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Objectives: Symptomatic cerebral infarction (CI) can occur in patients without main cerebral artery stenosis or
occlusion. This study investigated the unique features of carotid artery plaque and white matter disease (WMD)
in patients with symptomatic CI and transient ischemic attack (TIA) but without stenosis or occlusion of a main
cerebral artery.
Patients and methods: We studied 647 patients who underwent both carotid ultrasound examination and brain
magnetic resonance images. Plaque score (PS), plaque number, maximal plaque intima-media thickness and
grades of WMD were examined. Subjects were divided into four groups, the CI group, TIA group, myocardial
infarction (MI) group and risk factor (RF) group. Plaque and WMD were analyzed in cerebral ischemia group (CI
and TIA), compared to non-cerebral ischemia groups and to a high PS group and a high WMD grade group from
the RF group.
Results: Both of each value of plaque and grades of WMD in the cerebral ischemia group were significantly
higher than those in other groups. Grades of WMD in the cerebral ischemia group were significantly higher than
those in the high PS group, although there was no significant difference of the each value of plaque between the
two groups. The each value of plaque in the cerebral ischemia group was also significantly higher than those in
the high WMD grade group, although there was no significant difference of grade of WMD between the two
groups.
Conclusion: Simultaneous increases in carotid artery plaque and WMD are associated with symptomatic CI,
which is not caused by stenosis or occlusion of a main cerebral artery.

1. Introduction

An increased intima-media thickness (IMT) is associated with cer-
ebrovascular events [1–5], and the presence of carotid artery plaques is
valuable for risk assessment of cerebral infarction (CI) [6–9]. White
matter disease (WMD) increases the risk of ischemic stroke, because the
WMD is one manifestation of cerebral small vessel disease [10,11] and
is also associated with carotid plaque [12–14]. However, an association
between the degree of hemispheric WMD and carotid stenosis has not
been demonstrated [15,16]. Recently, association between WMD and
leptomeningeal collateral flow has been reported [17–19] and regions
of white matter with low cerebral blood flow (CBF) may develop WMD
[20].

Carotid endarterectomy (CEA) or placement of carotid artery stent
(CAS) is highly beneficial for patients with severe carotid artery stenosis

and result in a decrease in symptomatic CI. We can treat patients with a
main cerebral artery stenosis, considering the degree of the stenosis as
an index for the prevalence of CI. However, even if there is no such
stenosis, symptomatic CI may occur in patients due to atherosclerotic
changes of the smaller arteries in the brain (so called “lacunar infarc-
tion” or “branch atheromatous disease”) or atherothrombotic infarction
in small areas of the brain. The present clinical study investigated
whether carotid artery plaque as an index of atherosclerosis and the
grade of WMD as an index of ischemia is associated with symptomatic
CI without carotid artery stenosis, in order to consider treatment for a
primary prevention of CI.
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2. Patients and methods

2.1. Subjects

This study included 933 patients (age between 55 and 85 years)
with CI, transient ischemic attack (TIA), MI, angina, risk factors (RFs,
i.e., diabetes, hypertension and/or hyperlipidemia), who had under-
gone carotid ultrasound examination and brain magnetic resonance
images (MRI) examination at Saitama Medical Center of Jichi Medical
University between March 2010 and July 2013. We selected patients

aged 55–85 years old, similar to reported papers [3,5,6,17]. There was
no significant difference of age between the four groups of our report.
Age, gender, carotid artery plaque, and WMD were examined in all
groups.

In order to focus on the primary prevention of lacunar infarct,
branch atheromatous disease, small atherothrombotic infarction, pa-
tients with the following characteristics, which can cause CI, were ex-
cluded: 1) patients with carotid artery occlusion or stenosis of main
cerebral artery (internal carotid artery, middle cerebral artery, anterior
cerebral artery, posterior cerebral artery, vertebral artery, basilar artery

Table 1
Gender, age and measures regarding the plaques and white matter disease in four groups.

RF TIA CI MI total

number 355 44 205 43 647
male 265 (75%) 36 (82%) 156 (76%) 32 (74%) 491 (76%)

age(year) 68.5 ± 9.3 68.6 ± 8.1 68.5 ± 7.9 70.3 ± 5.7 68.6 ± 8.6
Plaque score 5.16 ± 3.68 7.20 ± 3.76* 8.41 ± 4.16* 8.91 ± 2.97* 6.58 ± 4.12

number 3.54 ± 2.35 4.63 ± 2.14* 5.20 ± 2.42* 5.63 ± 1.96* 4.27 ± 2.48
MPIMT 2.10 ± 1.01 2.58 ± 1.39 2.59 ± 1.07* 2.69 ± 0.89* 2.33 ± 1.08

