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Relationship between asymptomatic intra-cranial
lesions and brachial-ankle pulse wave velocity in
coronary artery disease patients without stroke

Noriaki Tabata1, Daisuke Sueta1, Takayoshi Yamashita1, Daisuke Utsunomiya2, Yuichiro Arima1,
Eiichiro Yamamoto1, Kenichi Tsujita1, Sunao Kojima1, Koichi Kaikita1 and Seiji Hokimoto1

Little is known about the significance of asymptomatic intra-cranial lesions (ICL) identified by brain MRI in coronary artery

disease (CAD) patients. Silent cerebral lesions are suggested to be associated with arterial stiffness in healthy subjects. We

investigated whether subclinical ICL are associated with arterial stiffness and the prognosis in CAD patients without medical

history of cerebrovascular diseases. We recruited CAD patients who required percutaneous coronary intervention (PCI), did not

meet exclusion criteria, and agreed with MRI before PCI. Subjects were divided into two groups according to the presence of

ICL of cerebral microbleeds or lacunar infarction. Arterial stiffness was evaluated by brachial-ankle pulse wave velocity (baPWV).

Clinical outcome was defined as a composite of cardiovascular death, non-fatal myocardial infarction, stroke, unstable angina

and heart failure. In total, 149 patients underwent brain MRI. Patients with ICL (n=55) had significantly higher baPWV than

those without ICL (1591–2204 vs. 1450–1956 cm per sec; P=0.009). A multivariate analysis showed that male sex (odds ratio

(OR), 3.15; 95% confidence interval (CI), 1.38–7.20; P=0.006) and baPWV (OR, 1.001; 95% CI, 1.000–1.002; P=0.023)

were predictors of ICL. In total, 12 patients experienced a cardiovascular event. The Kaplan–Meier analysis indicated a

significantly higher incidence of cardiovascular events in patients with ICL (log-rank test: P=0.018). Multivariate Cox

proportional hazards analyses indicated that ICL finding was a significant predictor of clinical outcome (hazard ratio, 3.41;

95% CI, 1.02–11.5; P=0.047). Patients with subclinical ICL had a higher baPWV and worse prognoses than those without ICL.
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INTRODUCTION

The incidence of subsequent cardiovascular events is high in patients
with coronary artery disease (CAD) despite improvements in lifestyle,
medication and interventions.1,2 Atherosclerosis is a systemic disease
that often involves more than one vascular site, and patients with
CAD with one or more atherosclerotic lesions, so called polyvascular
disease, have a poor prognosis.3,4 In clinical practice, surrogate
markers, such as intima-media thickness and ankle-brachial index,
are used to predict adverse cardiovascular events. Little is known,
however, about the significance of subclinical and silent intra-cranial
lesions (ICL) identified on brain MRI, which cardiologists often
encounter by chance in treating CAD patients.
In cerebrovascular and cardiovascular disease, there is a long

subclinical period in which atherosclerotic lesions accumulate. The
markers of subclinical cerebrovascular pathology that are known to
increase the risk of ischemic stroke are small vessel diseases, such as
lacunar infarctions.5 Recently, punctuate hemorrhagic legions in the
brain parenchyma, or so called cerebral microbleeds, have been a focus

of attention as another marker of subclinical cerebrovascular pathology,6

and MRI is highly sensitive for detecting these lesions. Previous studies
have indicated that cerebral microbleeds presence is associated with an
increased risk of stroke, both ischemic and hemorrhagic.7 There are
several surrogate markers of arterial stiffness and atherosclerosis
including brachial-ankle pulse wave velocity (baPWV),8,9 and a previous
study reported an association between ICL and arterial stiffness assessed
by baPWV in healthy subjects,10 but little is known about the
significance of subclinical ICL identified by brain MRI in CAD patients.
In the present study, we investigated whether ICL findings (cerebral

microbleeds or lacunar infarction) identified on brain MRI are
associated with arterial stiffness assessed by baPWV in CAD patients.

