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Value of 3D high resolution vessel wall magnetic resonance imaging in evaluating recurrent ischemic stroke
caused by non-stenotic intracranial atherosclerosis
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Department of Radiology, The First Affiliated Hospital of Naval Medical University (Second Military Medical University),
Shanghai 200433, China

[ Abstract | Objective To analyze the plaque characteristics of patients with recurrent or stable ischemic stroke
caused by non-stenotic intracranial atherosclerosis using three dimensional high resolution vessel wall magnetic resonance
imaging (3D hr-VW-MRI). Methods A total of 42 patients with ischemic stroke caused by non-stenotic intracranial
atherosclerosis in The First Affiliated Hospital of Naval Medical University (Second Military Medical University) from Jan.
2019 to Aug. 2021 were prospectively enrolled. The patients were examined by 3D hr-VW-MRI within 4 weeks of onset and
after 3-month follow-up. Imaging features of plaques, including luminal area, maximum wall thickness and minimum wall
thickness at the most stenotic site, stenosis rate, plaque burden, remodeling index, eccentricity index, enhancement ratio at the
most stenotic site, enhancement ratio of the whole plaque, plaque volume, and intraplaque hemorrhage, were measured based
on plain and contrast-enhanced T1 weighted imaging (T1WI). With regular medical treatment, the patients were divided into
recurrent group and stable group according to whether they had transient ischemic attack or cerebral infarction (hyperintensity
on cranial magnetic resonance diffusion weighted imaging images with corresponding ischemic stroke symptoms) on the

ipsilateral side of the original ischemic stroke. The differences in imaging features of plaques between recurrent group
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and stable group were analyzed. Results There were 11 patients in the recurrent group and 31 patients in the stable group.

The eccentricity index, enhancement ratio at the most stenotic site, enhancement ratio of the whole plaque, plaque volume and

intraplaque hemorrhage incidence in the recurrent group were significantly higher than those in the stable group (all £<<0.05).

There were no significant differences in the luminal area, maximum wall thickness or minimum wall thickness at the most stenotic

site, stenosis rate, plaque burden, or remodeling index between the 2 groups (all £>0.05). Conclusion 3D hr-VW-MRI can

effectively evaluate the plaque characteristics of patients with recurrent ischemic stroke caused by non-stenotic intracranial

atherosclerosis, providing reference for clinical prevention of ischemic stroke recurrence.
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Tab 1 Comparison of clinical characteristics of patients with ischemic stroke caused by non-stenotic intracranial

atherosclerosis between recurrent and stable groups

Characteristic Recurrent group N=11 Stable group N=31 Statistic P value

Agelyear, x5 63.82+10.12 59.164+10.92 t=1.238 0.223
Gender, 1 (%) 2 =0.009 0.924

Male 8 (72.7) 23 (74.2)

Female 3(27.3) 8 (25.8)
Smoking, n (%) 2 (18.2) 14 (45.2) £ =2.506 0.113
Drinking, 7 (%) 2 (18.2) 8(25.8) 2 =0.260 0.610
Diabetes mellitus, 7 (%) 4(36.4) 15 (48.4) 7 =0.474 0.491
Hypertension, 7 (%) 6 (54.5) 23 (74.2) 1=1467 0.226
Coronary heart disease, 7 (%) 0 1(3.2) 7 =0.363 0.547
Hyperlipidemia, n (%) 4(36.4) 11 (35.5) £ =0.003 0.958
NIHSS score, M (Q,, O,) 3(0,6) 2(L,5) Z=—0.145 0.885
Plaque location, 7 (%) 1 =11.522 0.003

MCA 7 (63.6) 17 (54.8)

ICA 3(27.3) 0

BA 1(9.1) 14 (45.2)

Recurrent group: The patients with recurrent ischemic stroke (transient ischemic attack symptoms on the ipsilateral side of the

original stroke or new ipsilateral hyperintensity on the diffusion weighted imaging images with corresponding clinical symptoms) during

follow-up; Stable group: The patients without recurrent ischemic stroke during follow-up. NIHSS: National Institutes of Health stroke
scale; MCA: Middle cerebral artery; ICA: Internal carotid artery; BA: Basilar artery; M (Q,, Qp): Median (lower quartile, upper quartile).
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Tab 2 3D hr-VW-MRI imaging and T1WI histogram features of patients with ischemic stroke caused

