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Abstract

Background: Cerebral microbleeds are small, round dark-signal foci in the T2*-weighted magnetic resonance imaging.
They are encountered in cerebral amyloid angiopathy and hypertensive vasculopathy. Their prevalence is common in
ischemic stroke and cerebral hemorrhage. The purpose of this study is to investigate the prevalence of CMBs and
associated risk factors in the elderly patients with acute ischemic stroke.

Results: Cerebral microbleeds were significantly associated with the presence of hypertension (in the subgroup of
recurrent stroke) and with hypercholesterolemia. There was a significant association between the number of the
microbleeds and severity of white matter lesions as a higher number of microbleeds related to more severe white
matter lesions. The microbleeds were more prevalent in the group of patients using antithrombotics.

Conclusion: Age, hypercholesterolemia, and the use of antithrombotics emerged as the most important associated
risk factors for the presence of CMBs. On MRI, there was a significant association between the number of CMBs and
severity of white matter lesions as a higher number of CMBs related to more severe white matter lesions.
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Background
Cerebral microbleeds (CMB) were defined as small
round dark-signal lesions encountered by T2*-weighted
or gradient-echo (GRE) magnetic resonance imaging
(MRI) [1]. These were presented to the clinical practice
in the late 1990s and early 2000s after the evolution of
MRI techniques sensitive to paramagnetic effects [2].
Histologically, they are tiny foci containing hemosid-
erin-laden macrophages in close spatial relation with
abnormal blood vessels [3].
Two main types of vasculopathies have been linked with

CMBs in the aging brain: cerebral amyloid angiopathy
(CAA) and hypertensive vasculopathy (HV). CAA occurs
as a result of the accumulation of β-amyloid on the vessel
walls of cortical and leptomeningeal arteries, whereas HV
is associated with long-standing hypertension and appears
as lipofibrohyalinosis of the deep penetrating arterioles.
Since both forms are associated with age, they may

co-occur in a single person with different degrees of
severity [4].
The clinical significance of CMBs has mainly been

demonstrated in the light of cerebral hemorrhage and
ischemic stroke, as their prevalence is common in
both conditions [5]. They are considered as a marker
of future stroke risk [6]. In addition, they have an in-
dependent association with cognitive dysfunction [7].
The reported prevalence of CMBs in ischemic stroke

patients differs considerably {35–71%} [8–13]. This may
be attributed to the heterogeneity of ischemic stroke per
se or to differences in studied populations. Ethnicity
may play a role in the prevalence of CMB.
The purpose of this study is to investigate the

prevalence of CMBs and associated risk factors in the
elderly patients with acute ischemic stroke.

Methods
Patients
The study was approved by the local institutional review
board.
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A retrospective study of elderly patients presented
with acute ischemic stroke (primary or recurrent), in
the period between January 2017 and December 2018,
was conducted in Ain Shams University Hospitals
which is one of the biggest tertiary hospitals in Cairo.
The collected patient’s data included the following:

� Age and sex
� History of vascular risk factors including

hypertension, diabetes mellitus, atrial fibrillation,
hypercholesterolemia, and smoking

� History of antithrombotic treatment (antiplatelets or
anticoagulants)

Fig. 1 Recurrent atherothrombotic stroke in a 70-year-old male. There is a recent right occipital infarction evident by restricted diffusion in the DWI (b
= 1000 s/mm2) (a) with corresponding low signal on the ADC map (b). Higher cuts reveal an old right posterior parietal infarction showing dark signal
on the DWI (c) with high signal on the ADC map (d) denoting facilitated diffusion. Time of flight cerebral MRA (maximum intensity projection-MIP) (e)
shows diffuse atherosclerotic changes of the cerebral arteries expressed by vessels beading, attenuation, and reduced peripheral branching
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� Brain MRI and cerebral MRA (magnetic resonance
angiography) findings

Ischemic stroke was classified according to the criteria of
the National Institute of Neurologic Disorders and Stroke
[14] as atherothrombotic infarction, cardio-embolic infarc-
tion, and lacunar infarction.
Inclusion criteria:

� Age ≥ 60 years
� No sex predilection
� Acute ischemic stroke presentation

Exclusion criteria:

� Age less than 60 years
� Cases of undetermined stroke subtype
� Patients with no or poor quality MR images

MR imaging sequences and interpretation
Brain MRI examinations were performed on a supercon-
ducting 1.5 T unit (Achieva; Philips Medical Systems,
Best, the Netherlands).
All patients were scanned using standard stroke proto-

col with a dedicated head coil. The pulse sequences
included:

� Axial T1-weighted (T1W) images (fast spin-echo
sequence): repetition time (TR) = 597 ms, echo time
(TE) = 15 ms, number of excitations (NEX) 2, flip

angle 90, matrix 137 × 208 with a field of view
(FOV) 230 (AP) × 186 (RL) × 131 (FH) mm, slice
thickness 5 mm, and gap 0 mm.

