
ORIGINAL RESEARCH
published: 16 June 2020

doi: 10.3389/fneur.2020.00522

Frontiers in Neurology | www.frontiersin.org 1 June 2020 | Volume 11 | Article 522

Edited by:

Ashfaq Shuaib,

University of Alberta, Canada

Reviewed by:

Ashkan Shoamanesh,

McMaster University, Canada

Shenqiang Yan,

Zhejiang University, China

Wen Sun,

University of Science and Technology

of China, China

*Correspondence:

Kenichi Sakuta

kenichisakuta@jikei.ac.jp

Specialty section:

This article was submitted to

Stroke,

a section of the journal

Frontiers in Neurology

Received: 20 October 2019

Accepted: 12 May 2020

Published: 16 June 2020

Citation:

Sakuta K, Yaguchi H, Sato T,

Komatsu T, Sakai K, Mitsumura H,

Matsushima S and Iguchi Y (2020)

The Impact of Cerebral Microbleeds

Presence on Outcome Following

Minor Stroke Treated With Antiplatelet

Therapy. Front. Neurol. 11:522.

doi: 10.3389/fneur.2020.00522

The Impact of Cerebral Microbleeds
Presence on Outcome Following
Minor Stroke Treated With
Antiplatelet Therapy
Kenichi Sakuta 1*, Hiroshi Yaguchi 1, Takeo Sato 2, Teppei Komatsu 2, Kenichiro Sakai 2,

Hidetaka Mitsumura 2, Satoshi Matsushima 3 and Yasuyuki Iguchi 2

1Department of Neurology, Kashiwa Hospital, The Jikei University School of Medicine, Chiba, Japan, 2Department of

Neurology, The Jikei University School of Medicine, Tokyo, Japan, 3Department of Radiology, The Jikei University School of

Medicine, Tokyo, Japan

Background and Purpose: The relationship between cerebral microbleeds (CMBs) and

prognosis in patients with ischemic stroke is still unclear. Our aim here was to verify the

relationship between CMBs and functional outcomes in patients with minor ischemic

stroke treated with antiplatelet therapy.

Methods: We retrospectively reviewed consecutive patients with a non-cardiogenic

minor ischemic stroke (NIHSS <4 on admission) who underwent initial brain magnetic

resonance imaging within the first 48 h following symptom onset. The patients were

divided into two groups based on the presence or absence of CMBs and the two groups

were adjusted using the pre-stroke modified Rankin scale (mRS). Poor outcome was

defined as an mRS score in the 3–6 range measured 90 days after symptom onset.

Logistic regression analyses were performed to determine the factors independently

associated with poor outcome.

Results: A total of 240 patients (187 men, median age 66 years old) were enrolled in our

study. There was a non-significant trend toward a worsening shift of 3-month mRS score

distribution in the CMB group compared with the no-CMB group. Multivariate analysis

revealed that the presence of CMBs was independently predictive of poor outcome

(OR, 3.44; 95% CI, 1.08–10.93; P = 0.036).

Conclusion: Our findings suggest that the presence of CMBs is the predicting factor

of poor outcome in minor ischemic stroke patients.

Keywords: cerebral microbleeds, ischemic stroke, prognosis, magnetic resonance image, susceptibility-weighted

imaging

INTRODUCTION

Cerebral microbleeds (CMBs) are considered biomarkers of cerebrovascular disease, and more
specifically of small vessel disease (1, 2). Stroke patients with CMBs have higher recurrence rates for
both ischemic and hemorrhagic strokes (3–5), and have increased mortality rates (6–8) compared
with stroke patients without CMBs. However, although the association between CMBs and stroke
recurrence and/or mortality is well-established, little is known about the functional outcomes of
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stroke patients with CMBs. The aim of the present study was
to investigate whether CMBs affect the functional outcome of
patients presenting with minor ischemic stroke.

