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Microbleeds in Patients with Primary
Intracerebral Hemorrhages
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Objective : We investigate risk factors of cerebral microbleeds{MBs) and their relation to concomitant magnetic resonance
(MR] findings in intracerebral hemorrhages(ICHs) patients.

Methods : We studied 100 consecutive patients with primary ICH over a 1-year period. These patients underwent brain
MR images using 3.0-T scanners within the first week of the hemorrhage. MBs and old hematomas were located and
counted by using T2*-weighted gradient-echo MR imaging. We also counted lacunes and graded white matter and per-
iventricular hyperintensity on T1- and T2-weighted spin-echo sequences. The association between MBs and vascular risk
factors and MR abnormalities were analyzed.

Results : MBs were seen in 77 of ICH patients, and their number ranged from 1 to 65 lesions [mean 11, median 6). The
locations of MBs were subcortex-cortex (40.6%), basal ganglia (26.7%), thalamus (14.1%), brain stem (12.5%], and cerebellum
(9.1%)]. Analysis of clinical data revealed that age, hypertension, history of stroke, and duration of hypertension were
frequently associated with MBs. The incidence of lacunes, old hematomas, and advanced leukoaraiosis was significantly
higher in the MBs group, compared with the patients without MBs.

Conclusion : MBs are frequently observed in ICH patients with advancing age, chronic hypertension, and previous hemorrhagic
stroke, and are also closely related with morphological signs of occlusive type microangiopathy, such as lacunar infarct

and severe leukoaraiosis.
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Microangiopathy.

Introduction

ntracerebral hemorrhage(ICH) is associated with a high

mortality and morbidity"?, and the control of risk factors
is major in preventing the occurrence of hemorrhagic stroke.
It could be of clinical importance to estimate a person’s ind-
ividual risk for suffering from a primary ICH by using neu-
roradiologic tools. The advent of gradient-echo(GE) T2*-
weighted magnetic resonance(MR) imaging has generated
recent interest in cerebral microbleeds(MBs), which are detected
as small areas of signal loss, indicative of a bleeding-prone
microangiopathy or vascular vulnerability***”. Our major
goals were to clarify whether their presence was associated with
vascular risk factors and MR abnormalities concomitant with
primary JCHs.

Materials and Methods

Patients population

We examined consecutive series of symptomatic ICH pat-
ients from January 2004 to December 2004 at our hospital,
and selected 100 who underwent brain MRI, including T2*
weighted GE sequences. These patients consisted of 53 women
and 47 men with a mean age 58.9 = 11.5 years (range, 34 to
85 years). Patients with a known cause of hemorrhage such as
trauma, cerebral tumors, cerebral amyloid angiopathy, coagu-
lopathy; or vascular malformation were excluded. The locations
of the spontaneous ICHs were as follows: basal ganglia in 46
patients, cortex-subcortex in 25, thalamus in 22, cerebellum
in five, and brain stem in two. Fresh hematomas were grouped
by cerebral regions as lobar lesions (involving cerebral white
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Fig. 1. T2* —weighted gradient—echo magnetic resonance images obtained using the 3—tesla unit of
a 62—-year—old man with acute hemorrhagic stroke. This hypertensive patient has histories of cerebral
hemorhages in the right putamen and the left thalamus. Fresh hematoma (asterisk) extending info the
temporal lobe is noted in left basal ganglia. Axial slices reveal multtiple foci of signal loss suggestive silent
microbleeds (arrow) in the brain stem, cerebellum, basal ganglia, thalamus, and cerebral hemisphere.
Hemonhagic scars {amow head) are also clearty identified in the sifes of old symplomatic deep hematoma.

matter and cortex) and deep lesions (involving basal ganglia,
thalamus, cerebellum, or brain stem). Thirty-three patients
had suffered from a previous stroke, which was reportedly
hemorrhagic in 28 patients.

Risk factors

Major cerebrovascular risk factors were identified on the basts
of medical history and Jaboratory findings. Patients were con-
sidered to have systemic hypertension if their blood pressure
repeatedly exceeded 140/90mmHg or if they were taking
antihypertension medications beyond the second week after
the ICH. Diabetes mellitus was diagnosed either by a fasting
serum glucose above 140mg/d! or by previous or intercurrent
treatment. Each patient’s cigarette smoking history was cate-
gorized as cither smoking or nonsmoking on admission. The
latter category included former regular smokers who had quit
more than 1 year earlier. Alcohol intake was considered hab-
itual if a patient’s alcohol consumption exceeded 100gm of
ethanol per week. Risk factors included hypertension (66%),
diabetes (15%), hyperlipidemia (16%), smoking (35%), and
alcohol use (34%).

