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Abstract

Objectives—Intracranial and extracranial plague features on high-resolution vessel wall imaging
(HR-VWI) are associated with large-artery atherosclerosis (LAA) stroke recurrence. However,
most studies have focused on a single vascular bed, and the prognostic value of combined
intracranial and extracranial plaque features has yet to be studied. This study aimed to investigate
the roles of plaque features, plaque number, and co-existing atherosclerosis in predicting stroke
recurrence, utilizing combined head-and-neck HR-VWI.

Methods—From September 2016 to March 2020, participants with acute LAA ischemic strokes
were prospectively enrolled and underwent combined head-and-neck HR-VWI. The participants
were followed for stroke recurrence for at least 12 months or until a subsequent event occurred.
The imaging features at baseline, including conventional and histogram plaque features, plaque
number, and co-existing atherosclerosis, were evaluated. Univariable Cox regression analysis
and the least absolute shrinkage and selection operator (lasso) method were used for variable
screening. Multivariable Cox regression analyses were used to determine the independent risk
factors of stroke recurrence.

Results—A total of 97 participants (59 + 12 years, 63 men) were followed for a median of 30.9
months, and 21 participants experienced recurrent strokes. Multivariable Cox analysis identified
co-existing intracranial high signal on T1-weighted fat-suppressed images (HST1) and extracranial
carotid atherosclerosis (HR, 6.12; 95% Cl, 2.52-14.82; p = 0.001) as an independent imaging
predictor of stroke recurrence.

Conclusion—Co-existing intracranial HST1 and extracranial carotid atherosclerosis
independently predicted LAA stroke recurrence. Combined head-and-neck HR-VWI is a
promising technique for atherosclerosis imaging.

Clinical relevance statement—This prospective study using combined head-and-neck HR-
VW] highlighted the necessity of both intracranial culprit plaque evaluation and multi-vascular
bed assessment, adding value to the prediction of stroke recurrence.

Keywords
Ischemic stroke; Recurrence; Atherosclerosis; Magnetic resonance imaging; Vessel wall imaging

Introduction

Intracranial and extracranial large-artery atherosclerosis (LAA) is the primary cause of
ischemic stroke in Asia [1]. Furthermore, recent studies have shown that co-existing
intracranial and extracranial LAA is prevalent in stroke patients (59.3-77.6%) [2, 3], and
intracranial and carotid stenosis was associated with future cardiovascular events [1]. These
findings highlight the need for simultaneous evaluation of both intracranial and extracranial
vasculature to improve stroke risk stratification.

High-resolution vessel wall imaging (HR-VWI) has unique advantages over traditional
angiographic imaging methods, providing in vivo visualization of plaque composition [4, 5].
However, outward remodeling can frequently result in the underestimation of plaque burden
due to minimal stenosis, even in the setting of advanced plaque [5, 6]. Previous studies
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demonstrated that many high-risk plaque features, including a high signal on T1-weighted
fat-suppressed images (HST1) [7, 8], positive remodeling [7], plague enhancement [9], and
plaque burden [10], were associated with stroke events. However, most previous studies
separately focused on either extracranial carotid or intracranial plaque imaging. Few studies
evaluated extracranial and intracranial plaques simultaneously, possibly due to a lack of
appropriate imaging methods such as combined head-and-neck HR-VWI [2].

In addition, longitudinal studies investigating the prognostic value of combined head-and-
neck VWI for predicting recurrent stroke still need to be completed. Whether combined
head-and-neck VWI can better predict recurrent stroke than sole imaging of extracranial or
intracranial plaques is unknown.

Our study aimed to determine the extracranial and intracranial plaque features that could
predict recurrent stroke using combined head-and-neck VWI and quantitative histogram
image analysis [11].

