
ORIGINAL RESEARCH
BRAIN

Morphologic Characteristics of Atherosclerotic Middle
Cerebral Arteries on 3T High-ResolutionMRI

X.J. Zhu, B. Du, X. Lou, F.K. Hui, L. Ma, B.W. Zheng, M. Jin, C.X. Wang, and W.-J. Jiang

ABSTRACT

BACKGROUND AND PURPOSE: There are limited studies on the morphologic characteristics of MCA atherosclerotic stenosis. Our aim
was to quantitatively assess the remodeling pattern and plaque distribution of atherosclerotic MCAs with 3T high-resolution MR imaging.

MATERIALSANDMETHODS: Eighty-sevenconsecutivepatientswith symptomatic atherosclerotic stenoses at theM1 segmentof theMCAon
DSA (50%–99%) were enrolled. The remodeling index was calculated as the Vessel Area atMaximal LumenNarrowing/Reference Vessel Area. A
remodeling index� 1.0 was defined as positive remodeling, and a remodeling index� 1.0, as negative remodeling. Plaque distribution at the
maximal lumen narrowing site was classified on the basis of the involvement of the superior, inferior, dorsal, or ventral MCA wall.

RESULTS: Forty-three of 87 patients were excluded due to poor imaging quality (n� 8) or scan plane obliquity secondary to a tortuous
M1 segment of the MCA or an MCA ostium lesion or angled lesion (n� 35). Of 44 patients in the final analysis, negative remodeling was
found in 19 (43.2%) lesions, and positive remodeling, in 25 (56.8%) lesions. At maximal lumen narrowing sites, lesions with negative
remodeling had less vessel area, wall area, and percentage of plaque burden (P� .0001) and a lower eccentricity index (P� .023), compared
with lesions with positive remodeling. The plaque involved the superior and dorsal walls in 15 (34.1%) of 44 patients.

CONCLUSIONS: 2D high-resolutionMR imaging can help assess the remodeling pattern and plaque distribution of MCA stenosis, but the
imaging and postprocessing protocol for remodeling assessment needs to be improved in the tortuous course of the MCA and in MCA
ostium or angled lesions.

ABBREVIATIONS: MLN � maximal lumen narrowing; NR � negative remodeling; PR � positive remodeling; PTAS � percutaneous transluminal angioplasty and
stenting; SAMMPRIS� Stenting versus Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Arterial Stenosis

Previous studies of coronary arteries confirmed that vessels may

respond to plaque growth by either outward enlargement of the

vessel wall (positive remodeling) or vessel shrinkage (negative re-

modeling).1 Pre-existing remodeling was important in the immedi-

ate success and clinical outcome following coronary interventions.2,3

In addition, the existence of plaque close to a branch vessel ostium

has been shown to increase the risk of branch occlusion after coro-

nary stent placement.4 In light of the disappointing results5 of the

Stenting versus Aggressive Medical Management for Preventing Re-

current Stroke in Intracranial Arterial Stenosis (SAMMPRIS) trial,

we are reminded that lesion morphology of the intracranial artery

may also be a prominent factor that influences the rate of periproce-

dural complications.6,7 Knowledge of the wall characteristics of the

MCA may be useful in interpreting the data of the SAMMPRIS trial,

selecting patients for percutaneous transluminal angioplasty and

stenting (PTAS), and designing individualized operating plans.

High-resolution MR imaging has been increasingly used in recent

years to identify the wall features of the intracranial artery.8-12 How-

ever, the remodeling pattern and the plaque distribution of MCA

atherosclerotic stenosis remains poorly understood. The aim of this

prospective study was to quantitatively investigate remodeling pat-

terns and plaque distribution in patients with symptomatic MCA

stenosis with 3T high-resolution MR imaging.
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MATERIALS AND METHODS
Patients
This observational cross-sectional study was approved by our in-

stitutional ethics committees. Before each high-resolution MR

imaging examination, written informed consent was obtained.

