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Abstract
Introduction: Silent brain infarction (SBI) is an independent risk factor for subsequent symp-
tomatic stroke in the general population. Although aortic stenosis (AS) is also known to be as-
sociated with an increased risk of future symptomatic stroke, little is known regarding the 
prevalence and risk factors for SBI in patients with AS. Methods: The study population com-
prised 83 patients with severe AS with no history of stroke or transient ischemic attack and pa-
ralysis or sensory impairment (mean age 75 ± 7 years). All patients underwent brain magnetic 
resonance imaging to screen for SBI and multidetector-row computed tomography to quan-
tify the aortic valve calcification (AVC) volume. Comprehensive transthoracic and transesopha-
geal echocardiography were performed to evaluate left atrial (LA) abnormalities, such as LA 
enlargement, spontaneous echo contrast, or abnormal LA appendage emptying velocity (< 20 
cm/s), and complex plaques in the aortic arch. Results: SBI was detected in 38 patients (46%). 
Multiple logistic regression analysis indicated that CHA2DS2-VASc score and estimated glomer-
ular filtration rate (eGFR) were independently associated with SBI (p < 0.05), whereas LA abnor-
malities and AVC volume were not. When patients were divided into 4 groups according to 
CHA2DS2-VASc score and eGFR, the group with a higher CHA2DS2-VASc score (≥4) and a lower 
eGFR (< 60 mL/min/1.73 m2) had a greater risk of SBI than the other groups (p < 0.05). Conclu-
sion: These findings indicate that AS is associated with a high prevalence of SBI, and that the 
CHA2DS2-VASc score and eGFR are useful for risk stratification. © 2020 The Author(s)
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Introduction

Aortic stenosis (AS) is the most prevalent valvular heart disease; in the population aged 
≥75 years, the prevalence is 12.4% and that of severe AS is 3.4%. The number of patients with 
AS is expected to increase 2- to 3-fold over the next 50 years, owing to the aging population 
[1]. Since AS is associated with an approximately 2-fold increased risk of ischemic stroke [2], 
which is linked to disability, poor prognosis, and higher health care costs, proper management 
is essential in daily patient care. The identification of promising preventive or therapeutic 
strategies for stroke could allow early intervention, and consequently improve the long-term 
ability of patients to carry out the activities of daily living, their quality of life, and the mortality 
rate. 

Silent brain infarction (SBI), defined as a cerebral infarction that is incidentally detected 
by brain imaging in the absence of stroke-like clinical symptoms, has traditionally been 
considered a relatively benign degenerative change. However, this view changed recently 
when SBI was found to be associated with a 2- to 4-fold increased risk of future symptomatic 
stroke [3] and a 2- to 3-fold increased risk of cognitive decline [4]. Despite this, no study to 
date has elucidated the prevalence and risk factors for SBI in patients with AS. The identifi-
cation of modifiable risk factors associated with SBI would enable physicians to provide 
optimal personalized treatment for each AS patient to prevent SBI, consequently reduce 
future symptomatic stroke or dementia, and further support the maintenance of a better 
quality of life.

Therefore, the aim of this study was to elucidate the prevalence and associated risk 
factors for SBI in patients with AS.

Materials and Methods

Study Population
We conducted this cross-sectional study of prospectively collected data at the Osaka City 

University Hospital. We initially included 99 patients with severe AS, and no history of stroke 
or transient ischemic attack and paralysis or sensory impairment, who were admitted to our 
hospital for AS assessment. Cardiologists took a careful history and performed a neurological 
examination. We excluded 10 patients with other valvular heart diseases (≥ moderate), 4 
with a history of cardiovascular surgery, and 2 with carotid artery stenosis or a history of 
carotid artery stenting. Thus, 83 patients were eligible for inclusion in this study.

Transthoracic Echocardiography
Comprehensive transthoracic echocardiography (TTE) was performed to evaluate AS 

and left atrial (LA) volume [5]. The aortic valve area was calculated using the continuity 
equation method [6]. We measured LA volume using the biplane modified Simpson method 
in the apical 4- and 2-chamber views. LA volume was indexed to the body surface area [5]. 
We performed bilateral carotid artery ultrasonography to exclude patients with ulcerated or 
mobile carotid plaques or carotid stenosis.

Transesophageal Echocardiography
Comprehensive transesophageal echocardiography (TEE) was performed to evaluate LA 

abnormalities such as abnormal LA appendage (LAA) emptying velocity, spontaneous echo 
contrast, or LA thrombus, and complex plaques in the aortic arch. Spontaneous echo contrast 
was defined as a dynamic smoke-like signal that swirled slowly in a circular pattern within 
the LA and LAA, that was continuously present at standard gain-after-gain adjustment to 
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exclude background noise [7]. LAA emptying velocity was assessed using pulsed-wave 
Doppler at 10 mm caudal to the LAA orifice, averaged over at least 6 cardiac cycles [8, 9]. 
Complex plaques were defined as large plaques (> 4 mm thick), plaques with ulceration, or 
plaques with mobile components [10].

