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Objective : Cerebral microbleeds (CMBs) are known as the neuroimaging
markers of risk in stroke and dementia. Many studies on CMBs in elderly
patients with hemorrhagic or ischemic stroke have been reported; how-
ever, reports on CMBs in young populations with intracerebral hemor-
rhage (ICH) are lacking.

Materials and Methods : A total of 272 patients aged 18-54 years presented
to our hospital with ICH between December 2009 and August 2017.
Among these, CMB presence, count, and topography with respect to ICH
were evaluated on magnetic resonance imaging (MRI) gradient echo im-
ages (GREs). We also evaluated the prevalence and risk factors of CMBs.

Results : Among 272 patients, only 66 underwent GRE T2-weighted MRI.
CMBs were detected in 40 patients (61%), with 29 (73%) being of the
multifocal type. Among the 219 CMBs, 150 (68.5%) were of the deep
type and 69 (31.5%) of the lobar type. CMB prevalence was higher in
men. In multivariate logistic regression analysis, history of hypertension
(adjusted odds ratio [aOR], 4.048; 95% confidence interval [CI], 1.14-14.32;
£ = 0.030), and male sex (aOR, 4.233; 95% Cl, 1.09-16.48; p = 0.037)
were independently associated with CMBs.

Conclusion : In young patients who presented with spontaneous ICH,
CMBs were highly prevalent in 61% of patients and strongly associated
with history of hypertension and male sex.
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INTRODUCTION ischemic stroke, and incidental ICH.”?'0)530 Many

Cerebral microbleeds (CMBs) on T2-weighted gra-
dient echo (GRE) imaging are known to represent he-
mosiderin deposition in macrophages from previous
blood extravasation. They are frequently detected in

elderly patients with intracerebral hemorrhage (ICH),
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studies in the literature have reported that CMBs are
prognostic neuroimaging markers for future hemor-
rhagic or ischemic stroke or hemorrhagic complications
of antithrombotic and thrombolytic therapies.”**"*"

Recently, in developing magnetic resonance imaging

(MRI) technologies for detection of CMBs, many stud-
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ies have applied the technologies to population-based
elderly samples. In general, CMBs are mainly asso-
ciated with two types of sporadic small vessel disease:
hypertensive arteriopathy and cerebral amyloid angi-
opathy (CAA).7 These two types are characterized
by different microbleed distribution patterns; CMBs
associated with hypertensive vasculopathy tend to oc-

cur in the basal ganglia, thalamus, brainstem, and cer-
)

)

ebellum, whereas CAA shows a lobar distribution.”

CAA is diagnosed according to the Boston criteria.”
Several previous studies have demonstrated that the
Boston criteria have good sensitivity and specificity in
diagnosing pathologically proven CAA; however,
there are still limitations in diagnosing pathologically
unproven CAA.>? Consequently, many studies have
attempted to modify the imaging criteria to improve
the diagnostic power. Recently, centrum semiovale
perivascular spaces (CSO-PVS) have been suggested

%3 Several

as additional imaging markers of CAA. "
studies have reported that the severity of CSO-PVS,
which are distinct pathophysiological processes com-
pared with basal ganglia-PVS, might be related to the
impaired interstitial fluid drainage of CAA.

However, in the clinical field, many physicians can
easily locate CMBs with lobar distribution on MRI in
patients aged < 55 years presenting with ICH.
According to the Boston criteria of CAA diagnosis,””
patients who survive after hemorrhage are not sus-
pected of having CAA unless pathological findings
are present in those aged < 55 years.

The data on CMBs in younger patients presenting
with ICH are lacking. Our goals were to analyze the
prevalence of CMBs, characterize the distribution and
risk factors in CMB development, and investigate the
association between CMBs and other CAA markers in

young patients with ICH.

MATERIALS AND METHODS

Study population and data collection
This study was approved by the Ilsan Paik hospital,

Inje University, Institutinal Reveiw Board. This retro-
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spective single-center study included patients who
presented with spontaneous ICH. Electronic database
searches were used to identify consecutive ICH pa-
tients who were admitted to our institution from
December 2009 to August 2017. We studied a pop-
ulation of 272 consecutive patients aged 18-54 years
who were admitted to our emergency department.
Among these, we excluded 46 with structural and sec-
ondary causes of ICH, including arteriovenous mal-
formations (n = 13), cerebral tumors (n = 5), moya-
moya disease (n = 11), cavernous malformations (CM)
(n = 3), trauma (n = 9), parasitic lesion (n = 1), and
use of aspirin (n = 4). In addition, we excluded pa-
tients in whom GRE MRI was not applied and CMBs
were not clearly differentiated from vessels.