� Axial T2-weighted (T2W) images (fast spin-echo
sequence): TR = 4845 ms, TE = 110 ms, NEX 2, flip
angle 90, matrix 147 × 256 with FOV 230 (AP) ×
183 (RL) × 131 (FH) mm, slice thickness 5 mm, and
gap 0 mm.

� Axial FLAIR (fluid-attenuated inversion recovery)
images: TI (inversion time) = 2800 ms, TR = 11000
ms, TE = 130 ms, NEX 2, flip angle 90, matrix 137 ×
208 with FOV 230 (AP) × 184 (RL) × 131 (FH) mm,
slice thickness 5 mm, and gap 0 mm.

� Axial diffusion-weighted (DW) images: TR = 3724
ms, TE = 117 ms, b value = 0 and 1000 s/mm2,
matrix 105 × 136 with FOV 232 (AP) × 202 (RL) ×
131 (FH) mm, slice thickness 5 mm, and gap 0 mm.

� Axial T2*-weighted (T2*W) images: TR = 691 ms,
TE = 23 ms, matrix 133 × 208 with FOV 230 (AP) ×
184 (RL) × 131 (FH) mm, slice thickness 5 mm, and
gap 0 mm.

� Time of flight MRA of the circle of Willis.

The MR images were analyzed by 3 neuro-radiologists
who were blinded to the old radiological reports.
Acute ischemic stroke was evident on the DWI as an

area of diffusion restriction with corresponding low
signal on the ADC map (Fig. 1).
Old strokes were depicted as gliotic/malacetic areas

showing bright T2WI signal and low T1WI+/− FLAIR

Fig. 2 Sequential cuts of T2*WI showing several dark signal foci of blooming scattered in both hemispheres representing grade 2 microbleeds
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signal with no diffusion restriction and high signal on
the ADC map (Fig. 1). Patients with old strokes were
sub-grouped as recurrent strokes.
T2 GRE images were analyzed for the presence or ab-

sence of cerebral micro-bleeds. The grading scale of Lee et
al. [15] was used [Fig. 2] which is summarized in Table 1.
White matter FLAIR hyperintensities (leukoaraiosis)

were graded using the scoring system prescribed by
Fazekas et al. [16] as grade 0, absent; grade 1, punctate
white matter foci; grade 2, early confluent lesions; and
grade 3, confluent lesions (Fig. 3).
Baseline characteristics, stroke subtypes, and severity

of white matter lesions were compared between patients
with and without CMBs.

Statistical methods
IBM SPSS statistics (V. 25.0, IBM Corp., USA,
2017–2018) was used for data analysis. The date was
expressed as mean ± SD for quantitative parametric
measures in addition to both number and percentage for
categorized data.
The following tests were done:
1. Comparison between two independent mean groups

for parametric data using Student t test.
2. Chi-square test to study the association between

each 2 variables or comparison between 2 independent
groups as regards the categorized data.

3. One-way ANOVA test (#post hoc test)
The probability of error at < 0.05 was considered

statistically significant

Results
A total of 374 elderly patients (198 males and 176
females) with acute ischemic stroke were included in the
study. Their age ranged from 60 to 93 years (mean age
68, ± 6.772 SD). 52.9% were males and 47.1% were
females. Among the cardiovascular risk factors, dyslipid-
emia had the highest prevalence (65.85%) in the studied
patients.
Table 2 shows the baseline characteristics of the study

population.
The prevalence of CMBs among all the participants

was found to be 29.4% (110/374 patients).
As shown in Table 3, the grade of microbleeds is

significantly associated with older age (P = 0.03).
CMBs were also significantly associated with the pres-

ence of hypertension in the subgroup of recurrent stroke
(P = 0.04) but not in patients with primary stroke (P =
0.17), as described in Tables 4 and 5.
In our study population, CMBs showed significant asso-

ciation with hypercholesterolemia (P < 0.001) (Table 6).
There was no significant association between the pres-

ence of microbleeds and stroke subtypes nor recurrent
stroke (Table 7).
CMBs were found to occur more frequently in deep brain

areas in hypertensive patients (P < 0.001) as demonstrated
in Table 8.
There was a significant association between the num-

ber of CMBs and severity of white matter lesions as a
higher number of CMBs related to more severe white
matter lesions (P < 0.001), as shown in Table 9.
The microbleeds were more prevalent in the group of

patients using antithrombotics (P < 0.001) (Table 10).