Patients were enrolled in this study according to the following

criteria: 1) ischemic stroke or TIA in the target MCA territory

within 90 days; 2) 50%–99% stenosis at the M1 segment of the

MCA on DSA; and 3) �2 atherosclerotic risk factors, including

hypertension, hypercholesterolemia, diabetes mellitus, cigarette

smoking, and obesity as described previously.10 According to the

traditional clinical definition, we defined ischemic stroke as a new

focal neurologic deficit of sudden onset lasting �24 hours and not

caused by hemorrhage, and TIA is the acute onset of a focal neu-

rologic deficit lasting �24 hours. We excluded patients with the

following conditions: 1) contraindications to MR imaging; 2)

nonatherosclerotic vasculopathy, such as dissection, arteritis, or

Moyamoya disease; 3) fewer than 2 atherosclerotic risk factors; 4)

coexistent �50% supra-aortic cerebrovasculature stenosis on

DSA; and 5) evidence of cardioembolism.

Between December 2009 and May 2011, eighty-seven consecu-

tive patients with symptomatic atherosclerotic stenosis at the M1

segment of the MCA on DSA (50%–99%) were enrolled in this study.

Imaging Protocol
Cross-sectional imaging was performed by using a 3T MR imag-

ing scanner (Signa, TwinSpeed 3T; GE Healthcare, Milwaukee,

Wisconsin) and an 8-channel phased ar-

ray head coil. 3D time-of-flight MRA was

performed purely for image positioning

with the following parameters: TR/TE �

21/3.2 ms, FOV � 16 � 16 cm, thick-

ness � 1 mm, matrix � 256 � 256, and

NEX � 1. On the basis of the MRA, the

scan plane was angled to ensure that the

cross-sectional images were perpendicular

to the M1 segment of the MCA (Figs 1A, 2A,

and 3A). Then, proton attenuation–

weighted images of 12–17 sections were ac-

quired with an FSE sequence. The parame-

ters for proton attenuation–weighted

images were as follows: TR/TE � 4000/12.9

ms, FOV � 16 � 16 cm, thickness � 2 mm,

matrix � 384 � 256, NEX � 2, and echo-

train length � 10. The cross-sectional voxel

size was 0.6 � 0.6 mm on time-of-flight im-

ages and 0.4 � 0.6 mm on proton attenu-

ation–weighted images. Fat suppression

was applied to reduce fat signal from the

surrounding scalp. A zero-fill interpolation

512-matrix technique was used to enhance

spatial resolution. The total imaging time

was 7–10 minutes.

Morphologic Measurement and
Calculation of the MCAWall
Two trained readers with �1 year of ex-

perience in reading intracranial MR im-

ages, blinded to the clinical information of the patients, assessed

image quality by consensus by using a previously developed

4-point scale (1 � poor quality, 4 � excellent).13 Images of poor

image quality were excluded from the final analysis. Quantitative

measurement was performed on the proton attenuation–

weighted images with a score of �2 by using FuncTool II software

(GE Healthcare) from a Sun ADW4.3 workstation (GE Health-

care). The images were zoomed to 400%. The window width and

level were adjusted to optimize the conspicuity of the vessel con-

tour. In the MCA cross-sectional images, the contour of the outer

wall and lumen at the maximal lumen narrowing site and refer-

ence site was traced manually to measure the vessel area and lu-

minal area by reader 1, blinded to the clinical information of the

patients. The reference sites used were the nearest plaque-free or

minimally diseased segments proximal and distal to the maximal

lumen narrowing (MLN) sites.

Due to the vessel tapering, the reference vessel area was calculated

as the average of the distal and proximal vessel area, and luminal area,

was calculated as the average of the distal and proximal luminal area.

Wall area was calculated by Vessel Area � Luminal Area. Plaque size

was estimated by Wall Area at the MLN site � Reference Wall Area.

Because plaque size varies with vessel size and larger vessels usually

have larger plaques, we used the percentage of plaque burden to cor-

rect for vessel sizes. The percentage of plaque burden was calculated

by using the following formula: (Plaque Size/Vessel Area at MLN

site) � 100%. The degree of stenosis on high-resolution MR imaging

FIG 1. An example of an excluded case. MRA (A) shows the obvious angled stenosis located at
the distal M1 segment near M2 of the MCA. Suitable cross-sectional images can be obtained at
the proximal (B, arrow) and MLN (C, arrow) but not the distal (D, arrow) site.
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was calculated as follows: (1 � Luminal Area at the MLN Site/Refer-

ence Luminal Area) � 100%.1 The remodeling index was calculated

as follows: Vessel Area at MLN Site/Reference Vessel Area. Positive

remodeling (PR) was defined as a remodeling index � 1.0; negative

remodeling (NR), as a remodeling � 1.0.1 Patterns of the remodeling

were classified into 2 subgroups (PR and NR).

