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Frequency of Asymptomatic Microbleeds on T2*-
Weighted MR Images of Patients with Recurrent
Stroke: Association with Combination of Stroke

Subtypes and Leukoaraiosis

Hiromitsu Naka, Eiichi Nomura, Shinichi Wakabayashi, Hiroshi Kajikawa, Tatsuo Kohriyama,
Yasuyo Mimori, Shigenobu Nakamura, and Masayasu Matsumoto

BACKGROUND AND PURPOSE: Asymptomatic microbleeds shown by T2*-weighted MR
imaging are associated with small-artery diseases, especially with intracerebral hemorrhage.
Few studies have focused on the prevalence of microbleeds in patients with recurrent stroke. We
investigated frequency of microbleeds in patients with recurrent stroke and association of
presence of microbleeds with a combination of stroke subtypes and severity of leukoaraiosis.

METHODS: The study population consisted of 102 patients with primary stroke and 54
patients with recurrent stroke. Microbleeds were counted and classified by using T2*-weighted
MR imaging with a 1.0-T system.

RESULTS: Patients with recurrent stroke showed a significantly higher prevalence of mi-
crobleeds (68.5%) than did patients with primary stroke (28.4%) (P < .0001). Among patients
with recurrent stroke, the highest frequency of microbleeds occurred in those with intracerebral
hemorrhage alone (92.3%), with the next highest frequency occurring in those with a combi-
nation of intracerebral hemorrhage and ischemic stroke (76.5%) and then those with ischemic
stroke alone (50.0%) (P < .05). Leukoaraiosis was more severe in patients with recurrent stroke
than in patients with primary stroke, and correlations between grade of microbleeds and
severity of leukoaraiosis were found in patients with primary stroke (r � 0.367, P < .001) and
in patients with recurrent stroke (r � 0.553, P < .0001). Logistic regression analysis identified
recurrent stroke (odds ratio, 4.487; 95% confidence interval, 1.989�10.120) and leukoaraiosis
(odds ratio, 5.079; 95% confidence interval, 2.125�12.143) as being significantly and indepen-
dently associated with microbleeds.

CONCLUSION: Asymptomatic microbleeds are observed to occur frequently in patients with
recurrent stroke, either hemorrhagic or ischemic stroke, and are closely associated with the
severity of leukoaraiosis.

Gradient-echo T2*-weighted MR imaging is ex-
tremely sensitive for detecting silent microbleeds,
which are shown as signal intensity loss, representing
hemosiderin deposit (1, 2). Recent studies using T2*-
weighted MR imaging have shown a high frequency
of microbleeds in patients with severe leukoaraiosis,

lacunar infarction, and cerebral hemorrhage, indicat-
ing that an association exists between microbleeds
and small-artery disease (3–10).

Recurrent stroke potentially affects the prognosis
and physical and psychologic disability of the patient,
and it is extremely important not only to prevent
recurrence of stroke by antiplatelet or anticoagula-
tion therapy or by control of risk factors but also to
assess which patients are prone to recurrence by using
neuroradiologic tools. Previous stroke trials have re-
vealed considerable recurrence of stroke despite
treatment with antiplatelet or anticoagulation therapy
for the prevention of recurrence (11–16), but charac-
teristic neuroradiologic findings of patients who are
prone to recurrent stroke have not been elucidated.
T2*-weighted MR imaging is expected to have the
potential to identify those patients who are prone to
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recurrence. However, few studies have focused on the
prevalence of microbleeds in patients with recurrent
stroke. Recognition of microangiopathy that causes a
patient to be prone to bleeding is extremely impor-
tant, and T2*-weighted MR imaging could be useful if
the presence of microbleeds on T2*-weighted MR
images enables prediction of the recurrence of spe-
cific stroke subtypes. Therefore, the aim of the
present study was to evaluate frequency of microb-
leeds in patients with recurrent stroke and association
between presence of microbleeds with combination of
stroke subtypes and findings on conventional MR
images and MR angiograms.