We assessed many demographic features and vas-
cular risk factors in patients with ICH, including age
on admission, sex, hypertension, diabetes mellitus,
hyperlipidemia, history of smoking, and history of an-
tithrombotic agent wuse before and after ICH.
Hypertension was defined as history of hypertension,
use of an antihypertensive drug, or documented ele-
vated blood pressure (BP) (systolic > 140 or diastolic
> 90 mmHg). Diabetes was considered as fasting se-
rum glucose level > 126 mg/dL and hemoglobin Alc
> 6.5%, with previous or ongoing use of a hypo-
glycemic drug or insulin. Hyperlipidemia was defined
as a previous diagnosis of hypercholesterolemia or
current use of an antihyperlipidemic drug. Subjects
who smoked at the time of enrollment were consid-
ered current smokers.

ICH was classified based on location as either deep
or lobar type. Deep type was defined as ICH located
within the basal ganglia, internal capsule, thalamus,
brainstem, and cerebellum, and lobar type was de-
fined as that located in the cerebral cortex, subcortex,
and underlying white matter.

Most patients received intensive treatment during
the acute phase and were subsequently transferred to
the rehabilitation department and followed up on an

outpatient basis in the neurosurgery department.
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Computed tomography (CT) and brain MRI acquis-
ition and analysis

CT scans on admission and brain MRIs were re-
viewed by two study investigators. ICH volume was
calculated using the formula A x B x C / 2, where
A is the greatest hemorrhage diameter on CT, B is the
diameter 90° to A, and C is the approximate number
of CT slices containing hemorrhage multiplied by the
slice thickness. All subjects had an axial T2-weighted
fast spin-echo sequence (repetition time (TR)/echo
time (TE), 4,850/98 ms; flip angle 90°; FOV, 220 mm;
slice thickness, 5 mm; slice gap, 6 mm) and a
T2*-weighted gradient echo sequence (TR/TE, 800/26
ms; flip angle, 20°; field of view (FOV), 230 mm; slice
thickness, 5 mm; slice gap, 6 mm) based on data ob-
tained using a 1.5-Tesla MRI scanner.

Strictly lobar CMBs (size, 2-10 mm) were assessed
on T2-GRE images using the Microbleed Anatomical
Rating Scale (MARS).”"” The MARS study classified
microbleeds into “definite” and “possible” categories
to improve reliability. However, we counted and en-
rolled only “definite” lesions on GRE MRI. Definite
microbleeds were defined as small, rounded or circu-
lar, well-defined hypointense lesions within brain pa-
renchyma with clear margins ranging from 2 to 10
mm in size on GRE T2-weighted imaging (WI)."” The
location of CMBs was classified as either deep or lo-
bar, similar to the abovementioned ICH classification.
CMB mimics included cavernous malformation, cal-
cium and iron deposits, flow void, partial volume ar-
tifact from bone, metastatic melanoma, and diffuse
axonal injury. CMB mimics have morphology and sig-
nal characteristics similar to CMBs."® Cavernomas are
distinguishable from typical primary CMBs based on
appearance on both T1- and T2-WI of stagnant blood
in the sinusoidal lumen, extravasated blood at vary-
ing stages of degradation, and characteristic hemosi-
derin rim.">"®

CSO-PVS were assessed and rated on axial T2-WI
according to recent consensus criteria.”” After reading
all relevant slices for the anatomical area being as-

sessed, the side of the slice with the highest number
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of CSO-PVS was recorded. To confirm our hypothesis,
severity was categorized into low- (n < 20) and
high-degree (n > 20) groups. CSO-PVS severity was
interpreted by an independent board-certified neuro-
surgeon and an independent board-certified
neuroradiologist. In cases of disagreement, we sought
consensus between the two observers and a third
interpreter.