The thickest and thinnest wall segments on the cross-sectional

image at the MLN site were identified by visual inspection, and

maximal and minimal wall thicknesses were measured manually

by the same reader (reader 1). The eccentricity index of the MLN

site was calculated as follows: (Maximal Wall Thickness � Mini-

mal Wall Thickness)/Maximal Wall Thickness.14 The maximal

wall thickness at the reference site was the average of maximal wall

thickness distal and proximal to the MLN site. All cross-sectional

images at MLN sites were classified on the basis of their plaque

orientation being centered on the superior, inferior, dorsal, or

ventral side of the vessel.15 Each cross-sectional image at the MLN

site was grouped into 1 of the 4 quadrants. In cases in which the

plaque was distributed on �1 quadrant, the quadrant with the

maximal wall thickness was chosen.

To assess interobserver variability and intraobserver variabil-

ity, the 2 readers independently remeasured the vessel area, lumi-

nal area, maximal wall thickness, and

minimal wall thickness at MLN sites of

the initial 10 consecutive patients 2

months later. Subjects, included 2 pa-

tients (score 2), 6 patients (score 3), and 2

patients (score 4).

Statistical Analysis
The intraclass correlation coefficient was

used to find the intraobserver or interob-

server reproducibility for the measure-

ments of vessel area, luminal area, maxi-

mal wall thickness, and minimal wall

thickness. Continuous variables were de-

scribed as means � SD or as an interquar-

tile range (if not normally distributed).

The continuous variable between the 2

groups was compared by using the Stu-

dent t test or Mann-Whitney U test (when

the continuous variable was not normally

distributed). Categoric variables were

compared by using the �2 test or Fisher

exact test. The Statistical Package for the

Social Sciences, Version 11.5 (SPSS, Chi-

cago, Illinois) was used as the statistical

analysis software. All reported P values

were 2-sided, and a P value � .05 was con-

sidered statistically significant.

RESULTS
Patients
From the 87 patients enrolled in this

study, 8 (9.2%) were excluded due to poor

image quality and 79 (90.8%) had images

suitable for analysis (image quality, �2)

to depict the MCA wall. In the final anal-

ysis, 35 patients were also excluded because cross-sectional images

perpendicular to the MCA at reference sites (n � 34) or at the

MLN site (n � 1) could not be acquired due to a tortuous course

of the MCA or a lesion at the MCA ostia or an angled lesion (Fig

1). Therefore, 44 patients (39 men and 5 women) were included in

the final analysis. There were no significant differences in the clin-

ical characteristics between the included patients and excluded

patients (Table 1). The mean age of included patients was 47.8 �

9.9 years. The image quality was 2 in 8 patients, 3 in 26 patients,

and 4 in 10 patients. The mean time from qualifying events to

high-resolution MR imaging was 33.8 � 19.0 days.

Morphologic Measurement and Calculation of the
MCAWall
The intraobserver and interobserver reproducibility was high for

measurements of the vessel area, luminal area, maximal wall

thickness, and minimal wall thickness (Table 2).

At the reference site, the vessel area was 14.8 � 3.3 mm2, the

luminal area was 5.3 � 1.8 mm2, the wall area was 9.5 � 1.7 mm2,

and the maximal wall thickness was 0.9 � 0.1 mm. At the MLN

site, the vessel area was 15.4 � 4.8 mm2, the luminal area was

0.8 � 0.6 mm2, and the wall area was 14.6 � 4.7 mm2. Thus,

FIG 2. A 37-year-old man with hypertension, hypercholesterolemia, and cigarette smoking
history who presented with aphasia, a cognitive disorder, and right-side numbness for 60 days.
MRA (A) shows stenosis located at the straightM1 segment of theMCA. The proximal (B, arrow),
MLN (C, arrow), and distal (D, arrow) site of the left MCA are shown. The vessel area or luminal
area is measured (demonstrated by themagnified view in the inset). The reference vessel area is
12.3 mm2, and the remodeling index at the MLN site is 0.8� 1.00 (NR). The eccentricity index is
0.6. B, The plaque location is mainly on the ventral wall (arrow). The wall area is 7.6 mm2 at the
proximal, 9.1 mm2 at the MLN, and 6.9 mm2 at the distal site. The reference wall area is 7.2 mm2.
Plaque size is 1.9 mm2, and percentage of plaque burden is 19.1%.
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plaque size was 5.1 � 4.5 mm2, percentage of plaque burden was

28.1 � 21.1%, degree of stenosis was 82.8 � 14.2%, and remod-

eling index was 1.1 � 0.3. At the MLN sites, the maximal wall

thickness was 2.5 � 0.6 mm, the minimal

wall thickness was 1.0 � 0.3 mm, and the

eccentricity index was 0.6 � 0.2.