by non-stenotic intracranial atherosclerosis between recurrent and stable groups

Characteristic Recurrent group N=11  Stable group N=31 Statistic P value
3D hr-VW-MRI
Luminal area (stenosis site)/mm”, X +s 455+2.38 5.66+2.41 t=—1.307 0.199
Maximum wall thickness (stenosis site)/mm, x s 1.67£0.37 1.44+0.33 t=1.909 0.063
Minimum wall thickness (stenosis site)/mm, x & 0.36+0.19 0.44+0.15 t=—1.290 0.205
Stenosis rate/%, x s 19.1619.60 14.24+8.50 t=1.594 0.119
Plaque burden/%, x s 69.73+9.96 64.80+6.89 t=1.807 0.078
Remodeling index/%, X+ 107.07£26.07 95.24+18.80 t=1.616 0.114
Eccentricity index/%, x s 77.57+11.57 69.224+991 t=2.298 0.027
Enhancement ratio (stenosis site)/%, M (O, Op) 64.50 (43.99, 70.26) 17.03 (9.88, 35.00) Z=—4.191 <0.001
Enhancement ratio (whole plaque)/%, M (Q,, Q) 66.70 (56.03, 79.23) 20.84(12.83,43.29) Z=-—4.019 <0.001
Plaque volume/mm’, X+ 47.92+9.91 31.43+9.75 t=4.799 <0.001
Intraplaque hemorrhage, n (%) 3(27.3) 1(3.2) £ =75.449 0.020
T1WTI histogram

Mean, x s 121.55+31.03 103.45+26.22 t=1.875 0.068
Standard deviation, x*s 37.25+14.47 27.67£9.53 t=2.489 0.017
Median, x+s 123.55+37.53 102.55+27.83 t=1.959 0.057
Minimum value, x +s 52.254+23.97 41.98+17.84 t=1.497 0.142
Maximum value, X+ 211.5+53.47 166.24+40.16 1=2.940 0.005
Coefficient of variation, M (Q,, Q) 0.27 (0.22, 0.45) 0.25 (0.22, 0.33) Z=-—0.873 0.383
Entropy, X s 6.68+0.40 6.41+0.43 t=1.887 0.066

Recurrent group: The patients with recurrent ischemic stroke (transient ischemic attack symptoms on the ipsilateral side of the
original stroke or new ipsilateral hyperintensity on the diffusion weighted imaging images with corresponding clinical symptoms) during

follow-up; Stable group: The patients without recurrent ischemic stroke during follow-up. 3D hr-VW-MRI: Three dimensional high

resolution vessel wall magnetic resonance imaging; TIWI: T1 weighted imaging; M (Q,, O,): Median (lower quartile, upper quartile).
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Fig1 Image findings of a patient with ischemic stroke caused by non-stenotic intracranial atherosclerosis in recurrent group

Male, 53 years old, acute ischemic stroke. A-E: Baseline high resolution MRI. 3D TOF-MRA showed mild stenosis (arrow) at
the proximal lesion of the M1 segment of right middle cerebral artery (A). DWI showed patchy new infarcts (arrow) in the right
centrum semiovale (B). The thin arc plaques on the lower wall of the proximal lesion of the M1 segment of right middle cerebral
artery showed hypointense to isointense (arrow) on T2WI (C), isointense (arrow) on TIWI (D) and obvious enhancement (arrow) on
CE-T1WI (E). F-J: Follow-up high resolution MRI after 3 months of drug treatment. 3D TOF-MRA showed that the M1 segment of
right middle cerebral artery (arrow) was thinner than the opposite side (F). DWI showed a spotted new infarct (arrow) in the right
centrum semiovale (G). The thin arc plaques on the lower wall of the proximal lesion of the M1 segment of right middle cerebral
artery showed hypointense to isointense (arrow) on T2WI (H), isointense (arrow) on T1WI (I) and obvious enhancement (arrow) on
CE-T1WI (J), which was similar to the baseline results. MRI: Magnetic resonance imaging; 3D TOF-MRA: Three dimensional time
of flight magnetic resonance angiography; DWI: Diffusion weighted imaging; T2WI: T2 weighted imaging; TIWI: T1 weighted
imaging; CE-T1WI: Contrast enhanced-T1 weighted imaging.
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Tab 3 Interreader agreement between 2 readers for plaque imaging characteristics of 3D hr-VW-MRI

n=30,x*+s
Characteristic Reader 1 Reader 2 ICC (95% CI)
Luminal area (stenosis site)/mm’ 482+2.25 472+1.82 0.901 (0.804, 0.952)
Maximum wall thickness (stenosis site)/mm 1.51£0.38 1.46£0.35 0.947 (0.891, 0.974)
Minimum wall thickness (stenosis site)/mm 0.3940.17 0.38+0.19 0.912 (0.824, 0.957)
Stenosis rate/% 16.48+8.67 16.794+9.23 0.929 (0.856, 0.965)
Plaque burden/% 67.0418.18 67.34+7.03 0.890 (0.783, 0.946)
Remodeling index/% 98.79+23.76 98.431+26.96 0.927 (0.852, 0.964)
Eccentricity index/% 73.39+£11.63 73.13£13.40 0.925 (0.848, 0.963)
Enhancement ratio (stenosis site)/% 41.45+22.04 41.88+22.01 0.993 (0.986, 0.997)
Enhancement ratio (whole plaque)/% 45.89+22.98 47.30+£25.44 0.949 (0.896, 0.976)
Plaque volume/mm’ 38.60+11.41 38.36+10.34 0.894 (0.790, 0.948)

3D hr-VW-MRI: Three dimensional high resolution vessel wall magnetic resonance imaging; ICC: Intraclass correlation

coefficient; CI: Confidence interval.
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