in patients 35–45 years of age
(88.0% versus 74.3%, P ¼ .19), and the patients 35 years of age
and younger had a lower proportion of constrictive remodeling
than patients 35–45 years of age (36.0% versus 71.4%, P ¼ .02).
These results were not in agreement with previous studies, in
which concentric wall lesions were more frequently reported in
patients younger than 35 years of age.6,23,26,27 This difference
could be explained by the higher incidence of CNS vasculitis in
younger patients in those studies. Smooth, homogeneous, con-
centric arterial wall thickening and enhancement on HR-VW-
MR imaging are considered features of CNS vasculitis. However,
previous studies have shown that vasculitis sometimes also results
in eccentric wall abnormality.28,29 This makes the diagnosis of
CNS vasculitis more difficult in clinical practice. Our results
might indicate that with multiple different risk factors, concentric
wall thickening, whether due to vasculitis or not, could be present
in patients 35–45 years of age. The incidence of vasculitis in dif-
ferent age groups needs to be confirmed in future studies.

Wall enhancement reflects an inflammatory reaction or the
increased permeability of the endothelium, with contrast leakage
from the lumen into the arterial wall. Obvious enhancement of-
ten presents in the active or unstable phase of the disease. The
enhancement degree was not significantly different between dif-
ferent age groups. Because all patients in this study were sympto-
matic, it could be expected that more than half of them had
intense enhancement (grade II) in both the young and MOP
groups. The enhancement pattern is another factor that may be
related to the vascular physiopathologic mechanism. Circular
enhancement was more prevalent in the young group than in the
MOP group (68.1% versus 45.5%, P ¼ .03). This result could be
expected because circular involvement was also more prevalent
in young patients. Whether circular wall involvement and
enhancement can be taken as a feature of non-AS vascular disease
or whether a larger circumferential burden is required should be
further investigated.

One interesting result of our study is that the lesions were sig-
nificantly longer in the young group than in the MOP group
(8.47 versus 6.23mm, P , .0001), while the NWI was not found
to be significantly different between the 2 groups. Similar results
were also found in subgroups with different degrees of stenosis.
Most of the previous HR VW-MR imaging studies have focused
on circumferential plane analysis of intracranial artery lesions,
while less attention has been paid to the length of the lesion.
However, lesion length is an important factor that reflects the
longitudinal burden of the lesions, which might affect the distal
blood supply of the stenosed artery. One possible explanation for
this phenomenon might be the different developmental mecha-
nisms in younger-versus-MOP patients. The anatomic and path-
ologic factors related to MCA lesion length remain unclear.
Younger patients with a degree of wall thickening and stenosis
similar to those in older patients might need longer involvement
of the MCA to cause clinical symptoms. Another reason for the
lesion length difference is the various possible diseases in younger
patients. Arterial dissection, for example, could involve a longer
lesion length than AS disease. Intracranial artery dissection is still
considered relatively rare but is an important cause of intracranial
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stenosis and ischemic stroke, especially in young adults.30,31

Patients younger than 45 years of age with intracranial artery dis-
sections have approximately 20% of strokes and 2% of all ische-
mic strokes.22 The differences and significance of lesion length in
various artery diseases should be investigated in future studies.

Our study included an AS subgroup analysis between young
and symptomatic MOP patients. The young patients had a lower
prevalence of hypertension (44.7% versus 75.0%, P ¼ .001) and
longer plaque length (8.25 versus 6.28mm, P ¼ .002) than the
MOP patients. The difference between hypertension prevalences
indicated that early AS in young patients might be caused by vari-
ous risk factors. The plaque length results showed a larger longi-
tudinal burden of the involved MCA in young patients. They also
suggested that the underlying mechanisms might be different for
AS plaques between young and symptomatic MOP patients.
Although there are similar medical treatment strategies for AS
stenosis, it is worth studying whether this imaging feature differ-
ence is related to different outcomes in patients of different ages.
Moreover, whether plaque length influences the effect of angio-
plasty should also be investigated. Further longitudinal studies
will provide more valuable information about the clinical signifi-
cance of this feature.

There are some limitations to our study. First, the retrospec-
tive design of this single-center study might have led to selection
bias. Some results differed from previous findings, which might
be due to the differences between the patients in different studies.
The proportion of male patients in this study was relatively high,
limiting its generalizability. Second, the imaging data were
obtained from 3 different machines, so it was difficult to avoid
vendor effects when performing parameter analysis, especially for
the measurements of maximal wall thickness and lesion length.
Another limitation of the study is the lack of follow-up data,
which would be very helpful in the differential diagnosis of vari-
ous diseases that are difficult to diagnose. Additionally, the
dynamic change in vessel wall features would help us to under-
stand the pathologic mechanisms of different vascular diseases.

CONCLUSIONS
Compared with the MOP group, young patients had longer lesions,
more circular wall involvement, and more circular enhancement,
which may result from the various vascular physiopathologic
mechanisms in symptomatic patients of different ages with MCA
stenosis.
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