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Abstract
Background and aims: To devise an effective monitoring system for detecting cerebral infarction in severely
atherosclerotic patients without atrial fibrillation.
Methods: Atherosclerotic patients (284 cases; men: 97, women: 187; age: 35-96 years old; mean: 71.6 ± 10.7
years old) comprising hypertension, hyperlipidemia, lacunar infarction, ischemic heart disease, and diabetes
mellitus, were enrolled and the occurrence of symptomatic cerebral infarction was observed for 40 months. They
were stratified into mildly (A) (CAVI<8.0, IMT<1.1 mm) and severely (B) (CAVI>8.0, IMT>1.1 mm) atherosclerotic
groups based on the level of CAVI and IMT and further divided into 2 subgroups: B, D+ (CAVI>8.0, IMT>1.1 mm, Ddimer>1.0 μg/mL) and B, D- (CAVI>8.0, IMT>1.1 mm, D-dimer<1.0 μg/mL). After 40 months, the incidence of
symptomatic cerebral infarction was calculated, and analysed in the mild and severe groups and subgroups B, D+
and B, D-.
Results: The incidence of cerebral infarction in group A was 0% (0/60), while that in group B was 5.9% (5/84),
showing no significance (Chi-square test). Moreover, we examined the incidence of cerebral infarction in the two
subgroups, revealing that in subgroup D, B+ it was 31.3% (5/16), while that in subgroup B, D- was 0/73 (Chi-square
test, p<0.0001). The rate of aspirin intake in subgroup B, D+ was 43.8% (7/16), while that in subgroup B, D- was
45.2% (33/73), suggesting that the difference in aspirin use was not significant (Chi-square test).
Conclusion: The combination of CAVI, IMT and D-dimer was a useful tool for detecting cerebral infarction in
atherosclerotic patients without atrial fibrillation.The incidence of cerebral infarction was increased in severely
atherosclerotic patients with a high level of plasma D-dimer.
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Introduction
Atrial fibrillation is a significant risk factor for cerebral infarction.
Atrial fibrillation affects 33 million individuals worldwide, and
increases the risk of strokes, heart failure, and death; it also impairs
quality of life [1]. Furthermore, non-valvular atrial fibrillation has been
reported to be associated with a 5-6-fold increase in the incidence of
stroke compared with patients without atrial fibrillation [2,3].
Although much of the evidence associated with cerebral infarction and
atrial fibrillation has been collected in recent years, the relationship
between the incidence of cerebral infarction and atherosclerosis in
patients without atrial fibrillation has yet to be fully elucidated. The
cardio-ankle vascular index (CAVI) was found to be related to
cardiovascular mortality in the presence of hypertension [4] or the
severity of coronary atherosclerosis [5,6]. CAVI provides a noninvasive assessment of atherosclerosis, and an association between
CAVI and atherosclerosis [7,8] or cerebral infarction [9,10] has been
reported. Furthermore, the carotid intima-media thickness (IMT)
using an ultrasound device was related to risk factors for
cardiovascular disease [11,12] and was a strong predictor of
myocardial infarction [13,14]. IMT was found to be associated with the
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incidence of stroke [15,16]. A high IMT was predictive of the incidence
of stroke [15] . D-dimer, evidence of thrombin generation in vessels, is
a reliable and sensitive index of fibrin deposition [17] . The D-dimer
level was associated with stroke or thromboembolic events in patients
with atrial fibrillation [18,19]. D-dimer is also a predictor of the
incidence of thromboembolism in patients with non-valvular atrial
fibrillation [20-23].
In the present study, we stratified atherosclerotic patients into mild
and severe groups using both CAVI and IMT, and compared the
incidence of cerebral infarction in severe atherosclerotic patients with
or without a high level of D-dimer.

