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ABSTRACT
Background and purpose While extracranial carotid
artery stenosis is more common among Caucasians
and intracranial artery stenosis is more common
among Asians, the differences in atherosclerotic
plaque characteristics have not yet been extensively
examined. We sought to investigate plaque location
and characteristics within extracranial carotid and
intracranial arteries in symptomatic Caucasians and
Chinese using vessel wall MRI.
Methods Subjects with recent anterior circulation
ischaemic stroke were recruited and imaged at two
sites in the USA and China using similar protocols. Both
extracranial carotid and intracranial arteries were reviewed
to determine plaque location and characteristics.
Results The prevalence of extracranial carotid plaque
in Caucasians and Chinese was 73.1% and 49.1%,
respectively (p=0.055). Prevalence of intracranial plaque
was 38.5% and 69.1% in Caucasians and Chinese,
respectively (p=0.02). Furthermore, 42% of Caucasians
and 16% of Chinese had high-risk plaque (HRP) features
(intraplaque haemorrhage, luminal surface disruption) in
the extracranial carotid artery (p=0.03). The prevalence of
HRP features in intracranial arteries was not significantly
different between the two cohorts (4% vs 11%; p=0.42).
Conclusions Differences in the location and
characteristics of cerebrovascular atherosclerosis were
identified by vessel wall MRI in US Caucasian and Chinese
subjects with recent anterior circulation ischaemic stroke.
Extracranial carotid plaques with HRP features were more
common in Caucasians. Intracranial plaques were more
common in Chinese subjects, but no significant difference
between the two cohorts in intracranial HRP prevalence
was found. Larger studies using vessel wall imaging to
investigate racial differences in cerebrovascular disease
may inform underlying mechanisms of HRP development
and may ultimately help guide appropriate therapy.

INTRODUCTION
Stroke is the fifth and first leading cause
of mortality in the USA and China, respectively.1 2 Atherosclerosis involving the extracranial carotid and intracranial arteries is an
important contributor for ischaemic stroke.
The location of cerebrovascular stenosis has
been shown to differ between racial groups;
in particular, extracranial carotid artery

stenosis is more common among Caucasians while intracranial artery stenosis is
more common among Asians.3–9 However,
the differences in atherosclerotic plaque
features besides luminal stenosis, and the
variation between races in those characteristics based on plaque location have not yet
been extensively examined.10 11 Information
on these differences may provide insight
into variation in stroke risk in different
racial groups.
Vessel wall MRI has proved capable of
imaging the characteristics of extracranial
carotid and intracranial atherosclerotic
plaques in vivo.12–18 Multicontrast-weighted
vessel wall MRI can reliably characterise
plaque components such as intraplaque
haemorrhage (IPH), lipid-
rich necrotic
core (LRNC), calcification and luminal
surface condition. The presence of IPH and
luminal surface disruption (eg, fibrous cap
rupture or ulceration) on MRI is the hallmark of high-risk plaque (HRP), and has
been shown in multiple prospective studies
to be associated with a higher risk of future
ischaemic stroke.19–22 Ideally, treatment of
a patient with ischaemic stroke should be
guided by knowledge of the location of the
HRP within the extracranial carotid and
intracranial arteries for effective future
stroke prevention.
To our knowledge, simultaneous study
of plaque components in both extracranial
and intracranial cerebrovascular arteries
has not been evaluated between Caucasians
and Asians using vessel wall MRI. Therefore,
our aim was to determine the distribution of
atherosclerosis and investigate the presence
of HRP features in both the extracranial
carotid and intracranial arteries in Caucasians and Chinese with recent anterior circulation ischaemic stroke using vessel wall MRI,
and assess plaque location and characteristic
differences between the two racial groups.
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Magnetic resonance imaging
Extracranial carotid and intracranial MRI protocols were
implemented and standardised for plaque imaging across
USA and Chinese sites. All MRIs were performed on
3.0T MR scanners, including Philips Achieva whole-body
scanners (Philips Medical Systems, Best, Netherlands) at
the University of Washington in the USA and Tsinghua
University in China, and Siemens Magnetom Tim Trio
(Siemens Medical Solution, Erlangen, Germany) at the
Beijing Tiantan Hospital in China. Extracranial carotid
and intracranial vessel wall MRI was performed using
head coils for intracranial vessel wall MRI with either separate carotid coils for carotid vessel wall MRI or integrated
with the head coil as a combined brain–carotid neurovascular array.23 Three different contrast-weighted images
of the extracranial carotid and intracranial arteries were
obtained: (1) T1W VISTA/MERGE12 or T1W SPACE, (2)
simultaneous non-contrast angiography and IPH image13
or MPRAGE18 for IPH detection and (3) Time-of-Flight
(TOF) MRA. The protocol was optimised to maintain
similar scanner, coil and sequences at the three sites.
26