White matter hyperintensity (WMH) was defined as
a hyperintense lesion on T2-WI that remained bright
on fluid-attenuated inversion recovery and was grad-
ed according to the modified Fazekas visual rating
scale."” WMH was assessed with the four-step sim-
plified scale from 0 to 3 (0 = no lesions, 1 = focal le-
sions, 2 = early confluent, and 3 = confluent).
Moderate-to severe WMH was assessed with a 2- or

3-step scale.

Statistical analysis

Statistical analysis was performed using IBM SPSS
statistics version 21.0 (IBM, Armonk, NY, USA).
Categorical variables were compared using Pearson
chi-squared test or Fisher’s exact test, whereas con-
tinuous variables were compared using the two-sam-
ple t-test or the Mann-Whitney U test. Multivariate lo-
gistic regression analysis was used to determine the
independent clinical and radiologic characteristics as-
sociated with CMBs in ICH patients. The Kruskal-
Wallis test was used to compare the age-related prev-
alence of CMBs. A p-value of <0.05 was considered
statistically significant. Cohen’s kappa statistic was
used to test inter-rater reliability of CMB evaluation
on MRL

RESULTS

We identified a total of 226 subjects with sponta-
neous ICH. Among these, we excluded those for
whom MRI (n = 120) or GRE T2-WI (n = 38) was not
performed and those for whom MRI or GRE did not
show good reading quality (n = 2). The final cohort

comprised 66 patients with a mean age of 45.3 years
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Table 1. Demographic characteristics, vascular risk factors for patients according to the ICH location (n = 66)

Covariate Deep (n = 59) Lobar (n = 7) pvalue
Age (years) 47 (42-50) 47 (40-50) 0.627
Male 46 (80.0) 4 (57.1) 0.347
Hypertension history before ICH 25 (42.4) 3 (42.9) 1.000
BP on admission

SBP (mmHg) 176 (148-210) 168 (141-177) 0.348

DBP (mmHg) 109 (90-126) 99 (87-107) 0.251
Diabetes 8 (13.6) 0 0.584
Smoking 31 (52.5) 4 (57.1) 1.000
Hyperlipidemia 22 (37.3) 2 (28.6) 1.000
Antiplatelet agent at presentation 4 0
Presence of CMBs 35 (59.3) 5 (71.4) 0.695
Moderate-to severe WMH 19 (32.2) 3 (42.9) 0.678
CSO-PVS, high degree 23 (39.0) 4 (57.1) 0.432
ICH volume (mL) 10 (5-20) 27. 0 (19-38) 0.008
Recurred ICH during follow-up 3 0

Values are presented as median (interquartile range) or number (%).
ICH = intracerebral hemorrhage; BP = blood pressure; SBP = systolic blood pressure; DBP = diastolic blood pressure; CMB = cortical
microbleed; WMH = white matter hyperintensity; CSO-PVS = centrum semiovale perivascular spaces.

Table 2. Comparison of baseline characteristics according to CMBs presence

Covariate CMBs+ (n = 40) CMBs- (n = 26) pvalue
Age (years) 46.5 (41-50) 47.0 (42-52) 0.758
Male 33 (82.5) 17 (65.4) 0.113
Hypertension history 21 (52.5) 7 (26.9) 0.040
BP on admission

SBP (mmHg) 177.0 (151-212) 161.0 (144-196) 0.290

DBP (mmHg) 109.0 (90-125) 94.5 (87-123) 0.641
Diabetes 5 (12.5) 3 (11.5) 0.907
Smoking 22 (55.0) 13 (50.0) 0.691
Hyperlipidemia 14 (35.0) 10 (38.5) 0.775
Antiplatelet agent at presentation 3 (7.5 1 (3.8)
Strict lobar type CMBs 17 (42.5) -
Total counts of CMBs 219 (100) -

Deep 150 (68.5) -

Lobar 69 (31.5) -
CSO-PVS, high degree 22 (53.7) 5 (20.0) 0.007
WMH, Fazekas 2-3 16 (40.0) 6 (23.1) 0.154
ICH volume (mL) 10 (5-21) 14 (5-35) 0.183
Recurred ICH during follow-up 3 0

Values are presented as median (interquartile range) or number (%).
CMB = cortical microbleed; BP = blood pressure; SBP = systolic blood pressure; DBP = diastolic blood pressure; CSO-PVS = centrum
semiovale perivascular spaces; WMH = white matter hyperintensity; ICH = intracerebral hemorrhage.