MRI studies

All patients underwent computed tomography(CT) and
MRI examinations of the brain with the same protocol. MR
images of the brain were obtained on 3.0-T system (Signa;
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GE Medical Systems, Milwaukee,
WI, USA) within the first week
of the hemorrhage. A GE seque-
nce optimized to maximize the
susceptibility effect of hemoside-
rin was employed for axial exam-
ination of the brain (repetition time
425 msec, echo time 20 msec, flip
angle 15°, field of view 230X 17.25
mm, matrix 512 or 256 X 160 pixels,
number of excitations 1, axial slices
20, section thickness 5mm, and
gap 2mm), in addition to the st-
andard spin echo(SE) T1- and fast
spin echo(FSE) T2-weighted sequ-
ences. The MR i-ndings were revi-
ewed in a blind-ed fashion by the
staff neuroradi-ologist.

MBs were defined as small (<
5mm), well-marginated, rounded
foci of signal loss on GE T2*-weig-
hted MRI and were located and
counted through the entire brain
(Fig. 1). The corresponding areas
were checked on CT, and areas with calcifications were dis-
regarded. The severities of MBs were graded as being mild
(total number of MBs, 1-2), moderate (3-9), or severe (=
10)'¥. Irregularly shaped areas (linear, curvilinear, cystic,
starlike, and so forth) of signal loss on T2*-weighted GE
with a diameter of more than 7mm due to a known prior
symptomatic episode of hemorrhage were separately counted
as old hematomas®. A black ring around a cystlike lesion was
also regarded as the scars from previous ICH. White matter
hyperintensities, defined as focal areas of increased signal
intensity on fluid-attenuated inversions recovery MR images,
were graded into absent (grade 0), punctate (grade 1), early
confluent (grade 2), and confluent (grade 3). Periventricular
hyperintensities were specified as caps or lining (grade 1),
bands (grade 2), or irregular extending into the deep white
matter (grade 3)”. The grade 2 or 3 white matter hyperint-
ensity and grade 3 periventricular hyperintensity were cons-
idered advanced. Areas of ischemic parenchymal destructi-
onlesions exhibiting both hyperintensity on T2-weighted
FSE images and corresponding hypointensity on T1-weighted
SE images-were diagnosed as either lacunes (<15mm in
diameter) or cortical infarcts.

Data analysis
We divided the 100 subjects into 2 groups, depending on
whether or not they had MBs. Various variables (demographic,
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Table 1. Frequency and location of microbleeds in ICH patients

Distribution No. of No. of lesions

Patients Total(%) Mean{range)
Lobar 53 350( 40.6) 6.6(0—38)
Basal ganglia 56 203( 26.7) 3.6(0-11)
Thalomus 42 122( 14.1) 3.0(0-11)
Cerebellum 39 790 9.1) 2.0(0- 7)
Brain stem 38 109( 12.5) 2.8(0- 9)
Total 77 863(100 ) 11.1(1-65)

Table 2. Clinical data regarding the ICH patients with and without
microbleeds(MBs)

With MBs Without MBs

Variable (n=77) (h=23) p Value
Agelyears) 605+ 117 535 * 88 0.009
Male sex 34(44.2) 13(56.5) 0.297
Hypertension 56(72.7) 10(43.5) 0.009
Duration of 4448 12117 0.001

hypertension(years)

Previous stroke 31(40.3) 2( 8.7) 0.005
Current use of 7(9.1) 1 4.3) 0.677

Antithrombotics
Diabetes melitus 14(18.2) 1( 4.3) 0.180
Smoking 27(35.1) 8(34.8) 0.980
Alcohol intake 29(37.7) 5(21.7) 0.157
Creatinine (>1.4mg/d)  19(24.7) 3(13.0) 0.389
Profeinurio (30=mg/dl)  16(20.8) 3(13.0) 0.550
Cholesterol {mg/dl) 1957 = 41.8 199.8 £ 33.8 0.542
Hypocholesterolemia 18(23.4) 1( 4.3) 0.065

(<160mg/d)

Hypercholesterolemia 10(13.0) 2( 8.7) 0.728

(2240mg/d)

Triglyceride (mo/dl) 90.8 = 58.9 84.5 £ 279 0.706

Values are given as n(%)

MRI, and risk factors) were compared between the MBs group
and the nonMBs group. Statistical analyses were performed
by the SPSS (Chicago, IL) version 10.0 software. We used
the Pearson chi-square test and Student’s T test to compare
the frequency distribution of categorical or continuous variables
between both groups. <<0.05 was considered to represent
a statistically significant finding.

