European Journal of Nuclear Medicine and Molecular Imaging (2019) 46:2339-2347
https://doi.org/10.1007/500259-019-04441-1

ORIGINAL ARTICLE

®

Check for
updates

Enlarged perivascular spaces and florbetapir uptake in patients
with intracerebral hemorrhage

Nicolas Raposo ' - Mélanie Planton ' - Pierre Payoux* - Patrice Péran? - Jean Francois Albucher'? -
Lionel Calviere'? - Alain Viguier ' - Vanessa Rousseau? - Anne Hitzel** - Francois Chollet'? . Jean Marc Olivot'? -
Fabrice Bonneville*” . Jérémie Pariente

Received: 3 May 2019 /Accepted: 16 July 2019 /Published online: 29 July 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Purpose Enlarged perivascular spaces in the centrum semiovale (CSO-EPVS) have been linked to cerebral amyloid angiopathy
(CAA). To get insight into the underlying mechanisms of this association, we investigated the relationship between amyloid-[3
deposition assessed by 18F-florbetapir PET and CSO-EPVS in patients with acute intracerebral hemorrhage (ICH).

Methods We prospectively enrolled 18 patients with lobar ICH (suggesting CAA) and 20 with deep ICH (suggesting hyperten-
sive angiopathy), who underwent brain MRI and 18F-florbetapir PET. EPVS were assessed on MRI using a validated 4-point
visual rating scale in the centrum semiovale and the basal ganglia (BG-EPVS). PET images were visually assessed, blind to
clinical and MRI data. We evaluated the association between florbetapir PET positivity and high degree (score> 2) of CSO-EPVS
and BG-EPVS.

Results High CSO-EPVS degree was more common in patients with lobar ICH than deep ICH (55.6% vs. 20.0%; p = 0.02).
Eight (57.1%) patients with high CSO-EPVS degree had a positive florbetapir PET compared with 4 (16.7%) with low CSO-
EPVS degree (p = 0.01). In contrast, prevalence of florbetapir PET positivity was similar between patients with high vs. low BG-
EPVS. In multivariable analysis adjusted for age, hypertension, and MRI markers of CAA, florbetapir PET positivity (odds ratio
(OR) 6.44, 95% confidence interval (CI) 1.32-38.93; p =0.03) was independently associated with high CSO-EPVS degree.
Conclusions Among patients with spontancous ICH, high degree of CSO-EPVS but not BG-EPVS is associated with amyloid
PET positivity. The findings provide further evidence that CSO-EPVS are markers of vascular amyloid burden that may be useful
in diagnosing CAA.
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Introduction

This article is part of the Topical Collection on Neurology

Cerebral small vessel diseases (SVD), including mainly cere-
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(HA) are the most important causes of spontaneous intracere-
bral hemorrhage (ICH) in the elderly [1]. HA affects predom-
inantly small deep perforating vessels whereas CAA affects
cortical and leptomeningeal vessels [2—4]. Understanding the
underlying SVD has important clinical implications because
CAA and HA are characterized by different risks of ICH re-
currence [5, 6]. The presence and distribution of MRI hemor-
rhagic markers such as cerebral microbleeds (CMB) [7] or
cortical superficial siderosis (cSS) [8] are suggestive of the
underlying vasculopathy. Enlarged perivascular spaces
(EPVS) are emerging markers of SVD that may result from
enlargement of the potential space, possibly secondary to im-
paired interstitial fluid drainage [9, 10]. Recent imaging
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studies have shown that EPVS in the centrum semiovale
(CSO-EPVYS) suggest underlying CAA whereas EPVS in the
basal ganglia (BG-EPVS) indicate HA [11]. As failure of
perivascular clearance of A3 may be involved in the accumu-
lation of A3 in CAA [12] and cortical vessels are predomi-
nantly affected by CAA [2], CSO-EPVS observed in CAA
may reflect the impairment of A3 perivascular clearance.