Brain Magnetic Resonance Imaging
All patients underwent brain magnetic resonance imaging (MRI) to detect SBI using a 

superconducting magnet at a field strength of 1.5 or 3.0 T to produce proton-density T1- and 
T2-weighted and fluid-attenuated inversion recovery (FLAIR) images. These images were 
obtained in the axial plane with a slice thickness of 5 mm and an interslice gap of 1.5 mm. SBI 
was defined as a lesion measuring > 3 mm that appeared hypointense on T1-weighted images 
and hyperintense on T2-weighted images according to an AHA/ASA scientific statement [11] 
and a systematic review [3]. FLAIR images were used to distinguish dilated Virchow-Robin 
spaces from infarcts based on the absence or presence, respectively, of a hyperintense rim 
around the suspected lesions [11]. Moreover, we took their location of T2 high intensity into 
consideration to distinguish SBI from other structures.

Multidetector-Row Computed Tomography
All patients underwent noncontrast multidetector-row computed tomography (CT). 

Aortic valve calcification (AVC) was defined as the presence of any calcified lesions within the 
aortic valve leaflets. AVC was quantified using Ziostation2 automated software (Ziosoft Inc., 
Tokyo, Japan), calculated using the Agatston method with the threshold for calcium detection 
set at 130 Hounsfield units (HU) [12, 13] and expressed in arbitrary units (AU). We defined a 
region of interest for AVC quantification from the basal annular plane to the leaflet tips, and 
then carefully excluded calcified lesions involving the mitral annulus, left ventricular outflow 
tract, sinotubular junction, coronary arteries, and wall of the ascending aorta. 

Statistical Analysis
All statistical analyses were performed using EZR graphical user interface (Saitama 

Medical Center, Jichi Medical University, Saitama, Japan) for R programming language (R 
Foundation for Statistical Computing, Vienna, Austria). The distributions of clinical charac-
teristics and echocardiographic variables were compared between patients with SBI and 
those without SBI. Intergroup comparisons were performed using Fisher’s exact test or the 
χ2 test for categorical variables and unpaired Student’s t test for continuous variables. Vari-
ables with p values < 0.05 were selected for multiple logistic regression analysis. As the 
CHA2DS2-VASc score includes hypertension and arch plaques, only the CHA2DS2-VASc score 
was entered into the multivariate analysis to avoid multicollinearity. Multiple logistic 
regression analysis was performed to identify variables associated with the presence of SBI 
in patients with severe AS. 

Results

Clinical and Echocardiographic Variables Associated with SBI
The patients’ clinical and echocardiographic characteristics by SBI status are shown in 

Table 1. Of 83 patients with severe AS, SBI was observed in 38 (46%). Hypertension (p < 
0.001), complex arch plaques (p = 0.02), and CHA2DS2-VASc score (p = 0.004) were positively 
associated with SBI, but LA abnormalities, AVC volume, antiplatelet therapy, coronary artery 
disease, a history of percutaneous coronary intervention (PCI), and current blood pressure 
values were not. Estimated glomerular filtration rate (eGFR) was negatively associated with 



119Cerebrovasc Dis Extra 2020;10:116–123

Ito et al.: Silent Brain Infarction in Patients with Aortic Stenosis

www.karger.com/cee
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000510438

SBI (p = 0.006). Table 2 shows the clinical and echocardiographic variables associated with 
the presence of SBI and their odds ratios (ORs) obtained by multiple logistic regression 
analysis. Both eGFR (OR 0.98; 95% confidence interval [CI] 0.96–1.00; p = 0.03) and CHA2DS2-
VASc score (OR 1.58; 95% CI 1.08–2.30; p = 0.02) remained independently associated with 
the presence of SBI.

Combination of eGFR and CHA2DS2-VASc Score for the Prediction of SBI
All patients were divided into 4 groups according to CHA2DS2-VASc score and eGFR. 