Methods
Subject
Study patients: Atherosclerotic patients (284; men: 97, women: 187;
age: 35-96 years old; mean: 71.6 ± 10.7 years old) who had been treated
during the period fromDecember 2006 to September 2008(40 months)
in our clinic (established as an annex of the Thrombosis Chemical
Institute) were enrolled in this study. Participants with hypertension,
hyperlipidemia, ischemic heart disease, or brain lacunar infarction
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without neurological symptoms were appropriately treated during the
observation period. Patients with congestive heart failure, acute
myocardial infarction, angina attack, chronic renal failure (serum
creatinine>2.1 mg/dL), collagen disease, disseminated intravascular
coagulation, acute stroke, varicose veins of the legs, venous
thrombosis, acute inflammatory conditions, neoplasm, and recent
trauma or surgery were excluded. CAVI and IMT were measured
within 2 months after being enrolled. Patients showing symptoms of
transient ischemic brain attacks, dizziness, vertigo, and muscle
weakness of the extremities were extensively examined by brain MRI
(magnetic resonance imaging). Patients showing lacunar infarction or
ischemic patterns on MRI received a low dose of aspirin (81 mg/day).
After the observation period, the number of patients showing clinical
brain infarction was counted. Criteria for clinical brain infarction were
as follows: Patients with both MRI spots on T1, T2, or especially
diffusion-weighted imaging andconcurrently observed clinical
symptoms including muscleweakness of the extremities, speech
disturbance, or disturbance of the visual field. Stratification of
participants was carried out according to the criteria of CAVI 8.0 and
IMT 1.1 mm. That is, patients were divided into 2 groups: group A
(mildly atherosclerotic patients: CAVI<8.0 and IMT<1.1 mm), and
group B (severely atherosclerotic patients: CAVI>8.0 and IMT>1.1
mm). Moreover, Group B was divided into subgroups B, D+ and B, Dbased on whether the level of D-dimer exceeded 1.0 µg/mL or not. In
group B, D+, the level of D-dimer was counted if it exceeded 1.0 µg/mL
once or more during the observation period, whereas it did not exceed
1.0 µg/ml at all in subgroup B, D- during the period. Diseases and
medications of patients are summarized in Table 1. This study was
approved by the ethics committee of the Thrombosis Chemical
Institute. Informed consent was obtained from all patients prior to the
study.
n

%

Hypertension

157

67.9

Hyperlipidemia

76

32.9

Cerebral infarction

77

33.3

Ischemic heart disease

65

28.1

Diabetes mellitus

38

16.4

Ca blocker

154

66.7

ARB

95

41.1

ACE inhibitor

21

9

Thyazide

52

22.5

β-Blocker

27

11.6

α-Blocker

1

0.4

Nitrate

28

12.1

Statin

70

30.3

Aspirin

71

30.7

The systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were recorded at rest, simultaneously with the measurement of CAVI.
Blood sampling: Blood sampling was carried out in the morning at
the clinic. Serum concentrations of total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), creatinine (Cr), and blood urea
nitrogen (BUN) were measured by standard laboratory procedures.
Serum C-reactive protein (CRP) was measured with the latex
immunoturbimetric method. Plasma hemoglobin A1C was measured
by standard laboratory procedures. Plasma fibrinogen was measured
by the thrombin coagulation time. Plasma D-dimer was measured by
the latex immunoturbimetric method (Latecle D-dimer). These
laboratory assays were performed at the Special Reference Laboratory
Corporation (Tokyo, Japan).
Platelet aggregation: Platelet (Plt) aggregation was measured
promptly after blood sampling using a whole-blood impedance
aggregometer (Chrono-log, USA) [24] at the clinic.Collagen was added
as a stimulator at a final concentration of 5 µg/mL. The degree of
aggregation was directly expressed as Ω. The normal range of values
was 15 ± 4.3 Ω.
CAVI: CAVI was measured in a supine position with the monitoring
of electrocardiograms and phonocardiograms using CAVI-VaSera
VS-1000 (Fukuda Denshi, Tokyo, Japan). The principle method and
assay procedures were as described previously [25]. Briefly, cuffs were
applied to the bilateral upper arms and ankles, with the subject lying
supine and the head held in a midline position. After resting for 10
min, the measurement was started. After automatic measurement, the
obtained data were analyzed using VSS-10 software (Fukuda Denshi),
and the left and right CAVI values were calculated. The average values
of the left t and right CAVI were used for analysis. CAVI in patients
without signs of atherosclerosis was less than 8.0.
IMT: IMT evaluation was performed with an ultrasound device
(Xario SSA-660A, Toshiba Medical Systems Co., Japan) using a 7.5MHz probe equipped with a Doppler system[26].IMT was measured
on the left and right sides of the carotid artery within 1 cm before the
bifurcation and at the bifurcation. The mean IMT was calculated from
the four points of IMT.
MRI: Brain MRI (T1-weighted, T2-weighted, T2 star, FLAIR (fluid
attenuated inversion recovery), and diffusion-weighted imaging) was
performed using Philips gyroscan 1.5 tesla apparatus. All MR images
were used for diagnosis by veteran brain surgeons
andspecialyzedradiologists.
Statistical analysis: The skewness and kurtosis of data were checked.
Mann-Whitney U tests were performed for medians. Student’s t-tests
were used for means. The Kruskal-Wallis test was carried out for
comparison of D-dimer of the different groups. Chi-square tests with
Yates’ correction were carried out. Values are expressed as the mean ±
standard deviation (SD) except for medians. A p-value of less than 0.05
was considered significant. All statistical analyses were performed
using Excel Analysis.