To get insight into mechanisms linking CSO-EPVS and
CAA, we explored in the current study the association be-
tween EPVS burden and topography and 18F-florbetapir, a
positon emission tomography (PET) radiotracer shown to la-
bel vascular amyloid deposits in CAA [13, 14] in patients with
acute spontaneous ICH. We tested the hypothesis that
florbetapir PET positivity is associated with high CSO-
EPVS degree, but not with high BG-EPVS degree. We also
investigated the association between florbetapir PET positiv-
ity and EPVS predominance pattern in the CSO (CSO-EPVS
> BG-EPVS burden) and BG (BG-EPVS > CSO-EPVS
burden).

Materials and methods
Patient selection

Participants were recruited from the Toulouse Hospital
(France) as part of a prospective single-center cohort study
(ClinicalTrial.gov no. NCT01619709) [14]. The study was
approved by Toulouse-Purpan Hospital Ethical Standards
Committee on Human Experimentation. Written informed
consent was obtained from each participant or a legally autho-
rized representative.

We enrolled patients with acute symptomatic primary
supratentorial ICH who underwent brain MRI and 18F-
florbetapir PET. We excluded patients with (1)
infratentorial ICH, (2) traumatic ICH, (3) secondary
causes of ICH (such as vascular malformation, cerebral
venous thrombosis, hemorrhagic infarction, or brain tu-
mor), and (4) preexisting cognitive decline defined by a
score of 3.4 or above on the long version of the
Informant Questionnaire on Cognitive Decline in the
Elderly (IQCODE) [15]. Based on ICH location, pa-
tients were categorized as having (1) lobar ICH (consis-
tent with CAA) when ICH was restricted to cortical-
subcortical regions or (2) deep ICH (consistent with
HA) when ICH involved the thalamus or basal ganglia.

Data collection
Demographic and baseline clinical data were prospectively

recorded and analyzed. Hypertension was defined as any use
of antihypertensive medication or documented elevated blood
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pressure > 140/90 mmHg, before admission. APOE genotyp-
ing was performed in all participants.

MRI acquisition and analysis

MR images were acquired from all subjects using the
same 3-T MRI scanner (Philips 3.0T Intera Achieva,
Philips, Best, the Netherlands) according to a standardized
protocol. They included 3D T1-weighted (in-plane resolu-
tion 1 x I mm, 170 contiguous slices) and 3D fluid atten-
uated inversion recovery (FLAIR) (in-plane resolution
1 x1 mm, 160 contiguous slices) and T2*-weighted gra-
dient recalled echo (T2*-GRE) sequences (reconstructed
resolution 1 X 1 x4 mm, repetition time = 1052 ms, echo
time = 16 ms, flip angle = 18°, field of view =230 x 182,
140 slices).

All images were reviewed by investigators blinded to the
clinical and PET data according to the Standards for Reporting
Vascular Changes on Neuroimaging (STRIVE) [9].

The presence, number, and distribution (lobar or deep)
of CMB (diameter <5 mm) were evaluated on the T2%*-
GRE images according to the current consensus criteria
[7]. The presence and extent (focal [<3 sulci] or dissem-
inated [>4 sulci]) of ¢SS were visually assessed according
to recommended criteria [16]. Periventricular and deep
white matter hyperintensities (WMH) were visually
assessed on axial FLAIR images on the 7-point Fazekas
rating scale [17]. EPVS were assessed by two trained
raters (NR and FB) on axial T1-weighted images using a
validated 4-point visual rating scale (0 = no EPVS, 1 =<
10 EPVS, 2 = 11-20 EPVS, 3 = 21-40 EPVS, and 4 = >
40 EPVS) [18, 19]. EPVS were defined as < 3-mm round
or linear CSF isointense lesions (T2 hyperintense and T1/
FLAIR hypointense with respect to brain) along the
course of penetrating arteries. Lacunes were distinguished
from EPVS by their larger size (>3 mm), spheroid shape,
and surrounding hyperintensity on FLAIR. EPVS were
rated in BG and CSO. The numbers refer to EPVS on
one side of the brain: after reviewing all relevant slices
for the anatomical area being assessed, the slice and side
with the highest number of EPVS were recorded. In pa-
tients with large ICH that limited accurate rating, EPVS
were evaluated in the contralateral hemisphere. For each
region (BG and CSO), EPVS were categorized as high
(score >2) or low (score <2) degree. The interrater reli-
ability for the class of EPVS was excellent for CSO-
EPVS (k=0.83) and BG-EPVS (x=0.82). Additionally,
patients were categorized based on EPVS predominance
pattern in the CSO or BG, as previously described [11]:
(1) CSO-EPVS predominance pattern (CSO-EPVS > BG-
EPVS score); (2) BG-EPVS predominance pattern (BG-
EPVS > CSO-EPVS score); and (3) non-predominance
EPVS pattern (BG-EPVS = CSO-EPVS score).
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Table 1 Baseline clinical and
imaging characteristics of patients