Figure 1 Example of intracranial MRI in USA and China.
Upper row: Caucasian subject, (A) TOF MIP image shows
no significant stenosis in the MCA. (B) and (C) Axial and
sagittal views of 3D-T1 VISTA image shows no wall thickness.
Bottom row: Chinese subject, (D) TOF MIP image shows
no significant stenosis in the MCA. (E) and (F) Axial and
sagittal views of 3D-T1 SPACE image reveals extraluminal
hyperintensity of MCA segment, indicating plaque without
significant stenosis. MCA, middle cerebral artery; MIP,
maximum intensity projection.

The imaging protocol and parameters for this study are
detailed in online supplementary table I.
Image review
Plaque detection and characterisation of extracranial
carotid and intracranial artery disease on the symptomatic side was performed in a core lab (Vascular Imaging
Lab, University of Washington, Seattle, USA) by an experienced reader with >4 years of experience interpreting
carotid and intracranial vessel wall images using RadiAnt
open-source DICOM viewer software (Medixant; Poznan,
Portland). Each plaque component definition using a
previously described multicontrast review approach14 is
in online supplementary table II. In addition, 10 cases
(five cases each from USA and China) from this study
were randomly selected to be reviewed independently
by a second reader who had >10 years of experience to
assess inter-reader reproducibility. Readers were blinded
to demographic, clinical and site (USA/China) information during image review. A plaque was identified as presence of focal wall thickening greater than or equal to 1.5
mm on an axial view in the extracranial carotid artery,24
and by apparent focal wall thickening in the intracranial
artery (figures 1 and 2).17
For the extracranial carotid artery, the region 1 cm
proximal and 1 cm to the common carotid bifurcation on
the symptomatic side was reviewed. For the intracranial
arteries, the following segments on the symptomatic side
were reviewed: the cavernous and supraclinoid segments
of the intracranial internal carotid artery, the A1 and
A2 segments of the anterior cerebral artery and the M1
and M2 segments of the middle cerebral artery. Image
quality was rated in each extracranial carotid and intracranial artery on a four-point scale: 1=arterial wall and
vessel margins are unidentifiable, 2=arterial wall is visible,
but the structure, lumen and outer boundaries are less
distinct, 3=wall structures are identifiable, but lumen and
outer boundaries are partially obscured, 4=vessel wall,

Watase H, et al. Stroke & Vascular Neurology 2021;6:e000370. doi:10.1136/svn-2020-000370

Stroke Vasc Neurol: first published as 10.1136/svn-2020-000370 on 13 August 2020. Downloaded from http://svn.bmj.com/ on May 11, 2021 by guest. Protected by copyright.

METHODS
Study population
The Culprit Plaque in Acute Cerebral Infarction Study is
a cross-sectional, observational study jointly funded by the
National Institutes of Health/NINDS (R01 NS083503),
and the National Natural Science Foundation of China
(83161120402). Serial patients 50–80 years old with anterior circulation (carotid territory) cerebral hemispheric
ischaemic stroke within the prior 6 months were prospectively recruited from the University of Washington
Medical Center and Affiliated Hospitals in the USA, and
the Beijing Tiantan Hospital in China. Exclusion criteria
were (1) inability to provide informed consent; (2) likely
cardioembolic source for stroke (eg, atrial fibrillation);
(3) contraindication to MRI; (4) estimated Glomerular
Filtration Rate (eGFR) <45 mL/min/1.73 m2; (5) history
of allergy to gadolinium contrast; (6) prior carotid or
intracranial arterial surgery or stenting; (7) history of
radiation therapy to the head and neck; (8) pregnancy;
(9) history of hepatorenal syndrome; and (10) history
of liver transplantation. In this substudy, non-Caucasian
subjects recruited from the US site were excluded from
this analysis.
Demographic information and a detailed medical
history were collected using questionnaires that were standardised across the two sites. Demographic characteristics including age, sex, height and weight were recorded.
History of hypertension, hyperlipidaemia, diabetes
mellitus, coronary heart disease and smoking (current or
former) and medications were collected. The questionnaires and blood tests were obtained during their hospital
visit. Institutional review board approvals were obtained
for the entire study and from each participating institution, and all study participants provided written informed
consent (IRB approval number: 46509-A in the USA and
KY2014-004-04 in China).
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Caucasians
(n=26)
62 (36–100)
16 (61.5)