CHA2DS2-VASc scores were divided into ≥4 and < 4, based on receiver-operating character-
istics (ROC) curve analysis, which determined the optimal threshold CHA2DS2-VASc score for 
predicting SBI with 82% sensitivity and 51% specificity (area under the curve [AUC] 0.66). 
The groupings for eGFR were ≥60 and < 60 mL/min/1.73 m2, based on the Kidney Disease 

Table 1. Clinical and echocardiographic characteristics according to SBI status

All patients 
(n = 83)

SBI (–)
(n = 45)

SBI (+)
(n = 38)

p value

Age, years 75±7 73±7 76±6 0.07
Male sex 44 (53) 20 (44) 24 (63) 0.12
Congestive heart failure 49 (59) 26 (58) 23 (61) 0.83
Diabetes mellitus 26 (31) 13 (29) 13 (34) 0.61
Hypertension 62 (75) 27 (60) 35 (92) <0.001
Dyslipidemia 46 (55) 25 (56) 21 (55) 1.00
eGFR, mL/min/1.73 m2 50±26 57±22 42±29 0.006
Atrial fibrillation 10 (12) 3 (7) 7 (18) 0.17
Antiplatelet therapy 35 (42) 16 (55) 19 (50) 0.27
Coronary artery disease 35 (42) 15 (33) 20 (53) 0.12
A history of PCI 9 (11) 2 (4) 7 (18) 0.07
Systolic blood pressure, mm Hg 130±20 130±19 131±20 0.86
Diastolic blood pressure, mm Hg 68±12 69±14 67±10 0.42
Aortic valve area, cm2 0.70±0.15 0.69±0.16 0.71±0.12 0.40
Left ventricular ejection fraction, % 58±11 58±13 57±8 0.45
e’, cm/s 4.2±1.5 4.3±1.6 4.0±1.2 0.37
E/e’ 21±10 21±8 23±12 0.31
Left atrial volume index, mL/m2 46±10 44±18 50±20 0.15
Spontaneous echo contrast 9 (11) 3 (7) 6 (16) 0.29
LAA emptying velocity, cm/s 48±21 49±20 47±23 0.67
Complex arch plaque 23 (28) 7 (16) 15 (40) 0.02
CHA2DS2-VASc score 4.0±1.4 3.6±1.5 4.5±1.1 0.004
Aortic valve calcium volume, AU 3,711±2,135 3,710±2,290 3,712±1,969 0.99

Values express n (%) or mean ± SD. AU, arbitrary units; eGFR, estimated glomerular filtration rate; LAA, 
left atrial appendage; PCI, percutaneous coronary intervention; SBI, silent brain infarction.

OR 95% CI p value

eGFR, mL/min/1.73 m2 0.98 0.96–1.00 0.03
CHA2DS2-VASc score (per 1 point) 1.58 1.08–2.30 0.02

OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular 
filtration rate; SBI, silent brain infarction.

Table 2. Multiple logistic 
regression analysis for the 
prediction of SBI



120Cerebrovasc Dis Extra 2020;10:116–123

Ito et al.: Silent Brain Infarction in Patients with Aortic Stenosis

www.karger.com/cee
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000510438

Improving Global Outcomes (KDIGO) 2012 guideline [14]. The group with a higher CHA2DS2-
VASc score and a lower eGFR had a significantly higher prevalence of SBI than the other 
groups (Fig. 1).

Discussion

In this study, we observed a higher prevalence of SBI (46%) in patients with severe AS 
than that reported for the general population (10.7%) and patients with atrial fibrillation 
(AF) (25%) [15, 16]. Moreover, we showed that CHA2DS2-VASc score and eGFR were 
significantly associated with SBI, but that LA abnormalities and AVC volume did not predict 
SBI. These results suggest that microembolization from LA abnormalities or a calcified 
aortic valve may not be major mechanisms of SBI in patients with AS. We also showed that 
the combination of CHA2DS2-VASc score and eGFR has an additional predictive value for 
SBI. 

In our study, CHA2DS2-VASc score was significantly associated with SBI in patients with 
severe AS. This finding is consistent with those of previous studies showing the importance 
of CHA2DS2-VASc score in predicting SBI. For example, previous studies reported that 
CHA2DS2-VASc score was associated with SBI in the population with AF [10, 16]. However, 
these studies were based on patients with AF, and no studies to date have elucidated the asso-
ciation between CHA2DS2-VASc score and SBI in patients with AS. Based on our results, we 
speculate that the CHA2DS2-VASc score could also be useful for the prediction of cerebral 
small-vessel disease in patients with AS. The mechanism underlying this finding remains 
poorly understood. However, there are several mechanisms that could provide a connection 
between CHA2DS2-VASc score and SBI. Age, hypertension, diabetes mellitus [11], and complex 
plaques in the aortic arch [10] are all components of the CHA2DS2-VASc score reported to be 
associated with SBI. CHA2DS2-VASc score, which represents a patient’s atherosclerotic 
burden, may therefore be useful for risk stratification of the early stage of cerebral damage in 
patients who have AS.