METHODS

Study population
This research is an observational cohort study at Kumamoto University

Hospital. We recruited CAD patients with scheduled percutaneous coronary

intervention (PCI) from January 2007 to December 2014. The exclusion criteria
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were as follows: prior history of stroke, prior PCI procedure, past device

implantation such as pacemaker, anticoagulant therapy due to diseases like atrial

fibrillation, claustrophobia and patients who did not agree with MRI (Figure 1).

We also excluded with collagen disease, infection, severe renal or liver

dysfunction, and malignant diseases, and patients who died after admission.

This study was conducted in accordance with the Declaration of Helsinki. The

study protocol was approved by the Human Ethics Review Committee of the

Kumamoto Graduate School of Medicine, and a signed consent form was

obtained from each subject. This study was registered at the UMIN protocol

registration system with the identification number UMIN000019829.

Study protocol
T1-weighted, T2-weighted, fluid-attenuated inversion recovery and

T2*-weighted sequences were obtained by brain MRI. Cerebral microbleeds

were classified as focal, small and round-to-ovoid areas of signal loss on the
T2*-weighted images (Figure 2a). Microbleeds are classified based on their
location in the brain into groups that best fit their presumed etiology:
cerebral amyloid angiopathy-related microbleeds and non-cerebral amyloid
angiopathy-related microbleeds (deep gray matter, deep white matter and
brainstem with or without lobar microbleeds). In the present study, we
identified non-cerebral amyloid angiopathy-related microbleeds. In addition to
microbleeds, we assessed the presence of infarcts and defined lacunar
infarctions as focal lesions that were between 43 and o15 mm and seen on
fluid-attenuated inversion recovery and in T1-weighted and T2-weighted
sequences (Figure 2b). We defined asymptomatic cerebral microbleeds and
lacunar infarction as intra-cranial lesions (ICL). The participants’ demographics
and cardiovascular risk factors were assessed through structured interviews,
physical examinations and laboratory examinations, including high-sensitivity
C-reactive protein and baPWV. Hypertension was defined as a blood
pressure of 4140 systolic or 490 diastolic or the use of blood
pressure-lowering medication. Dyslipidemia was defined as low-density
lipoprotein ⩾ 140 mg dl− 1, high-density lipoprotein o40 mg dl− 1 or
triglyceride ⩾ 150 mg dl− 1, and diabetes was defined as a 2-h glucose tolerance
test finding of at least 200 mg dl− 1 or a fasting glucose level of ⩾ 126 mg dl− 1,
HbA1c ⩾ 6.5%, physician-diagnosed diabetes and/or the use of diabetic
medication. Smoking status was determined via an interview. The presence
of peripheral arterial disease (PAD) was diagnosed when the subjects had
current or historical PAD symptoms like intermittent claudication, leg pain at
rest and critical limb ischemia associated with a reduced ABI o0.9, or medical
histories of amputation for arterial insufficiency, bypass surgery or percuta-
neous intervention to the extremities. Chronic kidney disease (CKD) was
defined as an estimated glomerular filtration rate of o60 ml min− 1 1.73 m− 2.
Acute coronary syndrome was defined as either an acute myocardial infarction
(ST-elevation myocardial infarction or non-ST-elevation myocardial infarction)
or unstable angina pectoris according to the American College of Cardiology/
American Heart Association guidelines.11,12

Follow-up
After the brain MRI had been performed, the patients were followed
prospectively at outpatient clinics in our hospital until an endpoint occurred.
The cardiovascular events were ascertained from a review of medical records
and confirmed by direct contact with the patients, their families and physicians.
Major adverse cardiovascular events during follow-up time were defined as a
composite of cardiovascular death, non-fatal myocardial infarction, stroke,

Patients with scheduled PCI (n=504)

Enrolled patients (n=149)

- Prior stroke (n=65)
- Prior PCI procedure (n=71)
- Past device implantation (n=4)
- Anticoagulant therapy (n=36)
- Claustrophobia (n=3)
- did not agree with brain MRI (n=176)

ICL (-) (n=94) ICL (+) (n=55)

Brain MRI before PCI

Follow-up at outpatient clinics

Figure 1 Flow chart of the present study. From consecutive coronary artery
disease patients, we excluded patients with prior stroke, prior PCI procedure,
past device implantation, anticoagulant therapy, claustrophobia and patients
who did not agree with receiving brain MRI; thus, 149 patients were
analyzed and followed up. ICL, intra-cranial lesions; PCI, percutaneous
coronary intervention.

