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ABSTRACT

Background: With the widespread use of magnetic resonance imaging (MRI), cerebral
microbleeds (CMBs) are commonly detected. Ethnicity seems to play a role in the prevalence of
CMB, with higher prevalence in participants from Asian origin. The purpose of the study is to
look for the prevalence of CMBs and associated factors in Thai patients with ischemic stroke.
Methods: Patients with acute ischemic stroke who had MRI and magnetic resonance angiography
during January—August 2014 were included in the study. T2*-weighted gradient-recalled echo
was used to define CMBs. Baseline characteristics, stroke subtypes, and severity of white
matter lesions were compared between patients with and without CMBs. Results: Two hundred
patients were included in the study. Mean age of the patients was 61-year-old. Mean National
Institutes of Health Stroke Scale was 8. The prevalence of CMBs was 20% (39/200 patients).
Hypertension (odds ratio [OR] 3.05, 95% confidence interval [CI] 1.07-8.68, P = 0.037), and
moderate-to-severe white matter lesions (Fazekas 2-3, OR 7.61, 95% CI 3.06-18.95, P < 0.001)
were related to the presence of CMBs. Conclusions: CMBs were found in 20% of patients with
ischemic stroke, which was lower than those reported from Japanese studies but comparable
to a Chinese study. CMBs were associated with hypertension and severity of the white matter

lesions.
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INTRODUCTION

erebral microbleeds (CMBs) are defined as small
Cperivascular hemosiderin deposits."! With the widespread
use of magnetic resonance imaging (MRI), CMBs are more
commonly detected. In studies using sensitive MRI technique,
the prevalence of CMBs is as high as 11.1%-23.5% in
community-dwelling elderly people.?*! Prevalence is higher
in patients with ischemic stroke (40%) and spontaneous
intracerebral hemorrhage (ICH) (47%-80%). Ethnicity
seems to play a role in the prevalence of CMB, with higher
prevalence in participants from Asian origin.! CMBs
are related to age, hypertension, leukoaraiosis, amyloid
angiopathy, atrial fibrillation, and some genes.!'

Findings of CMBs, especially in stroke patients, may be
important. Some stroke patients will have a recurrent stroke,
and intravenous thrombolysis is the standard treatment in
eligible patients within 4.5 h of stroke onset. Intravenous
thrombolysis increases symptomatic and asymptomatic ICH,
even in patients without baseline CMBs. A recent meta-analysis
showed that the presence of CMBs on pretreatment MRI
scans in patients with acute ischemic stroke increased risk
of symptomatic ICH after intravenous thrombolysis (odds
ratio [OR] 2.87, 95% confidence interval [CI] 1.76-4.69,
P < 0.0001).5) However, the authors concluded that although
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the presence of CMBs increased the risk of ICH after
thrombolytic treatment, detecting CMBs should not prevent
thrombolytic treatment based on present evidence.

There has been no study about CMBs in Thai patients with
ischemic stroke. The purpose of this study is to look for the
prevalence of CMBs and associated factors in Thai patients
with ischemic stroke.

METHODS

Patients who presented with acute ischemic stroke and had MRI
and magnetic resonance angiography (MRA) during January—
August 2014 at Thammasat University Hospital were included in
the study. MRI was performed using a 1.5 Tesla Philips Achieva
XR Scanner with a neurovascular 16-channel radiofrequency head
coil. A T2*-weighted gradient-recalled echo (GRE) sequence (TR
700 ms, TE 23 ms, and flip angle of 18°) with a 5-mm slice
thickness and 1 mm gap was used to define hemorrhage. GRE
images were acquired from axial and coronal orientation.
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Small (<10 mm), hypointense, well-demarcated, rounded lesions
on GRE were used to define CMBs. If the hypointense lesions on
GRE were larger than 10 mm, these were defined as ICH. If the
hypointense lesions on GRE were within the infarct lesions, these
were defined as hemorrhagic transformation [Figure 1]. Locations
of CMB, ICH, and hemorrhagic transformation were recorded.
Fazekas scale (0-3) was used to classify severity of white matter
lesions; with higher score, more confluent of the lesions.[*”)
Fazekas 0: None or a single punctate white matter hyperintensity
lesion, Fazekas 1: Multiple punctate lesions, Fazekas 2:
Beginning confluency of lesions (bridging), and Fazekas 3: Large
confluent lesions [Figure 2]. Fazekas was scored on transverse
T2/fluid attenuation inversion recovery images (TR 11,000 ms,
TE 140 ms).