METHODS

Study Design
This retrospective study included consecutive ischemic stroke
patients who were admitted between October 2012 and June
2018 to Jikei University Hospital, Japan. To exclude the possible
effects of antithrombotic agents, only ischemic stroke patients
who were treated with antiplatelet agents were enrolled (9).
Patients were eligible for this study if the admission occurred
within 48 h after symptom onset and if they received a diagnosis
of non-cardiogenic minor stroke according to the TOAST
classification (10), with baseline National Institutes of Health
Stroke Scale (NIHSS) <4. Based on our institutional protocol,
we performed the following examinations to determine the
stroke subtype: electrocardiogram monitoring for at least 7 days,
echocardiogram, carotid artery ultrasonography, transcranial
color Doppler, and transesophageal echocardiogram tests
to investigate possible right-to-left shunt and aortic arch
lesions. We additionally performed a brain magnetic resonance

imaging (MRI) scan on admission and a second scan 7 days
after symptom onset. CMBs were identified and documented
using susceptibility-weighted imaging (SWI). Our institutional
protocol for treating non-cardiogenic stroke patients was as
follows: single antiplatelet therapy for patients enrolled between
October 2012 to April 2017, and dual antiplatelet therapy for
patients enrolled between May 2017 to June 2018. The dual
antiplatelet therapy was prescribed for approximately 2 weeks
and was followed by the use of a single antiplatelet agent.
Combining edaravone depended on the treating physician’s
assessment. Participant exclusion criteria were as follows: (1)
treatment with recombinant tissue plasminogen activator (rt-PA)
and/or endovascular therapy; (2) treatment with anticoagulant
agents for a cardioembolic, cryptogenic, or aortogenic stroke;
(3) MRI counterindications; (4) premorbid modified Rankin
scale (mRS) score of 3, 4, or 5; and (5) cases of stroke mimic. No
participants were prescribed oral anticoagulant agents.

This study was approved by the Ethics Committee of the
Jikei University School ofMedicine [No. 29-195[8811]]. All study
protocols and procedures were conducted in accordance with the
declaration of Helsinki.

Clinical Background
We collected the following clinical data from all patients: age,
sex, time from symptom onset to admission, length of hospital
stay, and traditional cardiovascular risk factors including:
hypertension, dyslipidemia, diabetes mellitus, malignant
neoplasms, and chronic kidney disease. The NIHSS was used on
admission by a trained neurologist to quantify stroke severity.
Ischemic stroke recurrence was defined as a new ischemic lesion
evidenced by a brain MRI diffusion-weighted image (DWI)
during hospitalization. A hemorrhagic complication was defined
as the combination of intracranial hemorrhage and clinically
overt systemic bleeding during hospitalization. The mRS was

used to assess functional recovery 90 days after stroke onset via
an outpatient clinic or a telephone interview, and a score within
the 3–6 range was defined as a poor outcome. These assessments
were performed by trained neurologists, the majority of whom
were physicians-in-charge.

Imaging Acquisition
The parameters for brain imaging are included in the
Supplementary Methods. A CMB was defined as a round, focal,
low-intensity lesion within the parenchyma that measured up
to 10mm in size as viewed using SWI, according to a recent
consensus (2, 11). Symmetrical subcortical and hypointense
lesions, indicating focal calcification, were excluded. Low-
intensity lesions within an infarct were considered to be
hemorrhagic transformations rather than CMBs. The locations
of CMBs were classified based on a previous report (12), as
follows. Patients with CMBs in the basal ganglia, thalamus,
or infratentorial region (deep locations), but without lobar
CMBs, were defined as hypertensive (HTN) types. Patients with
strictly lobar CMBs were defined as cerebral amyloid angiopathy
(CAA) types. Patients with a combination of mixed lobar and
deep CMBs were defined as mixed types. Two neurologists
(KS and HM), who were blinded with respect to the clinical
information associated with the SWI images, independently
evaluated the SWI images. In cases of initial disagreement, the
final number was reached through consensus. The κ statistic
of agreement between the two neurologists was 0.84. To
evaluate the relationship between CMBs and deep white matter
hyperintensities (DWMHs), the two neurologists also evaluated
DWMHs in fluid-attenuated inversion recovery (FLAIR) images
using the Fazekas rating scale (13). The κ statistic of agreement
for DWMHs was 0.88.