Results

Table 1: Diseases and medications of total subjects.

Stratification of the subjects by IMT and CAVI

Body measurement: Height and weight were measured, and the
body mass index (BMI: kg/m2) was calculated as an index of obesity.

Figure 1 shows the relationship between IMT and CAVI in the
atherosclerotic patients (n=284). The regression line is Y=1.67 X+6.75,
r=0.39 (p<0.001).
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(Chi-square test, Table 4). Therefore, group B was subdivided into two
groups based on the value of D-dimer and a comparative study was
further conducted of high (D-dimer>1.0 μg/mL) and low (Ddimer<1.0μg/mL) D-dimer groups.

Figure 1: Relationship between IMT and CAVI in atherosclerotic
patients.

Comparison of clinical parameters between mildly (A) and
severely (B) atherosclerotic groups
Table 2 shows that values for age, SBP, pulse pressure, CAVI, and
IMT were significantly higher in group B than group A, while the
difference of values for male/female ratio, BMI, and DPB were not
significant. The difference in age between group A (62.2 years old) and
B (76.8 years old) was significant. It was revealed that laboratory data
were higher in group B than group A, suggesting that the influence of
age was not negligible.
Group A

Group B

p

n

60

89

Age

62.2 ± 9.3

76.8 ± 8.5

**

Male/Female

20/40

27/62

NS

BMI (kg/mm2)

23.2 ± 3.3

23.1 ± 3.4

NS

SBP (mmHg)

137.8 ± 14.8

147.0 ± 19.0

**

DBP (mmHg)

86.9 ± 9.7

85.0 ± 9.6

NS

Pulse pressure (mmHg)

50.9 ± 9.8

85.0 ± 9.6

**

CAVI

7.3 ± 0.5

9.4 ± 1.2

**

IMT (mm)

0.9 ± 0.1

1.4 ±0.3

**

Median

0.9

1.3

**

Table 2: Clinical parameters of groups A and B.

Comparison of laboratory data and the incidence of cerebral
infarction between groups A and B
Table 3 shows that D-dimer of group B (0.62 ± 0.55 µg/mL) was 2fold higher than that of group A (0.3 ± 0.12 µg/mL).However, the
differences of TC, LDL-C, BUN, Cr, CRP, HbA1C, Alb, Hb, and urine
icro alb were not large in the two groups. Moreover, the differences of
LDL-C, TG, fibrinogen, Plt aggregation, UA, and TP were not
significant. The incidence of cerebral infarction in group A was 0%
(0/60), while that in group B was 5.9% (5/84), showing no significance
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Group A

Group B

p

Total cholesterol (mg/dL)

210.5 ± 26.8

197.2 ± 42.2

*

HDL-cholesterol (mg/dL)

61.5 ± 14.

55.5 ± 15.0

*

LDL-cholesterol (mg/dL)

127.3 ± 36.5

117.3 ± 33.8

NS

Triglycerides(mg/dL)

119.0 ± 88.8

118.8 ± 68.9

NS

Median

94

97

NS

BUN (mg/dL)

15.5 ± 3.7

17.5 ± 6.2

*

Creatinine (mg/dL)

0.7 ± 0.2

0.8 ± 0.3

*

Median

0.65

0.7*

*

C-reactive protein (mg/dL)

0.08 ± 0.1

0.15 ± 0.2

*

Median

0.05

0.07

*

HbA1C (%)

5.3 ± 0.4

5.8 ± 1.0

**

Median

5.3

5.5

**

Fibrinogen (mg/dL)

279.0 ± 49.2

297.1 ± 61.7

NS

Plt aggregation(Ω)

11.6 ± 5.5

11.6 ± 4.6

NS

D-dimer (μg /mL)

0.3 ± 0.15

0.62 ± 0.55

**

Median

0.29

0.47

**

Uric acid (mg/dL)

5.1 ± 1.3

5.3 ± 1.2

NS

Total protein (g/dL)

7.2 ± 0.4

7.1 ± 0.5

NS

Albumin (g/dL)

4.3 ± 0.3

4.1 ± 0.3

**

Hemoglobin (g/dL)

13.4 ± 1.4

12.8 ± 1.2

**

Median

13.2

12.8

*

Urine micro alb (mg/g Cr)

14.4 ± 13.8

69.8 ± 186.0

*

Median

11

15.3

*

Table 3: Laboratory data of groups A and B.
Group A

Group B

Cerebral infarction (+)

0

5

Cerebral infarction (-)

60

84

Table 4: Incidence of cerebral infarction in groups A and B.