All patients with acute ischemic stroke were treated per
standard care protocol. Intravenous thrombolytic treatment was
given in eligible patients. Either antiplatelet or anticoagulant
was prescribed in most patients who had no contraindication.
Stroke subtypes were classified by TOAST (Trial of ORG
10172 in Acute Stroke Treatment) criteria: Large-artery
atherosclerosis (LAA), cardioembolism (CE), small-artery
occlusion (SAO), stroke of other determined cause, and stroke
of undetermined cause. Severity of stroke was evaluated by the
National Institutes of Health Stroke Scale (NIHSS). Baseline
characteristics of patients, stroke subtypes, antithrombotic
medications, and all imaging data were collected and studied.

The data were presented as a mean for the continuous variables
and a percentage (number) for the dichotomous variables. We
compared the demographics and vascular risk factors in the
stroke patients with and without CMB using a Student’s #-test
(for the continuous variables) and the Chi-square test (for the
proportions). The multivariate analyses were performed by the
inclusion of the prespecified factors that were associated with

Figure 1: (a) Cerebral microbleed at rightside of pons from
gradient-recalled echo; (b) Intracerebral hemorrhage at bilateral putaminal
hemorrhages from gradient-recalled echo; (c¢) (diffusion-weighted
imaging); (d) (gradient-recalled echo) acute hemorrhagic infarct at left
middle cerebral artery territory

CMB in the univariate analysis. The study was approved by
the Institute’s Ethical Review Committee.

RESuLTS

There were 200 patients in the study. Baseline characteristics
of the patients are presented in Table 1. Mean age of the
patients was 61-year-old. Mean NIHSS was 8. The prevalence
of CMBs was 20% (39/200 patients). Intravenous recombinant
tissue plasminogen activator was given in 83 patients (42%).
MRI/MRA was performed in average 18 days after stroke
onset. ICH and hemorrhagic transformation were found in
12 (6%) and 41 (21%) patients, respectively.

In the subgroup of patients who received intravenous
thrombolysis (83 patients), hemorrhagic transformation and
ICH did not occur more frequently in patients with CMB than
in those without CMB (23.5% vs. 31.8%, P = 0.512). In patients
with confluent white matter lesions (Fazekas 3), CMBs were
found in 16 patients (43%) and located at cortico-subcortical
area (6 patients, 37.5%), infratentorial area (4 patients,
25%), and both cortico-subcortical and deep cerebral
hemisphere (6 patients, 37.5%).

CMBs were related to older age, hypertension, some stroke
subtypes (LAA, SAO), and higher Fazekas scale [Table 2].
However, multivariate analysis showed that only hypertension
(OR 3.05, 95% CI 1.07-8.68, P = 0.037) and moderate-to-severe
white matter lesions (Fazekas 2-3, OR 7.61, 95% CI 3.06—
18.95, P < 0.001) were related to the presence of CMBs.

There was association between the number of CMBs
and severity of white matter lesions or the presence of
hypertension as higher number of CMBs related to more
severe white matter lesions (P < 0.001) and the presence of
hypertension (P = 0.001) [Table 3].