Statistical Analyses
To minimize intergroup differences, we adjusted for pre-stroke
mRS scores. The patients were divided into two groups: patients
with CMBs (CMB group) and patients without CMBs (no-
CMB group). Continuous and categorical variables are described
with medians (interquartile range [IQR]) and counts (%),
respectively. First, we compared the patient characteristics,
clinical backgrounds, laboratory findings, choice of treatment,
and clinical outcomes between groups using the chi-squared test
and Fisher exact test for categorical variables, and the Mann–
Whitney U test for continuous variables. Systolic blood pressure
on admission was the only factor to meet the criteria for normal
distribution (P = 0.051), and a t-test was used. A corresponding
P-value < 0.05 was considered as statistically significant. Second,
we performed amultivariate logistic regression analysis to extract
factors that were independently associated with the presence
of CMBs. Variables with P-value < 0.200 in the univariate
analysis were then entered into the multivariate analysis. Third,
the distribution of 3-month mRS scores in each group was
compared using a Kruskal–Wallis test, because it did not have a
normal distribution (P < 0.001). Fourth, we performed a second
and third multivariate logistic regression analysis to evaluate
the factors that were independently associated with stroke
recurrence and hemorrhagic complication. The multivariate
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analysis for ischemic stroke recurrence included well-known
risk factors for CMBs: age, history of diabetes mellitus and
stroke, and a stroke subtype of large artery atherosclerosis (LAA)
(14–16). The multivariate analysis for hemorrhagic complication
included well-known risk factors for CMBs: history of stroke,
a stroke subtype of small vessel occlusion (SVO), and dual-
antiplatelet therapy (17–19). Fifth, we compared the outcome
differences between the CMB location subgroups (HTN, CAA,
and mixed) using a Kruskal–Wallis test. Finally, we performed a
fourth multivariate logistic regression analysis to determine the
factors that were independently associated with poor outcome.
The multivariate analysis included well-known risk factors for
poor outcome: age, NIHSS on admission, LAA, DWMHs, and
ischemic stroke recurrence (16, 20–25). All statistical analyses
were performed using the SPSS (v22 for Windows; SPSS Inc.,
Chicago, IL, USA) statistical software package.

RESULTS

Patients
Of the 689 consecutive patients admitted during the study
period with an ischemic stroke, 266 were enrolled in our
study (Figure 1). After adjustment for pre-stroke mRS, the two
groups had 120 patients each. Clinical characteristics of the
study population are shown in Table 1. The median age was 66
years, and 187 patients (78%) were men. The median NIHSS
on admission was 1 (IQR 1–2). All patients received antiplatelet

therapy, of which 90 (38%) were prescribed dual antiplatelet
therapy. Figure 2 shows that the frequency of patients with CMBs
was positively correlated with the Fazekas scale in a linear fashion
(P < 0.001).

Comparison Between Patients With and
Without CMBs
Compared with the no-CMB group, the CMB group patients had
an older average age, higher frequency of a medical history of
hypertension and stroke, lower estimated glomerular filtration
rate, higher brain natriuretic peptide levels, higher frequency
of SVO stroke subtype, and lower frequency of Undetermined
etiology stroke subtype using the TOAST classification (Table 1).
A trend toward a higher NIHSS on admission was observed
in the CMB group. There was a positive correlation between
SVO stroke subtype and DWMH, and a negative correlation
between history of dyslipidemia and the presence of CMBs in the
multivariate logistic regression analysis (Table 2). The frequency
of antiplatelet prescription did not differ between the two
groups (Table 1). The frequency of hemorrhagic complication
appeared to be higher in the CMB group compared with
the no-CMB group, but was not significantly different (3 vs.
2%, P = 0.342). Ischemic stroke recurrence also appeared
to be more frequent in the CMB group, but again, there
was no significant difference between the two groups (11
vs. 8%, P = 0.511). The frequency of poor outcomes (mRS
3–6) was significantly higher in the CMB group [n = 17

FIGURE 1 | Flow diagram of patient selection. MRI, magnetic resonance imaging; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; tPA,

tissue plasminogen activator.
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TABLE 1 | Baseline characteristics of the study population.

