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Abstract

Background Spontaneous cerebellar-intracerebral hemorrhage (ICH) can be associated with both cerebral amyloid angiopa-
thy (CAA) and hypertensive small vessel disease (HTN-SVD, i.e. arteriolosclerosis). To better understand the underlying
microangiopathy of cerebellar-ICH, we aimed to evaluate the spatial distribution of supratentorial cerebral microbleeds
(CMBs) and neuropathologic profiles in these patients.

Methods We enrolled consecutive cerebellar-ICH patients. Clinical variables and MRI markers specific for CAA and HTN-
SVD were assessed. Patients were classified into categories according to the topography (strictly-lobar, strictly-deep, and
mixed) of supratentorial CMBs and comparisons were performed. Available neuropathological material was reviewed to
evaluate the presence and severity of arteriolosclerosis and CAA.

Results Ninety-eight cerebellar-ICH patients were enrolled. Fifty patients (51%) had at least one supratentorial CMB. Twelve
patients (12%) had strictly lobar-CMBs, 12 patients (12%) showed strictly deep-CMBs and mixed-CMBs (lobar and deep
CMBs) were present in 26 cerebellar-ICH patients (27%). In multivariable analysis, cerebellar-ICH patients with mixed-
CMBs were associated with higher prevalence of hypertension (OR 4.9, 95% confidence interval [CI] 1.2-20, p=0.017)
but with lower prevalence of severe centrum-semiovale enlarged perivascular spaces (OR 0.2, CI 0.05-0.8, p=0.024) when
compared to cerebellar-ICH patients with strictly lobar-CMBs. Vascular risk factors and neuroimaging characteristics were
similar between strictly deep-CMBs and mixed-CMBs. Six patients had available neuropathological material for analyses
and they all showed some degree of arteriolosclerosis.

Conclusions Cerebellar-ICH patients frequently show supratentorial CMBs. The mixed-CMBs pattern appears to be the most
common. Our radiological and pathological results suggest that the majority of cerebellar-ICH patients harbor HTN-SVD
as dominant microangiopathy.
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Introduction

The majority of spontaneous cerebellar intracerebral
hemorrhage (cerebellar-ICH) is related to small vessel
disease (SVD) [1, 2]. While some cerebellar-ICH appears
to be associated with hypertensive small vessel disease
(HTN-SVD:; i.e. arteriolosclerosis), other cases show that
cerebral amyloid angiopathy (CAA) may be involved [2,
3]. In clinical practice, it may be relevant to understand
the underlying small vessel disease (SVD) type related to
cerebellar-ICH, as CAA-related ICH are associated with
higher risk of ICH recurrence than hypertensive ICH
[4]. The location of the hematoma (i.e. lobar vs deep)
and associated neuroimaging markers, such as cerebral
microbleeds (CMBs), can help the clinicians to identify
the dominant microangiopathy in supratentorial ICH [4].
However, in cerebellar-ICH the prevalent microangiopathy
has not been precisely defined.

In this study, we aimed to assess the dominant SVD type
(CAA vs HTN-SVD) in patients with cerebellar-ICH by
evaluating the topographical distributions of supratentorial
CMBs (defined as strictly-lobar, strictly-deep and mixed
CMBs patterns) and available neuropathologic data.

Methods

We performed a retrospective analysis of data drawn from
an ongoing prospective cohort study of ICH performed at
Massachusetts General Hospital (MGH; Boston, MA, USA)
[2, 4, 5]. Study subjects were consecutive patients admitted
to the MGH between January 1, 1998, and January 1, 2016,
with spontaneous cerebellar intracerebral hemorrhage (ICH)
[2, 5]. The term spontaneous cerebellar ICH is defined as a
non-traumatic ICH in the cerebellar parenchyma, not sec-
ondarily caused by a tumour, vascular malformation, aneu-
rysm or hemorrhagic transformation of ischemic stroke.
Cerebellar-ICH occurring on oral anticoagulation were
classified as spontaneous cerebellar-ICH. We included also
patients who underwent a surgical evacuation. In all patients,
secondary causes of cerebellar-ICH have been ruled out by
means of CT angiography, MR angiography and MRI with
gadolinium injections. Exclusion criteria were age < 18, pri-
mary intraventricular-ICH, supratentorial-ICH, brainstem-
ICH and cerebellar-ICH patients who did not undergo an
MRI during the hospitalization (Fig. 1).