with lobar ICH and deep ICH

Lobar ICH (n=18) Deep ICH (n=20) p value*

Age (years), mean = SD 67.2+12.1 64.4+11.3 0.46
Female, n (%) 9 (50.0) 6 (30.0) 0.21
Hypertension, n (%) 5(27.8) 18 (90.0) <0.0001
IQCODE, mean = SD 3.04+0.21 2.98+0.53 0.85
APOE ¢2 and/or €4 allele, n (%) 10 (55.6) 2 (10.0) 0.003
High EPVS degree (grade >2)

High BG-EPVS degree, n (%) 1(5.6) 5(25.0) 0.18°

High CSO-EPVS degree, n (%) 10 (55.6) 4(20.0) 0.02
CMB count, median (IQR) 4.5 (0-10.0) 5 (1-10.5) 0.65
Strictly lobar CMB, n (%) 12 (66.7) 2 (10.0) <0.001
Strictly deep CMB, n (%) 0(0.0) 5(25.0) 0.05°
Presence of ¢SS, n (%) 10 (55.6) 1(5.0) 0.001
Severe (Fazekas 5-6) WMH, n (%) 9 (50.0) 8 (40.0) 0.54
Florbetapir PET positivity, n (%) 10 (55.5) 2 (10.0) 0.003
Florbetapir SUVr positive, n (%) 11 (61.1) 4 (20.0) 0.01

2 Wilcoxon test for quantitative variables and chi® test for qualitative variables

® Fisher test

BG, basal ganglia; CMB, cerebral microbleeds; CSO, centrum semiovale; ¢SS, cortical superficial siderosis;
EPVS, enlarged perivascular spaces; /CH, intracerebral hemorrhage; /JQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; SUVr, standard uptake value ratio; WMH, white matter hyperintensities

Florbetapir PET imaging acquisition and analysis

Florbetapir PET scans were performed on a Biograph™ 6
TruePoint™ (Siemens Medical Solutions, Munich,
Germany) high-resolution hybrid PET/CT scanner (3D detec-
tion mode, producing images with 1 x 1 x 1.5-mm voxels and
a spatial resolution of 5 mm full width at half maximum at the
field of view center) using procedures that we previously de-
scribed [14]. A 10-min acquisition started 50 min after intra-
venous injection of 3.7 MBq/kg weight of 18F-florbetapir.
PET data were corrected for partial volume effects using the
point spread function (PSF) model implemented by Siemens
(HD-PETO).

The 18F-florbetapir PET images were visually
assessed, by two board-certified nuclear medicine phy-
sicians (AH and PiP), blinded to all clinical and diag-
nostic information, who were experienced in amyloid
scan assessment. They were trained to do binary classi-
fication of scans as either florbetapir positive if there
was some significant florbetapir cortical retention (two
or more brain areas in which there was reduced or ab-
sent gray/white matter contrast or one or more areas in
which gray matter radioactivity was intense) or as
florbetapir negative if there was no significant
florbetapir cortical retention (clear gray/white matter
contrast) as previously described [20]. To ensure that
the raters were blind from ICH location, a mask of
the ipsilesional hemisphere was used for the visual as-
sessment of florbetapir PET. The interrater reliability for

the visual assessment of the 18F-florbetapir PET scans
was excellent (k=1). Figure 1 shows examples of
EPVS distribution in Lobar ICH and deep ICH cases
with corresponding florbetapir PET.