Microbleeds

Total CMB No-CMB P

(n = 240) (n = 120) (n = 120)

Men, n (%) 187 (78) 92 (77) 95 (79) 0.641

age, median (IQR) 66 (57–76) 68 (61–80) 62 (53–70) <0.001

Medical history

Diabetes Mellitus, n (%) 74 (31) 33 (28) 41 (34) 0.263

Hypertension, n (%) 165 (69) 90 (75) 75 (63) 0.037

Dyslipidemia, n (%) 126 (53) 58 (48) 68 (57) 0.196

Ischemic heart disease, n (%) 20 (8) 14 (12) 6 (5) 0.062

Peripheral arterial disease, n (%) 6 (3) 4 (3) 2 (2) 0.342

Stroke, n (%) 43 (18) 29 (24) 14 (12) 0.012

Chronic kidney disease, n (%) 33 (14) 19 (16) 14 (12) 0.349

Malignant neoplasms, n (%) 17 (7) 9 (8) 8 (7) 0.801

Physical examination

Body Mass Index, median (IQR) 23.7 (21.7–26.0) 23.6 (21.8–25.8) 23.9 (21.6–26.1) 0.327

systolic blood pressure, mmHg, median (IQR) 163 (140–183) 171 (147–186) 154 (138–179) 0.065

heart rate, /minute, median (IQR) 79 (70–90) 80 (72–90) 76 (68–88) 0.344

NIHSS, median (IQR) 1 (1–2) 1 (1–2) 1 (0–2)

NIHSS, average (SD) 1.4 (1.0) 1.5 (1.0) 1.3 (1.0) 0.087

Laboratories

Glucose, mg/dL, median (IQR) 114 (101–143) 115 (99–146) 113 (104–135) 0.933

eGFR, mL/min/1.73 m2, median (IQR) 74.4 (55.7–98.7) 67.7 (53.1–88.5) 85.8 (63.2–103.7) 0.001

BNP, pg/mL, median (IQR) 20.7 (11.1–41.8) 26.3 (14.0–57.2) 15.9 (8.8–34.1) 0.001

TOAST classification

Large Artery Atherosclerosis, n (%) 32 (13) 15 (13) 17 (14) 0.704

Small vessel occlusion, n (%) 92 (38) 60 (50) 32 (27) < 0.001

Other determined etiology, n(%) 43 (18) 16 (13) 27 (23) 0.064

Undetermined etiology, n(%) 73 (30) 29 (24) 44 (37) 0.035

Treatment

Single antiplatelet agent, n (%) 150 (63) 73 (61) 77 (64) 0.594

Dual antiplatelet agents, n (%) 90 (38) 47 (39) 43 (36) 0.594

Edaravone combined, n (%) 94 (39) 42 (35) 52 (43) 0.186

Hospital stay, day, median (IQR) 12 (9–16) 12 (9–18) 11 (9–15) 0.162

Hemorrhagic complication, n(%) 6 (3) 4 (3) 2 (2) 0.342

Systemic bleeding, n (%) 5 (2) 3 (3) 2 (2) 0.500

Intracranial hemorrhage, n (%) 1 (0.4) 1 (0.8) 0 (0) 0.500

Ischemic stroke recurrence, n (%) 23 (10) 13 (11) 10 (8) 0.511

BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; IQR, interquartile range; NIHSS, national institutes of health stroke scale.

[14%] vs. n = 5 [4%], P = 0.007]. There was a trend
toward a worsening shift of 3-month mRS scores in the
CMB group compared with the no-CMB group, but there was
no significant difference in the overall distribution of scores
(P= 0.195, Figure 3).