Materials and methods

Study patients

This prospective, single hospital-based study was approved by the local institutional ethics
committee. All participants or their authorized proxies provided written informed consent.
Consecutive adult participants with acute ischemic stroke were prospectively recruited

from September 2016 to March 2020. Inclusion criteria were (1) adult participants; (2)
acute ischemic stroke confirmed by DWI in the unilateral anterior circulation, unilateral
posterior circulation, and basilar artery territory; (3) MRI scans performed within 30

days after symptom onset, and completion of all sequences during the same scan session

for each participant; and (4) intracranial LAA was considered the stroke etiology after
multidisciplinary consultation (Supplemental material) [12]. Exclusion criteria were (1)
nonatherosclerotic intracranial or extracranial arterial disease; (2) cardio-embolic risk
factors; (3) reperfusion treatment of index strokes (intravenous thrombolysis/endovascular
thrombectomy/angioplasty/stenting); (4) angioplasty/stenting/carotid endarterectomy during
follow-up; (5) malignant tumor history or newly diagnosed malignant tumors during follow-
up; or (6) poor imaging quality or incomplete clinical data.

The demographic and clinical information, including sex, age, vascular risk factors, previous
stroke history, symptom onset to HR-VW!I interval, laboratory blood tests, medications, and
the National Institutes of Health (NIH) Stroke Scale on admission, was collected.

Image protocol

The MRI was performed on a 3-T scanner (MAGNETOM Prisma, SIEMENS Healthcare)
using a 64-channel head-and-neck coil. The protocol included DWI, T2 fluid-attenuated
inversion recovery imaging, time-of-flight magnetic resonance angiography, dynamic
susceptibility contrast perfusion-weighted imaging, and pre- and post-contrast 3D HR-VWI.
HR-VWI was performed using an inversion recovery prepared sampling perfection with
application-optimized contrast using different flip angle evolutions (IR-SPACE) [13, 14]

in a sagittal plane optimized for plague evaluation and flow signal suppression. The
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scan covered the whole brain and was at least 2 cm below the common carotid artery
bifurcation. The post-contrast scan was performed with the same protocol after the perfusion
imaging (gadobenate dimeglumine, 0.1 mmol/kg, 2 mL/s, Bracco Sine Pharmaceutical). The
scanning parameters are shown in S. Table 1.

Image analysis

Two readers with 8 and 6 years of experience in neuroradiology, respectively, performed
image measurements and were blinded to the participants’ clinical information. The plaque
volume was semiautomatically measured using commercial analysis software, ITK-SNAP
3.8.0 (www.itksnap.org) [15]. ImageJ 1.52a (Wayne Rasband, NIH) was used for histogram
analysis. Other factors such as the HR-VWI plaque features (degree of stenosis, plaque
burden, presence of HST1, enhancement ratio, enhancement grading, arterial remodeling
ratio, and eccentric index for intracranial plaques; also the degree of stenosis, maximal
wall thickness, plaque area, plaque burden, and presence of intraplaque hemorrhage or
lipid core for extracranial carotid plaques), plaque number, and co-existing atherosclerosis
were measured using commercial software (RadiAnt DICOM Viewer 2020.1, Medixant
Corp.). The pre- and post-contrast 3D HR-VW!I images were automatically synchronized,
and manual adjustment was performed if there were obvious slice mismatches.

Plagque identification and classification

The following large-arterial segments were analyzed: internal carotid artery, anterior
cerebral artery (A1-2), middle cerebral artery (M1-2), posterior cerebral artery (P1-2),
basilar artery, and vertebral artery (V2-4). An atherosclerotic plaque was defined as a

focal vessel wall thickening [9]. The culprit plague was either the only plaque present and
therefore considered responsible for downstream ischemic stroke or, with multiple plaques,
considered the most stenotic plaque within the relevant vascular territory of the index stroke
[9] (S. Figure 1). Any disagreements in culprit plague identification were resolved by
discussion and consensus under the guidance of a senior neuroradiologist with 22 years of
experience.