This study was performed with approval and in accord-
ance with the guidelines and ethical standard of the MGH

Fig. 1 Flow chart of study
enrollment

All ICH admitted at Massachusetts General Hospital from January 1, 1998 to August 1,2016

N=2402

Primary IVH
N=80

Intraparenchymal hemorrhage

N=2322

Multiple location
N=24

ICH with unique location
N=2298

Supratentorial ICH
N=2016

Infrantentorial ICH
N=282

Brainstem ICH
N=98

Spontaneous cerebellar-ICH

N=184

No MRI available
N=86

Spontaneous cerebellar-ICH with MRI

N=98
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institutional review board, which allows us to collect data
on all ICH patients treated at MGH.

Baseline clinical data collection

As already described, hypertension was defined as previous
diagnosis of hypertension or use of antihypertensive treat-
ment for blood pressure control. Diabetes and hypercholes-
terolemia were defined as previous diagnoses or current use
of antidiabetic and antihyperlipidemic drugs, respectively [2,
4]. History of previous ICH was also recorded.

MRI data

Images were obtained using a 1.5 T MR scanner (GE Sigma)
and included whole brain T2-weighted, T1 weighted, dif-
fusion-weighted images (DWI), T2*-weighted gradient-
recalled echo (T2*-GRE; echo time [TE] 750/50 ms, 5 mm
slice thickness, 1 mm inter-slice gap) and fluid-attenuated
inversion recovery (FLAIR; TR/TE 10000/140 ms, inversion
time 2200 ps, 1 number of excitations, 5 mm slice thick-
ness, | mm inter-slice gap). In seven cases, the blood-sen-
sitive sequence used was Susceptibility Weighted Imaging
(SWI). Neuroimaging markers of SVD severity were rated
according to STRIVE consensus criteria [6]. CMBs were
defined on axial blood-sensitive MRI as punctate foci of
hypointensity less than 10 mm in diameter, distinct from
vascular flow voids and leptomeningeal hemosiderosis.
Their presence and number were evaluated according to
current consensus criteria and categorized according to the
previously validated Microbleed Anatomical Rating Scale
[7, 8]. Patients were divided into three groups according to
the location of supratentorial CMBs (strictly lobar-CMBs;
strictly deep-CMBs; mixed-CMBs) [9]. Intrarater agree-
ment for the presence of lobar, deep or mixed-CMBs was
very good (Cohen k=0.84). White matter hyperintensities
(WMH) volume, presence of lacunes, presence of moderate
to severe (defined as more than 20; [10]) basal ganglia (BG)
and centrum semiovale (CSO) enlarged perivascular spaces
(EPVS) and global brain atrophy were evaluated accord-
ing to the STRIVE criteria [4, 6]. The presence or absence
of cortical superficial siderosis (cSS) was evaluated in this
study, according to current consensus criteria [11]. All MRI
analyses were performed and recorded blinded to all clinical
information.

To create a composite image of the spatial distribution of
CMBs (Fig. 2) in cerebellar-ICH patients with strictly lobar-
CMBs, strictly deep-CMBs and mixed-CMBs, the primary
rater (MP) labeled each lesion using MRIcro. T1-weighted
scans were co-registered to an intermediate target volume
(one of the T1-weighted volumes that lacked any appar-
ent structural defects) using affine registration (FLIRT,
FSL). The target was then registered to an anatomical atlas

(MNI305 volume). Manually marked lesions were subse-
quently resampled into the atlas space using the T1 coreg-
istrations and 3D Slicer used to generate the composite fig-
ures. For displaying the position of lesions within the brain
tissue, the brain was sub-divided into 10 mm 15 axial slabs
and each lesion overlaid onto the middle slice of the slab
[12].

Neuropathology data collection

We reviewed and collected all available neuropathology
information of primary cerebellar-ICH patients. Pathologic
materials came from hematoma evacuation (n=26), brain
biopsy (n=1) and full autopsy (n=1). All specimens were
processed using standard clinical pathology methods at our
institution. Specimens underwent formalin fixation, standard
paraffin embedding, hematoxylin-eosin staining, and immu-
nohistochemistry directed against f-amyloid, or Congo red
staining [13]. All slides were initially reviewed by diagnos-
tic neuropathologists per clinical protocols. Twenty-two
patients had only blood products from hematoma evacuation
with no cerebellar parenchymal tissue or vessels available
for examination.

All other available neuropathology slices containing
cerebellar parenchymal tissue and blood vessels were also
reviewed by 2 raters (MP and AC), blinded to clinical and
MRI data. Following previous guidelines, we rated presence
and severity of: (1) arteriolosclerosis: concentric hyaline
thickening of small arteries, from 40 to 150 um in diameter,
leading to a stenosis of the vessel lumen [14], (2) presence
or absence of vascular amyloid deposition confirmed by
immunohistochemical detection or Congo red staining [15,
16]. Severity of the small vessel changes was rated using a
semiquantitative scale ranging from O to 3 (0: normal, 1:
mild changes, 2: moderate lesions, and 3: severe modifica-
tions) [14].