Figure 2 Representative images of cerebral microbleeds and lacunar infarction. Cerebral microbleeds on T2*-weighted MRI (a, arrowhead) in a 78-year-old
man, and lacunar infarction (b, arrowhead) on T2-fluid-attenuated inversion recovery (FLAIR) MRI in a 62-year-old man. A full color version of this figure is
available at the Hypertension Research journal online.
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unstable angina and admission because of heart failure. Cardiovascular death
was defined as death caused by myocardial infarction, congestive heart failure
or documented sudden cardiac death. We used the universal definition of
myocardial infarction in this study.13 The diagnosis of ischemic stroke was
based on clinical and radiological evidence of stroke. For subjects who had
more than 2 cardiovascular events, only the first event was considered in the
analysis.

Statistical analysis
The Shapiro–Wilk test was used to assess the normal distribution of the
continuous data. Continuous variables with a normal distribution were
expressed as the mean± s.d., and skewed distributions were expressed as the
median value with the interquartile range. Categorical data were presented as
numbers and percentages. Differences between two groups were tested with
Fisher's exact test for categorical variables. Differences in continuous variables
were analyzed by an unpaired t test or the Mann–Whitney U test as
appropriate. The odds ratio (OR) and 95% confidence interval (CI) were
examined to assess the association of clinical characteristics with the ICLs using
a logistic regression analysis, and Cox proportional hazard models were used to
calculate the hazard ratio (HR), and factors with a P-value o0.10 was
subsequently entered into multivariate analysis. We used the Kaplan–Meier
method to estimate the cardiovascular event probabilities at the follow-up
periods, and we used the log-rank test to compare the distributions of survival
times. Statistical analyses were performed using SPSS version 22 (IBM Corp.,
Armonk, NY, USA). A P-value of o0.05 was considered significant.

RESULTS

Characteristics at baseline
The study population consisted of 149 patients (Figure 1), and they
were divided into two groups according to the presence of ICL: that

without an ICL finding (n= 94), and that with an ICL finding
(n= 55). The mean age of all patients was 70.8± 10.0 years, and
100 of the 149 patients (67.1%) were men. The study population had a
substantial burden of cardiovascular risk factors: 51.0% of the patients
had diabetes, 74.5% had hypertension, 69.8% had dyslipidemia, 12.1%
were current tobacco users and 28.9% had a family history of CAD.
Among the 149 participants who received brain MRI before PCI,
55 patients (7.1%) had asymptomatic brain lesions of cerebral
microbleeds (n= 17) and lacunar infarction (n= 38). Table 1a
presents a comparison of the clinical characteristics of the groups.
Patients with ICL were more likely to be male (80.0%; P= 0.012) and
had significantly higher blood pressure than those without ICL and no
significant differences were observed in other clinical characteristics,
including the use of statins, beta-blockers, and angiotensin-converting
enzyme inhibitor or angiotensin receptor blocker on discharge.
Table 1b shows the patient characteristics between subclinical ICL
patients with high and low baPWV, and there observed higher age
(75.0± 9.3 vs. 65.9± 10.1; P= 0.001) and more prevalence of CKD
(73.3 vs. 36.0%; P= 0.007) in subclinical ICL patients with high
baPWV than those with low baPWV.

Relationship between baPWV and intra-cranial findings
The baPWV among patients with and without ICL were 1898 cm s− 1

(1591–2204 cm s− 1) and 1756 cm s− 1 (1450–1956 cm s− 1; P= 0.009;
Figure 3a). We drew the receiver-operating curve and found a cut-off
point of baPWV with ICL as 1892 cm s− 1. Patients with ICL had
significantly higher hs-CRP than those without ICL (1.6–9.2 mg dl− 1

vs. 1.0–5.7 mg dl− 1; P= 0.025; Figure 3b). We performed a logistic

Table 1a Characteristics of the trial participants at baseline

Total (n=149)