HR-VWI and histogram plaque feature evaluation

After the culprit plaque was identified, the reformatted axial images centered at the most
stenotic site of the culprit plaques were provided for further measurement. The plaque
boundaries were delineated slice by slice, and plaque volume was automatically outputted
and recorded. The plaque was observed slice by slice on the pre- and post-contrast HR-VWI
reformatted images to evaluate HST1 and plaque enhancement. The following features were
measured (S. Figure 2 and S. Figure 3): plague volume, degree of stenosis [16], plaque
burden [17], presence of HST1 [18], enhancement ratio [10], enhancement grading [9, 19],
arterial remodeling ratio [17], and eccentric index [20] (detailed in Supplemental material).
In addition, histogram features of the culprit plaques including mean, standard deviation,
minimal value, maximal value, median, skewness, kurtosis, and the coefficient of variation
were recorded [11]. All features were standardized using the mean CSF value (level of the
lateral ventricle, avoiding the choroid plexus).
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The following parameters of the extracranial carotid plaques were measured: degree of
stenosis [16], maximal wall thickness, plaque area, plaque burden [17], presence of
intraplague hemorrhage [18], and lipid core [21].

The different combinations of plaque numbers (continuous variable) were counted and
recorded for each participant: (1) intracranial + extracranial carotid plaques; (2) intracranial
enhanced + extracranial carotid plaques; and (3) intracranial HST1 + extracranial carotid
plaques.

Co-existing atherosclerosis (dichotomous variable) for each participant was recorded:

1. Intracranial stenosis (> 50%) + extracranial carotid atherosclerosis (referring to
the patient having both intracranial stenosis and extracranial carotid plaques,
and intracranial stenosis referred to the presence of > 50% stenosis of any
large-arterial segment mentioned above)

2. Intracranial + extracranial carotid atherosclerosis
3. Intracranial enhanced + extracranial carotid atherosclerosis
4. Intracranial HST1 + extracranial carotid atherosclerosis

The distribution and frequency of high-risk plaques (with plaque enhancement or HST1)
were also analyzed. The plaques were considered separate if they were discontinuous and
had a typical plaque-free arterial wall between them. Finally, a plaque involving two arterial
segments was counted as two separate plagues.

Follow-up and outcome assessment

Participants were followed for at least 12 months to assess stroke recurrence for a maximum
of 48 months or until a recurrent stroke occurred. Recurrent ischemic stroke was defined as
new neurological deficits lasting > 24 h after the index stroke, confirmed by neurological
examination and neuroimaging. Participants were followed by telephone interviews or
routine outpatient clinic visits, and those lost to follow-up were censored at the last contact
time.

Statistical analysis

The sample size calculations were performed with 0.8 power and at a 0.05 significance level
[22-24]. The assumed measurement error was 10%, and the estimated difference between
groups was 10%, with a recurrence rate of 20% [22]. Therefore, the estimated sample size
was 80 participants, with sixteen recurrent stroke participants. Considering the participants
lost at follow-up and the possibility that real-world recurrent strokes might be less common,
our target recruitment was 100 participants.

The measurement reproducibility was evaluated with the intraclass correlation coefficient.
Univariable analysis was performed using Student’s 7test, Mann-Whitney U'test, or chi-
squared test, as appropriate. Univariable Cox regression analysis and the least absolute
shrinkage and selection operator(lasso) method were used for variable screening. The
chosen variables were included in the multivariable Cox regression analysis to obtain
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the independent features associated with stroke recurrence. Time-dependent ROC and

AUC curves were also plotted. The Delong test was used for AUC comparisons. In
addition, Kaplan—Meier analysis with the log-rank test was used to compare the stroke-free
probability after the index stroke. The sensitivity analysis was also performed by identifying
factors related to ipsilateral stroke recurrence. Two-tailed p < 0.05 indicated statistical
significance. Finally, SPSS Statistics software 24.0 (International Business Machines Corp.)
and R statistical software 4.0.1 were used for statistical analysis and plotting.