Factors Associated With Ischemic
Stroke Recurrence and Hemorrhagic
Complications
Multivariate logistic analyses for ischemic stroke recurrence and
hemorrhagic complication are shown in Tables 3, 4. LAA was
independently associated with ischemic stroke recurrence, and
no factors were associated with hemorrhagic complication.

CMBs Locations and Outcomes
Based on CMB locations, the patients were divided into three
types: HTN type [n = 42 [35%]], CAA type [n = 28 [23%]], and
mixed type [n = 50 [42%]]. The frequencies of poor outcomes
(mRS 3–6) in these three types of patients were 12% (5/42), 14%
(4/28), and 16% (8/50), respectively, and there were no significant
differences between the three groups (P= 0.855).

Factors Associated With Poor Outcome
Previously reported factors predicting a poor prognosis, such
as age, NIHSS on admission, ischemic stroke recurrence, LAA
stroke subtype, and DWMH, were analyzed using a univariate
logistic regression analysis. Age, NIHSS, and LAA stroke subtype
were significantly associated with poor outcome (mRS 3–6)
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FIGURE 2 | Frequency of patients with cerebral microbleeds using the Fazekas scale. The likelihood of cerebral microbleeds being present increased gradually with

higher Fazekas scale scores.

TABLE 2 | Univariate and multivariate logistic regression analyses for the presence of cerebral microbleeds.

Univariate Multivariate

OR 95%CI P OR 95%CI P

Age 1.04 1.02–1.07 <0.001 1.03 0.99–1.07 0.103

Systolic blood pressure 1.01 1.00–1.02 0.067 1.01 1.00–1.02 0.050

History of stroke 2.41 1.20–4.84 0.013 1.91 0.78–4.71 0.158

History of hypertension 1.80 1.03–3.13 0.038 1.29 0.64–2.61 0.480

History of dyslipidemia 0.72 0.43–1.19 0.197 0.47 0.25–0.90 0.022

History of IHD 2.51 0.93–6.77 0.069 1.62 0.48–5.46 0.436

DWMH 2.82 2.05–3.88 <0.001 2.28 1.62–3.21 <0.001

Brain natriuretic peptide 1.01 1.00–1.01 0.034 1.00 1.00–1.01 0.220

eGFR 0.98 0.98–0.99 0.001 1.00 0.99–1.02 0.793

TOAST; SVO 2.75 1.60–4.72 <0.001 2.99 1.07–8.37 0.037

TOAST; Other determined etiology 0.530 0.27–1.05 0.067 1.24 0.40–3.82 0.712

TOAST; Undetermined etiology 0.550 0.32–0.96 0.036 1.078 0.38–3.08 0.890

Variables with P < 0.200 in the univariate analysis were entered into a multivariate logistic regression model to identify the variables independently associated with the presence of

cerebral microbleeds.

CI, confidence interval; DWMH, deep white matter hyperintensity; eGFR, estimated glomerular filtration rate; IHD, ischemic heart disease; OR, odds ratio; SVO, small vessel occlusion;

TOAST, Trial of Org 10,172 in Acute Stroke Treatment.

in the present cohort. These factors were all subsequently
entered into a multivariate logistic regression analysis, and the
presence of CMBs was one of the factors that was independently
associated with a poor outcome (OR, 3.44; 95% CI, 1.08–10.93;
P= 0.036, Table 5).

DISCUSSION

The present study showed that the presence of CMBs was
independently associated with a poor functional outcome in
patients with minor stroke. The novelty of this study is that
the association between CMBs and poor functional outcome in

stroke patients was examined in great detail and was shown to
be significant.