ICL

(− ; n=94) ICL (+; n=55) P-value

Mean age–year 70.8±10.0 70.7±9.6 70.9±10.7 0.920

Male sex–no. (%) 100 (67.1) 56 (59.6) 44 (80.0) 0.012

Mean BMI 23.6±3.6 23.9±3.9 23.1±3.1 0.161

Acute Coronary

Syndrome–no. (%)

35 (23.6) 18 (19.1) 17 (31.5) 0.109

Hypertension–no. (%) 111 (74.5) 69 (73.4) 42 (76.4) 0.846

Systolic BP 130±22 126±21 136±22 0.006

Diastolic BP 69±13 67±12 72±13 0.008

Diabetes–no. (%) 76 (51.0) 47 (50.0) 29 (52.7) 0.865

Dyslipidemia–no. (%) 104 (69.8) 67 (71.3) 37 (67.3) 0.712

Family history of CAD–no. (%) 43 (28.9) 24 (25.5) 19 (34.5) 0.265

Peripheral arterial disease–no. (%) 34 (22.8) 20 (21.3) 14 (25.5) 0.552

Chronic kidney disease–no. (%) 70 (47.0) 39 (41.5) 31 (56.4) 0.091

Current tobacco use–no. (%) 18 (12.1) 10 (10.6) 8 (14.5) 0.603

Previous MI–no. (%) 21 (14.1) 13 (13.8) 8 (14.5) 1.0

Coronary lesions–no. (%)
Single lesions 50 (33.6) 34 (36.2) 16 (29.1) 0.472

Triple or LMT lesions 56 (37.6) 36 (38.3) 20 (36.4) 0.862

Pre admission prescription of aspirin 49 (32.9) 34 (36.2) 15 (27.3) 0.284

Medication on discharge–no. (%)
Beta-blocker 121 (81.2) 76 (80.9) 45 (81.8) 1.0

ACE inhibitor or ARB 98 (65.8) 62 (66.0) 36 (65.5) 1.0

Statin 140 (94.0) 91 (96.8) 49 (89.1) 0.076

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; ICL, intra-cranial
lesions; LMT, left main trunk; MI, myocardial infarction.
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regression analysis for the intra-cranial findings using various clinical
characteristics at baseline. Univariate analysis indicated that
male sex (OR, 2.71; 95% CI, 1.25–5.91; P= 0.012) and baPWV
(OR, 1.001; 95% CI, 1.000–1.002; P= 0.005) were associated with ICL
findings. The focused inclusion multivariate analysis, except for blood
pressure in consideration of the internal correlation with baPWV,
showed that male sex (OR, 3.15; 95% CI, 1.38–7.20; P= 0.006)
and baPWV (OR, 1.001; 95% CI, 1.000–1.002; P= 0.023) were

significant and independent predictors of ICL findings (Table 2a).
We drew the receiver-operating curve of the model identified by the
multivariate logistic regression analysis; the area under the curve was
0.71 (95% CI, 0.62–0.79; Po0.001).

Clinical outcomes
Data for 149 patients were available for an analysis of subsequent
cardiovascular events. We followed patients up to 2,813 days in this
study (mean: 707 days; median: 469 days). A total of 12 patients
experienced a cardiovascular event, and the details of the cardiovas-
cular events among the group with and without ICL were as follows:
cardiovascular death (0 and 0%), non-fatal myocardial infarction
(0 and 0%), stroke (1.8 and 0%), unstable angina (7.3 and 1.1%) and
admission for heart failure (5.8 and 3.2%), respectively. We performed
a Kaplan–Meier analysis among the two groups and observed a
significantly higher incidence of cardiovascular events in patients with
ICL (log-rank test: P= 0.018; Figure 4a). As to the four groups
according to the presence of ICL and high or low baPWV, there
observed a tendency that patients with both ICL and high baPWV had
the worst prognoses, although not significant (Figure 4b; P= 0.087).
The results of the univariate and multivariate Cox proportional

hazards analyses for cardiovascular events are summarized in Table 2b.
The focused inclusion multivariate Cox proportional hazard analysis
identified intra-cranial findings to be a significant and independent
predictor of future cardiovascular events (HR, 3.41; 95% CI, 1.02–
11.5; P= 0.047).