Participant characteristics

A total of 97 participants (mean age, 59 years + 12; 63 men) were included in the final
analysis (Fig. 1). The demographic and clinical characteristics are summarized in Table

1. Over a median follow-up time of 30.9 months, 21 participants experienced recurrent
stroke events. Three participants experienced recurrence in different arterial territories to
the index stroke event. The median stroke recurrence time was 10 (range, 1-30.8) months.
No difference could be found in the baseline demographic and clinical information between
the recurrent and non-recurrent participant groups (all o> 0.05). One participant died

of diabetes mellitus complications during the follow-up period, and another experienced
cerebral hemorrhage.

The distribution and frequency of high-risk plaques are shown in S. Table 2. Again, the
results indicated the uneven distribution in our cohort, primarily of the intracranial lesions.

Imaging features between recurrent and non-recurrent stroke participants

The imaging features are summarized in Table 2 and S. Table 3. Compared with the non-
recurrent stroke participants, recurrent participants had more intracranial plaques (median,
6 vs. 4 lesions, p=0.001), more intracranial enhanced plaques (median, 3 vs. 2 lesions,
p=0.046), more intracranial plaques with HST1 (median, 1 vs. 1 lesion, p= 0.04), more
extracranial carotid plaques (median, 1 vs. 0 lesions, p= 0.03), a higher total plaque
number of the different combinations (all p < 0.05), and a higher proportion of co-existing
intracranial and extracranial atherosclerosis with the different combinations (all p < 0.05).
The recurrentstroke participants also had culprit plaques with a higher plaque burden
(median, 84.00 vs. 69.35%, p < 0.001) and a higher degree of stenosis (59.82 + 17.76%
vs. 47.08 £ 32.09%, p=0.02).

Other HR-VWI and histogram features of the culprit plagues were not significantly different
between the two groups (all p> 0.05). The HR-VWI features of extracranial carotid plaques
showed no difference between the two groups (Table 3).

Imaging features associated with stroke recurrence

Using univariable Cox regression analysis and lasso selection, plaque burden (HR, 1.66;
95% Cl, 1.21-2.28; p=0.002), the total number of intracranial plaques (HR, 1.33;

95% ClI, 1.09-1.62; p=0.004), co-existing intracranial stenosis (> 50%) and extracranial
carotid atherosclerosis (HR, 4.89; 95% CI, 2.02-11.80; p < 0.001), co-existing intracranial
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enhanced and extracranial carotid atherosclerosis (HR, 2.88; 95% ClI, 1.19-6.95; p=0.02),
and co-existing intracranial HST1 and extracranial carotid atherosclerosis (HR, 5.88; 95%
Cl, 2.42-14.30; p< 0.001) were identified as input imaging variables in the multivariable
analysis (Table 4). The analysis showed that co-existing imaging markers intracranial HST1
and extracranial carotid atherosclerosis (HR, 6.12; 95% CI, 2.52-14.82; p=0.001) were
independently associated with stroke recurrence (Table 4). In addition, the culprit plaque
burden was marginally significant (o = 0.050).

In addition, the AUC values of the final regression model were higher than 0.70 (Fig.

2). The extracranial carotid plague number was associated with stroke recurrence in the
univariable Cox analysis (HR, 1.74; 95% Cl, 1.14-2.67; p= 0.01). Hence, we plotted

the time-dependent AUCs of the single markers and applied the Delong test for AUC
comparison (Fig. 3). The AUCs of co-existing atherosclerosis were higher than those of the
extracranial carotid plaque number (p < 0.05). Notably, the Kaplan—Meier curves showed
that co-existing atherosclerosis’s stroke-free probability was higher than that without (o <
0.001, Fig. 4). Representative cases are shown in Fig. 5.