White matter disease PVH 0.99 ± 0.96 1.52 ± 0.90* 1.91 ± 1.07* 1.37 ± 1.05 1.34 ± 1.08
DSWMH 1.31 ± 0.92 1.84 ± 0.86* 2.20 ± 0.99* 1.58 ± 0.93 1.65 ± 1.02

Fig. 1. Measures regarding the plaques and white matter disease. Plaque score, plaque number, maximal plaque intima-media thickness (MPIMT), periventricular hyperintensity (PVH)
and deep subcortical white matter hyperintensity (DSWMH) in risk factor (RF), transient ischemic attack (TIA), cerebral infarction (CI) and myocardial infarction (MI) groups. *:
P < 0.05 vs. RF group. +: P < 0.05 between CI and MI groups.
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and so on.)> 50%, according to North American Symptomatic Carotid
Endarterectomy Trial (NASCET) criteria [21]; 2) patients with a past
history of CI; 3) patients with a history of aortic dissection or deep vein
thrombosis; 4) patients with atrial fibrillation; or 5) patients with aortic
inflammation or Takayasu’s arteritis. Patients taking antiplatelet or
anticoagulant therapy were also excluded, because these therapies de-
crease the risk and prevalence of CI. Based on these criteria, 286 pa-
tients were excluded and 647 patients were analyzed.

This retrospective case-control study was approved by the institu-
tional review board of Saitama Medical Center at Jichi Medical
University (10–31).

2.2. Carotid ultrasonography

The carotid arteries were evaluated with high-resolution B-mode
ultrasonography and the use of linear array transducers (Aplio500,
Toshiba, Ootawara, Japan). Scanning of the extracranial carotid ar-
teries in the neck was performed bilaterally in three different long-
itudinal and transverse projections.

When IMT (the distance between the lumen-intima interface and the
media-adventitia interface) was> 1.0 mm, the lesion was defined as a
plaque. Plaque score, plaque number, and maximum plaque IMT
(MPIMT) were calculated. The carotid arteries were divided into four
15-mm sections starting 15 mm distal to the internal carotid artery and
extending to 45 mm proximal to the common carotid artery bifurcation.
The plaque score was computed by summing the largest IMT of each
15 mm section on both sides of the carotid artery [22]. The MPIMT was
derived from the single section with the highest thickness of the intima-
media complex of the plaque. Using the same measurements, and based
on thickness> 1.0 mm, the number of plaques (“plaque number”) was
also determined.

2.3. MRI examination

The subjects underwent MRI (standard T1- and T2-weighted ima-
ging, fluid-attenuated inversion recovery (FLAIR) imaging and diffusion
imaging) and three-dimensional (3D) time-of-flight (TOF)-magnetic
resonance angiography (MRA) with a 1.5-T imaging system (Toshiba,

Ootawara, Japan). Severities of periventricular hyperintensity (PVH)
and deep and subcortical white matter hyperintensity (DSWMH) were
classified as grade 0–4 by MRI FLAIR images (higher grade shows se-
vere WMD) [23].

2.4. Diagnosis of CI or TIA

CI was diagnosed by neurological signs and symptoms (e.g., hemi-
paresis, aphasia, dysarthria) as well as by the presence of high intensity
lesions on diffusion MRI. TIA was diagnosed when transient neurolo-
gical signs occurred. TIA and CI are due to decreased cerebral blood
flow and TIA often heralds CI. A careful treatment plan is required for a
patient with TIA. If possible, we should prevent not only CI but also
TIA. Therefore, in this study, we compared cerebral ischemia group (CI
and TIA groups) to non-cerebral ischemia group (RF and MI groups).

2.5. High plaque score group and high WMD grade group

A high plaque score group (plaque score≧4.0, n = 259) and a high
WMD grade group (PVH grade≧2 and/or DSWMH grade≧2, n = 199)
were formed from the RF group for comparison with the cerebral
ischemia group, because some patients without CI exhibited plaques
with high scores similar to those in the CI group and exhibited PVH and
DSWMH with high grades similar to those in the CI group.

2.6. Statistical analysis

Statistical analysis was performed using JMP for Windows, version
9 (SAS Institute, Inc., USA). The values of plaque and white matter
disease in the four groups were showed and analyzed by Steel-Dwass
test (Table 1, Fig. 1). Other values between the cerebral ischemic group
and the non-cerebral ischemia groups were analyzed by an unpaired
two-tailed t-test (P > 0.05) or by Welch’s t-test (P < 0.05) (Table 2)
and by a logistic regression analysis (Table 3, We determined whether
the model fit the data in logistic regression analysis by a lack of fit
(LOF) test.). Values between the cerebral ischemia group and the high
plaque score group (Fig. 3, Table 4) and between the cerebral ischemic
group and the high WMD grade group (Fig. 4, Table 5) were also
analyzed by an unpaired two-tailed t-test (P > 0.05) or by Welch’s t-
test (P < 0.05). The t-test was determined by the p value of Levene’s
test to assess homogeneity of variance. All values are reported as
mean ± standard deviation (SD). Statistical significance was indicated
by P < 0.05.