Results

Bs were seen in 77 of ICH patients, and their number

ranged from 1 to 65 lesions (mean £SD, 11.2+13.0).
The degree of MBs was mild in 13 patents (16.9%), moderate
in 38 patients (49.3%), and severe in 26 patients (33.8%)).
Among the 863 MBs, 350 (40.6%) were located in the subcortex-
cortex, 203 (26.7%) in the basal ganglia, 122 (14.1%) in the
thalamus, 109 (12.5%) in the brain stem (predominantly in
pons), and 79 (9.1%) in the cerebellum (mostly in the dentate

212

Table 3. Concomitant MR imaging findings in patients with and those
without microbleeds(MBs)

Variable
Site of ICH
Lobar, n(%) 18 (23.3) 7 (304) -
Deep, n(%) 59 (76.7) 16 (69.6) -
White matter hyperintensity, n{%) - - 0.002
Absent 10 (13.0) 10 (43.5) -
Punctate 34 (44.1) 10 (43.5) -
Early confluent 17 (22.1) 2 (87) -
Confluent 16 (20.8) 1 (43) -
Periventricular hyperintensity, n(%) - - 0.007
Absent 9 (1.7) 6 (26.1) -
Capsflining 36 (468) 15 (65.2) -
Bands 7 (9.0) 1 (43) -
Imegular 25 (32.5) 1 (43) -
Lacunes, N{%) 47 (61.0) 8 (34.8) 0.026
No. of lesions, mean(range) 3.701-12) 1.8(1-3) -
Old hematomas, n(%) 27 (35.1) 1 (43) 0.004
No. of lesions=2 1 0 -
Infarcts, n(%) 4 (52) 1 (43 0.178

nucleus) (Table 1).

The patients with MBs were not only older but also were
more often hypertensive and more frequently had a previous
stroke history, compared with the patients without MBs (Table
2). A statistically significant difference was also found in the
duration of hypertension between the two groups (P=0.001).
The percentage of other risk factors was similar between MBs
and nonMBs groups.

Table 3 shows the frequency of concomitant MR findings
for the both groups. Subcortical and deep white matter hy-
perintensity was found in 80 patients; 44 had punctate, 19
had early confluent, and 17 had confluent abnormalities. Eighty-
five patients showed abnormal periventricular hyperintens-
ities; 51 had caps, 8 had bands, and 26 had irregular types.
The silent lacunes were found in 47 of 77 patients (61.0%)
with MBs and 8 of 23 patients (34.8%) without MBs. MBs
group showed a mean of 3.7 (range 1-12) lacunes and the
other group had 1.8 lesions (range 1-3). Total 44 old hematomas
were observed in twenty-seven patients with MBs, 11 of them
demonstrated =2 old hematomas at different sites. They
involved the basal ganglia (n=24), thalamus (n=6), brain stem
(n=2), cerebral cortex-subcortex (n=11), and cerebellum (n=1).
Patients with MBs had significantly higher grades of white
matter and periventricular hyperintense lesions, and they
more commonly showed lacunes and areas of hemosiderin
deposition from old hemorrhages. However, locations for
ICHs, number of lacuna, and territorial infarct did not differ
significantly between the both groups.



Discussion

RI of the brain using GE sequence has greatly enh-

anced our ability to detect small micro- or petechial
hemorrhages. Recently, Roob et al*® reported that cerebral
MBs could be found in 6.4% of otherwise healthy elderly
individuals and may therefore be a means of detecting early
diseases. The frequency of MBs was varyingly reported in
different subject groups; however, since the introduction of
GE MRI, MBs have been shown to occur in about 50% of
cases of primary ICH'®'”. The rates in our study are higher
than those in the carlier investigations that used conventional
MRI sequences or lower tesla MR scanner in all or most of
their patients™'"**¥, This difference can be easily explained
by much higher sensitivity of 3.0-tesla MR imaging in the
detection of small hemosiderin depositions. The incidence
of hypertension in this series was also somewhat high as compared
with previous studies'®*. Because hypertension is a well-
established cause of small vessel disease, this would also inf-
luence the higher detection rate of MBs in present study. The
dotike hemosiderin spots on GE MRI were found in 84.9%
of 56/66 patients with hypertension, whereas they were found
only in 61.8% of 21/34 patients without hypertension.

Some reports suggested that regions with the greatest number
of MBs could be the sites of future bleeding in a given patient®'?,
The overall number of MBs in individual patients in our series
was quite variable and ranged from I to 65 lesions. With regard
to its location, MBs were most frequently seen in cortical-
subcortical and thalamoganglionic regions, where symptomatic
hematomas are commonly observed, and the cerebellum was
relatively spared in our cases. Although, we did not compare
the anatomic distributions of symptomatic ICHs and asym-
ptomatic MBs, prior analyses reported that topographical
correspondence between large and small pontine hemorrhages
may provide evidence that the two lesions share some etiological
basis™"”. Further investigation may determine whether deep-
seated MBs associated with hypertension portend future sym-
ptomatic primary gangliobasal hemorrhages.