57 (39–79)
42 (76.4)

0.09
0.19

BMI, kg/m2

27 (17–40)

24 (18–34)

0.002

Hypertension

26 (47.3)

0.03

37 (67.3)

>0.99

133 (109–183)

150 (110–191)

0.02

 dBP, mm Hg

84 (65–107)

90 (60–124)

0.01

Hyperlipidaemia

20 (80.0)

21 (38.2)

0.001

 TC, mg/dL

168 (98–225)

159 (40–241)

0.12

 LDL, mg/dL

90 (47–162)

98 (34–172)

0.96

 HDL, mg/dL

46 (28–77)

39 (24–68)

0.01

131 (32–326)

106 (35–410)

Diabetes

Statistical analysis
The summary statistics of the data are presented as
median with range for continuous variables and count
with percentage for categorical variables. Clinical and
plaque characteristics were compared between Caucasians and Chinese using the Mann-
Whitney test for
continuous variables or Fisher’s exact test for categorical variables. Logistic regression was used to explore
the impact of adjusting the association between race
and HRP features for clinical risk factors. Due to the
small sample size, clinical risk factors were adjusted
for one-at-a-time in separate models. Reproducibility
between two readers were assessed by calculating per

5 (19.2)
18 (69.2)

 sBP, mm Hg

 TG, mg/dL

lumen and plaque components are well defined. Images
with an image quality <2 were excluded from the study.
The presence or absence of LRNC, IPH, calcification and
luminal surface disruption including fibrous cap rupture
and ulcer was recorded using previously published
criteria (online supplementary table II).14–16 The same
criteria were also adapted for intracranial artery plaque.
HRP features were defined as presence of IPH or luminal
surface disruption. Three-dimensional TOF MRA images
were reconstructed by maximum intensity projection
to identify presence of luminal stenosis of extracranial
carotid and intracranial arteries.

P value

Age, years
Sex, male
Current smoker

Figure 2 Example of extracranial carotid MRI in USA and
China. Left: Caucasian subject, (A) Longitudinal view of
extracranial carotid artery. The horizontal line indicates the
level of the transverse carotid plaque images (shown in B). (B)
The high-intensity area on TOF, T1W and MPRAGE indicates
regions of IPH (red arrow). The low-intensity area on T1W
and MPRAGE indicates a LRNC (arrowhead). Right: Chinese
subject, (C) longitudinal view of extracranial carotid artery.
The horizontal line indicates the level of the transverse carotid
plaque images (shown in D). (D) TOF shows no significant
stenosis and T1W and MPRAGE show no plaque. Asterisk
represents lumen. IPH, intraplaque haemorrhage; LRNC,
lipid-rich necrotic core.

Chinese
(n=55)

Coronary heart
disease
On statins prior to
recent symptoms

0.45

4 (15.4)

18 (33.3)

0.11

14 (53.9)

8 (14.6)

<0.001

12 (46.2)

13 (24.1)

0.07

Values are median (range) or number (percentage).
Bold indicates P-values<0.05.
BMI, body mass index; dBP, diastolic blood pressure;
HDL, high-density lipoprotein cholesterol; LDL, low-density
lipoprotein cholesterol; sBP, systolic blood pressure; TC,
total cholesterol; TG, triglyceride.

cent agreement and Cohen’s kappa. A two-sided p value
<0.05 was considered statistically significant, without
adjustment for the number of tests. All analyses were
performed using Stata/SE V.15.1 software (StataCorp;
College Station, Texas, USA).
RESULTS
Baseline characteristics in USA and China cohorts
A total of 27 qualifying Caucasians in the USA and 155
qualifying Chinese in China were considered for this
analysis. One case from the USA and 18 cases from
China were excluded due to insufficient image quality.
Of the remaining 137 Chinese, 55 subjects were selected
following matching by sex and age (±5 years) to have a
balanced comparison between Caucasians and Chinese.
The characteristics of the subjects subgrouped by race
are shown in table 1. The Caucasian group had higher
BMI, lower current smoking rate and lower systolic and
diastolic blood pressure than the Chinese cohort. Also,
Caucasians had a significantly higher prevalence of hyperlipidaemia (80.0% vs 38.2%, p value=0.001) and coronary
heart disease history (53.9% vs 14.6%, p value <0.001),
and higher levels of high-density lipoprotein cholesterol,
compared with the Chinese. Otherwise, there were no
significant differences in clinical characteristics between
the two cohorts.
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Table 1 Clinical characteristics
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Extracranial carotid artery
Caucasians Chinese
(n=26)
(n=55)