The same analysis was performed as a sensitivity analysis to identify factors related

to ipsilateral stroke recurrence (eighteen events). Among the variables included in the
multivariable Cox analysis (S. Table 4), the pre-median value and HST1 might be
intrinsically associated. The higher the pre-median value, the more components with high
signal intensity. Residual collinearity remained between the pre-median value and HSTI
because they likely represented the same plaque composition (hemorrhage) [25]. In addition,
HST1 defined by a well-established method [26] was chosen to input into the final

model. The results indicated that co-existing intracranial HST1 and extracranial carotid
atherosclerosis remained statistically significant. In addition, the culprit plaque burden
trended toward significance (p = 0.050).

Imaging features of recurrent stroke events in different arterial territories

Three participants experienced recurrent stroke events in different arterial territories. Based
on the distribution of recurrent stroke, the possible culprit plaques were present on the
baseline HR-VWI images (S. Table 5, Fig. 6).

Reproducibility and post hoc sample size calculation

There was good inter-reader measurement agreement, with all intraclass correlation
coefficients = 0.85 and a maximal coefficient of variation of 10.8% (S. Table 6). A post
hoc power analysis was conducted to detect a 10% difference with a measurement error
of 10.8%. The required sample size was 95 patients. We included 97 participants with 21
recurrence events, and the sample size was sufficient to draw safe conclusions.

Discussion

In this prospective study, we used combined head-and-neck HR-VWI to simultaneously
evaluate the high-risk features of intracranial and extracranial carotid atherosclerotic
plaques. We identified co-existing intracranial HST1 and extracranial carotid atherosclerosis
as independent imaging predictors of stroke recurrence. The combined evaluation of
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intracranial and extracranial atherosclerosis improved the prediction performance compared
to the separate evaluation of extracranial carotid arteries. Our results highlighted the
importance of performing combined head-and-neck HR-VWI and provided new insight into
its value in stroke risk assessment.

Using combined head-and-neck HR-VWI, we found co-existing intracranial HST1 and
extracranial carotid atherosclerosis are risk factors for stroke recurrence. Furthermore, our
results showed that the vulnerable intracranial plagues (with HST1), even if not culprits,
might represent the extensive involvement and instability of atherosclerosis. In addition,
more extensive atherosclerosis might indicate a higher overall burden because this is a
systematic disease [27].

Plague involvement in multiple arterial beds provides many potential sources of plaque
rupture and artery-to-artery embolism. The advancement of combined head-and-neck VWI
has provided a unique opportunity to study intracranial and extracranial plaque features
simultaneously. In a series of studies using 7-T MRI, the intracranial atherosclerotic burden
was associated with clinical cerebrovascular risk factors [28] and several extracranial
atherosclerotic markers [29]. In addition, a large-scale longitudinal study (7= 806) using
magnetic resonance angiography showed that co-existing intracranial and extracranial
arterial stenoses were a predictor of stroke recurrence [1].

VW] is superior to angiographic imaging techniques because DSA can miss up to 26.1%
of non-stenotic plaques [5], and our study included a significant proportion of plaques with
mild to no stenosis (16.4% of intracranial plaques and 85.7% of extracranial plaques had <
30% stenosis).

Li et al [3] followed 150 acute stroke/TIA patients for an average of 12 months and found
co-existing carotid plaque and intracranial stenosis predicted future cardiovascular events.
Our results were consistent with those of Li and colleagues. We extended their findings,
with several advantages: (1) Li and colleagues included stroke and TIA patients, while we
only included those with acute stroke. TIA symptoms can frequently be non-specific, and
the diagnostic accuracy was limited; (2) their study included recurrent stroke, TIA, and acute
coronary syndromes as outcomes while we focused exclusively on recurrent stroke; and
(3) Li and colleagues did not perform intracranial HR-VWI and only evaluated intracranial
arterial stenosis on magnetic resonance angiography, while we performed combined head-
and-neck HR-VWI and evaluated intracranial and extracranial plaque features. Although
the plaque distribution in our population was intracranial-predominant, possibly due to the
susceptibility of Chinese people to intracranial arterial stenosis with earlier onset age and
higher prevalence [30], the AUC of the co-existing atherosclerosis model was higher than
that of the extracranial carotid plaque number model. This result further demonstrated the
incremental value of two vascular bed combined evaluations, consistent with a previous
study [31].

