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Silent Cerebral Infarcts and Cerebral White Matter Lesions in
Patients with Nonvalvular Atrial Fibrillation

Akiko Kobayashi, Mp,* Masahiro Iguchi, mp,* Satoru Shimizu, mp,t

and Shinichiro Uchiyama, MpD*

Background: Nonvalvular atrial fibrillation (NVAF) is a well-known strong risk fac-
tor for stroke, although few studies have examined silent cerebral ischemic lesions in
patients with NVAF. We investigated silent cerebral infarcts (SCIs) and cerebral
white matter lesions and risk factors for stroke in NVAF patients. Methods: Subjects
included 71 consecutive patients with NVAF and 71 sex-and age-matched controls
with sinus rhythm who had undergone MRI. Number, size, and localization of
SCIs and severity of periventricular hyperintensity (PVH) and deep and subcortical
white matter hyperintensity (DSWMH) on magnetic resonance imaging were ana-
lyzed. The risk factors and CHADS?2 score for stroke were also investigated. Results:
The number of SCIs was significantly larger and the rates of SCIs in the cortex/sub-
cortex and deep white matter were higher in the NVAF group than in the control
group. The DSWMH grade was also significantly higher in the NVAF group.
NVAF was an independent risk factor for SCIs and DSWMH. The number of cortical
and subcortical SCIs was significantly correlated with CHADS?2 score. Conclusions:
Cortical/subcortical and deep white matter SCIs were more frequent and DSWMH
grades were higher in NVAF patients compared with control subjects. CHADS2
score was an effective scheme not only in stroke risk but also in risk of
SCIL Key Words: Atrial fibrillation—silent brain infarction—cerebral white matter
lesion—maginetic resonance imaging.
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Silent cerebral infarcts (SCIs) and cerebral white matter
lesions with no obvious neurologic symptoms appear
from middle age onward, and their frequency tends to
increase with advancing age.1 Both types of lesion, if
present in large numbers, have been shown to result
in progressive decline of cognitive function*® and
psychological symptoms, such as depression.* A high
probability of future stroke has also been reported in
individuals with these lesions.
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A pathologic study in Hisayama, Japan showed that
SCIs are frequently observed in the subcortex, and that
age, hypertension, and atrial fibrillation are significant
risk factors for SCIs.® Cerebral white matter lesions are
categorized into periventricular hyperintensity (PVH)
and deep and subcortical white matter hyperintensity
(DSWMH). Age” and hypertension® have previously
been identified as risk factors for these lesions, and they
are also believed to be the result of impairment in the
cerebral arterioles.”

There have been several previous reports of research on
nonvalvular atrial fibrillation (NVAF) and SCIs, and it has
been reported that not only cerebral embolism but also
SClIs are likely to occur in NVAF patients,m'11 although
only few studies have addressed the relationship of
NVAF with SCIs and cerebral white matter lesions. In
this study, we investigated the characteristics of cerebral
white matter lesions without neurologic symptoms and
SCIs on magnetic resonance imaging (MRI) and also
investigated the relationship of these lesions with risk

Journal of Stroke and Cerebrovascular Diseases, Vol. ll, No. H (I-H), 2010: pp 1-8 1

—118—



2

factors for stroke in NVAF patients and non-NVAF
patient controls.

The CHADS?2 score is widely used for risk stratification
in NVAF patients; the score includes congestive heart fail-
ure, hypertension, age over 75 years, diabetes mellitus, and
history of stroke or transient ischemic attack (TIA) as risk
factors for stroke.’>*® However, the usefulness of the
scheme in Japanese patients has not been adequately
clarified. In our study, the association of CHADS2 score
with SCIs in NVAF patients was also examined.

Methods

The subjects were patients who had attended or were
admitted to our hospital between 2003 and 2007. All pa-
tients in our study had undergone cranial MRI.

The NVAF group consisted of 71 consecutive patients
(48 males, 23 females; average age, 744 * 9.9 years)
with chronic atrial fibrillation (29 patients) or docu-
mented paroxysmal atrial fibrillation (42 patients), ex-
cluding those with atrial fibrillaton associated with
valvular disease.

The control group consisted of 71 consecutively sex-
and age-matched patients (48 males, 23 females; average
age, 73.7 + 8.2 years) with sinus rhythm who had been ex-
amined in our department during the same period and
who did not have any central nervous system involve-
ments.

No patients in either group had a history of stroke or
TIA, and patients with known neurologic disorders
were excluded. The control group did include patients
with subjective symptoms alone, such as headache, dizzi-
ness, tinnitus, and tingling of the hands or feet.

MRI was performed using a 1.5-T system device that vi-
sualized T1- or T2-weighted MRI images in 7-mm slices
with gaps of 0.50 mm parallel to the orbitomeatal (OM)
line. MRI was conducted according to the following con-
ditions: standard axial T1 (TR, 425-510 ms; TE, 12-13ms),
standard axial T2 (TR, 3000-3247 ms; TE, 90-122 ms), with
a field of view 220 X 220. Scattered, irregularly shaped le-
sions of diameter =3 mm presenting as T2 high-intensity
and T1 low-intensity findings on horizontal sections were
regarded as SCIs. Lesions <3 mm were excluded because
there was a high possibility to include dilatation of the
perivascular space, demyelination, or gliosis."*

Previous reports have stated that among subcortical
small infarcts, cerebral infarcts with a diameter =5 mm
are more likely to be associated with atherosclerosis of
major arteries and platelet activation than those with a di-
ameter <5 mm."® Therefore, in this study, the size of the
infarct area was classified as either 3 to 5 mm or >5
mm. The number of SCIs was classified into 1 of 3 cate-
gories: “0,” “1-2,” or “=3.” Localization of ischemic le-
sions visible on MRI was classified into 1 of the
following 5 categories: cortex/subcortex, deep white mat-
ter, thalamus/basal ganglia, brain stem, and cerebellum.

A. KOBAYASHI ET AL.

Cerebral white matter lesions were classified into PVH
and DSWMH according to the classification of Fazekas.®
PVH was categorized as: grade 0, absent; grade 1, caps or
pencil-thin lining; grade 2, smooth halo; and grade 3, ir-
regular PVH extending into deep white matter. DSWMH
was categorized as: grade 0, absent; grade 1, punctuate
foci; grade 2, beginning confluence of foci; and grade 3,
large confluent areas.

All images were shuffled before evaluation and inter-
preted by multiple neurologists and neuroradiologists
who were blinded to the clinical data. The final diagnosis
of each MRI lesion was made by consensus.

We also investigated the relationships with vascular
risk factors (hypertension, hypercholesterolemia, diabe-
tes, cigarette smoking, and alcohol drinking), body mass
index (BMI), maximum intima-media thickness (max
IMT) of the carotid artery measured by high resolution
duplex ultrasonography, left atrial diameter (LAD) mea-
sured by transthoracic echocardiography, blood coagula-
tion markers (thrombin-antithrombin IIT complex [TAT],
and D-dimer), platelet activation marker (B-thromboglo-
bulin [B-TG]), which were quantitated using enzyme im-
munoassay, and the CHADS2 score.