NR was found in 19 (43.2%) lesions

(Fig 2), and PR, in 25 (56.8%) lesions (Fig

3). There was no significant difference in

the clinical characteristics between the le-

sions with NR and PR (Table 3). The wall

morphologic characteristics are outlined

in Table 4. At MLN sites, lesions with NR,

compared with lesions with PR, had less

vessel area, wall area, plaque size, and per-

centage of plaque burden (P � .0001). At

the same time, lesions with NR had a sig-

nificantly lower maximal wall thickness

(P � .0001) and eccentricity index than

did lesions with PR (0.5 versus 0.6, P �

.023). However, there was no difference in

the luminal area, minimal wall thickness,

and degree of stenosis between the lesions

with NR and PR. At reference sites, NR

lesions had greater maximal wall thick-

ness than PR lesions, with a trend toward

significance; however, there was no signif-

icant difference in vessel area, luminal

area, and wall area between the 2 groups.

Plaques were located at the superior

wall in 10 (22.7%) patients, the dorsal wall

in 5 (11.4%) patients, the inferior wall in 13

(29.6%) patients, and the ventral wall in 16

(36.4%) patients (Fig 2). In total, the plaque

involved the superior and dorsal walls in

34.1% of patients (Fig 3).

DISCUSSION
The use of high-resolution MR imaging

could permit evaluation of the remodel-

ing of intracranial arteries.8-12 A previous study showed that the

remodeling index could be assessed quantitatively with 1.5T

high-resolution MR imaging.8 Compared with 1.5T, a 3T MR

imaging system has higher SNR and has recently been used to

identify the remodeling pattern of intracranial arteries.10,11 The

results showed that NR and PR also occur in the MCA and basilar

arteries.10,11 However, the remodeling index depends on the ref-

erence vessel area. Using only proximal or distal segments as a

reference site in previous studies may have resulted in underesti-

mation or overestimation of the remodeling index due to the nat-

ural tapering of the MCA.11 In contrast, we used the average of

reference site areas distal and proximal to the stenosis for remod-

eling calculation to help overcome the obstacle of natural ta-

pering of the MCA. In addition, the positioning of 2D sections

in 1 scan for the tortuous MCA makes 2D images more prone

to obliquity artifacts, especially for the reference sites, lead-

ing to the overestimation of the true vessel area and wall thick-

ness. To minimize errors, we excluded 35 patients because

cross-sectional images perpendicular to the long axis of the

MCA were unavailable.

FIG 3. A 74-year-old man with hypertension and hypercholesterolemia who presented with
aphasia for 27 days. MRA (A) shows stenosis located at the nearly straight M1 segment of the
MCA. The proximal (B, arrow), MLN (C, arrow), and distal (D, arrow) site of left MCA are
surrounded by more CSF due to age-related brain involution compared with the case in Fig 2.
The vessel area or lumen area is measured (demonstrated by the magnified view in the inset).
The reference vessel area is 21.5 mm2, and the remodeling index at theMLN is 1.1� 1.00 (PR). The
eccentricity index is 0.7. B, The plaque location is mainly on the ventral and superior walls
(arrow). Thewall area is 12.3mm2 at the proximal, 22.3mm2 at theMLN, and 12.3mm2 at the distal
site. The reference wall area is 12.3 mm2. Plaque size is 10.0 mm2, and the percentage of plaque
burden is 42.7%. Compared with the case in Fig 2, this case has a larger vessel area, wall area,
plaque size, percentage of plaque burden, and eccentricity index.