DISCUSSION

In the present study, we investigated whether ICL findings (cerebral
microbleeds or lacunar infarction) identified on brain MRI are
associated with arterial stiffness assessed by baPWV in CAD patients.
The main findings of the present study are as follows: (1) There were
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Figure 3 (a) baPWV between the two groups. Patients with ICL findings
identified on brain MRI had significantly higher baPWV than those without
ICL (P=0.009). (b) High-sensitivity C-reactive protein (hs-CRP) between the
two groups. Patients with ICL had significantly higher hs-CRP than those
without ICL (P=0.025). baPWV, brachial-ankle pulse wave velocity; hs-CRP,
high-sensitivity C-reactive protein; ICL, intra-cranial lesions.

Table 1b Characteristics between subclinical ICL patients with high and low baPWV

Total (n=55) Low baPWV (n=25) High baPWV (n=30) P-value

Mean age–year 70.9±10.7 65.9±10.1 75.0±9.3 0.001

Male sex–no. (%) 44 (80.0) 22 (88.0) 22 (73.3) 0.31

Mean BMI 23.1±3.1 23.1±2.8 23.1±3.5 0.98

ACS–no. (%) 17 (31.5) 5 (20.0) 12 (41.4) 0.14

Hypertension–no. (%) 42 (76.4) 18 (72.0) 24 (80.0) 0.54

Systolic BP 136±22 133±23 138±20 0.36

Diastolic BP 72±13 73±15 72±12 0.79

Diabetes–no. (%) 29 (52.7) 14 (56.0) 15 (50.0) 0.79

Dyslipidemia–no. (%) 37 (67.3) 17 (68.0) 20 (66.7) 1.0

Family history of CAD–no. (%) 19 (34.5) 10 (40.0) 9 (30.0) 0.57

Peripheral arterial disease–no. (%) 14 (25.5) 6 (24.0) 8 (26.7) 1.0

Chronic kidney disease–no. (%) 31 (56.4) 9 (36.0) 22 (73.3) 0.007

Current tobacco use–no. (%) 8 (14.5) 5 (20.0) 3 (10.0) 0.45

Previous MI–no. (%) 8 (14.5) 4 (16.0) 4 (13.3) 1.0

Coronary lesions–no. (%)
Single lesions 16 (29.1) 6 (24.0) 10 (33.3) 0.56

Triple or LMT lesions 15 (27.3) 8 (32.0) 7 (23.3) 0.55

Medication on discharge–no. (%)
Beta-blocker 45 (81.8) 22 (88.0) 23 (76.7) 0.32

ACE inhibitor or ARB 36 (65.5) 15 (60.0) 21 (70.0) 0.57

Statin 49 (89.1) 24 (96.0) 25 (83.3) 0.20

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; baPWV, brachial-ankle pulse wave velocity; BMI, body mass
index; BP, blood pressure; CAD, coronary artery disease; ICL, intra-cranial lesions; LMT, left main trunk; MI, myocardial infarction.
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many patients (55 out of 149 patients) with subclinical and silent ICLs
in CAD patients without clinical evidence of cerebrovascular disease
such as previous stroke. (2) Patients with ICL had significantly higher
baPWV and hs-CRP than those without ICL. (3) Male sex and
baPWV were significant and independent predictors of ICL findings.
(4) CAD patients with ICL had a poor prognosis compared with those
without ICL findings.
Cardiologists often encounter ICL findings when treating CAD

patients because cardiovascular diseases often accompany
cerebrovascular diseases. ICL findings such as lacunar infarction and
cerebral microbleeds are common findings in stroke patients, and
silent brain infarction or cerebral microbleeds are reported to be

associated with an increased risk of subsequent stroke.5,7 In
healthy subjects, it was reported that assessment of arterial stiffness
is useful in identifying subjects at high risk for the presence of ICL.
We examined in the present study whether arterial stiffness
assessed by baPWV is associated with ICL identified on brain MRI
even in CAD patients, and found that CAD patients with ICL had
significant higher baPWV than those without ICL. Stiffening is a
major pathological manifestation of the aging of the artery, and aortic
stiffness might lead to brain damage by inducing changes in the
microcirculation.14 Thus, ICL would be the clinical feature with
abnormal hyper-acceleration of systemic atherosclerosis determined
by baPWV.
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Figure 4 Kaplan–Meier curve of adverse cardiovascular events between the two groups. (a) Patients with ICL findings on brain MRI had worse prognoses than
those without ICL (log-rank test: P=0.018). (b) Among four groups according to the presence of ICL and high or low baPWV, there observed a tendency that
patients with both ICL and high baPWV had the worst prognoses, although not significant (log-rank test: P=0.087). baPWV, brachial-ankle pulse wave
velocity; ICL, intra-cranial lesions. A full color version of this figure is available at the Hypertension Research journal online.