3. Results

The plaque score, plaque numbers and MPIMT of CI, TIA and MI
groups were statistically significantly higher compared to those of the
RF group (Fig. 1, Table 1). PVH and DSWMH of CI and TIA groups were
statistically significantly higher compared to those of the RF group

Table 2
Measures regarding the plaques and white matter disease between cerebral ischemia group (CI and TIA groups) and non-cerebral ischemia group (RF and MI groups).

group levene t-test

Cerebral ischemia Non-cerebral ischemia P values t values Df P values total

Number 249 398 647
Male 192 (77.1%) 297 (74.6%) 491 (76%)

Age (year) 68.5 ± 8.0 68.7 ± 9.0 0.258 0.259 645 0.796 68.6 ± 8.6
Plaque Score 8.20 ± 4.11 5.56 ± 3.79 0.144 −8.327 645 <0.0001* 6.58 ± 4.12

Number 5.10 ± 2.38 3.76 ± 2.40 0.507 −6.910 645 <0.0001* 4.27 ± 2.48
MPIMT 2.59 ± 1.13 2.16 ± 1.01 0.249 −4.985 645 <0.0001* 2.33 ± 1.08

White matter disease PVH 1.84 ± 1.05 1.03 ± 0.98 0.021 9.820 498 <0.0001* 1.34 ± 1.08
DSWMH 2.13 ± 0.98 1.34 ± 0.93 0.664 −10.34 645 <0.0001* 1.65 ± 1.02

RF: risk factor, TIA: transient ischemic attack, CI: symptomatic cerebral infarction, MI: myocardial infarction, MPIMT: maximum plaque intima-media thickness, PVH: periventricular
hyperinsentity, DSWMH: deep and subcortical white matter hyperintensity.

Table 3
Logistic regression analysis in cerebral ischemia group (CI and TIA groups) and non-
cerebral ischemia group (RF and MI groups).

Discriminants LOF: P =
0.073

Odd’s ratio 95% confidence
interval

P value

Plaque (Number) 1.192 1.108–1.284 < 0.0001*
White matter disease (PVH) 1.979 1.669–2.362 < 0.0001*

RF: risk factor, TIA: transient ischemic attack, CI: symptomatic cerebral infarction, MI:
myocardial infarction, LOF: lack of fit test, PVH: periventricular hyperinsentity, DSWMH:
deep and subcortical white matter hyperintensity.
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(Fig. 1, Table 1). There were significant differences in PVH and DSWMH
when comparing the CI group and the MI group (Fig. 1).

Plaque score (8.20 ± 4.11), plaque number (5.10 ± 2.38),
MPIMT (2.59 ± 1.13), Grades of PVH (1.84 ± 1.05) and DSWMH
(2.13 ± 0.98) in the cerebral ischemia group were significantly higher
than those in the non-cerebral ischemia group (Table 2, 3, Fig. 2).

PVH and DSWMH grades in the cerebral ischemic group were sig-
nificantly higher than those in the high plaque score group (Fig. 3,
Table 4). Plaque score, plaque number and MPIMT in the cerebral is-
chemic group were significantly higher significantly higher than those
in the high WMD grade group (Fig. 4, Table 5). The unique feature of
carotid artery plaque and WMD in patients with symptomatic CI and

Fig. 3. Carotid ultrasonography, magnetic resonance angiography (MRA) and magnetic resonance images in a representative patient in the high plaque score group. Carotid ultra-
sonography shows plaques on the right side (a, arrow head, 2.5 mm) and on the left side (b, arrow head, 2.7 mm, 2.9 mm). MRA of the brain shows no stenosis (c), and Fluid-attenuated
inversion recovery (FLAIR) imaging shows no white matter disease (d).

Fig. 2. Carotid ultrasonography, magnetic resonance angiography (MRA) and magnetic resonance images in a representative patient in the cerebral infarction (CI) group. Carotid
ultrasonography shows plaques on the right side (a, arrow head, 2.7 mm) and on the left side (b, arrow head, 3.1 mm). MRA of the brain and neck show no stenosis (c, d). Fluid-attenuated
inversion recovery (FLAIR) imaging demonstrates (e) grade 3 of periventricular hyperintensity (PVH) and deep subcortical white matter hyperintensity (DSWMH) (arrowhead). Diffusion
imaging shows a high intensity spot, indicating small infarct (arrow) around the left motor area (f).
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TIA, which are not caused by stenosis or occlusion of a main cerebral
artery, is coexistence of increase in all of the measures regarding the
carotid artery plaque and increase of WMD grade.