Comparison of clinical parameters and laboratory data
between high and low D-dimer subgroups in severely
atherosclerotic group
After the stratification of group B by the level of D-dimer, high (B, D
+) and low (B, D-) D-dimer subgroups, between which age, male/
female ratio, BMI, blood pressure, CAVI, and IMT did not significantly
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differ, were obtained (Table 5). Moreover, Table 6 shows that D-dimer
of subgroup B, D+ (1.5 μg/mL) was 3-fold higher than that of
subgroup B, D- (0.3 μg/mL), while differences in TG, BUN, Cr,
fibrinogen, UA, Alb, and Hb were small and other laboratory data did
not differ.
Group B, D-dimer+

Group B, D-dimer-

p

Age (years)

80.4 ± 8.4

76.3 ± 8.0

NS

Male/Female

2/14

25/48

NS

BMI (kg/m2)

23.2 ± 3.2

23.1 ± 3.4

NS

SBP (mmHg)

142.4 ± 20.5

148.2 ± 19.5

NS

DBP (mmHg)

83.2 ± 9.9

85.2 ± 9.9

NS

CAVI

9.3 ± 0.9

9.5 ± 1.3

NS

IMT (mm)

1.5 ± 0.3,

1.4 ± 0.3,

NS

1.38(Median)

1.26(Median)

NS

Table 5: Comparison of clinical data between groups B, D+ and B, D-.
Group B, D-dimer+

GroupB, D-dimer-

p

TC (mg/dL)

210.1 ± 26.1

210.5 ± 36.8

NS

HDL-C (mg/dL)

56.4 ± 15.8

61.5 ± 14.6

NS

LDL-C (mg/dL)

121.0 ± 25.5

127.3 ± 36.5

NS

TG (mg/dL)

152.8 ± 102.8

119.0 ± 88.8

*

Median

121

92.5

*

BUN (mg/dL)

20.8 ± 9.0

15.5 ± 3.7

*

Cr (mg/dL)

0.9 ± 0.3

0.7 ± 0.2

*

Median

0.85

0.685

*

CRP (mg/dL)

0.12 ± 0.1

0.08 ± 0.1

NS

Median

0.11

0.07

NS

A1C (%)

5.7 ± 0.8

5.3 ± 0.4

NS

Median

5.4

5.55

NS

Fibrinogen (mg/dL)

331.6 ± 68.9

279.0 ± 49.2

*

Plt aggregation ( Ω )

10.6 ± 4.0

11.6 ± 5.5

NS

D-dimer(μg/mL)

1.5 ± 0.8

0.3 ± 0.2

**

Median

1.25

0.42

**

UA (mg/dL)

5.8 ± 1.1

5.1 ± 1.3

*

TP (g/dL)

7.1 ± 0.5

7.2 ± 0.4

NS

Alb (g/dL)

4.1 ± 0.3

4.3 ± 0.3

NS

Hb (g/dL)

11.9 ± 1.1

13.4 ± 1.4

**

Median

13

13.75

**

151.0 ± 318.3

14.4 ± 13.8

NS

Urine
Cr)

microalb

(mg/g
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Median

12

42.5

NS

Table 6: Comparison of laboratory data between groups B, D+ and B,
D-.

Comparison of the rate of aspirin intake and incidence of
cerebral infarction in subgroups B, D+ and B, DIn order to elucidate the difference in the incidence of cerebral
infarction between the two subgroups, we examined the rate of aspirin
ingestion. The rate of aspirin intake in subgroup B, D+ was 43.8%
(7/16), while that in subgroup B, D- was 45.2% (33/73), suggesting that
the difference was not significant (Chi-square test). Moreover, we
examined the incidence of cerebral infarction in the two subgroups
during the observation period, revealing that in subgroup D, B+ it was
31.3% (5/16), while that in subgroup B, D- was 0/73 (Chi-square test,
p<0.0001, Figure 2). The incidence of cerebral infarction was high in
the high D-dimer subgroup in the severely atherosclerotic group,
suggesting that the cerebral infarction monitoring system in
combination with CAVI, IMT, and D-dimer was a clinically significant
tool to detect cerebral infarction in severely atherosclerotic patients
without atrial fibrillation.