Intracranial artery
P value
0.055
0.09

Caucasians
(n=26)

Chinese (n=55) P value

10 (38.5)
11 (42.3)

38 (69.1)
40 (72.7)

0.02
0.01

1.7±0.7

1.7±0.9

0.85

17 (30.9)

0.03

Plaque
Presence of luminal stenosis

19 (73.1)
15 (57.7)

27 (49.1)
20 (36.4)

Number of plaques per subject*

–

–

16 (61.5)

23 (41.8)

0.15

2 (7.7)

 IPH

6 (23.1)

10 (18.2)

0.77

1 (3.9)

2 (3.6)

 Calcification

7 (26.9)

6 (10.9)

0.10

0

8 (14.6)

0.050

9 (34.6)
11 (42.3)

2 (3.6)
9 (16.4)

<0.001
0.03

0
1 (3.9)

4 (7.3)
6 (10.9)

0.30
0.42

–

Plaque features
 LRNC

 Luminal surface disruption
 HRP

>0.99

Values are number (percentage) or mean±SD.
Bold indicates P-values<0.05.
*Number of plaques was only assessed in intracranial artery.
HRP, high-risk plaque; IPH, intra-plaque haemorrhage; LRNC, lipid-rich necrotic core.

Plaque location
Twenty-
four of 26 Caucasian subjects had plaque in
either the ipsilateral extracranial carotid or intracranial
arteries compared with 45 of 55 Chinese subjects (92.3%
vs 81.8%, p=0.32). Caucasians were somewhat more
likely to have ipsilateral extracranial carotid plaque than
Chinese (73.1% vs 49.1%, p=0.055) and significantly less
likely to have ipsilateral intracranial plaque (38.5% vs
69.1%, p=0.02, table 2). The number of segments with
intracranial plaques per subject did not differ significantly between the two groups (mean: 1.7 vs 1.7, p=0.85),
when subjects had at least one ipsilateral intracranial
plaque. Figure 3 shows the distribution of subjects when
grouped by the presence/absence of ipsilateral extracranial carotid and intracranial plaque. Caucasians were

Figure 3 Comparison of plaque location between
Caucasians and Chinese. P value comparing Caucasian and
Chinese using Fisher’s exact test.

28

significantly more likely than Chinese to have isolated
ipsilateral extracranial carotid plaque without intracranial plaque (53.8% (14/26) vs 12.7% (7/55), p<0.001).
In contrast, Caucasians less commonly had isolated
intracranial plaque than Chinese, but this difference
was not statistically significant (19.2% (5/26) vs 32.7%
(18/55), p=0.29, figure 3).
Plaque features
In the ipsilateral extracranial carotid artery, more Caucasian subjects had plaque with luminal surface disruption
(34.6% vs 3.6%, p<0.001) and HRP (42.3% vs 16.4%,
p=0.03), compared with Chinese (table 2). However,
the prevalence of LRNC (61.5% vs 41.8%, p=0.15), IPH
(23.1% vs 18.2%, p=0.77) and calcification (26.9% vs
10.9%, p=0.10) in the extracranial carotid arteries was not
significantly different between Caucasians and Chinese.
Fewer Caucasian than Chinese subjects had intracranial plaque with LRNC (7.7% vs 30.9%, p=0.03). Other
plaque features were found infrequently in the intracranial arteries of both races, including IPH (3.9% vs 3.6%,
p>0.99) and HRP (3.9% vs 10.9%, p=0.42). None of the
Caucasian subjects had calcification and luminal surface
disruption in intracranial arteries, whereas 14.6% and
7.3% of the Chinese were found to have these features
(p=0.050 and 0.30, respectively).
When considering the presence of HRP in any artery,
42.3% (11/26) of the Caucasian and 27.3% (15/55)
of the Chinese subjects had HRP in either extracranial
carotid or intracranial arteries (p=0.21). When further
examined by location, HRP features were found only in
the ipsilateral extracranial carotid artery in 10 (38.5%)
Caucasians and 9 (16.4%) Chinese (p=0.047), and only
in the ipsilateral intracranial arteries in none of the
Caucasians and in 6 (10.9%) of the Chinese (p=0.17,
figure 4).
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Figure 4 Comparison of location of HRP features between
Caucasians and Chinese. P value comparing Caucasian and
Chinese using Fisher’s exact test. HRP, high-risk plaque.