In addition to the visual rating of PET images, we per-
formed a semiautomated quantitative analysis of cortical
florbetapir retention that we previously described [14]. Mean
regional cortical florbetapir standard uptake value ratios
(SUVr) were computed in each participant using five cortical
gray matter ROIs (frontal, insular, temporal, parietal, occipi-
tal). We used the whole cerebellum as reference for SUVr
calculation. Global cortical florbetapir SUVr was calculated
as the average of the SUVr value in each ROIs in the hemi-
sphere not affected by ICH. Based on SUVr analysis, a
florbetapir PET was defined as positive (SUVr positive) when
the global cortical florbetapir SUVr was greater than 1.8, a
threshold value derived from a single-center florbetapir PET
study on patients with primary ICH to define positive CAA
cases [14].

Statistical analyses

Baseline clinical and imaging characteristics of patients with
lobar ICH and deep ICH were compared using the x* test or
Fisher’s exact test for qualitative variables and the Wilcoxon
rank-sum test for quantitative variables, as appropriate.

We performed appropriate univariate tests to compare clin-
ical data, MRI characteristics, and florbetapir PET (visual)
positivity data between patients with high (score >2) and
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those with low (score <2) degree of CSO-EPVS and BG-
EPVS.

Logistic regression models were used to identify factors
associated with high CSO-EPVS degree. Clinical characteris-
tics, MRI markers of SVD, and florbetapir PET positivity
were tested in univariable models. For the multivariable anal-
ysis, candidate covariates included all variables with p < 0.1 in
univariable analysis and other potential confounders. Clinical
and imaging variables were age, history of hypertension,
strictly lobar CMB (presence), cSS (presence), severe WMH
(Fazekas’ score 5 or 6), and florbetapir PET positivity. Final
model was obtained using backward elimination strategy and
contained only factors significant at 5%.

Additionally, we explored the association between EPVS
predominance pattern (CSO-EPVS predominance; BG-EPVS
predominance; non-predominance EPVS pattern) and
florbetapir PET positivity using x* test or Fisher’s exact test,
as appropriate.

As a sensitive analysis, we explored the associations of
florbetapir PET positivity based on the SUVr analysis (SUVr
positive) with (1) high vs. low EPVS degree in the CSO and
BG and (2) EPVS predominance pattern.

Statistical testing was conducted at an alpha level of 0.05
(two-tailed). Data were analyzed with SAS® software, ver-
sion 9.4 (SAS Institute).

Fig. 1 Examples of enlarged
perivascular space patterns with
corresponding florbetapir PET in
lobar and deep intracerebral
hemorrhage. a—c Patient with
lobar ICH. Axial T1-weighted
MRI shows high degree of
enlarged perivascular spaces in
the centrum semiovale (a; white
arrow) and a low degree in the
basal ganglia (b). The
corresponding 18F-florbetapir
PET (c) was positive. d—f Patient
with deep ICH. Axial T1-
weighted MRI shows low degree
of enlarged perivascular spaces in
the centrum semiovale (d) and a
high degree in the basal ganglia
(e; white head arrow). The
corresponding 18F-florbetapir
PET (f) was negative
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Results
Study participants

A total of 38 patients (mean age 65.7 +11.6 years; female
39.5%) with acute primary ICH were prospectively included
between January 2012 and March 2016: 18 with lobar ICH
(13 with probable CAA, 2 with definite CAA, and 3 with
possible CAA, based on the modified Boston criteria [8])
and 20 with deep ICH. The participants had no pre-ICH cog-
nitive impairment (IQCODE <3.4).