Methods
We prospectively evaluated inpatient and outpatient sub-

jects with acute primary or recurrent stroke who underwent
MR imaging studies at our hospital from September 2002 to
March 2003. Histories of neurologic episodes were carefully
obtained from the patients and/or their families. Diagnosis of
acute stroke was made on the basis of neurologic signs and
symptoms and on the basis of results of neuroradiologic exam-
inations. Stroke was classified into ischemic stroke and intra-
cerebral hemorrhage, and ischemic stroke was further classified
according to the criteria of the National Institute of Neurologic
Disorders and Stroke as atherothrombotic infarction, cardio-
embolic infarction, and lacunar infarction (17). Cases of unde-
termined classification were excluded from this study. Acute
ischemic stroke was confirmed based on diffusion-weighted
images and apparent diffusion coefficient maps, and intracere-
bral hemorrhage was diagnosed on the basis of CT findings.
Cases in which hematoma was not caused by spontaneous
intracerebral hemorrhage (eg, caused by vascular malforma-
tion, trauma, cavernous hemangioma, or brain tumor) were
excluded from this study. The requirement for diagnosis of
previous stroke was symptomatic episodes that had been diag-
nosed as stroke and had been treated; cases with lesions sug-
gestive of stroke on MR images alone without neurologic
symptoms were not diagnosed as recurrent stroke. In patients
who had suffered recurrent stroke, the subtype of the previous
stroke and whether they had undergone antiplatelet or antico-
agulation therapy after the previous ischemic stroke were eval-
uated. Subsequent worsening of the same neurologic dysfunc-
tion after continuous disturbance of focal neurologic function
after the acute stroke was not recognized as recurrent stroke.

All patients in the study were examined with the use of a
1.0-T clinical MR imaging unit (Siemens, Magneton Har-
mony), and the whole brain was imaged with a section thickness
of 5 mm and intersection gap of 1.5 mm. The imaging protocol
consisted of axial view T2-weighted spin-echo sequences (4500/
112 [TR/TE]; field of view, 201 � 230; matrix, 225 � 512), axial
view T2*-weighted gradient-echo sequences (800/26; flip angle,
20 degrees; field of view, 230 � 230; matrix, 192 � 256),
diffusion-weighted imaging with single shot echo-planar spin-
echo sequences (5300/135; field of view, 196 � 261; matrix,
80 � 128; b values, 0 and 1000 mm2/s), and intracranial MR
angiography (3D time-of-flight sequence; 39/10; field of view,
150 � 200; matrix, 192 � 512). Patients were excluded if their
MR images could not be evaluated because of artifacts.

Microbleeds were defined as homogeneous, round hypoin-
tense lesions on T2*-weighted MR images, excluding lesions in
the globus pallidum and in the subarachnoid space, which are
likely to represent calcification and adjacent pial blood vessels,
respectively. Intracerebral lesions with a hemorrhagic compo-
nent were also excluded. Microbleeds were classified as absent
(grade 0), mild (grade 1; total number of microbleeds, one to
two), moderate (grade 2; total number of microbleeds, three to
10), and severe (grade 3; total number of microbleeds, �10)

according to the grading scale presented by Lee et al (18). MR
angiography was used to examine intracranial large arteries,
including the intracranial internal carotid, anterior cerebral,
middle cerebral, posterior cerebral, basilar, and intracranial
vertebral arteries, for the presence of intracranial large-artery
diseases, defined as �50% luminal narrowing. Arterial occlu-
sion suspected to be due to embolism by thrombus in patients
with cardioembolic infarction was not considered to be large-
artery disease. Leukoaraiosis shown by T2-weighted imaging
was graded by using the scoring system presented by Fazekas et
al (19): grade 0, absent; grade 1, punctate; grade 2, early
confluent; and grade 3, confluent. MR images were indepen-
dently evaluated by two of the authors (H.N., E.N.) without
knowledge of the patients’ clinical profiles; the number of
microbleeds and the grading scores of intracranial large-artery
diseases and leukoaraiosis were determined by consensus.