and 76% males. All patients presented with sympto- combined with > 1 symptom, 29 with headache and
matic ICH, including 21 with altered mental change, dizziness, 38 with dysarthria, and three with blurred

44 with hemiplegia or hemiparesis, one with seizure vision. Table 1 shows the demographic features ac-
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Table 3. Logistic regression analysis of risk factors for development of cerebral microbleeds in ICH patients

OR 95% CI pvalue
Hypertension history 4.048 1.14-14.32 0.030
Diabetes 0.540 0.008-3.60 0.524
Hyperlipidemia 2.103 0.57-7.80 0.267
Smoking 1.098 0.33-3.64 0.878
Male 4.233 1.09-16.48 0.037
Age (years)
18-42 Reference 0.48-8.14 0.273
43-48 1.976 0.13-2.25 0.346
49-54 0.543 0.92-16.41 0.400
Moderate-to severe WMH 3.876 0.92-16.41 0.066

ICH = intracerebral hemorrhage; OR = odds ratio; Cl = confidence interval; WMH = white matter hyperintensity.

cording to ICH location in the 66 enrolled patients. Of
ICH locations, 59 (89.4%) were of the deep type and
7 (10.6%) of the lobar type.

All enrolled patients were divided into two groups
that were CMB+ or CMB- on GRE MRIL. Among 66
spontaneous ICH patients, CMBs were detected in 40
(61%), with 29 (73%) being of the multifocal type; lo-
cation of these CMBs was deep in 23 cases, lobar in
one case, and both deep and lobar in 16 cases. Kappa
coefficients for inter-rater agreements for MRI lesions
of interest were 0.83 for CMBs, 0.90 for WMH, and
0.84 for CSO-PVS severity. In comparison with base-
line characteristics according to CMB, a history of hy-
pertension was more common in the CMB+ group
than in the CMB- group (p = 0.040). In addition,
high-degree CSO-PVS were more frequent in the
CMB+ group. A total of 219 CMBs were counted on
GRE MRI Overall, 150 CMBs were of the deep type
(68.5%) and 69 of the lobar type (31.5%) (Table 2).

Variables for multivariate logistic regression analysis
included age, sex, moderate-to-severe WMH, hyper-
tension history, diabetes mellitus, hyperlipidemia, and
smoking. In multivariate logistic regression analysis,
hypertension history (adjusted odds ratio [aOR],
4.048; 95% confidence interval [CI], 1.14-14.32; p =
0.030) and male sex (aOR, 4.233; 95% ClI, 1.09-16.48; p
= 0.037) were independently associated with CMBs.
Moderate-to-severe  WMH (aOR, 3.876; 95% (I,
0.92-16.41; p = 0.066) tended to be associated with
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CMBs, although this association was not statistically
significant (Table 3).

Among the 66 enrolled patients, 40 were treated
continuously on an outpatient basis (median fol-
low-up, 20.0 months; range, 1-87 months). When in-
vestigating recurrent episodes among the 40 patients,
three (7.5%) had recurrent ICH events and were in-
cluded in the GRE+ group (Table 2). However, the re-
lationship between recurrent ICH and CMBs was not
confirmed because GRE MRI was not performed at

the time of first hemorrhage in three patients.

DISCUSSION

The primary findings from our study are that a his-
tory of hypertension and male sex were in-
dependently associated with CMBs. In addition, mod-
erate-to-severe WMH tended to be associated with
CMB development.

In general, CMB development increases with age,
possibly due to the strong association of advanced
age with CMB risk factors such as leukoaraiosis,
CAA, and hypertension.”” In a study on prevalence
analysis of CMBs by Koennecke,” the cohorts were
grouped into three categories: without cere-
brovascular disease, with ICH, and with ischemic cer-
ebrovascular disease. Total CMBs were prevalent in
4.7% (range, 3.7-8.5) of elderly patients without cere-

brovascular disease, 68% (range, 47-80) with sponta-



neous ICH, and 40% (range, 18-78) with ischemic
disease.””” CMBs in our cohort were prevalent in 61%
of patients, which is consistent with that reported in
an elderly population with spontaneous ICH. Most of
the CMB-relevant studies included elderly patients
aged > 60 years; however, it was difficult to find com-
parable data in PubMed for characterization of CMBs
in young patients presenting with spontaneous
[CH 225