Hypertension was defined as blood pressure =140/90
mm Hg, an obvious history of hypertension, or a history
of drug treatment. Diabetes was defined as HbAlc
=6.0%, an obvious history of diabetes, or a history of
drug treatment. Hypercholesterolemia was regarded as
total serum cholesterol =220 mg/dL, an obvious history
of hypercholesterolemia, or a history of drug treatment.

Smoking was considered habitual if the patient had
a history of smoking at least 20 cigarettes a day for at least
1 year. Drinking was considered habitual if the patient
had consumed at least 30 g of alcohol a day for at least
1 year.

The CHADS2 score is a risk stratification system for
NVAF patients." Scores of 0 to 6 points are determined
based on the following factors: congestive heart failure
(1 point); hypertension (1 point); age over 75 years (1
point); diabetes mellitus (1 point); and previous stroke
or TIA (2 points). "

Statistical analyses were performed using SAS (version
9.0; SAS Institute; Cary, NC), with P < .05 being statisti-
cally significant. The Student ¢t and Mann-Whitney U
tests were used to compare ages, numbers of SCIs, and
test values between the 2 groups, and the Chi-square
test was used to compare risk factors with the prevalence
of SCIs and cerebral white matter lesions. Age, sex, hyper-
tension, hypercholesterolemia, diabetes, NAVE, and aspi-
rin intake were also analyzed as independent risk factors
for MRI lesions using a multiple logistic regression anal-
ysis. The association of CHADS?2 score with number of
SCIs in NVAF patients was examined using the Spearman
correlation analysis. Age and test values were all ex-
pressed as means * standard deviations (SD). Differences
at P <.05 were considered significant for all results.
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Table 1. Baseline characteristics in patients with nonvalvular atrial fibrillation and control subjects

n NVAF n Control P value
Age 71 744 =99 71 73.7 £ 82 .658*
Chronic AF 29 40.8% — — —
Paroxysmal AF 42 59.2% — — —_
Hypertension 45/71 63.4% 41/71 57.7% 4921
Diabetes mellitus 20/71 28.2% 19/71 26.8% 851F
Hypercholesterolemia 25/71 35.2% 30/71 42.3% .389%
Aspirin intake 39/71 54.9% 36/71 50.7% 6147
Warfarin intake 22/71 31.0% 1/71 1.4% <.001}
Smoking{ 19/68 27.9% 23/57 40.4% 1445
Drinking$ 22/63 34.9% 26/53 49.1% . 1247
BMI} 56 235 3.0 54 22.6 =33 .170*
Max IMT{ 36 23 *1.0 57 21x10 .1858
LAD{ 49 39*+1.0 6 33+04 .0368§
TATE ' 22 1.5 1.0 14 14*+05 .288§
D-dimerf 21 13 +41 14 0812 .348
B-TGt 38 39.0 = 23.1 37 341+ 129 33§

Abbreviations: B-TG, B-thromboglobulin; AF, atrial fibrillation; BMI, body mass index; max IMT, maximum intima-media thickness of
carotid artery; LAD, left atrial diameter; TAT, thrombin-antithrombin III complex.

Values are mean * SD. P < .05 was considered statistically significant.

*Differences compared with control subjects using the Student independent ¢ test.

tChi-square test.

{Subject numbers were different between 2 groups because of missing data. We analyzed only the available data.

§Mann—Whitney U test.

Results
Background Characteristics

Background characteristics in the control and NVAF
groups are shown in Table 1. The respective frequencies
of risk factors in the control and NVAF groups were
57.7% and 63.4% for hypertension, 26.8% and 28.2% for
diabetes, and 42.3% and 35.2% for hypercholesterolemia,
respectively, with none of the differences being significant.

A Prevalence

The respective percentages of oral intake of antiplatelet
agents in the control and NVAF groups were 50.7% and
54.9%, with no difference observed, but the respective
percentages of oral intake of anticoagulants (warfarin)
were 1.4% and 31.0%, significantly higher in the NVAF
group. There were no differences for smoking, drinking,
BMI, and max IMT, but the NVAF group had a significantly
higher LAD value. There were no significant differences
between the two groups in TAT, D-dimer, or B-TG.

B Number
P=0.04

10

100% ¢

Figure 1. Prevalence and number of si-  §0#
lent cerebral infarction (SCI) by size on

magnetic resonance imaging. (A) The

percentage of patients with at least 1 50

80’6/

SCI with a size of 3 to 5 mm or >5 mm
were significantly higher in the nonvalv- 40
ular atrial fibrillation (NVAF) group
(lined columns) than in the control group
(open columns). (B) The number of SCIs
was also significantly larger in the
NVAF group than in the control group.
Statistical analysis was performed using
the Chi-square test (A) and the Mann—
Whitney U test (B).
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Figure 2. Location of silent cerebral infarction (SCI) on magnetic reso-
nance imaging. SCIs in the cortex/subcortex and in the deep white matter
were more frequent in the nonvalvular atrial fibrillation group (lined col-
umns) than those in the control group (open columns). There were no signif-
icant differences in the thalamus/basal ganglia, brainstem, or cerebellum.
Statistical analysis was performed using the Chi-square test.

Cerebral White Matter Lesions

No difference in grade between the control and NVAF
groups was seen for PVH, but the DSWMH grade was
significantly higher in the NVAF group (Figure 3).

A comparison of the presence or absence of PVH and
DSWMH with age and other factors showed that age
was significantly higher and hypertension significantly
more frequent in patients with PVH, while age was signif-
icantly higher and NVAF significantly more frequent in
patients with DSWMH (Table 4).

Multiple logistic regression analysis was conducted in
the same way as for SCIs to investigate the relationship
with risk factors. Age alone was an independent risk fac-
tor for PVH, whereas for DSWMH not only age but also
NVAF was an independent risk factor (Table 5).

Discussion

In this study, NVAF patients had a higher rate of SCIs
than the control patients. In previous studies, the rate of
SCIs has been found to be 8% to 28% in healthy individ-

~ uals®" and 8% to 57% in patients with cardiovascular

disease, hypertension, and diabetes mellitus.””

In the present study, the percentages of patients in the
control group with SCIs from 3 to 5 mm and >5 mm
were 57.7% and 28.2%, respectively, while the NVAF
group had higher rates (74.6% and 49.9%, respectively).
The rate of SCIs was thought to be higher relatively be-
cause this study was hospital-based and the subjects
were older than those in previous studies.

The NVAF group had also significantly larger number
of SCIs than the control group, and high rates of SCls
were observed in the cortex/subcortex and in the deep
white matter in patients with NVAF.