Values were expressed as means �SD. For the cases of
primary and recurrent stroke, the �2 test for independence was
used for comparison of sex ratio, hypertension, atrial fibrilla-
tion, diabetes mellitus, hyperlipidemia, and intracranial large-
artery diseases, Student’s t test was used for comparison of age,
and Mann-Whitney’s U test was used for comparison of grade
of leukoaraiosis and microbleeds. Prevalences of microbleeds
or intracranial large-artery diseases among the groups were
compared by conducting the �2 test for independence. Preva-
lences of hypertension and lacunar infarction among the pa-
tients with intracranial large-artery diseases with and those
without microbleeds were also compared by conducting the �2

test for independence. Comparisons of grades of microbleeds
in three or four groups were performed by the Kruskal-Wallis
rank test with post hoc comparisons (Scheffé). Correlation
between degrees of microbleeds and leukoaraiosis was exam-
ined by using the Spearman rank correlation test. Logistic
regression analysis was used to assess the relationships of mi-
crobleeds with the following variables: age, sex, hypertension,
atrial fibrillation, diabetes mellitus, hyperlipidemia, intracra-
nial large-artery diseases, leukoaraiosis, and primary or recur-
rent stroke.

Results
The study population consisted of 156 Japanese

patients with acute stroke, including 102 (57 men and
45 women; age, 69.0 � 12.7 years) with primary stroke
and 54 (38 men and 16 women; 68.6 � 11.4 years)
with recurrent stroke. Patient data are summarized in
Table 1. No statistical differences were observed in
age, sex ratio, or prevalences of hypertension, atrial
fibrillation, diabetes mellitus, hyperlipidemia, or in-
tracranial large-artery diseases between the primary
and recurrent stroke groups. However, the grade of
leukoaraiosis was higher in the recurrent stroke group
than in the primary stroke group (P � .0001).

TABLE 1: Background of the patients

Primary
Stroke

Recurrent
Stroke P

Patients, n (M/F) 102 (57/45) 54 (38/16) .0777
Age, yr (SD) 69.0 (12.7) 68.6 (11.4) .8377
Hypertension, n (%) 65 (63.7) 38 (70.4) .4045
Atrial fibrillation, n (%) 14 (13.7) 5 (9.3) .4171
Diabetes mellitus, n (%) 23 (22.5) 9 (16.7) .3867
Hyperlipidemia, n (%) 20 (19.6) 10 (18.5) .8695
Intracranial large-artery

disease, n (%)
38 (37.3) 16 (29.6) .3409

Leukoaraiosis, grade (SD) 1.04 (0.91) 1.74 (0.99) �.0001

Note.—M indicates male; F, female.
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Prevalences and grades of microbleeds in the pa-
tients in the primary stroke group are summarized in
Table 2. Microbleeds were observed more frequently
in patients with intracerebral hemorrhage (47.2% of
the patients) than in patients with atherothrombotic
infarction (22.7%) or lacunar infarction (22.6%). Mi-
crobleeds were not observed in patients with cardio-
embolic infarction. The grade of microbleeds was
highest in patients with intracerebral hemorrhage,
with statistical significance for patients with cardio-
embolic infarction (P � .05). A significant correlation
was shown between grade of microbleeds and severity
of leukoaraiosis (r � 0.367, P � .001). No significant
difference was shown in incidences of intracranial
large-artery diseases between patients with primary
stroke with microbleeds and patients with primary
stroke without microbleeds.