Our study found that the association between the culprit plaque burden and stroke recurrence
tended toward significance (p = 0.050). A previous cross-sectional study also reported a
higher plaque burden associated with stroke recurrence [10]. In addition, a longitudinal 2D
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HR-VWI study found that the increase in plaque burden during the follow-up predicted
recurrent stroke, but the baseline plaque burden did not [22]. Our result differed from

the latter study, possibly because (1) we only included participants with acute ischemic
strokes, while that study enrolled both stroke and TIA patients; (2) we analyzed plaques

in the whole head-and-neck region with 3D HR-VWI, while that study only focused on
plaque features in a single culprit plague of the middle cerebral or basilar arteries; and

(3) we excluded participants who underwent reperfusion/endovascular treatment to avoid
intervention-related imaging changes, a procedure that was not mentioned in their study.
These changes could have affected the interpretation of the plaque features. Although it was
marginally significant, future more extensive studies with more homogeneous cohorts could
confirm our findings.

The degree of stenosis is known to predict stroke recurrence [32]. In our study, this factor
correlated significantly with stroke recurrence in the univariable Cox analysis. However, the
associations did not persist in the multivariable analysis. One possible reason for this is that
there was only a moderate degree of stenosis of the culprit plaques in our cohort (49.84 £
21.28%), and only 21.6% of plaques had severe stenosis (> 70%). Luminal stenosis did not
account for outward remodeling plaque, which can be the predominant pattern, even with
advanced plaques. We did find that the plaque burden was marginally associated with stroke
recurrence in the multivariable analysis.

A recent meta-analysis showed that HST1 was a robust imaging biomarker of symptomatic
intracranial plaques [7] and was found to be associated with neurological impairment

in stroke patients [33]. However, it is still being determined whether HST1 is an
independent predictor for recurrence due to the lack of prospective studies. Our univariable
Cox regression analysis results showed that HST1 in the culprit plaque tended toward
significance (p = 0.06). Plague enhancement was also reported as a marker of plaque
vulnerability [7] and was related to arterial stenosis progression [34]. In our study,

the proportion of enhanced plaques was relatively high, and no differences in culprit
enhancement ratio (p= 0.56) or plaque enhancement (o = 0.55) were found between the
two groups. This result was likely because the imaging analysis was conducted after the
stroke events, and the short interval from symptom onset to HR-VW!I (median, 10 days) also
contributed to these results [35]. In addition, we also analyzed the recurrent stroke events
in the ipsilateral vascular territories, and the results remained the same. Although HST1
was related to stroke recurrence, it was not an independent risk factor in our cohort. Future
studies with a more homogenous cohort might be needed.

This study had several limitations. First, the findings were based on a single-center study
design focusing on LAA stroke, which might not be generalizable to other countries or
patient populations. Second, our study had a moderate sample size. Third, the definition of
culprit plague was based heavily on the degree of stenosis caused by atherosclerotic plaques.
Moreover, we did not evaluate the atherosclerotic involvement of other arterial beds (such
as the aortic arch or coronary and peripheral arteries), which are also associated with stroke
recurrence [27].
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In conclusion, co-existing intracranial HST1 and extracranial carotid atherosclerosis
independently predicted stroke recurrence. Combined head-and-neck high-resolution vessel
wall imaging is a promising technique for atherosclerosis imaging. It is more valuable for
stroke recurrence prediction than an investigation of the extracranial vascular bed alone.
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Key Points

This study highlighted the necessity of both intracranial culprit plaque
evaluation and multi-vascular bed assessment, adding value to the prediction
of stroke recurrence.