Clinical risk factors for presence of HRP
To determine whether clinical risk factors influence the
presence of HRP, each clinical risk factor was compared
between subjects with and without HRP features. Subjects
with HRP features in the ipsilateral extracranial carotid
artery tended to be older compared with those without
HRP (62 years old (range: 50–83) and 58 years old
(range: 36–100), respectively; p=0.051, online supplementary table III). Before adjustment for clinical risk
factors, race (Caucasian vs Chinese) was associated with
an OR for extracranial carotid HRP of 3.75 (95% CI:
1.30 to 10.78, p=0.01). Race remained statistically significant after adjusting each clinical risk factor individually,
with resulting adjusted ORs ranging from 3.05 to 4.62
and corresponding p values <0.055 in all cases. HRP in

Reproducibility of MRI to identify plaque location and
components
Of the 10 cases selected for inter-reader reproducibility
analysis, the two trained readers agreed on the presence
or absence of plaque in the extracranial carotid arteries
80% of the time (8/10), with a corresponding kappa of
0.55 (95% CI: 0.04 to 1.00). Similarly, of the 60 intracranial
segments reviewed (10 cases: 6 segments per case), the
two readers agreed on the presence or absence of plaque
in the intracranial arteries 85% of the time (51/60), with
a corresponding kappa of 0.65 (95% CI: 0.43 to 0.87).
With regard to plaque component detection including
LRNC, IPH, calcification and luminal surface disruption,
agreement between the two trained readers ranged from
60% to 100% of the 10 extracranial carotid arteries and
95% to 98% of the 60 intracranial segments.
DISCUSSION
To our knowledge, this is the first study to investigate not
only plaque location, but also plaque features of both
extracranial carotid and intracranial arteries using vessel
wall MRI in Caucasians and Chinese with recent anterior
circulation ischaemic stroke. Subjects in the USA and
China were recruited using the same inclusion and exclusion criteria and imaged using the same or similar MRI
protocol. Plaques in the ipsilateral extracranial carotid
artery tended to be found more commonly in Caucasians
than in the Chinese subjects. On the other hand, the prevalence of ipsilateral intracranial plaques in Caucasians
was less than that in Chinese. A key finding of this study is
that HRP features (IPH and luminal surface disruption)
were markedly more prevalent in the extracranial carotid
arteries of Caucasians compared with Chinese, and this
difference did not appear to be explained by differences