Combinations of stroke subtypes in patients with
recurrent stroke are summarized in Table 3. Two
patients with intracerebral hemorrhage who had un-
dergone antiplatelet therapy after previous ischemic
stroke (cases of lacunar/intracerebral hemorrhage)
exhibited severe microbleeds. On the other hand,
three patients who had not undergone antiplatelet or

anticoagulant therapy after previous ischemic stroke
exhibited intracerebral hemorrhage (cases of lacunar/
intracerebral hemorrhage), and two of the three ex-
hibited microbleeds. Patients with recurrent stroke
had a significantly higher prevalence of microbleeds
than did patients with primary stroke (68.5% versus
28.4%, P � .0001). The grade of microbleeds was also
significantly higher in patients with recurrent stroke
than in patients with primary stroke (P � .0001).
Representative T2- and T2*-weighted MR images are
shown in Figure 1. The prevalences and grades of
microbleeds in patients with ischemic stroke (includ-
ing atherothrombotic infarction, cardioembolic in-
farction, and lacunar infarction) alone, in patients
with intracerebral hemorrhage alone, and in patients
with a combination of ischemic stroke and intra-
cerebral hemorrhage are summarized in Table 4.
Frequency of microbleeds was highest in the group
of patients with intracerebral hemorrhage alone
(92.3%), next highest in the group of patients with
intracerebral hemorrhage and ischemic stroke
(76.5%), and then in the group of patients with
ischemic stroke alone (50.0%) (P � .05). The order of
grades of microbleeds was the same: highest in the

TABLE 2: Prevalence and grade of microbleeds in patients with primary stroke

Microbleeds
n (%)

Grade of Microbleeds

Absent
(grade 0), n

Mild
(grade 1), n

Moderate
(grade 2), n

Severe
(grade 3), n

Stroke subtype
Atherothrombotic (n � 22) 5 (22.7) 17 3 2 0
Cardioembolic (n � 13) 0 (0) 13 0 0 0
Lacunar (n � 31) 7 (22.6) 24 4 0 3
Intracerebral hemorrhage (n � 36) 17 (47.2) 19 5 10 2

Total (n � 102) 29 (28.4) 73 12 12 5

TABLE 3: Combination of stroke subtypes in patients with recurrent stroke

Antiplatelet or Anticoagulation
Therapy after Previous Stroke Patients, n Microbleeds, n

Combination of stroke subtype*
Intracerebral hemorrhage/intracerebral hemorrhage 9 8
Lacunar/lacunar � 6 2
Intracerebral hemorrhage/lacunar 9 8
Intracerebral hemorrhage (three times) 4 4
Lacunar/intracerebral hemorrhage � 3 2
Atherothrombotic/lacunar � 3 1
Intracerebral hemorrhage/atherothrombotic 2 1
Atherothrombotic/atherothrombotic � 2 1
Lacunar/atherothrombotic � 2 2
Lacunar/lacunar � 2 1
Lacunar/atherothrombotic � 2 1
Lacunar/intracerebral hemorrhage � 2 2
Cardioembolic/cardioembolic � 2 1
Atherothrombotic/atherothrombotic � 2 2
Intracerebral hemorrhage/cardioembolic 1 0
Lacunar (three times) � 1 1
Atherothrombotic/lacunar � 1 0
Cardioembolic/cardioembolic � 1 0

Total 54 37

* Combination of stroke subtype expressed as previous stroke subtype/latest stroke subtype; Present is indicated by � and absent by �.
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group of patients with intracerebral hemorrhage alone,
next highest in the group of patients with intracerebral
hemorrhage and ischemic stroke, and then in the group
of patients with ischemic stroke alone (P � .01). Al-
though a significant correlation was found between
grade of microbleeds and severity of leukoaraiosis in the
patients with recurrent stroke (r � 0.553, P � .0001), no
significant difference was observed in incidences of in-
tracranial large-artery diseases between patients with
recurrent stroke with microbleeds and patients with re-
current stroke without microbleeds.

Among the patients with intracranial large-artery
diseases (54 patients), 22 were shown to have micro-

bleeds. Patients with intracranial large-artery diseases
and microbleeds showed a significantly higher preva-
lence of hypertension or lacunar infarction (90.9%)
than did those with intracranial large-artery diseases
but without microbleeds (59.4%) (P � .0110).