The prolonged degeneration of arterioles predispose patients
to the development of cerebral hemorrhages, which could be
justified by the longer history of hypertension and higher
incidence of former stroke. The present study confirmed that
patients with MBs were significantly older and had a higher
frequency of chronic hypertension. Additionally, our results
clearly showed that MBs occurred more frequently in patients
with histories of brain stroke, particularly in those with histories
of hemorrhagic stroke, compared with those without previous
stroke. Twenty-seven (35.1%) of 77 patients with MBs had
previous ICHs at the time of presentation. Based on the GE
MR images acquired with the a 3-tesla unit of better resolution,
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the scars from previous symptomatic ICH, a ill-defined and
larger signal loss lesions, were sharply demonstrated and di-
fferendated from the dotlike MBs. These hypointense hem-
orrhagic scars from old clots provide further evidence of severe
microangiopathy with a subsequent increased vascular vuln-
crability**. Support regarding prediction of the probability
of further bleeding after a first ICH may be another contribution
of detection of MBs by GE MRI. From the preliminary exp-
171822 it might be speculated that individuals with
a large number of MBs might be at greater risk for rebleeding,
Imaizumi et al” indicated that the small vessel disease recurrence
rate was significantly higher in patients with greater numbers
of subcortical hemosiderin spots in their study with small
sample size.

Although the characteristic neuroradiologic findings of
patients who are prone to cerebral hemorrhage have not been

eriences

elucidated, carlier studies have reported the coexistence of
ICH, lacunar infarction, and leukoaraiosis in hypertensive
patients9,14 12,19,26)
highly significant associations between the presence of MBs

. In line with previous studies , we found
and other morphological signs of cerebral microangiopathy,
such as Jacunes and extensive periventricular and deep white
matter damage. In most cases, the distribution of microhem-
orrhage lesions on GE MRI overlap the same areas known
to be involved by lacunar infarction, cerebral hemorrhage,
and leukoarsiosis"*”. A strong correlation between the white
matter hyperintensity and the number of MBs was also
observed”. This is probably because of the simultaneous
negative effects of hypertension®”. That assumption was
confirmed in this study; of 66 hypertensive patients, 62
patients (93.9%) had white matter hyperintensity, and 60
padents (90.9%) had periventricular hyperintense lesion, and
lacunes were found in 45 patients (68.2%). The authors propose
that ICH always requires an underlying ischemic lesion to
set in motion the chain of events that ultimately shatters the
surrounding brain, destroying the blood vessels that rupture
and bleed. With further prospective study on the patients of
hemorrhagic stroke, the diagnostic and prognostic significance
of the MBs on T2*-weighted GE MRI will be determined
in the near future.

Conclusion

ore than three quarters of patents with primary ICH
M showed focal areas of signal loss on GE T2*-weighted
MRI that was indicative of old cerebral MBs. Clinically silent
MBs could be viewed as direct evidence for bleed-prone micr-
oangioapthy in comparison with the indirect evidence from
leukoaraiosis and lacunes, which frequently coexist, and seem
to be a potential predictor for major intracerebral hemorrhages.

213



J Korean Neurosurg Soc 39 i March 2006

The diagnostic potential of these abnormal MR findings to
identify individuals at risk of spontaneous ICHs may require
further investigation.
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Commentary

otlike low-density spots on T2*-weighted gradient echo

(GE) MR images, which is especially sensitive in det-
ecting hemosiderin have been histologically diagnosed as MBs
related to bleedingprone microangiopathies including lipo-
hyalinosis, amyloid angiopathy, or other microangiopathies.
Although the clinical and diagnostic significance of MBs is
not yet fully understood, many previous reports presented
that MBs were potential risk factor for early cerebral bleeding
after ischemic stroke and they had highly significant association
with other morphological signs of cerebral microangiopathy,
such as lacunes and extensive periventricular and deep white
matter damage. In this carefully designed study the authors
observe that age, hypertension, history of stroke, and duration
of hypertension are frequently associated with MBs and confirm
that MBs have highly significant association with other mor-
phological signs of cerebral microangiopathy such as lacunar
infarction and leukoaraiosis. Although hypertensive microa-
ngiopathy appears to be the prevailing cause of MBs, cerebral
amyloid angiopathy has also been associated with MBs located
in subcortex-cortex region. In this paper authors excluded the
patients with cerebral amyloid angiopathy, but still subcortex-
cortex region appeared to be a predilection site for MBs. This
result suggests that hypertensive microangiopathy is the prevailing
cause of MBs in subcortex-cortex region also. To clarify the
significance of MBs in the development of hemorrhagic or
ischemic stroke prospective long term follow-up study will be
needed in pateints with MBs on T2*-weighted GE MR images.
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