Previous research has shown that approximately 80%
of microthrombi injected into the carotid artery embolize
to gray matter regions.'® In addition, it has been reported
that multiple small infarcts in the cortex seen on MRI
diffusion-weighted images are actually embolisms or
small embolic fragments.'”* From these, high rates of
SCIs in the cortex/subcortex in NVAF patients may be
small silént cardiogenic embolism to preferentially
occur in those with than without NVAE

On the other hand, it is possible that deep white matter
SCIs may reflect in situ small vessel disease. It has previ-
ously been reported that the administration of aspirin,
which has an antiplatelet effect, resulted in the reduction
of deep white matter and basal ganglia SCIs in patients
with NVAF, and, because no change was seen in the cor-
tex/subcortex, the authors speculated that SCIs in the
deep white matter and basal ganglia region were not

A PVH B DSWMH
14% ) P<0.05
100% _ mtaiel 100%
Figure 3. Prevelance of periventricular hy- 8 80% BT
perintensity (PVH) and deep and subcortical -
white matter hyperintensity (DSWMH). (A) Ranan
There was no difference for PVH grade be- ~ 50% 60% 7
tween the control group and the nonvalvular 7
atrial fibrillation (NVAF) group. (B) The 7
DSWMH grade was significantly higher in 40% 40%
the NVAF group than in the control group.
Statistical analysis was performed using the
Chi-square test. 20% 20%
155% A
RN S T0%.
0% 0% ; %
Control NVAF Control NVAF

Ograde 0 Bgrade 1 Bgrade 2 Mgrade 3

Ograde 0 Bgrade 1 Ograde 2 Mgrade 3
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Table 2. Prevalence of risk factors for silent cerebral infarction

SCI (3-5 mm) SCI (>5 mm)
) () G (+)
Risk factor n =48 n=9% P value n =87 n =55 P value
Age <75y 18 37.5% 52 55.3% .04 35 40.2% 35 63.6% <01
Male 34 70.8% 62 66.0% .56 61 70.1% 35 63.6% 42
Hypertension 27 56.3% 59 62.8% 45 51 58.6% 35 63.6% .55
Hypercholesterolemia 20 41.7% 35 372% .61 38 43.7% 17 30.9% 13
Diabetes mellitus 13 27.1% 26 27.7% 94 24 27.6% 15 27.3% 97
NVAF 18 37.5% 53 56.4% .03 36 41.4% 35 63.6% .01
Aspirin intake 22 45.8% 53 56.4% .23 49 56.3% 26 47.3% .29
Warfarin intake 4 8.3% 19 20.2% .07 10 11.5% 13 23.6% .06

Abbreviations: NVAF, nonvalvular atrial fibrillation; SCI, silent cerebral infarction.

Differences compared with control subjects by Chi-square test.
Values are mean = SD.
P < .05 was considered statistically significant.

Silent Cerebral Infarcts

The proportions of patients in the NVAF group with at
least 1 SCI 3 to 5 mm in size and >5 mm in size were
74.6% and 49.3%, respectively, compared with 57.7%
and 28.2%, respectively, for the control group. The posi-
tive percentages in both sizes of SCI were significantly
higher in the NVAF group than in the control group.
The numbers of SCIs were also significantly larger in
the NVAF than the control group (Figure 1).

No significant difference between chronic and paroxys-
mal atrial fibrillation was seen in either the proportion of
patients with the presence of SCIs or the numbers of SCIs.

A comparison of the presence or absence of SCIs with
age and other factors showed that age and NVAF were
significant factors for both 3 to 5 mm and >5 mm sizes
of SCIs (Table 2). v

Multiplelogistic regression analysis was also performed
to investigate the relationships between risk factors and
SCIs. In this issue, NVAF was observed to be correlated

with oral anticoagulant intake, so it was excluded from
the factors. The results also showed that age and NVAF
were significant factors for both sizes of SCls (Table 3).

In the NVAF group, 31.0% of SCIs were seen in the cor-
tex/subcortex and 56.3% in the deep white matter, which
were more frequent than those in the control group (9.9%
in the cortex/subcortex and 22.5% in the deep white mat-
ter). On the other hand, there were no significant differ-
ences in the thalamus/basal ganglia, brain stem, and
cerebellum (Figure 2).

Spearman correlation analysis revealed that CHADS2
scores were associated with the number of SCIs in the
cortex/subcortex (r = 0.277; 95% confidence interval
[CI], 0.05-0.48; P < .01). By contrast, in the deep white
matter, thalamus/basal ganglia, brain stem, or cerebel-
lum, there was no association with CHADS2 score and
the number of SCIs. The CHADS?2 score were not assessed
by multivariate analysis because the scheme takes age
and hypertension into account.

Table 3. Muitiple logistic regression analysis of risk factors for silent cerebral infarction

SCI (3-5 mm) SCI (>5 mm)
Risk factor OR 95% CI P value OR 95% CI P value
Age 1.07 1.02-1.12 <.01 1.08 1.03-1.13 <.01
Male 0.84 0.37-1.93 .68 0.77 0.35-1.72 .52
Hypertension 0.98 0.46-2.11 97 0.89 0.41-1.90 74
Hypercholesterolemia 0.79 0.36-1.71 54 0.58 0.26-1.27 17
Diabetes mellitus 0.82 0.35-1.93 .65 0.89 0.38-2.07 78
NVAF 2.18 1.03-4.61 .04 2.53 1.21-5.30 .01
Aspirin intake 1.61 0.77-3.43 22 0.68 0.32-1.44 32

Abbreviations: CI, confidence interval; NVAF, nonvalvular atrial fibrillation; OR, odds ratio; SCI, silent cerebral infarction.

P < .05 was considered statistically significant.
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Table 4. Prevalence of risk factors for periventricular hyperintensity and deep and subcortical white matter hyperintensity

PVH (%) DSWMH (%)
© ) © )
Risk factor n=18 n =124 P value n =23 n=119 P value
Age >75y 5 27.8% 65 52.4% .04 6 26.0% 64 53.8% .02
Male 14 77.8% 82 66.1% 32 18 78.3% 78 65.5% 23
Hypertension 7 38.9% 79 63.7% .04 10 43.5% 76 63.9% .06
Hypercholesterolemia 5 27.8% 50 40.3% 45 8 34.8% 47 39.5% .67
Diabetes mellitus 1 5.6% 38 30.6% .05 3 13.0% 36 30.3% .09
NVAF 7 38.9% 64 51.6% 31 5 21.7% 66 55.5% <.01
Aspirin intake 10 55.6% 65 52.4% .80 10 43.5% 65 54.6% 32
Warfarin intake 2 11.1% 21 16.9% 77 2 8.7% 21 17.6% 44

Abbreviations: DSWMH, deep and subcortical white matter hyperintensity; NVAF, nonvalvular atrial fibrillation; PVH, periventricular

hyperintensity.
Values are mean * SD.

P < .05 was considered statistically significant. Differences compared with control subjects using the Chi-square test.

caused by fibrin clots, but rather platelet thrombi proba-
bly formed on the deep perforating arteries."

Because deep white matter constitutes the boundary
zone for cerebral blood- flow, hemodynamic mechanisms
give rise to ischemia and to form of secondary thrombi.
Caplan and Hennerici®® have hypothesized that embo-
lism and low perfusion exert a synergistic effect. Low per-
fusion reduces the blood flow for washing emboli away,
while emboli block the blood supply, further worsening
ischemia. These suggest that the deep white matter SCIs
seen in the NVAF patients: were probably the result of
a combination of low perfusion caused by hemodynamic
mechanisms and microthrombi.

In our results, there was no significant difference in the
basal ganglia/thalamus SCIs between the NVAF and
control groups. Recent reports indicated that risk factors
for the basal ganglia infarcts are different from those for
deep white matter infarcts, and carotid artery stenosis

and coronary artery disease were significant and indepen-
dent predictors of the basal ganglia infarcts.>**® Therefore,
the SCIs in the basal ganglia were more likely to be
paralleled with a background systemic atherosclerosis.