Table 1 Grading of cerebral micro-bleeds

Grade Number of microbleeds

0 0

1 (mild) 1–2

2 (moderate) 3–10

3 (severe) > 10

Fig. 3 Axial FLAIR in two different patients showing grade 1 (a) and grade 3 (b) white matter hyperintensities according to Fazeka’s grading
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Discussion
With the widespread of MRI in stroke patients, CMBs
have been commonly encountered which emphasized
considerable prevalence and significance of CMBs in the
aging population [17]. As the prevalence of CMBs varies
tremendously depending on the MRI study characteris-
tics and the selection of the study population, the
reported prevalence in different clinical conditions has
greatly broad ranges: 47 to 80% in intracranial
hemorrhage [10, 18], 18 to 71% [9, 19] in ischemic
stroke, or 17 to 46% in cognitive decline/dementia [20].
On the other hand, several population-based studies
have also reported CMB prevalence in subjects without
a history of cerebrovascular disease to be between 3 and
7% [21–23].
In the present study, the prevalence of CMBs was

found to be 29.4% in the Egyptian elderly with acute
ischemic stroke which is lower than reported by
Koennecke HC [5] (40%) but close to a report from a
Chinese study that found prevalence of CMBs to be
24% in Chinese patients with ischemic stroke [24].
Several studies reported that the prevalence of CMBs

increased with age in adult participants without stroke
[5, 23]. In our study, we found that the grade of micro-
bleeds is significantly associated with older age.
In our study population, 61.5% were hypertensive.

Despite this, we did not find a significant association of
hypertension with CMBs except in the subgroup of
recurrent stroke.
In several studies, hypertension has not steadily been

found to be associated with microbleeds. Jeerakathil et al.
[8] found an association between microbleeds and hyper-
tension which disappeared after the correction for age and
sex. In patients with ischemic stroke, microbleeds were
associated with chronic hypertension in some studies, but
others did not confirm this association [25].

Table 2 Baseline characteristics of the study population

Baseline characteristic Number of patients
(n = 374), n (%)

Sex

Male 198 (52.9%)

Female 176 (47.1%)

Mean age(range, years) 68 (60-93)

Hypertension 230 (61.5%)

Diabetes mellitus 188 (50.3%)

Hyperlipidemia 264 (65.8%)

Atrial fibrillation 30 (8%)

Smoking 80 (21.3%)

Old stroke 212 (56.7%)

Stroke subtypes

Atherothrombotic infarction 236 (63.3%)

Cardioembolic infarction 22 (5.8%)

Lacunar infarction 116 (31%)

CMBs

Absent 110 (29.4%)

Grade 1 264 (70.6%)

Grade 2 78 (20.9%)

Grade 3 16 (4.3%)

Location of microbleeds

Cortico-subcortical region 58 (51.8%)

Deep and infratentorial region 40 (35.7%)

Cortico-subcortical and deep 14 (12.5%)

Fazekas score

0 54 (14.4%)

1 116 (31 %)

2 132 (35.3%)

3 72 (19.3%)

Antithrombotic use 112 (29.9%)

Antiplatelets 88

Anticoagulant 24

Table 3 Relation between age and grade of microbleeds

Age Fa P
valueMean SD

Microbleeds grade 1.00 68.18 6.06 3.87 0.03

2.00 72.25b 8.58

3.00 63.62b 3.70
aOne-way ANOVA test (bpost hoc test)

Table 4 Relation between hypertension and the presence of
microbleeds in patients with primary stroke

Microbleeds Chi-
square
test

P
valuePositive Negative

N % N %

Hypertension Negative 20 50.0 40 32.8 1.91 0.17

Positive 20 50.0 82 67.2

Table 5 Relation between hypertension and the presence of
microbleeds in patients with recurrent stroke

Microbleeds Chi-
square
test

P
valuePositive Negative

N % N %

HTN Negative 18 25.7 66 46.5 4.23 0.04

Positive 52 74.3 76 53.5
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In the present study, CMBs were found to occur more
frequently in deep brain areas in hypertensive patients.
Several pathologic studies have observed that hypertensive
angiopathy is predominantly noted in deep or infratentor-
ial brain areas, while amyloid angiopathy is commonly
situated in cerebral lobar regions [25]. Furthermore, other
population-based observational studies have shown that
hypertension or elevated blood pressure [26, 27] was
associated with deep/infratentorial CMBs. These findings
are in line with ours.
Intriguingly, a study by Lee et al. [28] investigating

microbleeds in 129 hypertensive patients noted micro-
bleeds to occur more frequently in the cortico-subcortical
region.
The Rotterdam Scan Study has showed significant asso-

ciation of very low serum cholesterol levels (< 4.42 mmol/
L versus higher values) with the presence of strictly lobar
microbleeds [27], whereas Yubi et al. [29] noted that lower
total cholesterol levels were associated with the presence
of deep/infratentorial CMBs in the Japanese elderly. In
contrast, in our study, we found a significant association
of hypercholesterolemia and the presence of microbleeds.
The exact reason for the inconsistency between Japanese
and Western studies and our study is unknown but may
be due to dissimilarity in the genetic backgrounds, the age
distributions, and lifestyles [26].
On the other hand, our study findings are in line with