Results of logistic regression analysis showed that
recurrent stroke (odds ratio, 4.487; 95% confidence
interval, 1.989�10.120) and leukoaraiosis (odds ratio,
5.079; 95% confidence interval, 2.125�12.143) were
significantly and independently associated with pres-
ence of microbleeds, whereas atrial fibrillation had a
significant and independent negative association with
presence of microbleeds (Table 5).

FIG 1. MR images of a 75-year-old pa-
tient with intracerebral hemorrhage in the
right parietal lobe 8 years after the occur-
rence of intracerebral hemorrhage in the
left putamen.

A and B, T2*-weighted gradient-echo
images (800/26; flip angle, 20 degrees)
reveal multiple foci of signal intensity loss
(microbleeds) in the brain stem, cerebel-
lum, basal ganglia, and cerebral hemi-
spheres. In addition, old intracerebral
hemorrhage is evident in the left putamen.

C and D, T2-weighted spin-echo im-
ages (4500/112) show the site of old intra-
cerebral hemorrhage in the left putamen,
but microbleeds are not evident.

TABLE 4: Prevalence and grade of microbleeds in patients with each combination of subtypes of recurrent stroke

Microbleeds
n (%)

Grade of Microbleeds

Absent
(grade 0), n

Mild
(grade 1), n

Moderate
(grade 2), n

Severe
(grade 3), n

Combination of stroke subtype
Intracerebral hemorrhage alone (n � 13) 12 (92.3) 1 1 4 7
Intracerebral hemorrhage and ischemic

stroke (n � 17)
13 (76.5) 4 1 5 7

Ischemic stroke alone (n � 24) 12 (50.0) 12 4 5 3
Total (n � 54) 37 (68.5) 17 6 14 17
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Discussion
In the present study, we evaluated frequency of

microbleeds in patients with recurrent stroke and
association of microbleeds with combination of stroke
subtypes and severity of leukoaraiosis. The following
results were obtained: 1) prevalence and grade of
microbleeds were significantly higher in patients with
recurrent stroke than in patients with primary stroke;
2) microbleeds were observed more frequently and
were of higher grade in patients with intracerebral
hemorrhage than in patients with either primary or
recurrent ischemic stroke but were frequently ob-
served even in patients with recurrent ischemic stroke
(prevalence of 50%); and 3) leukoaraiosis was more
severe in patients with recurrent stroke than in pa-
tients with primary stroke, and a correlation was
found between grade of microbleeds and severity of
leukoaraiosis in both patients with primary stroke and
those with recurrent stroke.

Previous studies using T2*-weighted MR imaging
have revealed that there is an association between
presence of microbleeds and small-artery disease (3–
10), as was also indicated by the results of the present
study, which showed a high frequency of microbleeds
in patients with intracerebral hemorrhage or severe
leukoaraiosis but no association between presence of
microbleeds and intracranial large-artery diseases.
Association of microbleeds with small-artery diseases
but not with intracranial large-artery diseases was
further indicated by the results; among patients with
intracranial large-artery diseases, those with microb-
leeds showed a significantly higher prevalence of hy-
pertension or lacunar infarction, which is associated
with small-artery disease, than did those without mi-
crobleeds. However, to the best of our knowledge,
few studies have focused on microbleeds in patients
with recurrent stroke. Some studies have included
cases of recurrent stroke. Roob et al (5) reported that
among patients with primary intracerebral hemor-
rhage, those with microbleeds more frequently have
histories of stroke than do those without. Kato et al
(7) revealed a correlation between number of micro-
bleeds and number of intracerebral hemorrhages or
lacunar infarctions. However, no detailed evaluation
of the combination of stroke subtypes was conducted
in those studies.