Most previous studies showed that hypertension was
associated with SCIs, but it was not a significant risk fac-
tor in this study. The results showed that age and NVAF
but not hypertension was significant factor for SCIs. The
reason for this discrepancy between the previous studies
and our study was that the hypertension percentage of
the subjects in both groups of this study was higher
than in the previous studies, and because half of the sub-
jects were NVAF patients. These differences in the propor-
tions of hypertension and NVAF between the previous
studies and this study might have affected the results of
statistical analysis. '

We also found that, compared with the control group,
NVAF patients had a significantly higher DSWMH grade,

Table 5. Mulriple logistic regression analysis of risk factors for periventricular hyperintensity and deep and subcortical white matter

hyperintensity
PVH DSWMH
Risk factor OR 95% CI P value OR 95% CI P value
Age 1.08 1.01-1.15 .02 1.13 0.83-0.95 <.01
Male 0.54 0.15-1.95 34 0.43 0.66-8.34 .20
Hypertension 2.01 0.66-6.10 22 1.69 0.59-4.91 .33
Hypercholesterolemia 1.73 0.52-5.78 .37 1.01 0.33-3.11 .99
Diabetes mellitus 7.28 0.88-60.14 .07 2.58 0.61-10.89 .20
NVAF 191 0.62-5.90 .26 7.34 2.04-26.41 <01
Aspirin intake 0.64 0.21-1.98 4 1.48 0.51-4.27 47

Abbreviations: CI, confidence interval; DSWMH, deep and subcortical white matter hyperintensity; NVAF, nonvalvular atrial fibrillation;

OR, odds ratio; PVH, periventricular hyperintensity.
P < .05 was considered statistically significant.
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while there was no difference in the PVH grade. Multiple lo-
gistic regression analysis showed that age was a significant
independent risk factor for PVH, whereas not only age but
also NVAF was a significant independent risk factor for
DSWMH. In a comparison of the 2 groups, patients with
PVH were significantly older and had a higher frequency
of hypertension, a result consistent with previous reports‘7’8

Pathologically, PVH is associated with other age-
related changes, such as pallor of the myelin sheath and
expansion of the perivascular space, which manifests on
MRI scans as rim, caps, or a smooth halo, although they
are not regarded as abnormal findings.?®

In DSWMH, small infarct areas are mixed with age-
related changes, and these are regarded as reflecting
atherosclerosis of perforators. They are seen in elderly
people with vascular risk factors and are recognized as
chronic ischemia. %

The present study found the frequency of DSWMH to
be significantly higher in NVAF patients, suggesting the
existence of small artery disease. It has been proposed
that for SCIs, the cause lies in the low cerebral perfusion
by reduced cardiac output in NVAF patients.?®* It has
previously been reported that chronically low perfusion
affects cerebral white matter lesions®*-and a higher rate
of cerebral white matter lesions observed in atrial fibrilla-
tion accompanied by left ventricular hypertrophy has also
been reported.”®

According to recent reports, the irregular heartbeat of
atrial fibrillation gives rise to turbulence in the blood
flow and damages the vascular endothelial cells, reducing
production of nitric oxide, which has an antithrombotic
effect.> It has also been shown that shear stress generated
by atrial fibrillation affects the vascular endothelium and
inhibits nitric oxide synthesis, and that the nitric oxide
synthase inhibitor asymmetric dimethyl arginine in-
creases.’? Furthermore, there have also been reports on
platelet activation in atrial fibrillation as a result of ex-
pression of the platelet adhesion molecule P-secretin®
and blood hypercoagulation in the early stages after atrial
fibrillation.>**

From these facts, not only does cerebral blood flow
diminish but also antithrombotic action decreases in
NVAF patients and these effects may combine to generate
a high rate of deep white matter lesions.

The CHADS?2 score was an independent prognostic fac-
tor for cerebral infarction in NVAF patients as reported.*®
In our study, the number of SCIs in the cortex/subcortex
was significantly increased according to the increase of
CHADS?2 score. Our results revealed that this scoring
system was an effective scheme not only in stroke risk
but also in risk of SCL

Conclusions

A high rate of cortical/subcortical and deep white
matter SCIs was observed in NVAF patients, and the

7

mechanism for their generation is thought to consist of
the synergistic effect of microthrombi and hemodynamic
abnormalities. High-grade white matter lesions were also
common in NVAF patients, and diminished cerebral
blood flow and reduced antithrombotic action may be
involved in their pathogenesis. The CHADS2 score was
a useful scheme of evaluating not only stroke risk but
also risk of SCI in Japanese NVAF patients.
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Renin-Angiotensin System Blockade Safely Reduces Blood
Pressure in Patients With Minor Ischemic Stroke During

the Acute Phase

Tomomi Nakamura, MD,*t Yukiko Tsutsumi, Mp,* Yuko Shimizu, MD,*

and Shinichiro Uchiyama, MD*

The ACCESS (Acute Candesartan Cilexetil Therapy in Stroke Survivors) study
found that administration of candesartan in the acute phase of stroke confers
a long-term benefit in patients who have sustained acute ischemic stroke. This treat-
ment did not significantly reduce blood pressure (BP) during the acute phase, how-
ever. We assessed the short-term safety of reducing BP with renin-angiotensin
system blockade in hypertensive patients who sustained acute ischemic stroke.
Our randomized study compared the effects of 14 days of oral candesartan
(4 mg/day), perindopril (4 mg/day), or conventional therapy (topical nitrate only
when systolic BP (SBP) was =220 mm Hg or diastolic BP (DBP) was =120 mm
Hg) administered to hypertensive patients within 72 hours of the onset of minor
ischemic stroke. We assessed neurologic symptoms using the National Institutes
of Health Stroke Scale and the modified Rankin Scale within 72 hours of stroke onset
before and after drug therapy. A total of 40 patients completed the protocol. Therapy
with candesartan and perindopril reduced SBP/DBP values by 23/11 mm Hg (SBF,
P <.01; DBP, P =.07) and 14/0 mm Hg (SBP, P =.07), respectively, compared with
conventional treatment. Neurologic symptoms worsened in 2 patients who received
perindopril, which has no statistical significance, despite the BP reduction in
patients given candesartan or perindopril. Our findings indicate that low doses of
candesartan or perindopril safely reduce SBP in hypertensive patients with acute
ischemic stroke. Key Words: Acute ischemic stroke—antihypertensive
treatment—candesartan—perindopril—neurologic symptoms.