Table 1: Clinical characteristics between included patients and
excluded patients

Characteristics

Included
Patients
(n = 44)

Excluded
Patients
(n = 43)

P
Value

Age (yr) (mean) (SD) 47.8 (9.9) 47.7 (11.4) .966
Men (No.) (%) 39 (88.6) 37 (86.1) .716
Hypertension (No.) (%) 29 (65.9) 26 (60.5) .599
Hypercholesterolemia (No.) (%) 42 (95.5) 42 (97.7) 1.000
Diabetes mellitus (No.) (%) 8 (18.2) 10 (23.3) .559
Smoking (No.) (%) 30 (68.2) 31 (72.1) .690
Obesity (No.) (%) 7 (15.9) 3 (7.0) .332
Three ormore risk factors (No.) (%) 23 (52.3) 22 (51.2) .918
Stroke as qualifying event (No.) (%) 27 (61.4) 26 (60.5) .932
NIHSS scores at admission
(median) (interquartile range)

0.0 (0.0–1.0) 0.0 (0.0–1.0) .916

Time from qualifying event to
high-resolution MRI, days
(mean) (SD)

33.8 (19.0) 33.3 (21.2) .905
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Our findings emphasized that NR was almost as frequent as PR

in symptomatic atherosclerotic MCA stenosis and NR lesions had

less wall area and percentage of plaque burden. At reference sites,

NR lesions had greater maximal wall thickness than PR lesions,

with a trend toward significance; however, the difference may

have no meaning, given the in-plane resolution. In addition,

the remodeling pattern was associated with the eccentricity

index, and PR lesions had a larger eccentricity index (0.6 versus

0.5, P � .023). These findings have potential implications for

the mechanisms of arterial PR because it has been thought that

in coronary atherosclerosis, PR mainly occurs as a conse-

quence of the outward stretch of the vessel wall behind the

plaque, as a direct response to the plaque release of

metalloproteinases.1

Intracranial atherosclerotic stenosis is associated with a high

risk of recurrent stroke, despite treatment with aspirin and stan-

dard management of vascular risk factors. Intracranial PTAS

emerged as a valuable tool for patients refractory to medical ther-

apy.16,17 In the PTAS procedure, the operators select the size of

the balloon or stent on the basis of the reference vessel diameter

during luminal imaging. However, for the patients with NR, siz-

ing of the balloon may not take into account the diminished outer

wall diameter and may increase the risk of vessel injury or even

rupture when the balloon is inflated. Previous studies with coro-

nary intervention have shown that patients with PR had the

highest rate of major adverse cardiac events; in contrast, pa-

tients with NR may face high rates of in-hospital complica-

tions, including postinterventional dissection.2,3 The conse-

quences of SAMMPRIS suggest that the remodeling pattern may

also be a prominent factor that influences the rate of periproce-

dural complications. In future studies, we will use a wall imaging

technique to study the remodeling pattern of other intracranial

arteries (such as the ICA) and will assess the influence of local

remodeling patterns on periprocedural complications in patients

with intracranial PTAS.

Intracranial PTAS also showed that patients presenting with

perforator ischemia may have an increased risk of perioperative

stroke.6 PTAS restores the luminal diameter by pushing the

plaque outward against the wall of the artery, which can cause

plaque shifting, occluding the penetrating arteries. An eccen-

tric plaque location on the superior and dorsal walls of the MCA,

where most of perforators arise, may increase the risk of perfora-

tor occlusion. In this study, 34.1% of the lesions mainly involved

the superior and dorsal MCA walls. These findings are meaning-

ful. Patients with perforator syndromes were also included in

SAMMPRIS. This feature may help explain the high risk of peri-

operative stroke. Patients with plaques near penetrating artery

orifices may face a higher risk of perforator stroke. For those pa-

tients, a subsized balloon with low balloon inflation pressure may

help reduce the risk of perforator stroke.18

We found that measurement reproducibility for vessel and lumi-

nal areas in the MCA was lower than the results of a previous study of

the basilar artery.10 This finding seemed due to the confluence of the

MCA with adjacent brain parenchyma, with little surrounding CSF

reducing the conspicuity of its outer wall. By contrast, abundant CSF

around the basilar artery may improve wall conspicuity. We obtained

good measurement reproducibility with more CSF surrounding the

MCA due to age-related brain involution, especially compared with

the relatively young volunteers in a previous study.19

We excluded nearly half of the patients from final analysis in

this study, with most cases related to obliquity of the scan plane

and tortuous vessels. This choice caused a high exclusion rate and

makes the current protocol inefficient for assessment of remod-

eling in clinical practice. Approaches to arterial wall imaging in-

volving 3D acquisitions with short time durations are promis-

ing.19 These techniques, with the aid of multiple planar

reconstruction, may help reduce the number of excluded cases

and may be ideal for assessment of arterial remodeling in tortuous

intracranial vessels.