Table 2a Logistic regression analysis for intra-cranial findings identified by brain MRI

Univariate regression Multivariate regression focused inclusion

Variable OR 95% CI P-value OR 95% CI P-value

High age (4 70 year) 0.84 0.43–1.65 0.61

Male sex 2.71 1.25–5.91 0.012 3.15 1.38–7.20 0.006

Hypertension 1.17 0.54–2.53 0.69

Systolic blood pressure 1.02 1.01–1.04 0.008

Diabetes 1.12 0.57–2.17 0.75

Dyslipidemia 0.83 0.40–1.70 0.61

High BMI 0.54 0.25–1.17 0.12

Current smoking 1.43 0.53–3.87 0.48

Family history 1.54 0.75–3.17 0.24

Peripheral arterial disease 1.26 0.58–2.76 0.56

Chronic kidney disease 1.82 0.93–3.57 0.081 1.83 0.87–3.86 0.11

Previous myocardial infarction 1.06 0.41–2.75 0.90

Single coronary lesions 0.72 0.35–1.48 0.38

Triple or LMT coronary lesions 0.92 0.46–1.83 0.81

baPWV 1.001 1.000–1.002 0.005 1.001 1.000–1.002 0.023

hs-CRP 1.25 0.96–1.62 0.10

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; LMT, left main trunk; OR, odds ratio.
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Brain MRI scans may be clinically performed to evaluate the
baseline findings of intra-cranial atherosclerotic diseases, hemorrhagic
lesions and even complications during procedures. In addition,
cardiologists may be interested in cerebral microbleeds because dual
antiplatelet therapy after PCI would increase the risk of intra-cranial
hemorrhages, especially in atrial fibrillation-complicated patients who
are taking antithrombotic drugs. However, there is limited evidence as
to whether these ICL are potential surrogate markers for clinical
outcomes in CAD patients. Extra-cardiac vessel diseases, such as the
intima-media thickness of carotid arteries, have been studied to
determine whether they have the potential to act as surrogate markers
in the prediction of atherosclerosis, CADs and cardiovascular out-
comes as well as cerebrovascular outcomes.15–18 Recently, Polak et al.19

have reported that the maximum internal and mean common carotid-
artery intima-media thicknesses both predict cardiovascular outcomes
and have indicated that the maximum intima-media thickness of the
internal carotid artery significantly improves the risk stratification of
cardiovascular diseases. To date, several biomarkers have been studied
to improve the predictive ability of cardiovascular diseases;
however, studies have not yet been performed to determine whether
asymptomatic ICL could be biomarkers of cardiovascular outcomes.
Asymptomatic cerebral microbleeds and lacunar infarction, which are
measured noninvasively with the T2*-weighted MRI, are independent
predictors of subclinical atherosclerosis5,6 and can predict new or
subsequent cerebrovascular events.7 In the present study, we
demonstrated that the asymptomatic cerebral ICL significantly
predicted clinical outcomes in CAD patients according to two
methods: a Kaplan–Meier analysis and multivariate Cox proportional
hazards analysis. Thus, ICL could be assessed as a biomarker of
adverse cardiovascular events in CAD patients. Moreover, in the
present study, patients with both ICL and high baPWV had the worst
prognosis, although not significant. Thus, there might be the
possibility that evaluating both ICL and baPWV would further
improve risk stratification after PCI. It is true that patients requiring
PCI are high-risk patients with advanced atherosclerosis, but more and
more careful observations might be required especially in patients with
ICL findings and high baPWV.