© 2010 by National Stroke Association

Several observational studies have shown that elevated
blood pressure (BP) values immediately after stroke are
associated with poor clinical outcome or mortality."
However, the current general consensus® is that BP
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should not be lowered during the acute phase unless
the patient has excessive hypertension (diastolic BP
[DBP] > 120 mm Hg or systolic BP [SBP] > 220 mm Hg),
requires urgent antihypertensive treatment (eg, aortic dis-
section), or requires preparation for thrombolytic therapy.
Lowering BP during the acute phase of ischemic stroke
might lead to neurolegic worsening by reducing regional
cerebral perfusion and expanding the irreversible ische-
mic area in the tissues surrounding the ischemic core
(the so-called “penumbra”), because cerebrovascular
autoregulation is transiently impaired in this area.>”
Although aggressive BP reduction during the acute
phase could be detrimental to cerebral perfusion, high
BP values also might increase the risk of hemorrhagic
transformation of the infarction, the development of
brain edema, or further hypertensive organ damage.
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Theoretically, lowering BP from the early stage of stroke
might prevent early recurrent stroke or forestall further
vascular events; however, several small studies of aggres-
sive antihypertensive treatment for acute ischemic
stroke have reported neutral, adverse, and favorable
outcomes.*’? A large randomized controlled trial (the
ACCESS Study)* has shown that the early administration
of the angiotensin II type 1 receptor blocker (ARB) cande-
sartan cilexetil in acute ischemic stroke reduces long-term
(1 year) cardiovascular morbidity and mortality. Never-
theless, the safety of using candesartan to lower BP dur-
ing the acute phase remains unclear, because BP values
did not significantly differ between the candesartan-
and placebo-treated groups in the ACCESS Study. On
the other hand, angiotensin-converting enzyme (ACE)
inhibitors have been found to lower BP without decreas-
ing cerebral blood flow in patients with hypertension,'®
ischemic stroke,'®"” and carotid stenosis or occlusion.'®

Why the early administration of candesartan after
stroke did not decrease BP during the acute phase com-
pared with placebo in the ACCESS Study remains
unclear. However, oral administration of the ACE inhibi-
tor lisinopril initiated within 24 hours of stroke onset sig-
nificantly reduced BP even at low doses.'? Consequently,
we examined whether early oral administration of low
doses of the ARB candesartan or the ACE inhibitor peri-
ndopril significantly decreased BP during the acute phase
of stroke. We then evaluated the short-term safety of
reducing BP with these drugs using neurologic and
functional measures in hypertensive patients with acute
ischemic stroke.

Patients and Methods
Patient Selection

Casual brachial artery BP was measured in patients
admitted to our hospital (Itabashi Chuo Medical Center)
with the onset of a motor deficit due to acute ischemic
stroke within 36 hours. The inclusion criteria were similar
to those described for the ACCESS Study.* Patients with
mean values of at least 2 BP measurements of 2200 mm
Hg for SBP and/or =110 mm Hg for DBP at 6-24 hours
after stroke onset, or =180 and/or=105mm Hg at
24-36 hours after stroke onset, were invited to participate
in the study. All patients underwent baseline 12-lead
electrocardiography, biochemical and hematologic mea-
surements, chest X-ray, magnetic resonance imaging,
magnetic resonance angiography (MRA), and carotid
ultrasonography at admission. Exclusion criteria were in-
tracranial hemorrhage, age >85 years, moderate to severe
neurologic symptoms (National Institutes of Health
Stroke Scale [NIHSS] score >8), consciousness disorders
that precluded oral drug administration, any occlusions

* or >70% stenoses of major vessels confirmed by carotid
ultrasound and intracranial MRA, and other conditions
explicitly requiring BP reduction, such as malignant

T. NAKAMURA ET AL.

hypertension, manifest cardiac failure, aortic dissection,
and preparation for thrombolytic therapy. Patients who
had received antihypertensive or vasoactive drugs at
admission also were excluded from participating in the
study. Patients were categorized by stroke subtype
according to the TOAST classification system.'® Our insti-
tution’s Ethics Committee approved the study design.
Written informed consent to participate was obtained
from all patients, who were subsequently enrolled
between February 2005 and May 2007.

Drug Administration

Patients were randomized to receive one of the follow-
ing regimens: 4 mg candesartan cilexetil daily, 4 mg peri-
ndopril daily, or conventional antihypertensive treatment
comprising topical nitrate only when SBP was =220 mm
Hg or DBP was =120 mm Hg, according to current rec-
ommendations.* Patients were allocated to each group
in order of the date of admission. Neurologic symptoms
and severity were assessed using the NIHSS and the mod-
ified Rankin Scale (mRS). Drugs were administered
within 72 hours of onset of stroke symptoms immediately
after baseline evaluations. The same evaluations were
repeated 14 days later, and the results were compared
with baseline values. The NIHSS score was checked twice
each day (morning and evening) up to day 14. Drug
administration was discontinued when deterioration of
the NIHSS score by 1 point or more coincided with a BP
reduction of =15%.

BP Measurement

Nurses used a semiautomatic sphygmomanometer
(model ES-H51; Terumo, Tokyo, Japan) to measure BP at
least every 4 hours until 2 days after the baseline values
were obtained and then 3 times daily (morning, daytime,
and evening) for the next 12 days. After 5 minutes of
supine rest, 3 brachial BP readings were obtained, and
the middle value of these was taken as casual BP if the
values differed by <10 mm Hg. The BP value of the day
was defined as that obtained closest to 08:00 each day
except for the baseline value, which was defined as that
determined immediately before drug administration to
the interventional groups.

Statistical Methods

Differences in baseline factors among the 3 groups were
statistically compared using single-factor analysis of var-
iance (ANOVA) for age, time to baseline assessment from
stroke onset, BP values at admission and baseline, and
NIHSS score. Differences in baseline and outcome param-
eters between groups were assessed using the x? test
where appropriate. Differences in daily BP values in the
3 groups were statistically analyzed using the Student
t-test. Changes in neurologic severity assessed by the
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NIHSS and mRS between baseline and day 14 among the
3 groups were compared using single-factor ANOVA. Sta-
tistical significance was taken at the level of 5% using Stat-
View 5.0 (SAS Institute, Cary, NC) and a personal
computer running Windows.

Results

Among 372 consecutive patients who were admitted to
our hospital due to acute ischemic stroke, 44 who were
eligible for the present study were randomly allocated
to groups and administered with candesartan (4 mg/
day), perindopril (4 mg/day), or conventional therapy.
Four patients were withdrawn for reasons unrelated to
treatment (Fig 1). Baseline data were finally obtained
from 40 patients (Table 1). All of these patients were
treated with intravenous sodium ozagrel or argatroban
as antithrombotic therapy during the acute phase, but
the proportion of use of these drugs did not differ among
the 3 groups. During the study period, no patients in
either the candesartan- or perindopril-treated group
reported any mediation side effects, such as dizziness or
dry cough. . ‘

Figure 2 shows the time course of the BP values. The
mean BP at admission in all groups was 201/109 mm
Hg, and this was spontaneously reduced by 20/9 mm
Hg at the time of the baseline assessment. These changes
inmean BP did not differ significantly among the 3 groups.
The mean duration from stroke onset to the baseline
assessment was 41 hours for the conventionally treated
group, 48 hours for the candesartan-treated group, and
41 hours for the perindopril-treated group (not signifi-
cantly different; P =.63). The mean SBP and DBP
values in the conventionally treated group decreased

437

spontaneously and gradually until day 14, and only 1
patient required topical nitrate for excessive hypertension.
The mean SBP in the candesartan- and perindopril-treated
groups also declined until day 14 and decreased signifi-
cantly at days 1, 2, 3, and 5-14 in the candesartan-treated
group and at days 3 and 13 in perindopril-treated group
compared with the conventionally treated group. On the
other hand, the mean DBP in the candesartan-treated
group decreased significantly compared with the conven-
tionally treated group at days 2 and 13, and mean DBP in
the perindopril-treated group did not differ statistically
from that in the conventionally treated group during the
observational period. At day 14, the changes in SBP/
DBP from baseline were —21/—10 mm Hg in the conven-
tionally treated group, —39/—26 mm Hg in the candesar-
tan-treated group, and —35/—-11mm Hg in the
perindopril-treated group. At day 14, SBP was reduced
significantly (by 23 mm Hg) in the candesartan-treated
group compared with the conventionally treated group
(P < .01), whereas that in the perindopril-treated group
was reduced by 14 mm Hg, but the difference did notreach
statistical significance (P =.07). At day 14, DBP was re-
duced by 11 mm Hg in the candesartan-treated group
compared with the conventionally treated group, but the
difference did not reach statistical significance (P =.07),
and DBP values were similar in the perindopril-treated
and conventionally treated groups.