Ni R et al. [30] who reported an association of multiple

CMBs with white matter hyperintensities (WMH), dys-
lipidemia, hyperhomocysteine, and uric acid.
50.3% of our patients were diabetics. However, no

significant associations have been found between CMBs
and diabetes in our study participants. Association be-
tween CMBs and diabetes has been inconsistent across
published reports [31].
In ischemic stroke, CMBs are more commonly reported

in patients with small vessel disease ischemic stroke than
in individuals having large vessel stroke (atherothrom-
boembolic or cardioembolic) [32]. Kato et al. [19] reported
a greater prevalence of CMBs in subjects with lacunar in-
farct (62%) than those with cardioembolic infarct (30%)
and atherothrombotic infarct (21%) in a study which
included 213 patients with ischemic stroke. However, an-
other study from Japan noted that CMBs were associated
with atherothrombotic (5/22, 23%) and lacunar (7/31,
23%) but not in cardioembolic stroke (0/13, 0%) [17].
In our study, we did not find a significant association

between the presence of CMBs and stroke subtype.
Our study revealed an association between the number

of CMBs and the severity of white matter lesions as a
higher number of CMBs related to more severe white
matter lesions. A relationship between CMBs and sever-
ity of white matter hyperintensities, or leukoaraiosis, has

Table 6 Relation between dyslipidemia and the presence of
microbleeds

Microbleeds.gr Total

Negative Positive

Hypercholesterolemia − Count 44 84 128

% 16.7% 76.4% 34.2%

+ Count 220 26 246

% 83.3% 23.6% 65.8%

Total Count 264 110 374

% 100.0% 100.0% 100.0%

Chi-square tests

Value P

Pearson chi-square 61.461 < 0.001

Table 7 Relation between stroke subtype and the presence of
microbleeds

Microbleeds X2 P
valuePositive Negative

N % N %

Stroke subtype Atherothrombotic 68 61.8 168 63.6 1.48 0.48

Lacunar 32 29.1 84 31.8

Embolic 10 9.1 12 4.5

Table 8 Relation between hypertension and site of microbleeds

Site of microbleeds Chi-
square
test

P
valueLobar Deep Mixed

N % N % N %

Hypertension Negative 38 65.5 0 0.0 0 0.0 28.77
FE

< 0.001

Positive 20 34.5 40 100.0 14 100.0

Table 9 Correlation between number of CMBs and severity of
white matter lesions

Microbleeds’ grade Total

0 1 2 3

Fazekas score 0 Count 46 8 0 0 54

% 17.4% 10.3% 0.0% 0.0% 14.4%

1 Count 88 26 2 0 116

% 33.3% 33.3% 12.5% 0.0% 31.0%

2 Count 86 36 6 4 132

% 32.6% 46.2% 37.5% 25.0% 35.3%

3 Count 44 8 8 12 72

% 16.7% 10.3% 50.0% 75.0% 19.3%

Total Count 264 78 16 16 374

% 100.0% 100.0% 100.0% 100.0% 100.0%

Chi-square tests

Value P

Pearson chi-square 28.031 < 0.001
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been reported in ischemic and hemorrhagic stroke pa-
tients [33–35], Alzheimer’s dementia [36–38], vascular
dementia [33], and community-dwelling elderly [23, 39].
These findings indicate that the detection of microbleeds
reflects advanced stage of microangiopathy in which the
blood vessels are prone to bleeding.
The association of antithrombotic treatment and preva-

lence of CMBs is still debated as some studies reported
the relationship but not in others [24]. In our study, we
observed that microbleeds were more prevalent in the
group of patients using antithrombotics.
As a part of self-criticism, our study is limited as we

included patients from only one tertiary referral center
that covers a limited geographical area in Egypt. Future
work including a bigger sample from a greater geo-
graphic area or be expanded to a multi-government ana-
lysis is encouraged.

Conclusion
The present study is the first observational study to ex-
plore the prevalence of CMBs and associated risk factors
in Egyptian elderly with acute ischemic stroke.
In our study, we found that the prevalence of microbleeds

is 29.4% (110/374 patients) in the elderly population of pa-
tients suffering from ischemic stroke. Age, hypercholester-
olemia, and use of antithrombotics emerged as the most
important associated risk factors for the presence of CMBs.
On MRI, there was a significant association between the
number of CMBs and severity of white matter lesions as a
higher number of CMBs related to more severe white mat-
ter lesions.
Further prospective studies are required to define the

risk factors for the development of CMBs and to set
strategies for prevention of CMBs and consequent
neurologic disorders including symptomatic stroke and
dementia.
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