Clinical and imaging characteristics of patients are summa-
rized in Table 1. Overall, 14 (36.8%) patients had high CSO-
EPVS degree, 6 (15.8%) had high BG-EPVS degree, and 3
(7.9%) had high degree of both CSO-EPVS and BG-EPVS.
High CSO-EPVS degree was more commonly observed in
patients with lobar ICH than deep ICH (55.6% vs. 20.0%;
p=0.02). In contrast, high BG-EPVS degree was rarely ob-
served in patients with lobar ICH (5.6%) and tended to be
more frequent in patients with deep ICH (25.0%; p=0.18).
Florbetapir PET was visually assessed as positive in 10
(55.5%) patients with lobar ICH compared with 2 (10.0%)
patients with deep ICH (p =0.003). Among patients with lo-
bar ICH, florbetapir PET was visually positive in all patients
with definite CAA, 7 (53.8%) with probable CAA, and 1
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Table 2 Comparison of clinical - ]
and MRI characteristics between High CSO- Low CSO- P High BG- Low BG- p
patients with high (grade >2) vs. EPVS degree  EPVS degree  value® EPVS degree EPVSdegree  value®
low (grade <2) EPVS degree in
the centrum semiovale and the No. 14 24 - 6 32 -
basal ganglia Clinical characteristics
Age, mean + SD 70.2+9.2 63.1+12.2 0.07 66.5+10.1 65.6+12.0 0.86
Female, No. (%) 6 (42.9) 9(37.5) 0.74 1(16.7) 14 (43.8) 0.37°
Hypertension, No. 5@35.7) 18 (75.0) 0.02 5(83.3) 18 (56.3) 0.37°
(%)
Diabetes, No. (%) 2 (14.3) 5(20.8) 0.99° 2 (33.3) 5(15.6) 0.30°
APOE €2 and/orgd 6 (42.9) 6 (25.0) 0.30° 1(16.7) 11 (34.4) 0.64°
allele, No. (%)
MRI markers of SVD
Lobar CMB count, 6 (0-21) 1.5 (0-3.5) 0.14 4(1-12) 2 (0-6.5) 041
median (IQR)
Deep CMB count, 0 (0-0) 1(04) 0.08° 4.5 (0-5) 0 (0-1) 0.08
median (IQR)
¢SS presence, No. 6 (42.9) 5(20.8) 0.27¢ 0(0.0) 11 (34.4) 0.15°
(%)
Severe WMH?, No. 10 (71.4) 7(29.2) 0.01 4 (66.7) 13 (40.6) 0.38°
(%)

? Fazekas’ score 5 or 6

® Wilcoxon test for quantitative variables and chi® test for qualitative variables

¢ Fisher test

BG, basal ganglia; CMB, cerebral microbleeds; CSO, centrum semiovale; ¢SS, cortical superficial siderosis;
EPVS, enlarged perivascular spaces; WMH, white matter hyperintensities

(33.3%) with possible CAA. Based on the SUVr analysis,
florbetapir PET was classified as positive in 11 (61.1%) pa-
tients with lobar ICH compared with 4 (20%) with deep ICH
(p=0.01).

High vs. low EPVS degree in the CSO and BG

Comparison of characteristics between patients with
high and low EPVS degree in the CSO and BG is
shown in Table 2. Compared with those with low
CSO-EPVS degree, patients with high CSO-EPVS de-
gree were more likely to have severe WMH and less
likely to have hypertension. Among patients with high
CSO-EPVS degree, 8 (57.1%) were visually rated as
florbetapir PET positive compared with 4 (16.7%) with
low CSO-EPVS degree (p=0.01; Fig. 2a). The propor-
tion of patients with florbetapir PET positive was simi-
lar between subjects with high BG-EPVS degree and
low BG-EPVS degree (33.3% vs. 31.3%; p=0.92). In
the SUVr analysis, 8 (57.1%) patients with high CSO-
EPVS degree were classified as positive, compared with
7 (29.2%) with low CSO-EPVS degree (p=0.09).
Florbetapir SUVr positivity was similar between patients
with high BG-EPVS degree and low BG-EPVS degree
(33.3% vs. 40.6%; p=0.737).

In multivariable logistic regression analysis, florbetapir
PET positivity (odds ratio (OR) 6.44, 95% confidence

interval (CI) 1.32-38.93; p =0.03) and severe WMH pres-
ence (OR 5.87, 95% CI 1.28-33.48; p=0.03) were inde-
pendently associated with the presence of high CSO-
EPVS degree (Table 3).