In the present cohort, there was a strong relationship between
the presence of CMBs and a poor outcome, and a non-significant
relationship between the presence of CMBs and ischemic stroke
recurrence in patients with a minor stroke. It is generally agreed
that a relationship between CMBs and subsequent intracerebral
hemorrhage risk exists in stroke patients (3–5). Furthermore,
the frequency of ischemic stroke recurrence, especially when
severely disabling or fatal, is reported to be increased in stroke
patients with CMBs (4, 6). Moreover, CMBs in stroke patients are
reported to be strongly related to the likelihood of an in-hospital
death (7). The present study is partially in line with these previous
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FIGURE 3 | Functional outcomes at 90 days as a function of modified Rankin scale scores. The percentages of patients with scores from 0 to 6 on the modified

Rankin scale (mRS) in the CMB and no-CMB groups are shown as follows: 0, no symptoms; 1, no clinically significant disability; 2, slight disability (able to handle own

affairs without assistance but unable to carry out all previous activities); 3, moderate disability (requiring some help but able to walk unassisted); 4, moderately severe

disability (unable to attend bodily needs and unable to walk); 5, severe disability (requiring constant nursing care and attention); and 6, death. In the no-CMB group, no

patient had a score of 5. In our analysis, there was no significant difference between the CMB group and the no-CMB group in the overall distribution of

scores (P = 0.195).

TABLE 3 | Univariate and multivariate logistic regression analyses for ischemic stroke recurrence.

Univariate Multivariate

OR 95%CI P OR 95%CI P

Age 1.01 0.98–1.05 0.579 0.99 0.96–1.03 0.762

History of diabetes mellitus 1.50 0.62–3.65 0.367 1.47 0.57–3.79 0.423

History of stroke 2.77 1.09–7.04 0.032 1.64 0.58–4.64 0.354

Large artery atherosclerosis 6.82 2.68–17.37 <0.001 6.26 2.29–17.13 <0.001

Cerebral microbleeds 1.34 0.56–3.18 0.512 1.42 0.54–3.77 0.480

Well-known risk factors for ischemic stroke recurrence, such as age, history of stroke and diabetes mellitus, and large artery atherosclerosis stroke subtype, were entered into a

multivariate logistic regression model with the presence of cerebral microbleeds to identify the variables independently associated with ischemic stroke recurrence.

CI, confidence interval; OR, odds ratio.

TABLE 4 | Univariate and multivariate logistic regression analyses for hemorrhagic complications.

Univariate Multivariate

OR 95%CI P OR 95%CI P

History of stroke 2.35 0.42–13.28 0.332 1.87 0.31–11.10 0.493

Small vessel occlusion 0.31 0.04–2.73 0.294 0.25 0.03–2.30 0.223

Dual antiplatelet therapy 1.69 0.33–8.56 0.526 1.66 0.32–8.56 0.547

Cerebral microbleeds 2.03 0.37–11.32 0.417 2.39 0.40–14.23 0.338

Well-known risk factors for hemorrhagic complications, such as history of stroke, small vessel occlusion stroke subtype, and dual antiplatelet therapy, were entered into a multivariate

logistic regression model with the presence of cerebral microbleeds to identify the variables independently associated with hemorrhagic complications.

CI, confidence interval; OR, odds ratio.

reports with regards to the poor prognosis of stroke patients with
CMBs. The linking factor between the two is believed to be either
the high frequency of stroke recurrence in CMB patients or the
mechanisms by which CMBs are formed.

The CMB patients in our cohort had an approximately
1.5 times higher recurrence rate of ischemic stroke compared
to those without CMBs, but this result was not statistically
significant (11 vs. 8%, P = 0.511). A high frequency of
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TABLE 5 | Univariate and multivariate logistic regression analyses for poor outcome.

Univariate Multivariate

OR 95%CI P OR 95%CI P

Age 1.07 1.02–1.11 0.002 1.05 1.01–1.10 0.027

NIHSS on admission 1.69 1.07–2.66 0.024 1.69 1.06–2.70 0.029

Ischemic stroke recurrence 2.33 0.71–7.58 0.161 1.50 0.36–6.25 0.576

Large artery atherosclerosis 3.60 1.34–9.69 0.011 3.17 0.99–10.12 0.051

DWMH 1.27 0.87–1.86 0.217 0.88 0.55–1.40 0.592

Cerebral microbleeds 3.80 1.35–10.65 0.011 3.44 1.08–10.93 0.036

Well-known risk factors for poor outcome, such as age, NIHSS on admission, ischemic stroke recurrence, large artery atherosclerosis stroke subtype, and DWMH, were entered into a

multivariate logistic regression model with the presence of cerebral microbleeds to identify the variables independently associated with poor outcome (mRS 3–6).