This prospective study using combined head-and-neck HR-VW!I found co-
existing intracranial HST1 and extracranial carotid atherosclerosis to be
independent predictors of stroke recurrence.
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Patients with acute/subacute stroke
(n=246)

Demographic and clinical information
Laboratory blood tests
High-resolution vessel wall imaging

Inclued Participants Exclued Participants

(n=97) (n=149)

Telephone interview
Outpatient clinic attendance

Follow up for at least one year Vasculitis (n=32);
Moyamoya disease (n=9);
I Endpoint: recurrent stroke event I Aneurysm (n=6);
| Intramural hematoma (n=14);
1 1 Arterial dissection (n=12);
extracranial culprit plaques (n=6);

‘ Recurrent stroke ‘ ‘ Nosrecurrent stroke ‘ Reperfusion treatment of index stroke events (n=15);

(n=21) (n=76) Angioplasty/stenting during follow-up (n=22);
I Presence of cardio-embolic risk factors (n=1);
l l Malignant tumor history or newly diagnosed during

In relevant territory In another territory follow-up (n=5);
(n=18) (n=3) Poor imaging quality (n=5);
Incomplete clinical data (n=22)

Fig. 1.
Selection flow chart of the study sample
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Time-dependent ROC curves of the final Cox model identified by multivariable Cox
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regression analysis to predict stroke recurrence. The corresponding AUC values at 1, 2,
and 3 years are also shown. All values > 0.70
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0.9+

0.5 - .
- —— co-existing atherosclerosis
—— extracranial carotid plaque number

I T I I I
15 20 25 30 35
time(months)

Fig. 3.
Time-dependent AUC curves of the final Cox model (co-existing intracranial HST1 and

extracranial carotid atherosclerosis) and extracranial carotid plaque number are shown. The
AUC of the atherosclerosis was larger than 0.70 at every time point and performed better
than the other variables
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Fig. 4.
Kaplan—Meier curves of stroke recurrence probability between patients with and without
co-existing atherosclerosis during follow-up
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Fig. 5.
A 59-year-old woman presented with left limb weakness for 13 h. MRI (A, C, D) was

performed 8 days after symptom onset. She suffered a recurrent event 35 days later, and
diffusion-weighted imaging (B) was performed. Diffusion-weighted imaging (axial plane)
(A) at baseline indicates scattered high signal intensity in the right frontal lobe. The curved
multi-planar reconstruction image of post-contrast HR-VWI (C) shows the culprit plaque
located in the initial part of the right middle cerebral artery (arrow). The curved multi-
planar reconstruction image of post-contrast HR-VWI (D) also shows plaque located in the
extracranial right internal carotid artery (hollow arrow); the local enlarged image shows the
plaque with a high proportion of calcification and an irregular surface. Diffusion-weighted
imaging (axial plane) (B) indicates strip-like high signal intensity in the right frontal lobe
consistent with a recurrent stroke event
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middle cerebral artery

Fig. 6.
A 71-year-old man presented with left limb weakness for 7 h. MRI (A, B, D) was performed

3 days after symptom onset. She suffered a recurrent event 23.5 months later, and DWI (C)
was performed. Diffusion-weighted imaging (axial plane) (A) at baseline indicates strip-like
high signal intensity in the right frontal-parietal lobe. The multi-planar reconstruction image
of post-contrast HR-VWI (B) shows the culprit plaque located in the M2 segment of the
right middle cerebral artery (short arrow). Diffusion-weighted imaging (axial plane) (C)
indicates high signal intensity in the right occipital lobe consistent with a recurrent stroke
event. The multi-planar reconstruction image of post-contrast HR-VWI (D) also shows
plaque located in the P1 segment of the posterior cerebral artery (hollow arrow), which
might be the culprit plaque of the recurrent event
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