The present study clearly showed that patients with
recurrent stroke had a higher prevalence and higher

grade of microbleeds than did those with primary
stroke. In addition, the prevalences of microbleeds
were similar but not exactly the same in patients with
primary and recurrent stroke with each subtype of
stroke; although microbleeds were associated more
with intracerebral hemorrhage than with ischemic
stroke in patients with primary and recurrent stroke,
their prevalence was high in patients with recurrent
stroke with all combinations of subtypes. Association
between microbleeds and symptomatic intracerebral
hemorrhage has been shown in many studies (8–10,
20–24). Tsushina et al (9) reported that the presence
of microbleeds was most significantly correlated with
history of hemorrhagic stroke. Microbleeds have been
reported to be a risk factor for acute postischemic
cerebral hemorrhage (22, 23) and also to be associ-
ated with intracerebral hemorrhage in patients with
cerebral amyloid angiopathy (20, 21). In addition,
some studies have indicated that the presence of mi-
crobleeds increases the risk of hemorrhagic transfor-
mation in patients receiving thrombolytic therapy for
acute ischemic stroke (23) or the risk of aspirin-
associated intracerebral hemorrhages (10). In the
present study, two antiplatelet-treated cases of intra-
cerebral hemorrhage exhibited severe microbleeds.
The presence of microbleeds may identify the pa-
tients with bleeding-prone microangiopathy, by which
decision of using antiplatelet or anticoagulation ther-
apy after ischemic stroke would be possible. Cohort
studies are needed to clarify whether patients with
microbleeds are really prone to bleeding or whether
both microbleeds and symptomatic intracerebral
hemorrhage occur after the progression of microan-
giopathy.

The notable findings of this study are the high
frequency of microbleeds in patients with recurrent
stroke and the different microbleed prevalences in
patients with each subtype of recurrent stroke than in
patients with each subtype of primary stroke. Not only
were extremely high prevalences shown in patients
with intracerebral hemorrhage alone and in patients
with a combination of intracerebral hemorrhage and
ischemic stroke, but also, a relatively high prevalence
(50%) was shown in patients with ischemic stroke
alone. This may be explained by the more severe
leukoaraiosis in patients with recurrent stroke than in
patients with primary stroke. Previous studies have
revealed that microbleeds are associated with leuko-
araiosis (3, 5, 7–9) but not with intracranial large-
artery diseases (18), indicating that small-artery dis-
ease results in the presence of microbleeds. In
addition, leukoaraiosis has been shown to be closely
linked with both intracerebral hemorrhage and isch-
emic injury (25–27). Either rupture or occlusion as-
sociated with microangiopathy may result in intrace-
rebral hemorrhage or ischemic stroke, depending on
the circumstances. Kim et al (8) revealed that micro-
bleeds are a predictor of intracerebral hemorrhage in
patients with no or mild leukoaraiosis but they occur
similarly in association with both ischemic stroke and
hemorrhagic stroke in patients with advanced leuko-
araiosis. Progression of leukoaraiosis in the course of

TABLE 5: Logistic regression analysis

Variable Odds Ratio 95% CI P

Age 0.992 0.957–1.029 .6771
Sex 1.764 0.754–4.125 .1905
Hypertension 1.986 0.823–4.794 .1271
Atrial fibrillation 0.209 0.047–0.934 .0404
Diabetes mellitus 1.257 0.495–3.192 .6306
Hyperlipidemia 0.566 0.205–1.564 .2721
Intracranial large-artery diseases 0.981 0.425–2.264 .9642
Leukoaraiosis 5.079 2.125–12.143 .0003
Recurrent stroke 4.487 1.989–10.120 .0003

Note.—CI indicates confidence interval.

718 NAKA AJNR: 25, May 2004



continuous disturbance of a small artery related to
long-standing exposure to stroke risk factors after
primary stroke might result in the appearance of
microbleeds and finally result in recurrence of stroke
of any subtype, not restricted to intracerebral hemor-
rhage.

Conclusion
Asymptomatic microbleeds shown by T2*-weighted

MR imaging frequently occur in patients with recur-
rent stroke, either hemorrhagic or ischemic stroke,
and the microbleeds are closely associated with sever-
ity of leukoaraiosis. The presence of microbleeds may
be an increased risk factor for recurrent stroke, and
we might be able to identify those patients who are
likely to experience recurrent stroke.
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