Cerebral microbleeds and lacunar infarctions are associated with
ischemic or occlusive brain diseases. Cerebral microbleeds are
pathologies that have recently received substantial attention, and
cardiologists are often caught in a dilemma with regard to whether
dual antiplatelet therapy would be beneficial or hazardous to patients
who are undergoing PCI. Evidence has suggested that non-cerebral
amyloid angiopathy microbleeds are correlated with an increased risk
of cerebral infarction, cerebral hemorrhage20 and acute hemorrhagic
events in infarct patients,21 subsequent stroke and intra-cranial
hemorrhage during warfarinization.22 However, cerebral microbleeds
and lacunar infarctions are suggestive of the long-term exposure of
atherosclerotic risk factors,23 and they also reflect systemic
micro-vascular diseases; as a result, it makes sense that lacunar
infarctions and non-cerebral amyloid angiopathy microbleeds could
act as surrogate and predictive markers of cardiovascular diseases.
Although the prevalence of MRI is increasing in several advanced
countries, especially in Japan, it is not realistic to perform routine
brain MRI on CAD patients. In the present study, the multivariate
logistic regression analysis suggested that male sex and baPWV
are predictive factors of an intra-cranial finding on brain MRI,
and it might be possible to perform brain MRI in CAD patients with
these factors.
Effect of blood pressure on the risk of stroke is suggested to be

important,24 and in controlling blood pressure in patients with stroke,
calcium channel blockers and ACE inhibitors or angiotensin II
receptor blockers have been proposed as antihypertensive agents,25

and these drugs have been shown to reduce arterial stiffness and
reserve cerebral blood flow;26 thus are thought to be suitable for
patients with ICL27 and to influence on the development of ICL.
However, it is necessary to investigate whether these antihypertensive
agents might affect the progression of ICL in prospective studies.
The present study has several limitations. First, this study was

performed at a single center and the number of study subjects was
small, thus potentially making our findings less convincing. Second,
we did not evaluate whether white matter lesions or cerebral lobe
microbleeds could be observed in brain MRI, and we investigated only
the presence of microbleeds, not the amount or number; thus, we

Table 2b Cox hazard analyses for clinical outcomes using a stepwise multivariate analysis

Univariate regression Multivariate regression focused inclusion

Variable HR 95% CI P-value HR 95% CI P-value

High age (470 year) 2.73 0.74–10.1 0.13

Male sex 1.44 0.39–5.35 0.59

Hypertension 1.28 0.35–4.77 0.71

Diabetes 1.09 0.35–3.39 0.88

Dyslipidemia 0.70 0.22–2.22 0.55

Current smoker 1.48 0.32–6.81 0.61

Family history 0.58 0.13–2.69 0.49

Previous myocardial infarction 0.87 0.19–3.97 0.85

Peripheral arterial disease 2.48 0.79–7.85 0.12

Chronic kidney disease 3.13 0.85–11.6 0.087 2.66 0.71–9.91 0.15

Acute coronary syndrome 1.20 0.33–4.46 0.78

Triple or LMT lesions 2.50 0.79–7.89 0.12

High baPWV (above median) 1.60 0.51–5.05 0.42

High hs-CRP (above median) 0.56 0.16–1.92 0.35

Intra-cranial findings 3.87 1.16–12.9 0.028 3.41 1.02–11.5 0.047

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; baPWV, brachial-ankle pulse wave velocity; CI, confidence interval; HR, hazard ratio;
hs-CRP, high-sensitivity C-reactive protein; LMT, left main trunk.
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could not evaluate the severity of the microbleeds. Third, in the
present study, there were 22.8% of PAD patients and reliability of
baPWV is sometimes doubtful in patients with PAD.28 In the present
study, there were 32.9% patients who were prescribed aspirin before
receiving brain MRI and PCI. Although there was no significant
difference in the prescription rate between patients with ICL and
without ICL in the present study, treatment with antiplatelet agents
might have influenced cerebral microbleeds. Moreover, we did not
check and evaluate IMT and carotid artery stenosis. These limitations
might influence the results of our study.
In conclusion, patients with asymptomatic and subclinical

intra-cranial findings in brain MRI had significantly higher baPWV
and had worse prognoses than those without ICL.
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