CMBs of the lobar type have been known to reflect
age-related progression of CAA in elderly patients.”*”
Koennecke insisted that the CMBs located in the lobar
area in elderly patients may represent in vivo in-
dicators of CAA.”) Although approximately 11% of
our patients were admitted with ICH of the lobar
type, there was a high proportion of CMBs (42.5%);
31.5% of these were of the lobar type despite the
young age of the patients. In a study on young stroke
patients conducted by Shoamanesh, 33% of the sam-
ple strictly had CMBs of the lobar type, which prob-
ably resulted more often from underlying CAA.”
Several studies have attempted to pathologically con-
firm CAA in patients aged < 55 years presenting with
lobar ICH.**)

In studies on risk factors of CMBs in elderly pa-
tients with hemorrhagic or ischemic stroke, CMBs
were associated with advanced age, male sex, hyper-
tensive BP, diabetes mellitus, statin use, moder-
ate-to-severe WMH, silent lacunar infarcts, global
cortical atrophy, and hypoxemia.9)10)13)35)36)38) However,
young people have fewer risk factors for cere-
brovascular disease and degenerative markers on
brain MRI, including moderate-to-severe WMH, lacu-
nar infarcts, and cortical atrophy. Shoamanesh pub-
lished the only study we could find in PubMed on
CMB risk factors in young people.”” He reported that
CMBs in young patients were independently asso-
ciated with male sex, moder-
ate-to-severe WMH, and ICH.”” In our study, a his-

tory of hypertension and male sex were crucial risk

hypertension,

factors for CMBs. Our study included only younger
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patients with spontaneous ICH but with risk factors
were similar to those in the study by Shoamanesh.”

Few papers have reported on how often CM cause
ICH in young patients. Recent hemorrhage may com-
pletely or partially obscure the CM on MRI, which is
why follow-up MRI is important for the diagnosis of
a CM underlying an intraparenchymal hemorrhage.”
We identified three cases of hemorrhage from CM in
our study according to Al-Shahi Salman’s definition
of CM hemorrhage.”

Sufficient evidence suggests a causal link between
CAA and WMH, but the significance of WMH for de-
velopment of CMB is not well known. 2?2 Recently,
Charidimou et al.” suggested that different patterns
of subcortical white matter damage can provide in-
sight into the dominant type of underlying arterio-
pathy with the potential mechanisms: multiple punc-
tate FLAIR hyperintensities correlate with CAA and
CAA-related imaging markers, whereas peri-basal
ganglia WMH patterns are strongly correlated with
hypertensive arteriopathy. In our study, we could not
divide patients based on WMH patterns due to the
small number of CMB patients. However, it is neces-
sary to analyze whether meaningful results can be ob-
tained for younger patients with ICH.

Recurrence after a first ICH episode has been con-

11)16
)16) However, recent

sidered a rare event in the past.
studies have shown that the incidence of recurrent
ICH ranged from 2.7% to 8.7%;"* our study had
a recurrence rate of 7.5%. We will further assess
whether there is a correlation between CMBs and ICH
recurrence in patients requiring antithrombotic agents,
and for this, a long-term follow-up of such patients is
warranted.

This study has several limitations. First, there was
selection bias because we included only spontaneous
ICH patients who underwent GRE MRI. Second, the
small number of subjects with spontaneous ICH led
to weak statistical power for evaluating the preva-
lence and risk factors of CMBs. Third, this was a ret-

rospective study that investigated the association and
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risk of CMBs in a group of patients with ICH. All pa-
tients were not treated surgically, and among patients
with hematoma evacuation, pathologic biopsy was
not performed for the purpose of CAA diagnosis.
According to Boston CAA criteria, patients were clas-
sified on the basis of patients older than 55 years, and
there were limitations in applying to young patients.
To overcome these limitations, a prospective study or
randomized controlled trial would provide further

evidence to guide clinical practice.

CONCLUSION

For young patients presenting with spontaneous
ICH, CMBs are highly prevalent in 61% and strongly
associated with history of hypertension and high-de-
gree CSO-PVS. CAA may also be suspected in young
patients when considering the variables associated
with CMB development. Further study regarding the
relationship between CMBs and ICH recurrence in

patients requiring antithrombotic agents is needed.

Disclosure
The authors report no conflict of interest concerning
the materials or methods used in this study or the

findings specified in this paper.
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