Figure 3 shows individual changes in NIHSS and mRS
scores. Neurologic symptoms worsened in 2 patients in
the perindopril-treated group (open circles) on days 3
and 5. These patients continued receiving daily perindo-
pril (4 mg) after the neurologic deterioration due to per-
sistent high BP. Neurologic symptoms remained stable
in all other patients during the observational period;

Consecutive 372 patients
with acute ischemic stroke

Assessed for
eligibility (n =44}

|

I Randomised (n =44 ) |

|

Figure 1. Flow diagram of the patients recruited
to the study.

Allocated to Candesartan cilexetil (n =15 )
Discontinued intervention due to:
technical issues {n=1)
patient request {n=1)

Allocated to Perindopril (n = 15)
Discontinued intervention due to:
detection of aortic dissection (n=1)

! Analysed (n=13) I

Allocated to Conventional treatment (n = 14 )
Discontinued due to:
non-compliance with protocol (n=1)

Analysed (n=13)

I Analysed (n=14)
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Table 1. Baseline data of study participants

T. NAKAMURA ET AL

Drug allocation Conventional treatment ~ Candesartan cilexetil Perindopril P
Number of patients 13 13 14
Age, years 818 61+12 62+6 .02
Male gender 11 11 11 .89
TOAST classification 8 SVO, 5 UD 9SVO, 1CE,3UD 10 V0,4 UD
Time to baseline from stroke onset, hours 4] £25 48 +23 41+12 .63
BP at admission, mm Hg
SBP 201 =12 199 +13 204 =12 .52
DBP 107 £ 20 110 =10 111*21 73
BP at baseline, mm Hg
SBP 183 £ 15 178 £ 19 182+ 16 N
DBP 98 14 104 =11 101 10 .50
NHSS score at baseline 38+1.8 3620 3113 A8
Medical history
Hypertension 13 (100) 13 (100) 14 (100) NA
Diabetes mellitus 2(15 3 (23) 4(29) 71
Hyperlipidemia 1(8) 3(23) 2 (14) 54
Smoking habit 6 (46) 43D 7 (50) 57
Previous stroke or transient ischemic attack 1(8) 0 (0) 00 NA
Atria) fibrillation 1(8) 1(8) 0(0) NA

Data are given as number of patients (%) or as mean =+ standard deviation.

CE, cardioembolism; SVO, small-vessel occlusion; UD, stroke of undetermined etiology; NA, not analyzed.

however, the proportions of patients with neurologic de-
terioration did not differ statistically between perindopril
and candesartan or conventional treatment (candesartan
or conventional treatment, 0%; perindopril, 14%; %2 test,
both P = 48). Between baseline and day 14, the changes
in mean NIHSS score were —1.5 in the conventionally
treated group, —1.5 in the candesartan-treated group,
and —1.1 in the perindopril-treated group, and changes
in mean mRS score were —1.0, —0.8, and —0.9, respec-
tively. The changes in mean NIFHSS and mRS scores

SBP and DBP ( mmHg )

s0

f;‘; PSPPI
Figure 2. Course of SBP and DBP from admission to day 14. Data are pre-
sented as mean + standard deviation (bars). *Statistically significant BP re-
duction after candesartan or perindopril administration compared with
conventional antihypertensive treatment for SBP and DBP (P <.05).

between baseline and day 14 did not differ significantly
among the 3 groups (P =.51 and .70, respectively).

Discussion

We have shown that the early administration of a low
dose of candesartan cilexetil or perindopril decreased
BP in hypertensive patients with acute ischemic stroke.
Candesartan significantly reduced SBP compared with
conventional treatment, as did perindopril, but to a lesser
extent. The usual dosages of these drugs in Japan are
4-8 mg/day (maximum, 12mg) for candesartan and
2-4 mg/day (maximum 8 mg) for perindopril. Candesar-
tan reportedly reduces BP more effectively than ACE
inhibitors at the standard dosages of either drug in pa-
tients with mild to moderate hypertension.? Considering
this, we predicted that candesartan or perindopril at
4 mg/day would equally reduce BP. The dose of either
drug might have been too low to affect highly elevated
BP, but we established 4 mg/day specifically to avoid
an excessive reduction. This dose of both candesartan
and perindopril indeed reduced mean BP compared
with conventional treatment. A previous study found
that the ACE inhibitor lisinopril significantly reduces BP
levels during the acute phase of ischemic stroke even at
low doses.'? Therefore, low doses of ARBs or ACE inhib-
itors should be a safe and effective antihypertensive treat-
ment for patients with acute ischemic stroke.

During the study period, neurologic symptoms wors-
ened in 2 patients in the perindopril-treated group at
days 3 and 5. Both of these patients had small-vessel
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A - Conventional treatment 10 Candesartan 10—  Perindopri
w Wrreitaterteareoreal)
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Baseline Day 14 Baseline Day 14 Baseline Day 14

Figure 3. Individual changes in NIHSS (A) and mRS (B) scores. Open circles (O) in the perindopril-treated group indicate patients with deteriorated NIHSS
score during the observational period. Open squares (1) represent mean NIHSS or mRS score. Data are presented as mean * standard deviation.