Table 3 Presence of HRP for race and clinical factors

Caucasian vs Chinese
Adjustment factor

Extracranial carotid artery

Intracranial artery

OR

95% CI

P value

OR

95% CI

P value

3.75
 

1.30 to 10.78
 

0.01
 

0.33
 

0.04 to 2.86
 

0.31
 

 Age, years

3.05

1.01 to 9.21

0.047

0.31

0.03 to 2.89

0.30

 Sex, male

4.08

1.38 to 12.07

0.01

0.36

0.04 to 3.20

0.36

 BMI, kg/m2

3.40

1.03 to 11.27

0.045

0.53

0.05 to 5.11

0.58

 Current smoker

4.00

1.31 to 12.23

0.02

0.23

0.03 to 2.06

0.19

 Hypertension

3.86

1.33 to 11.22

0.01

0.30

0.03 to 2.74

0.29

 Hyperlipidaemia

3.14

0.97 to 10.10

0.055

0.26

0.03 to 2.54

0.25

 Diabetes

3.31

1.13 to 9.69

0.03

0.36

0.04 to 3.24

0.36

 Coronary heart disease
 On statins prior to recent symptoms

4.62
3.48

1.40 to 15.19
1.18 to 10.26

0.01
0.02

0.17
0.21

0.02 to 1.79
0.02 to 2.02

0.14
0.18

Bold indicates P-values<0.05.
BMI, body mass index; HRP, high-risk plaque.
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intracranial arteries was not associated with race before
and after adjustment for clinical risk factors (table 3).
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Location of extracranial carotid and intracranial plaques
Many studies have reported racial differences for extracranial carotid and intracranial artery atherosclerotic
stenosis. Caucasians have more extracranial carotid
artery stenosis, whereas Asians, African–Americans and
Hispanics have been reported to have more intracranial
artery stenosis using angiography or ultrasound.4–8 25–27
These are similar with our results, where 57.5% of
Caucasians and 36.4% of Chinese had luminal stenosis
on 3D TOF MRA in the extracranial carotid arteries,
and 42.3% and 72.7% in the intracranial arteries. In
addition, our study found that extracranial carotid
plaque on vessel wall MRI tended to be more prevalent
in Caucasians than in Chinese, and intracranial plaque
was significantly less prevalent in Caucasians than in
Chinese (table 2).
Although we found that the number of plaques in
intracranial arteries per subject was not significantly
different between Caucasians and Chinese, Hao et al
found that non-Caucasians, including Asians, African–
Americans and Hispanics had a higher number of
intracranial atherosclerotic plaques, compared with
Caucasians using vessel wall MRI.11 A possible reason
why our findings are inconsistent with Hao et al is that
the latter reviewed all intracranial arteries of subjects
with stroke for the presence of stenosis, whereas we
reviewed only the symptomatic side of the anterior
intracranial arteries in subjects with anterior circulation
stroke. Further, the presence of carotid or intracranial
stenosis was not one of the inclusion criteria for our
study. The extracranial carotid artery is morphologically and embryologically distinct from the intracranial
arteries26 28 29 and the haemodynamic flow conditions
differ between the two vascular beds.30 31 Thus, the
atherosclerotic process may differ between extracranial carotid and intracranial arteries. Differences in the
prevalence of certain risk factors may contribute to the
different location of cerebrovascular atherosclerosis.32
As the history of hyperlipidaemia was more prevalent
in Caucasians compared with Chinese, hyperlipidaemia
may be a factor favouring extracranial carotid atherosclerosis.33 In addition, there may be differences in
genetic susceptibility, but it has been difficult to dissociate these effects. The definitive reasons why plaque
location varies between races remain uncertain.
Plaque features of extracranial carotid and intracranial
arteries
We previously found that Caucasians had a smaller
volume of LRNC and more calcified extracranial
carotid plaque compared with Chinese on vessel wall
MRI among subjects with carotid-related neurological
symptoms and >50% stenosis.10 In contrast, we did not
find a significant difference in the prevalence of LRNC
30

and calcified plaque between Caucasians and Chinese
in the current study (table 2). This disparity is likely
due to different inclusion criteria between the two
studies; the presence of carotid or intracranial stenosis
was not required for entry in this study. The Chinese
cohort in our study tended to have less severe or no
plaque in the extracranial carotid artery, whereas all
Chinese subjects in the prior study had >50% carotid
stenosis.
Previous autopsy studies have shown that 5.8% of
Caucasian and 30.3% of Chinese subjects with stroke
with >30% intracranial artery stenosis had HRP features
in intracranial arteries.34 35 However, we did not find
significant differences in HRP features of intracranial
arteries between the two groups, though such features
were found in 15% of subjects. As noted above, presence of carotid or intracranial stenosis was not an entry
requirement for this study. An additional possible
explanation is that some of the smaller, more distal
lesions identified in postmortem histological studies
are below the detection threshold of the intracranial
MRI protocol utilised in our study.
Clinical implications
More precise identification of the aetiology of ischaemic
stroke is critical for effective current stroke management and future stroke prevention, as the treatment
options for culprit carotid and intracranial lesions
differ. Further, a more comprehensive evaluation of
both the extracranial- and intracranial cerebrovasculature may identify stroke aetiology in the approximately
30% of patients with cryptogenic stroke.36 37 Finally, a
better understanding of racial differences of not only
plaque distribution, but also plaque characteristics in
patients with acute stroke may provide insights into
regional environmental and genetic risk factors for the
development of high-risk atheroma.

LIMITATIONS
The number of subjects in this study is relatively small.
As such, these findings should be considered hypothesis
generating and require confirmation in future larger
studies. Second, both the USA and China recruitment
sites are specialised stroke centres. As such, the findings
from this study may not be representative of the generalised ischaemic stroke population. Third, intracranial
MR vessel wall imaging is an emerging field with newer
protocols under development that have higher spatial
resolution and better image quality.38 Improvements
afforded by contemporary state-
of-
the-
art techniques
may permit identification of intracranial HRP features
that may be under the threshold for detection in the
current study. Lastly, this study is cross-
sectional in
design. Prospective longitudinal studies are needed to
further establish the clinical utility of cerebrovascular
vessel wall imaging with MRI.
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in any particular clinical risk factor. However, the prevalence of HRP features in the intracranial arteries was not
significantly different between Caucasians and Chinese.
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