Statistical analysis

Descriptive statistics were performed as frequencies for cat-
egorical variables as well as means and standard deviations
for continuous variables. Demographics and clinical dif-
ferences between cerebellar-ICH patients with and without
MRI were explored in univariate analyses.

In cerebellar-ICH patients, 2 independent sample ¢
tests and Fisher’s exact test were performed as appropri-
ate to determine whether patients differed by pattern (e.g.,
strictly lobar-CMB vs strictly deep-CMB, mixed-CMB vs
strictly lobar CMB, and mixed-CMB vs strictly deep CMB).
Variables that were significant in univariate (p < 0.05) com-
parisons were entered in a logistic regression model. The
only group comparison that had significant association for
multivariate analysis was the comparison between strictly
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Mixed-CMB
= Strictly Lobar-CMB
= Strictly Deep-CMB

Fig.2 Topographical distributions of cerebral microbleeds (CMB) in cerebellar-ICH patients with strictly lobar-CMB, strictly deep-CMB and

mixed-CMB

lobar-CMBs and mixed-CMBs. Presence of mixed-CMBs
vs strictly-lobar CMBs was used as dependent variable. A p
value of <0.05 was considered statistically significant. All
analyses were performed using JMP Pro 12 software (SAS
Institute Inc).

Results

Over a 18-year period, 184 spontaneous cerebellar-ICH were
admitted to MGH. During hospitalization, 98 cerebellar-ICH
patients underwent an MRI and were included in the study
(Fig. 1). See Supplementary Table 1 for differences between
cerebellar-ICH with and without MRI. Moderate to severe
white matter hyperintensities (WMH) were present in 56%,
lacunes were present in 43% and moderate/severe global
brain atrophy was present in 35% of cerebellar-ICH patients
(Table 1). Fifty patients (51%) showed at least one supraten-
torial CMB. In cerebellar-ICH patients with supratento-
rial CMBs, the majority showed a mixed-CMBs pattern
(n=26). Twelve had strictly deep-CMBs and 12 patients
had strictly lobar-CMBs. Figure 2 shows the distribution of

@ Springer

strictly-lobar, strictly-deep and mixed-CMBs in this cohort
of cerebellar-ICH patients. Thirteen patients (13%) of our
cohort showed CMBs also in the cerebellum. Compared
to the category with mixed-CMBs, strictly lobar-CMBs
patients were older, with lower prevalence of hypertension
but higher prevalence of more than 20 CSO EPVS (Table 1;
all p <0.05). In multivariable analysis, history of hyperten-
sion was associated with the mixed-CMB category (OR 4.9,
CI 1.2-20, p=0.017) while the presence of more than 20
CSO-EPVS with strictly lobar-CMBs (OR 0.2, C1 0.05-0.8,
p=0.024). When compared to patients with strictly deep-
CMBs, the mixed-CMBs group did not show any signifi-
cant differences in demographic, clinical and neuroimaging
variables. Finally, the strictly lobar-CMBs group had lower
prevalence of history of hypertension but higher presence
of more than 20 CSO-EPVS compared with patients with
strictly deep-CMBs.

Out of 28 patients with pathological specimens only 6
patients had sufficient neuropathological materials for the
evaluation of small vessel pathologies, which were used in
this study. Supplementary table 2 reports the clinical, MRI
and neuropathology finding of patients (N=6) in whom
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Ta.bI.e 1 DemOgraPhiCS_s Clinical and neuroimaging Cerebellar-ICH Strictly-lobar CMBs  Strictly-deep CMBs Mixed-CMBs
clinical and neuroimaging characteristics N=98 N=12 N=12 N=26
characteristics of all cerebellar-
ICH patients and cgmpar'isons Mean Age + SD 71.2+13.2 772+6.6 759+11.6 74.3+11.5%
}’;;;Vr‘f"c‘;\}fgts‘f;ﬁ(m‘y‘hdz:;ﬂy Sex, female (%) 47 (48) 3(25) 7(58) 10 (38)
CMBs and mixed-CMBs Hypertension (%) 80 (81) 7 (58) 12 (100)* 25 (96)*
Diabetes (%) 24 (24) 3(25) 4 (33) 6 (23)
Hypercholesterolemia (%) 47 (48) 7 (58) 6 (50) 9 (34)
History of ICH (%) 6 (6) 3(25) 1(7) 2(8)
Atrial fibrillation (%) 22 (22) 4(33) 5(42) 8 (1)
Warfarin (%) 23 (23) 5(42) 4 (33) 8 (1)
Antiplatelets (%) 44 (45) 5(42) 5(42) 16 (62)
Statins (%) 34 (35) 5(42) 2(17) 10 (39)
Moderate/severe WMH (%) 55 (56) 7 (58) 8 (66) 22 (84)
Presence of lacunes (%) 43 (43) 5(42) 7(58) 15 (58)
CSO-EPVS >20 (%) 11(11) 5(42) 0(0)} 2 (8)*
BG-EPVS >20 (%) 30 (31) 3 (25) 3(25) 11 (42)
Any ¢SS (%) 44 1(8) 0 (0) 3(12)
Moderate/severe GBA (%) 34 (35) 4 (33) 5(42) 14 (54)