Figure 2: Incidence of cerebral infarction in subgroups B, D+ and B,
D-.

Discussion
Atrial fibrillation and a high level of plasma D-dimer were
significant risk factors for cerebral infarction [18,19]. The Framingham
study revealed that the risk of stroke was increased 5-fold in nonrheumatic chronic atrial fibrillation patientscompared with controls
without atrial fibrillation [2,27]. The score of CHADS2 is a good
predictor of cerebral infarction in atrial fibrillation, and the incidence
of cerebral infarction increased when its score was greater than [2,28].
Moreover, CHADS2 and CHA2DS2-VASc scores were associated with
the incidence of cardioembolic stroke in nonvalvular fibrillation [29].
The CHADS2 score was also useful for estimating the risk of stroke or
transient ischemic attack in hypertensive patients without atrial
fibrillation [30]. However, an effective predictor of cerebral infarction
without atrial fibrillation has yet to be fully studied. We reported that
thrombosis such as cerebral infarction or myocardial infarction
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frequently occurred in severely atherosclerotic patients stratified by
IMT and CAVI [31].

2.

Recently, the clinical importance of the early detection or effective
prevention of stroke has increased. For this purpose, it is significant to
identify a higher risk group for cerebral infarction in atherosclerotic
patients without atrial fibrillation.

3.

Extraction of the high-risk group of cerebral infarction from
atherosclerotic patients by IMT and CAVI is clinically significant, since
both methods are associated with cerebral infarction [8-10,15,16].
Furthermore, a high level of plasma D-dimer was also associated with
thrombosis [17], cerebral infarction [18,19] or cardioembolic stroke
[32]. A comparison of data in groups A (mild) and B (severe) revealed
that the incidence of cerebral infarction was not significantly different
between the groups. Laboratory findings suggesting thrombosis were
also not observed in the groups. Moreover, the age difference (14 years
old) between groups A and B did not induce a significant difference in
the incidence of cerebral infarction, suggesting that an age difference is
not associated with the incidence. Therefore, in our efforts to devise an
effective monitoring system for detecting cerebral infarction, we
adopted D-dimer, since it has been reported as a sensitive detector of
the presence of a thrombus [17] or thrombosis [33].
We could extract the most severely atherosclerotic and highly
thrombotic patients using stratification of IMT, CAV, and D-dimer,
and finally identified a significant difference in the incidence of
cerebral infarction. In the subgroups B, D+ and B, D-, the rate of
aspirin intake did not differ, indicating that cerebral infarction
occurred without the influence of aspirin.
Regarding the stratification of atherosclerotic patients by CAVI and
IMT, the incidences of cerebral infarction in subgroups B, D+
(CAVI>9.0, IMT>1.1 mm, D-dimer>1.0 μg/mL) and B, D- (CAVI<9.0,
IMT<1.1 mm, D-dimer<1.0 μg/mL) were 3/7 (42.9%) and 1/47 (2.1%,
chi-square test, p<0.01, data not shown in the results), respectively,
suggesting that the difference in the level of CAVI (8.0 or 9.0) was not
essential. The incidences of cerebral infarction in group B and
subgroup B, D+ were 5.6and 31.3%, respectively, while that of apoplexy
in the Japanese population aged more than 40 years is about 0.6% [34],
suggesting that our methods to extract a high-risk group for cerebral
infarction is highly effective. Incidences of stroke in paroxysmal and
chronic atrial fibrillation were 2 and 5%, respectively [35]
D-dimer was associated with cerebral infarction with atrial
fibrillation [19,20,2] and also a significant indicator to predict
cardiovascular events in patients with atrial fibrillation [36]. The level
of D-dimer is essentially significant for stratification, as described
previously [31]. Although the association of cerebral infarction with
CAVI [8,10,37] or IMT [13,16,38] was reported previously,
stratification by triple-risk factors such as CAVI, IMT, and D-dimer
has not been reported. Consequently, it could be significant for
selecting high-risk patients for cerebral infarction and treating them
appropriately.
In conclusion, the combination of CAVI, IMT, and D-dimer is a
useful tool to detect cerebral infarction in atherosclerotic patients
without atrial fibrillation.
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