In a subgroup of patients who were on single antiplatelet,
there was no significant difference in the presence of CMB

Figure 2: (T2/fluid attenuation inversion recovery images); (a) Fazekas
scale 0; (b) Fazekas 1; (c). Fazekas 2; (d) Fazekas 3
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Table 1: Baseline characteristics of the patients in the
study

Baseline characteristics Number of patients

(n=200), n (%)

Sex
Male 126 (63)
Female 74 (37)
Mean age (range, years) 61 (19-90)
Mean NIHSS at acute ischemic stroke (range) 8 (1-29)
Hypertension 122 (61)
Diabetes mellitus 57 (29)
Hyperlipidemia 115 (58)
Coronary artery disease 10 (5)
Old ischemic stroke 36 (18)
Atrial fibrillation 41 (21)
Smoking 50 (25)
Valvular heart disease 4(2)
Stroke subtypes
Large-artery atherosclerosis 75 (38)
Cardioembolic 41 (21)
Small-artery occlusion 51 (25)
Undetermined causes 28 (14)
Other causes 5(2)
Intravenous thrombosis 83 (42)
CMBs 39 (20)
Number of CMBs
1-5 31
6-10 4
>10 4
Location of CMBs
Cortico-subcortical region 9
Deep region 6
Infratentorial region 9
Cortico-subcortical and deep 15
Intracerebral hemorrhage from MRI 12 (6)
Hemorrhagic transformation 41 (21)
Fazekas score
0 63 (31.5)
1 65 (32.5)
2 35(17.5)
3 37 (18.5)
Antithrombotic medications after stroke
while having MRI
Single antiplatelet 125 (63)
Dual antiplatelets 27 (14)
Warfarin 37 (19)
Non-Vitamin K antagonist 503)

NIHSS: National Institutes of Health Stroke Scale, CMBs: Cerebral
microbleeds, MRI: Magnetic resonance imaging

and type of antiplatelet (aspirin; 23% (27/116) vs. clopidogrel;
20% (2/10), P = 0.495).

DiscussioN

The prevalence of CMB was 20% in this study, which was
lower than those reports from Japanese studies but closed

a report from a Chinese study. The prevalence of CMBs in
patients with ischemic stroke varies widely (0%—78%).1%
Ethnicity seems to be significant with higher prevalence of
CMBs among participants of Asian origin (43%) compared
with Western participants.! However, most studies in these
reports came from studies in Japan.®”) CMBs were found
in 24% of 458 Chinese patients with ischemic stroke in a
study.!'”

CMBs were related to older age, hypertension, stroke
subtypes (LAA, SAO), and leukoaraiosis in our study
and in other studies. The finding that the prevalence of
CMBs increased with age was reported in several studies
in adult participants without stroke.l'"'?l In patients
with ischemic stroke, CMBs were found in some stroke
subtypes. Kato et al. studied 213 patients with stroke
and reported higher prevalence of CMBs in patients with
lacunar infarct (62%) than those with cardioembolic
infarct (30%) and atherothrombotic infarct (21%).® Another
study from Japan found that CMBs were associated with
atherothrombotic (5/22, 23%) and lacunar (7/31, 23%) but
not in cardioembolic stroke (0/13, 0%).3] In our study,
clinical characteristics of the patients, results of cardiac
investigations and MRA were used to classify stroke
subtypes. CMBs were found in patients with LAA (53%) and
SAO (28%) more than those with CE (15%). Accumulation
of ischemic injuries in brain parenchyma is thought to
differ in atherothrombotic stroke and cardioembolic stroke,
suggesting that the relationship of CMBs and stroke subtype
in turn may reflect a different degree of fragility of vascular
walls.[1413]

Our study revealed that severe white matter lesions
(Fazekas 3) were related to the presence of CMBs. Strong
associations of CMBs with confluent white matter lesions,
leukoaraiosis, and lacunes were reported, all of which are
known to be associated with chronic hypertension, 81315
The severity of white matter lesions was associated with
the number of CMBs.*3) CMB may be an indicator for the
severity of cerebral microangiopathy. Abnormal permeability
of the arteriolar blood-brain barrier leading to extravasation of
blood components has been suggested.

The association of antithrombotic treatment and prevalence of
CMBs is still debated as some studies showed the relationship
but not in others.) Our study did not show a significant
difference between antithrombotic uses in patients with or
without CMBs. Although no patient receiving novel oral
anticoagulation (NOAC) had CMBs, only a small number of
patients used NOAC in the study. However, all MRI studies
were performed after acute ischemic stroke, so most patients
were on antithrombotic drugs. This may not accurately
investigate the effect of antithrombotic medications on the
presence of CMBs.