No significant differences (p <0.05) have been found in comparisons between mixed-CMBS and strictly

deep-CMBS

SD standard deviation, CMBS cerebral microbleeds, CVA cerebrovascular accident, /CH intracerebral hem-
orrhage, WMH white matter hyperintensities, EPVS enlarged perivascular spaces, CSO centrum semiovale,
BG basal ganglia, ¢SS cortical superficial siderosis, GBA global brain atrophy

*P value <0.05 in comparisons between mixed-CMBs and strictly lobar-CMBs

$P value <0.05 in comparisons between strictly lobar-CMBs and strictly deep-CMBs

these data were available. All 6 cases showed arterioloscle-
rosis on neuropathologic evaluation while CAA was absent
in all the cases. Two mixed-CMBs patients showed moderate
to severe arteriolosclerosis on pathology.

Discussion

This study showed that supratentorial CMBs are commonly
seen in patients with cerebellar-ICH. In our cohort, cerebel-
lar ICH patients with supratentorial CMBs had predomi-
nantly a mixed distribution. Cerebellar-ICH with supraten-
torial mixed-CMBs appear more similar to cerebellar-ICH
patients with strictly deep-CMBs than those with strictly
lobar-CMBs. Evaluation of pathologic material showed that
all cerebellar-ICH with pathologic data available had some
degree of arteriolosclerosis. Overall, both our MRI-based
data and neuropathologic results suggest that cerebellar-ICH
patients appear to mainly harbor HTN-SVD as a dominant
microangiopathy.

In line with older pathological series, our results suggest
that the majority of cerebellar-ICH seems related to HTN-
SVD and only a smaller proportion is associated to CAA
[1, 3]. In our cohort, patients with supratentorial CMBs had
predominantly a mixed distribution. Previous studies sug-
gest that HTN-SVD may not only be located in deep areas

but also involve lobar regions [4, 17]. Even if not confirmed
by our limited pathologic data, cerebellar-ICH with strictly-
lobar CMBs showed demographic, clinical and neuroimag-
ing characteristics that may suggest presence of CAA pathol-
ogy [4, 10].

Our study has limitations. Comparisons between differ-
ent CMBs categories and neuropathologic evaluation was
limited by sample size despite being the largest consecutive
series of cerebellar-ICH patients with a detailed MRI assess-
ment to date. To answer to our research question, we decided
to use two different methodological approaches, such as MRI
and neuropathology. Each of these technique provide differ-
ent degrees of evidence for the diagnosis of the underlying
SVD pathology in cerebellar ICH patients. Furthermore,
patients with enough pathological materials for analyses
were much less compared with the whole samples with MRI.
These two aspects might have created a certain degree of
inhomogeneity for the different weights the two methodo-
logical approaches brought to the results. However, as gold
standard for diagnosis in medicine, the use of pathologic
evidences enabled us to support our MRI results showing
that in cerebellar-ICH arteriolosclerosis might be present.

We, also, acknowledge that almost half of cerebellar-ICH
patients did not show supratentorial CMBs on MRI. There-
fore, the systematic evaluation of supratentorial CMBs in
cerebellar ICH remains matter of debate in clinical practice.
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Finally, cerebellar ICH patients that did not undergo an MRI
were associated with larger hematoma volume compared to
included patients. This might have created a selection bias
because we cannot exclude that cerebellar ICH patients with
larger volumes harbor a different ICH etiology. Overall our
results must, therefore, be considered hypothesis generating
and exploratory.

In conclusion, both our MRI and pathological results sug-
gest that cerebellar ICH patients appear to mainly harbor
HTN-SVD, as a dominant microangiopathy. Further studies
in larger cohorts with pathologic evaluation are required.
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