4. Discussion

Increases in the IMT or the plaque of the carotid artery are directly
associated with a risk for stroke [1–9]. WMD is also associated with a
risk of ischemic stroke [10]. WMD is one manifestation of cerebral small
vessel disease [11]. In our study, both plaque and WMD were increased
in the cerebral ischemia group without a stenosis of a main cerebral
artery; this suggests that atherosclerotic change occurred in cerebral
small vessels in this group. On the other hand, WMD grade in high
plaque score group and plaque in the high WMD grade group were

significantly lower compared to the cerebral ischemia group. These
data suggest that plaque and WMD are associated with each other of the
CI group in cases without stenosis of a main cerebral artery. We re-
ported that the increased means of measures regarding the plaques and
WMD in the cerebral ischemia group were 8.20 ± 4.11 mm (plaque
score), 5.10 ± 2.38 (plaque number), 2.59 ± 1.13 mm (MPIMT),
1.84 ± 1.05 (grade of PVH) and 2.13 ± 0.98 (grade of DSWMH). The
means of measures regarding the plaques and WMD may be indicative
of CI (i.e., lacunar, branching atheromatous disease and athero-
thrombotic infarction in a small vessel) in cases without steno-occlusive
disease of a main cerebral artery.

On the other hand, carotid artery plaques or increased IMT are more
strongly associated with an increased risk of coronary events
[2–4,24,25]. Many CI patients have severe coronary stenosis, while

Table 4
Plaque and white matter disease between cerebral ischemia group (CI & TIA) and high plaque score group.

group levene t-test

Cerebral ischemia High plaque score P values t values Df P values total

Number 249 191 440
Male 192 (77.1%) 157 (82.2%) 349 (79.3%)

Age (year) 68.5 ± 8.0 69.7 ± 7.9 0.320 1.5197 438 0.129 69.0 ± 7.9
Plaque Score 8.20 ± 4.11 7.75 ± 3.03 < 0.0001 1.316 437 0.189 8.00 ± 3.68

Number 5.10 ± 2.38 5.17 ± 1.89 0.0009 0.371 437 0.711 5.13 ± 2.17
MPIMT 2.59 ± 1.13 2.73 ± 0.93 0.015 1.411 436 0.159 2.65 ± 1.05

white matter disease PVH 1.84 ± 1.05 1.15 ± 0.94 0.024 7.286 428 <0.0001* 1.54 ± 1.06
DSWMH 2.13 ± 0.98 1.39 ± 0.87 0.711 −8.26 438 <0.0001* 1.81 ± 1.00

TIA: transient ischemic attack, CI: symptomatic cerebral infarction, MPIMT: maximum plaque intima-media thickness, PVH: periventricular hyperinsentity, DSWMH: deep and subcortical
white matter hyperintensity.

Fig. 4. Carotid ultrasonography, magnetic resonance angiography (MRA) and magnetic resonance images in a representative patient of the high WMD grade group. Carotid ultra-
sonography shows no plaque on the right side (0.9 mm, a) or on the left side (0.9 mm, b). MRA of the brain shows no stenosis (c), and Fluid-attenuated inversion recovery (FLAIR)
imaging demonstrates grade 4 periventricular hyperintensity and deep subcortical white matter hyperintensity (DSWMH) (d, arrowhead).
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carotid occlusion is also a risk factor for MI [26]. We demonstrated that,
in the CI patients without a stenosis of a main cerebral artery, plaque
development was similar to that seen in MI patients.

In a population of ischemic stroke patients, the relationship between
WMD and carotid atherosclerosis was reinforced [27]. For the primary
prevention of symptomatic CI in patients without stenosis of a main
cerebral artery, we stress the coexistence of increase in all of the
measures regarding the plaques and WMD. Many patients without
stenosis of a main cerebral artery experience CI and TIA. The findings in
this report offer a way to identify these patients as candidates for pre-
ventative treatment rather than delaying treatment until after CI or TIA
has occurred. Development of low cerebral blood flow due to athero-
sclerosis may also induce cognitive dysfunction, even in the absence of
CI [28]. To assess for symptomatic CI and TIA, it is important to per-
form both brain MRI and ultrasonography of the carotid arteries and to
assess for WMD and plaques. Primary preventative therapies (rapid
reliable treatment of asymptomatic hypertension, diabetes mellitus,
hyperlipidemia, smoking) should be initiated before progression of
plaque and WMD, because the association between atherosclerosis and
RFs has been already investigated in many reports and CI is associated
with the atherosclerosis.

5. Conclusion

Symptomatic lacunar infarction, branch atheromatous disease or
atherothrombotic infarction may occur in patients with atherosclerotic
changes of the cerebral arteries who do not have stenosis of a main
cerebral artery. The present clinical study suggested that the coex-
istence of increased plaque and WMD may be one of indices of symp-
tomatic CI onset in patients without stenosis or occlusion of a main
cerebral artery, in order to consider treatment for a primary prevention
of CI.
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