Other limitations are as follows: First, values of vessel area and

wall thickness may be overestimated. The overestimation may

Table 2: Intraobserver and interobserver variability
Intraclass Correlation Coefficient

(95% CI)

Intraobserver Interobserver
Vessel area 0.917 (0.666–0.979) 0.906 (0.620–0.977)
Luminal area 0.833 (0.329–0.959) 0.898 (0.589–0.975)
Maximal wall thickness 0.962 (0.847–0.991) 0.916 (0.663–0.979)
Minimal wall thickness 0.876 (0.501–0.969) 0.851 (0.399–0.963)

Table 3: Clinical characteristics between the NR and PR groups

Characteristics
NR Group
(n = 19)

PR Group
(n = 25)

P
Value

Age (yr) (mean) (SD) 48.0 (8.4) 47.8 (11.0) .951
Men (No.) (%) 15 (79.0) 24 (96.0) .198
Hypertension (No.) (%) 13 (68.4) 16 (64.0) .759
Hypercholesterolemia (No.) (%) 19 (100) 23 (92.0) .498
Diabetes mellitus (No.) (%) 5 (26.3) 3 (12.0) .409
Smoking (No.) (%) 11 (57.9) 19 (76.0) .202
Obesity (No.) (%) 5 (26.3) 2 (8.0) .219
Three ormore risk factors (No.) (%) 12 (63.2) 11 (44.0) .208
Stroke as qualifying event (No.) (%) 13 (68.4) 14 (56.0) .402
NIHSS scores at admission,
median (interquartile range)

0.0 (0.0–2.0) 0.0 (0.0–0.5) .419

Time from qualifying event to
high-resolution MRI (days)
(mean) (SD)

33.8 (17.4) 33.8 (20.5) 1.000

Table 4: Wall characteristics of symptomatic atherosclerotic
MCA stenosis

Variablesa
NR Group
(n = 19)

PR Group
(n = 25)

P
Value

At reference site
Vessel area (mm2) 15.5 (3.3) 14.3 (3.2) .228
Luminal area (mm2) 5.5 (1.6) 5.2 (1.9) .516
Wall area (mm2) 10.0 (1.8) 9.1 (1.6) .103
Maximal wall thickness (mm) 1.0 (0.1) 0.9 (0.1) .058
At MLN site
Vessel area (mm2) 12.4 (3.3) 17.8 (4.5) �.0001
Luminal area (mm2) 0.8 (0.6) 0.8 (0.5) 0.804
Wall area (mm2) 11.6 (3.3) 16.9 (4.3) �.0001
Plaque size (mm2) 1.6 (2.3) 7.8 (3.8) �.0001
Percentage of plaque burden (%) 9.9 (16.8) 42.0 (11.1) �.0001
Degree of stenosis (%) 84.5 (13.8) 81.5 (14.6) .497
Maximal wall thickness (mm) 2.1 (0.5) 2.8 (0.5) �.0001
Minimal wall thickness, (mm) 0.9 (0.3) 1.0 (0.2) .381
Eccentricity index 0.5 (0.2) 0.6 (0.1) .023
Remodeling index 0.8 (0.1) 1.3 (0.3) �.0001

a Variables are expressed as mean and SD.
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arise from lower in-plane and through-plane spatial resolution.

This would lead to partial volume effects, resulting in an overes-

timation of the true vessel area and wall thickness, especially for

reference sites. Another significant issue was that no effective

technique for inflow and CSF suppression was applied in this

study. Incomplete inflow or surrounding CSF suppression might

mimic the vessel wall, causing an additional overestimation of the

true vessel wall thickness. Second, although the proximal and dis-

tal minimally diseased vessels were also selected as reference sites

in some cases, the number of lesions with negative remodeling

may have been overestimated or underestimated due to remodel-

ing of the reference sites in response to early-stage atherosclerosis.

CONCLUSIONS
2D high-resolution MR imaging can help assess the remodeling

pattern and plaque distribution of MCA stenosis, but the imaging

and postprocessing protocol for remodeling assessment needs to

be improved in the tortuous course of the MCA or MCA ostium

lesions or angled lesions due to artifacts and technical challenges

related to obliquity.
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