EPVS predominance pattern

Among the whole cohort, 14 (36.8%) patients had a CSO-
EPVS predominance pattern (CSO > BG), 7 (18.4) had a
BG-EPVS predominance pattern (BG > CSO), and 17
(44.7) had a non-predominant EPVS pattern (BG =
CSO). A CSO-EPVS predominance pattern was more
commonly observed in patients with lobar ICH than deep
ICH (61.1% vs. 15.0%; p=0.003). Among patients with
deep ICH, a BG-EPVS predominance pattern was detect-
ed in 5 (25%) subjects compared with 2 (11.1%) patients
with lobar ICH (p=0.41).

Among patients with a CSO-EPVS predominance pat-
tern, 8 (57.1%) had a visually positive florbetapir PET,
compared with 4 (23.5%) with a non-predominant EPVS
pattern and none with a BG-EPVS predominance pattern
(p=0.02; Fig. 2b). A florbetapir SUVr positivity was ob-
served in 7 (50.0%) patients with a CSO-EPVS predom-
inance pattern, 6 (35.3%) with a non-predominant EPVS
pattern, and 2 (28.6%) with a BG-EPVS predominance
pattern (p =0.57).
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Fig. 2 .Florbetapir PET visual florbetapir PET negative
analysis according to the a
distribution of enlarged ® florbetapir PET positive
perivascular spaces. (a) p=0.01 p=0.99
Comparison of florbetapir PET 100% -
between patients with high (grade
> 2) and low (grade < 2) enlarged 80%
perivascular spaces degree in the
centrum semi ovale and the basal s
ganglia. (b) Florbetapir PET > 60%
according to the enlarged ‘é
perivascular spaces :.E,' 40%
predominance pattern. £
Abbreviations: BG, = basal o
ganglia; CSO, = centrum semi- 20%
ovale; EPVS, = enlarged
perivascular spaces 0%
high CSO-EPVS low CSO-EPVS high BG-EPVS  low BG-EPVS
(n=14) (n=24) (n=6) (n=32)
b florbetapir PET negative
H florbetapir PET positive
100%
80%
g
@ 60%
c
g Overall
2 a0% p=002
g
20%
0%
BG-EPVS > CSO-EPVS BG-EPVS = CSO-EPVS CSO-EPVS > BG-EPVS
(n=7) (n=17) (n=14)

Discussion

In this prospective single-center study of patients with acute
spontaneous ICH, high CSO-EPVS degree was more com-
mon in patients with lobar ICH than in deep ICH and was
associated with florbetapir PET positivity. By contrast, high
BG-EPVS were rarely observed in patients with lobar ICH
and were not associated with florbetapir PET positivity.
Additionally, florbetapir PET positivity was considerably
more common in patients with a CSO-EPVS predominance
pattern than in those with BG-EPVS predominance pattern.
These findings provide further evidence that in patients with
symptomatic ICH, CSO-EPVS could be markers of vascular
amyloid burden that may be useful in detecting underlying
CAA.

EPVS are emerging neuroimaging markers of SVD.
Previous studies suggest that BG-EPVS are associated with
hypertension and imaging markers of HA such as WMH and
lacunes [18, 21]. Conversely, CSO-EPVS appear to be asso-
ciated with both AD and CAA [22-26]. In a large single-
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center cohort of patients with ICH, high CSO-EPVS degree
was associated with MRI markers of CAA (i.e., lobar CMB
and ¢SS) whereas high BG-EPVS degree was associated with
MRI markers of HA [11]. This link between CSO-EPVS and
CAA was recently confirmed in two cohorts of patients with
inherited and pathologically proven sporadic CAA [26].