Charidimou et al. performed a systemic review and
meta-analysis to assess whether the presence of CMBs on
pretreatment MRI scans in patients with acute ischemic stroke
treated with thrombolysis is associated with the increased risk
of symptomatic ICH."! In this meta-analysis, the prevalence of
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Table 2: Baseline characteristics of patients with and without cerebral microbleeds

No CMBs (n=161), n (%) CMBs (1=39), n (%) P

Mean age 60 66 0.033
Mean NIHSS at acute ischemic stroke 8 8 0.971
Male sex 99 (62) 27 (69) 0.372
Hypertension 89 (55) 33 (85) 0.001
Diabetes mellitus 47 (29) 10 (26) 0.661
Hyperlipidemia 94 (58) 21 (54) 0.609
Coronary artery disease 9 (6) 1(3) 0.44
Old ischemic stroke 27 (17) 9(23) 0.36
Atrial fibrillation 35(22) 6 (15) 0.38
Smoking 40 (25) 10 (26) 0.918
Valvular heart disease 3(2) 1(3) 0.780
Stroke subtypes

Large-artery atherosclerosis 55 (34) 20 (53) 0.030

Cardioembolism 35(22) 6 (15)

Small-artery occlusion 40 (25) 11 (28)

Undetermined causes 26 (16) 2(5)

Other causes 503) 0
Intravenous thrombosis 66 (41) 17 (44) 0.769
Fazekas score

0 60 (37) 3(8) <0.001

1 58 (36) 7 (18)

2 23 (14) 31 (12)

3 20 (12) 17 (44)
Antithrombotic medications after stroke while having MRI

No 4(3) 1(3) 0.185

Single antiplatelet 98 (61) 27 (69)

Dual antiplatelets 21 (13) 6 (15)

Warfarin 32 (20) 5@13)

Non-Vitamin K antagonist 503) 0

NIHSS: National Institutes of Health Stroke Scale, CMBs: Cerebral microbleeds, MRI: Magnetic resonance imaging

Table 3: Correlation between number of CMBs and severity of white matter lesions/hypertension

Number of CMBs Fazekas Scale Hypertension

0 1 2 3 No Yes
0 60 (95.2%) 58 (89.2%) 24 (68.6%) 21 (56.8%) 73 (93.6%) 90 (73.8%)
1-5 3 (4.8%) 6 (9.2%) 8 (22.9%) 12 (32.4%) 4 (5.1%) 25(20.5%)
6-10 0 0 3 (8.6%) 1(2.7%) 1(1.3%) 3 (2.5%)
>10 0 1 (1.5%) 0 3 (8.1%) 0 4 (3.3%)

CMBs was 23.3%. Among patients with CMBs, symptomatic
ICH after thrombolysis was higher compared to those
without CMBs (8.5% vs. 3.9%, OR2.26, 95% CI 1.46-3.49,
P <0.0001). In our study, although hemorrhagic transformation
occurred more often in patients after intravenous thrombolysis
as compared to those not having thrombolytic treatment
(30% vs. 13.7%), the hemorrhagic transformation rate was
not different in patients with or without CMBs (23.5% vs.
31.8%, P = 0.512). Most hemorrhagic transformation was
asymptomatic, and only three cases were symptomatic.

As for limitations of this study, this was a retrospective study.
Patients with ischemic stroke were included in the study if
they had MRI/MRA during the study period. Most patients

did not have pretreatment MRI, so the effect of antithrombotic
drugs on the incidence of CMB could not be answered.
However, this was the first study looking for CMBs in Thai
patients with ischemic stroke. CMBs did not appear to be as
high as previous Asian reports.

CONCLUSIONS

In our study, CMBs were found in 20% of Thai patients with
ischemic stroke. CMBs were associated with hypertension and
severity of the white matter lesions.
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