occlusion (lacunar infarction), and the neurologic deterio-
ration was not accompanied by an excessive reduction in
BP. The neurologic deterioration that occasionally
develops during the first few days in patients with lacu-
nar infarction is not necessarily associated with a reduc-
tion in BP?' The reason why the neurologic symptoms
worsened in these 2 patients is unknown, but the degree
of deterioration was mild. In contrast, no patients in the
candesartan-treated group exhibited worsened neuro-
logic symptoms during the observational period despite
significant BP reductions. The ACCESS Study also found
no worsening of neurologic symptoms in patients given
candesartan starting in the acute phase, although BP did
not differ from those given placebo.'* Although the pop-
ulation of the present study was too small to determine
statistical differences in the proportion of patients with
neurologic deterioration who received candesartan and
perindopril, candesartan might have exerted some
unique, BP-independent neuroprotective effects, as
several experimental studies have already shown.”>?*
Current guidelines* recommend antihypertensive treat-
ment during the acute phase of stroke only for excessive
hypertension or a few specific indications, although no
definite evidence supports this recommendation. Several
small studies have applied aggressive antihypertensive
treatment from the early phase of stroke using various
agents. Theoretically, calcium channel antagonists exert
cerebroprotective effects by limiting postischemic intracel-
lular calcium influx and by preferentially dilating cerebral
blood vessels. The randomized Intravenous Nimodipine
West European Trial (INWEST) evaluated whether the

calcium channel antagonist nimodipine delivered intrave-
nously within 24 hours of stroke is neuroprotective and
improves neurclogic and functional outcomes in acute
stroke.” The results showed that unfavorable outcomes
among patients treated with nimodipine were associated
with decreased BP, although reanalysis of some of the
data demonstrated that favorable outcomes were associ-
ated with higher BP among treated patients with mild to
moderate stroke.> The B-blockers should limit catechol-
amine-induced cardiac and neurologic damage and
reduce the metabolic demands of the ischemic brain. How-
ever, trials of f-blockers in monotherapy or in combination
have identified a nonsignificant increase in mortality and
worsened neurologic and functional outcomes after 6
months compared with a placebo, despite a significant
drop in BP? Although thiazide diuretics have proven ben-
efits in the primary and secondary prevention of stroke,
bendrofluazide administered within 96 hours after stroke
does not decrease BP;!° therefore, bendrofluazide is un-
suitable if BP reduction is required during the immediate
postsiroke phase. A more recent study found that the
oral ACE inhibitor lisinopril administered within 24 hours
of stroke onset significantly reduced BP and did not affect
neurologic and functional measures, although 1 patient
developed fluctuating dysarthria and withdrew from the
study." Furthermore, the CHHIPS (Controlling Hyperten-
sion and Hypotension Immediately Post-Stroke) trial
found that lisinopril or labetalol significantly reduced BP
without increasing serious events in acute stroke.’® The
ACCESS Study confirmed the long-term benefit of early
candesartan administration in acute ischemic stroke;*
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however, the short-term safety in case of reducing BP dur-
ing the acute phase was unclear, because early candesartan
administration did not significantly reduce BP. Therefore,
the present study provides new insight into the safety of
reducing BP with candesartan during the acute phase.

In conclusion, our findings demonstrate that even a low
dose of candesartan safely and significantly reduced BP
in hypertensive patients with acute ischemic stroke with-
out worsening neurologic symptoms. Perindopril also re-
duced BP in these patients, but to a lesser extent than
candesartan. The ACCESS Study has already demon-
strated that early candesartan administration confers
long-term benefits via BP-independent mechanisms;™*
therefore, the early use of candesartan in acute stroke
not only should be safe when the need for BP reduction
is urgent, but also should protect against further vascular
events. Qur findings should be interpreted with caution,
however, because of the small number of patients in this
study. Further, larger-scale studies are needed. Several
studies to assess antihypertensive therapy in acute ische-
mic stroke, including COSSACS (Continue Or Stop post-
Stroke Antihypertensives Collaborative Study), are
currently underway. -
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Risk Factors for Small Cortical Infarction on Diffusion-
Weighted Magnetic Resonance Imaging in Patients With Acute

Ischemic Stroke

Chisako Yano, Mp, Makoto Iwata, MD, PnD, and Shinichiro Uchiyama, MD, PhD

Diffusion-weighted magnetic resonance imaging (MRI) is sensitive for detecting
acute ischemic lesions. The present study evaluated risk factors associated with
small cortical infarction (SCI) on diffusion-weighted MRI. We analyzed 123 patients
with acute ischemic stroke retrospectively. We defined an SCI as a cortical lesions
<1.5 cm in diameter detected by diffusion-weighted MRL Risk factors and comor-
bidities included hypertension, hypercholesterolemia, diabetes mellitus, cigarette
smoking, potential cardiac sources of embolism, carotid disease, and coagulopathy.
Carotid disease was defined as >50% stenosis or occlusion in the internal carotid ar-
tery, detected by carotid ultrasonography. In addition, we analyzed plasma levels of
coagulation and fibrinolysis markers. We also compared carotid disease, potential
cardiac sources, and coagulopathy among localization of SCI. SCI was identified
in 22.8% of patients with acute ischemic stroke. Carotid disease (odds ratio [OR] =
4.4; 95% confidence interval [CI] = 1.7-11.42; P = .002) and coagulopathy (OR =
6.8; 95% CI = 1.33-35.17; P = .02) were found to be independent risk factors for
SCI. SCI with carotid disease was not associated with bilateral and multiple territo-
rial lesions, whereas SCI with coagulopathy was associated with bilateral lesions.
No borderzone lesions were found in SCI patients with cardiac sources. Our findings
suggest that carotid disease and coagulopathy are independent risk factors for SCI.
Localization of SCI varies depending on the underlying diseases. Key Words: Small
cortical infarction—acute ischemic stroke—diffusion-weighted magnetic resonance
imaging—carotid artery disease—coagulopathy.
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The advent of diffusion-weighted magnetic resonance
imaging (MRI), or DW], greatly increased the ability to
detect small cortical infarctions (SCIs). Some claim that
DWI is superior to conventional T2-weighted or proton-
density MRI for detecting previous minor strokes and
transient ischemic attacks.»? SCIs are easily confused
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with signals of cerebrospinal fluid on T2-weighted or
proton-density MRIL. Furthermore, small, disseminated
satellite lesions are silent and may go unrecognized
when <1 ¢m in diameter. The high signal-to noise ratio
of DWI allows detection of disseminated small lesions
on the cortical edge that might be missed on conventional
T2-weighted imaging.®> Recent studies have found that
multiple small lesions visible on DWI are likely caused
by emboli from a cardiac source or carotid occlusive
disease.*® Another study of microembolic signals (MES)
detected by transcranial Doppler (TCD) found an associ-
ation between MES and carotid occlusive disease and
spotty lesions in the cortex.® These results lend support
to the hypothesis that the predominant mechanism of
SCI is mainly emboli from carotid disease.

Although numerous previous studies have explored
carotid disease with small infarcts in the cortical area
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and multiple infarcts, including cortical small lesions, the
mechanisms of SCI have received little attention. In this
study, we examined vascular risk factors and blood coag-
ulation parameters in patients with and without SCIs and
compared these risk factors with localization of the
lesions to investigate the etiology of SCL

Subjects and Methods

The study group comprised 123 patients (82 men and
41 women; mean age, 67.8 years) who were consecutively
admitted with acute ischemic stroke to the Tokyo
Women’s Medical University Hospital and underwent
DWI examination between September 2003 and January
2006. The following clinical data were investigated for
all patients: blood chemistry studies, coagulation testing,
urinalysis, chest radiography, electrocardiography,
echocardiography, MRI, magnetic resonance angiography
(MRA), 24-hour electrocardiographic monitoring, and ca-
rotid ultrasonography. MRI was performed usinga 1.5 T
system (Toshiba Excelart, Toshiba, Japan, Philips Intera,
Philips, the Netherlands, GE Signa: GE medical systems,
USA, or Shemens Vision: Shemens, Germany) equipped
with single-shot ecoplanar imaging. Multimodal MRI
included axial T1-weighted, T2-weighted, fluid-attenu-
ated inversion recovery, MRA, and DWI sequences. The
exact sequence parameters were as follows: TR/TE,
6000/130, 3014/78, 1000/100.7, or 4000/100; matrix size,
128 X 128, 256 X 256, 128 X 128, or 96 X 128; field of
view, 270 X 300, 250 X 250, 220 X 220, or 220 X 220;
slice thickness, 7 mm; b-values, 1000 s/mm? Diffusion
gradients were applied in successive scans in each of
the x, y, and z directions, and a DWI image was formed
from the average of these values. SCI was defined as
a cortical hyperintense lesion with diameter of <1.5 cm
on DWL