In our study, renal impairment was significantly associated with SBI in patients with AS. 
This finding is consistent with previous studies showing the importance of renal impairment 
in predicting SBI. Toyoda et al. [17] reported that chronic kidney disease (CKD) was asso-

0

10

20

30

40

50

60

70

p = 0.002

p = 0.02p = 0.04

eGFR <60

CHA2DS2-VASc
score ≥4

CHA2DS2-VASc
score <4

eGFR ≥60
Th

e 
pr

ev
al

en
ce

 o
f S

BI
, %

38%
(n = 19)

21%
(n = 11)

27%
(n = 16)

68%
(n = 37)

Fig. 1. Combination of CHA2DS2-
VASc score and renal impairment 
for the prediction of SBI. eGFR,  
estimated glomerular filtration 
rate; SBI, silent brain infarction.



121Cerebrovasc Dis Extra 2020;10:116–123

Ito et al.: Silent Brain Infarction in Patients with Aortic Stenosis

www.karger.com/cee
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000510438

ciated with SBI in the general population. Similarly, several studies have shown positive 
associations between CKD stage and SBI in patients with CKD [18, 19]. However, no studies 
to date have elucidated the association between CKD and SBI in patients with AS. The mech-
anisms underlying our findings remain poorly understood. There are 2 mechanisms, 
however, that could explain the impact of renal impairment on SBI. First, injuries to the small 
vessels in both the kidneys and brain are reported to be mediated by a unique mechanism 
owing to how these vessels differ from other arteries, i.e., arteriosclerosis can result from 
exposure to greater pulsatile circumferential stress and longitudinal shear stress due to the 
need to maintain perfusion directly from the large arteries to the tissues [18, 20, 21]. 
Therefore, the presence of CKD may reflect the intrinsic severity of subclinical cerebral 
small-vessel occlusive disease. Second, renal impairment promotes endothelial dysfunction 
due to the secretion of uremic toxins, inflammation-related cytokines, and oxidative stress 
markers as well as the activation of the sympathetic nervous system. In support of this idea, 
renal impairment seems to lead to an increased risk of SBI occurrence in patients with AS 
[17, 22, 23]. 

Although there is evidence of an association between SBI and LA abnormalities such as 
LA enlargement, LA thrombus, spontaneous echo contrast, and abnormal LAA emptying 
velocity in patients with nonvalvular AF [10], this relationship has not been confirmed in 
patients with AS. This difference might, in part, stem from the difference in SBI mechanisms 
(i.e., microembolization and small-vessel occlusive disease) in different populations. LA 
abnormalities are mainly linked to SBI due to microembolization resulting from LA blood 
stasis that is more specific to AF and may not reflect an atherosclerotic process. Thus, the 
predictive value of LA abnormalities for SBI, beyond atherosclerotic risk classification using 
CHA2DS2-VASc score or renal impairment, is limited in patients with AS. 

Our study observed no significant association between AVC volume and SBI in patients 
with AS. This indicates that spontaneous cerebral embolization from a calcified aortic valve 
may not be a major cause of SBI in patients with AS. Similarly, Boon et al. [24] failed to show 
a significant association between AVC and SBI in a cohort of patients with AVC with or 
without stenosis. Conversely, Rodriguez et al. [25] succeeded in showing an association 
between SBI and aortic valve sclerosis; however, their observations cannot necessarily be 
extended to patients with AS because their study involved the general population aged ≥65 
years without any resultant outflow obstruction. Moreover, the methodology used in our 
study was more sensitive, assessing AVC quantitatively (AVC volume) as opposed to only 
qualitatively (i.e., according to the presence or absence of AVC as in the previous study).

Our study has several limitations. We used cross-sectional data, so first, we could not 
determine a causal relationship between CHA2DS2-VASc score or eGFR and SBI. Hence, 
prospective studies are necessary to assess whether CHA2DS2-VASc score and eGFR do 
indeed predict SBI in patients with severe AS, and second, could not perform a reliable 
analysis regarding prognosis. Prospective studies are needed to assess whether interven-
tions for CHA2DS2-VASc score and eGFR (i.e., treatment for heart failure, hypertension, and 
diabetes or antiplatelet therapy in patients who have renal impairment and a higher 
CHA2DS2-VASc score) do indeed prevent SBI in patients with severe AS. Third, although 
there were no significant differences concerning a history of PCI, we could not completely 
rule out the possibility that SBI in our study may actually have been lesions associated with 
past PCI. Fourth, since the neurological assessment was performed by cardiologists, the 
prevalence of neurological disorders might have been underestimated. Fifth, as our popu-
lation comprised patients with severe AS, the generalizability of our results to patients with 
all stages of AS is limited.
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Conclusion

AS is associated with a higher prevalence of SBI. Renal impairment and a higher CHA2DS2-
VASc score, but not LA abnormalities or AVC volume, are associated with SBI. The combi-
nation of renal impairment and CHA2DS2-VASc score has additional predictive value for SBI. 
These findings will be useful for risk stratification and may contribute to reducing future 
stroke or dementia and further supporting the maintenance of a better quality of life.
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