CI, confidence interval; DWMH, deep white matter hyperintensity; OR, odds ratio.

recurrence contributes to poor prognosis in stroke patients
(16). A previously published systematic review revealed that
antithrombotic agents were significantly associated with
intracerebral hemorrhage risk in stroke or transient ischemic
attack patients with CMBs who were followed for a least a year
(26). Consequently, physicians tend to limit the amount or the
duration of antithrombotic drug use. Because the present study
evaluated only the initial prescription of antiplatelet agents,
the subsequent treatment strategies that were used may have
also affected the results. Furthermore, because the occurrence
of hemorrhagic stroke and ischemic stroke recurrence was
evaluated over a very short period, during a median 12 days
of hospitalization, the low frequency of hemorrhagic events
or the non-significant difference in ischemic stroke recurrence
may have been strongly affected by study design. However,
although we should take these concerns into consideration,
ischemic stroke recurrence was not an independent factor for
poor prognosis in our multivariate analysis. In our cohort, stroke
recurrence seemed to have only a weak impact as a factor for
prognosis in patients with CMBs.

The mechanisms underlying CMBs may explain the
relationship between CMBs and poor prognosis as follows. The
presence and amount of CMBs or white matter hyperintensities
(WMHs) are considered to be a surrogate marker of small vessel

disease severity (27, 28). Small vessel disease reflects endothelial

dysfunction, which leads to cerebral blood flow dysregulation,
blood–brain barrier dysfunction, and endothelial inactivation

(29, 30). The CMBs andWMHs are assumed to form as a result of
these consequences of endothelial dysfunction. We speculate that

the poor prognosis in patients with CMBs in the present study
was caused by these mechanisms, because the degree of neural
network damage should be affected by endothelial dysfunction
(28). Recent studies have reported that a high prevalence of

WMHs in ischemic stroke patients is strongly related to the poor
recovery of neurological symptoms, functional impairment,

and mortality (25, 31–33). With our results demonstrating a
positive relationship between DWMH burden and the frequency

of CMBs, the presence of CMBs in acute ischemic stroke patients
may also contribute to poor functional recovery.

There are several limitations to our study. First, as mentioned
previously in this discussion, the evaluation of subsequent

hemorrhagic stroke and ischemic stroke recurrence was only
performed over a short period, and this may have led to
a low incidence being recorded. Second, the tracking period
in this cohort was only 3 months. Furthermore, the use of
telephone interviews may have over- or under-estimated the
symptomology. Third, all patients in this study were Japanese,
limiting the generalizability to other populations. In addition, the
proportion of men in this cohort was relatively high. Although
women are reported to have a lower stroke risk than men, there
might have been a selection bias in our study (34). Fourth,
the prescribed antiplatelet agents were heterogeneous. Although
there were prescription protocols in place, it is still possible that
physicians may have deviated from them. Fifth, the sensitivity
for detecting CMBs is higher with 3T scanners than with 1.5T
scanners, and because of the standard protocols in our facility,
the slice thicknesses used were different (1.5mm for 3T and
2mm for 1.5T). These differences may have affected whether or
not CMBs were detected. Sixth, 6% (42) of patients were lost at
the 3-month follow-up. Finally, we performed this retrospective
cohort study in a single center. However, this limitation can
also be viewed as a strength because patients were able to be
diagnosed with a non-cardiogenic stroke with a high degree of
precision, using strict inspection standards. Future studies should
investigate the choice of long-term antiplatelet treatment strategy
on the functional outcomes of non-cardiogenic minor ischemic
stroke patients with CMBs.

CONCLUSION

The presence of CMBs was independently associated with a poor
outcome in minor ischemic stroke patients.
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