Our study demonstrated the association between EPVS to-
pography and vascular amyloid load assessed by 18F-
florbetapir amyloid PET. We found that among patients with
primary ICH, high CSO-EPVS degree was associated with
florbetapir PET positivity whereas high BG-EPVS degree
was not. Moreover, approximatively 60% of patients with a
CSO-EPVS predominance pattern had a positive florbetapir
PET compared with none with a BG-EPVS predominance
pattern. Only one previous study including 11 patients with
CAA-ICH and 20 healthy controls investigated the associa-
tion between amyloid PET and EPVS, using 11C-Pittsburgh
compound B (PiB), another amyloid radiotracer [27]. The
burden of CSO-EPVS (but not BG-EPVS) was associated
with PiB retention across the whole cohort. However, this
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Table 3 Logistic regression of

factors associated with CSO- Univariable analysis Multivariable analysis®

EPVS high (grade > 2) degree

OR 95% C1 p value OR 95% C1 p value

Age (per each year older) 1.07 1.00-1.16 0.08 - -
Female sex 1.25 0.324.83 0.75 - -
Hypertension® 0.19 0.04-0.74 0.02 - -
Diabetes” 0.63 0.08-3.48 0.62 - -
Florbetapir PET positivity® 6.67 1.56-33.36 0.01 6.44 1.32-38.93 0.03
Strictly lobar CMB?* 243 0.62-9.91 0.20 - -
cSs* 2.85 0.67-12.74 0.16 - -
Severe WMH™" 6.07 1.51-28.90 0.02 5.87 1.28-33.48 0.03
ApoE €2 and/or €4 allele” 225 0.55-9.49 0.26 - -

 Presence vs. absence
® Fazekas’ score 5 or 6

¢ Adjusted for age, history of hypertension, strictly lobar CMB (presence), ¢SS (presence), severe WMH, and

florbetapir PET positivity

CI, confidence interval; CMB, cerebral microbleeds; CSO-EPVS, enlarged perivascular spaces in the centrum
semiovale; ¢SS, cortical superficial siderosis; OR, odds ratio; WMH, white matter hyperintensities

association was not significant when analysis was restricted to
CAA patients, probably due to the limited sample size of this
subgroup. Results from these two amyloid PET studies are in
line with a recent post-mortem MRI study that demonstrated
that CSO-EPVS degree was associated with CAA histopath-
ological severity [28].

The strengths of this study include its prospective de-
sign, a systematic multimodal evaluation (3T research
MRI and 18F-florbetapir PET) of patients with primary
ICH, and the use of well-characterized EPVS patterns.
Our study has also limitations. Although close to those
from other amyloid PET studies in ICH cohorts [13, 29],
the sample size was relatively small, and our study was
likely underpowered, especially in multivariable analyses.
Confidence intervals are wide, and results should be cau-
tiously interpreted. Nonetheless, our findings linking
CSO-EPVS to CAA are consistent with previous studies
using other markers of CAA (MRI markers, histopatho-
logical scale, PiB PET) [11, 26-28]. Hence, our results
should be considered preliminary and require external val-
idation. In the absence of a validated threshold value of
florbetapir SUVr to define positive CAA cases, florbetapir
PET was visually assessed that may appear as a more
subjective method. However, the raters were blind to
ICH location for the visual assessment of florbetapir
PET, and results of our sensitive analysis based on a
threshold value of SUVr to define florbetapir positivity
are consistent—though not statistically significant—with
the visual analysis. Additionally, amyloid imaging cannot
accurately differentiate vascular amyloid from parenchy-
mal amyloid whereas co-occurrence of AD is common in
CAA patients [30]. Although patients with preexisting

cognitive impairment assessed by IQCODE were exclud-
ed from our study to minimize the risk of AD, we cannot
totally rule out the presence of AD pathology in patients
with CAA-related lobar ICH, as well as in patients with
deep ICH. Finally, our findings may only be applicable to
a selected ICH population, specifically the less severe
cases able to have brain MRI and those without pre-ICH
cognitive impairment.

Conclusion

Our findings provide further supporting evidence that
among patients with spontaneous ICH, severe CSO-
EPVS are markers of vascular amyloid burden whereas
BG-EPVS are not, suggesting that the anatomical distri-
bution of EPVS may reflect the underlying vasculopathy.
Ongoing collaborative studies with pathologically proven
CAA vs. non-CAA cases should assess whether CSO-
EPVS would enhance diagnostic accuracy of the MRI-
based Boston criteria.
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