Differences in gender, age, risk factors for stroke, and
plasma levels of coagulation markers between patients
with SCI and without SCI were analyzed. The risk factors
included hypertension (blood pressure >140/90 mm Hg
or a history of hypertension requiring medical treatment),
hypercholesterolemia (serum total cholesterol level >220
mg/dL or a history of hypercholesterolemia requiring
medical treatment), diabetes mellitus (glycosylated hemo-
globin level >6.5% or a history of treatment with an oral
glucose depressant or insulin), regular cigarette smoking,
and potential cardiac sources of embolism, including atrial
fibrillation, patent foramen ovale, and thrombus in the left
atrium. Duplex ultrasound and power Doppler ultra-
sound (Toshiba SSA-350A and SSA-550A) were used to
detect carotid artery stenosis or occlusion.” European
Carotid Surgery Trial (ECST) criteria were used to define
carotid stenosis. To exclude carotid occlusion due to car-
diac embolism in cardiac disease, cases with both carotid
occlusion and potential cardiac sources were classified
only as potential cardiac sources, not carotid disease. We
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also investigated a history of Trousseau’s syndrome (ie,
coagulopathy induced by cancer) and antiphospholipid
syndrome (fulfilling the Sapporo criteria®), both of which
were classified as coagulopathy. Coagulation markers in-
cluded B-thromboglobulin (8TG), platelet factor 4 (PF4),
thrombin-antithrombin IIT complex (TAT), and D-dimer.
BTG and PF4 were measured using Asserachrom BTG kit
and PF4 kits (Diagnostica Stago, Asnéires, France), TAT
was measured using the TAT SRL kit (SRL, Tokyo, Japan),
and D-dimer was measured using the Lpia-ace D-dimer
kit (Mitsubishi Kagaku Iatron, Tokyo, Japan). Plasma
levels of these hemostatic markers were quantified by
enzyme-linked immunosorbent assay.

The localization of SCIs was classified as bilateral
lesions, territorial single circulation (anterior or posterior .
circulation) lesions, territorial multiple circulation (bilat-
eral or anterior and posterior circulation) lesions, or bor-
derzone lesions (Fig 1). Borderzone lesions were defined
as SCIs in superficial borderzone areas. Six of 7 SCI pa-
tients with bilateral lesions were categorized as having
territorial multiple circulation lesions. One SCI patient
with bilateral lesions who had a coagulopathy as a risk
factor had lesions in bilateral borderzones, and was cate-
gorized as having borderzone lesions. Risk factors, in-
cluding carotid disease, coagulopathy, and potential
cardiac sources, were compared among the various SCI
localization categories.

Statistical Analysis

All data were entered into SPSS version 7.5 for
Windows (SPSS, Chicago, IL) for analysis. Differences in
the prevalence of risk factors among patients with and
without SCI were analyzed using the y? test for the
variables with 5 or more possible values. Fisher’s exact
test was used to analyze the prevalence of the lesion pat-
terns of SCI for the nominal variables with fewer than 5
possible values. The Mann-Whitney U test was used to
test the distribution of the continuous variables, such as
age and plasma level of coagulation markers, between
patients with and without SCI. These risk factors also
were analyzed as independent determinants for SCI
by multiple logistic regression analysis. The results are
expressed as odds ratio (OR) of relative risk, with 95%
confidence interval (CI). Statistical significance was
established as P <.05.

Results

SCI was detected in 28 of 123 patients (22.8%). Carotid
disease was significantly associated with SCI (Table 1),
and all of the patients with SCI had the lesions on the
same side with carotid disease. There were no significant
differences in age, gender, or the prevalence of diabetes
mellitus, hypertension, hypercholesterolemia, cigarette
smoking, or potential cardiac sources between patients
with and without SCI. Multiple logistic regression analysis

—133—



70

Bilateral lesions

Territorial single circulation

found that carotid disease (OR = 3.9; 95% CI = 1.5-10.0;

= .004) and coagulopathy (OR = 6.7; 95% CI = 1.33-
35.17; P =.02) were independent risk factors for SCI (Table
2). Analysis of plasma levels of coagulation parameters
revealed no significant differences between patients with
and without SCI (Table 3). Likewise, there were no signif-
icant differences in plasma levels of coagulation parame-
ters between SCI patients with carotid disease and those
with coagulopathy (data not shown).

Table 4 summarizes the localization of SCI and under-
lying diseases. Among the SCI patients, 13 had carotid
disease, 8 had potential cardiac sources, 4 had coagulop-

Territorial multiple circulations

C. YANO ET AL.

Figure 1. We classified the localiza-
tions of SCI into bilateral lesions, terri-
torial single circulation (anterior or
posterior circulation), territorial multi-
ple circulation (bilateral or anterior
and posterior circulations), and border-
zone lesions. Borderzone lesions were
defined as SCI in superficial borderzone
areas.

Borderzone

athy, and 6 had unidentified sources of infarctions. Risk
factors overlapped in 3 patients displaying the following
pathology: carotid disease and potential cardiac sources,
carotid disease and coagulopathy, and potential cardiac
sources and coagulopathy. Bilateral lesions were less
closely associated with carotid disease (P =.009); on the
other hand, SCI with coagulopathy was associated with
bilateral lesions (P =.038). Territorial multiple circulation
lesions were less closely associated with carotid disease
(P =.037) and more closely associated with coagulopathy
(P = .058). No borderzone lesions were found in any SCI
patient with potential cardiac sources.

Table 1. Background characteristics of patients with and without small cortical infarcts (SCIs)

SCI (+) SCI(—)
Characteristic (n = 28) (n = 95). P value*
Age, years, = SD 69.8 = 14.1 67.0 £ 134 21%
Male gender (%) 21 (75.0%) 61 (64.2%) .36
Diabetes mellitus 15 (53.6%) 42 (44.2%) 40
Hypertension 18 (64.2%) 65 (68.4%) .65
Hypercholesterolemia 12 (42.9%) 39 (41.1%) 1.00
Cigarette smoking 12 (42.9%) 44 (46.3%) .55
Potential cardiac sources 8 (28.6%) 20 (21.1%) 46
Atrial fibrillation 6 19
Patent foramen ovale 1 1
Thrombus in left atrium 1 0
Carotid disease 13 (46.4%) 12 (12.6%) .001
Occlusion 3 3
Mean degree of stenosis 752 *+214 70.0 = 21.7 .56¢
Coagulopathy 4 (14.3%) 5(.3%) 21
Trousseau’s syndrome 3 2
Antiphospholipid syndrome 1 3

#*2 test unless indicated otherwise.
tMann-Whitney U test.
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