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ABSTRACT

Objective: To identify different white matter hyperintensity (WMH) patterns between 2
hemorrhage-prone cerebral small vessel diseases (SVD): cerebral amyloid angiopathy (CAA)
and hypertensive arteriopathy (HA).

Methods: Consecutive patients with SVD-related intracerebral hemorrhage (ICH) from a single-
center prospective cohort were analyzed. Four predefined subcortical WMH patterns were com-
pared between the CAA and HA groups. These WMH patterns were (1) multiple subcortical spots;
(2) peri–basal ganglia (BG); (3) large posterior subcortical patches; and (4) anterior subcortical
patches. Their associations with other imaging (cerebral microbleeds [CMBs], enlarged perivas-
cular spaces [EPVS]) and clinical markers of SVD were investigated using multivariable logistic
regression.

Results: The cohort included 319 patients with CAA and 137 patients with HA. Multiple subcor-
tical spots prevalence was higher in the CAA compared to the HA group (29.8% vs 16.8%; p 5

0.004). Peri-BG WMH pattern was more common in the HA- vs the CAA-ICH group (19% vs
7.8%; p5 0.001). In multivariable logistic regression, presence of multiple subcortical spots was
associated with lobar CMBs (odds ratio [OR] 1.23; 95% confidence interval [CI] 1.01–1.50, p 5

0.039) and high degree of centrum semiovale EPVS (OR 2.43; 95%CI 1.56–3.80, p, 0.0001).
By contrast, age (OR 1.05; 95%CI 1.02–1.09, p5 0.002), deep CMBs (OR 2.46; 95%CI 1.44–
4.20, p 5 0.001), total WMH volume (OR 1.02; 95% CI 1.01–1.04, p 5 0.002), and high BG
EPVS degree (OR 8.81; 95% CI 3.37–23.02, p , 0.0001) were predictors of peri-BG WMH
pattern.

Conclusion: Different patterns of subcortical leukoaraiosis visually identified on MRI might pro-
vide insights into the dominant underlying microangiopathy type as well as mechanisms of tissue
injury in patients with ICH. Neurology® 2016;86:505–511

GLOSSARY
BG 5 basal ganglia; CAA 5 cerebral amyloid angiopathy; CI 5 confidence interval; CMB 5 cerebral microbleeds; CSO 5
centrum semiovale; EPVS 5 enlarged perivascular spaces; FLAIR 5 fluid-attenuated inversion recovery; HA 5 hypertensive
arteriopathy; ICH 5 intracerebral hemorrhage; MGH 5 Massachusetts General Hospital; OR 5 odds ratio; PV 5 periven-
tricular; SC 5 subcortical; SVD 5 small vessel disease; TE 5 echo time; VBM 5 voxel-based morphometry; WMH 5 white
matter hyperintensities.

Sporadic cerebral amyloid angiopathy (CAA) and hypertensive arteriopathy (HA) are the 2
most common forms of cerebral small vessel disease (SVD) in older adults.1 CAA results from
b-amyloid deposition within cortical and leptomeningeal arteries whereas HA predominantly
affects small perforating end-arteries of the deep gray nuclei and deep white matter. Both CAA
and HA are common causes of intracerebral hemorrhage (ICH)2,3 and cognitive impairment.4

As they have intrinsically different pathophysiology, clinical significance, and prognosis,1 specific
imaging markers are needed to better understand potential disease mechanisms and facilitate
future trials.5

Both CAA and HA are associated with characteristic neuroimaging markers, including cere-
bral microbleeds (CMB),6 white matter hyperintensities (WMH),7 and enlarged perivascular
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spaces (EPVS).8,9 Lobar micro/macrobleeds
are consistently associated with CAA whereas
deep bleeds are associated with HA.6 There is
ample evidence suggesting a causal link
between vascular amyloid and WMH10–12

but no characteristic patterns were identified
for CAA, HA, or other cohorts.7,13,14 Small
(spots) and larger (patches) areas of strictly
subcortical WMH as well as linear peri–basal
ganglia (BG) hyperintensities are commonly
seen in clinical and research MRI but their
significance is not known.

In the present study, we sought to identify
differences in WMH patterns between CAA
and HA in a large prospective cohort of ICH
patients. To that end, 4 predefined subcortical
WMH patterns were compared between the 2
groups and independent associations with
other imaging and clinical markers of SVD
were investigated. We also compared the vol-
ume of subcortical and periventricular
WMH between these groups.

METHODS Study population and diagnostic group
assignment. We analyzed prospectively collected data from con-

secutive patients admitted to Massachusetts General Hospital

(MGH) with spontaneous symptomatic ICH (presumed to be

due to SVD after adequate evaluation15) who had MRI and

enrolled in an ongoing cohort study as described extensively in

previous publications.16–18 Patients with strictly lobar hemor-

rhages (including ICH and CMBs) involving the cerebral cortex

and underlying white matter were coded as CAA per Boston

criteria.19 The CAA-related ICH diagnosis included (1)

definite, pathologically proven CAA based on full autopsy; (2)

probable CAA with supporting pathology, i.e., lobar ICH with or

without lobar CMBs and pathologic evidence of CAA; (3)

probable CAA, based on the presence of lobar ICH and purely

lobar CMBs; and (4) possible CAA, single lobar ICH without

CMB. Patients with strictly deep hemorrhages in the BG,

thalamus, or brainstem were diagnosed with HA. HA might

not be merely related to hypertension, but the term is

historically and widely used in the field to denote a sporadic

non-CAA-related small vessel process that is mainly vascular

risk factor–driven.1 This group included patients with purely

deep hemorrhages, i.e., deep ICH, with or without deep

CMBs, but no lobar CMBs. Patients with lower diagnostic

certainty, such as participants with a mixed distribution of ICH

and CMBs (i.e., a lobar ICH with deep CMB, a deep ICH with

lobar CMB, or brainstem ICH and lobar CMB) (n5 49), as well

as 27 cases with cerebellar bleeds and 11 cases with other (e.g.,

inflammatory CAA), were excluded from the study. All patients

had CT angiography/magnetic resonance angiography and

vascular malformation or other ICH etiologies were ruled out.

Clinical and APOE genotype data. Patient enrollment, clin-

ical data collection, and MRI acquisition were performed as

described previously.16–18 In brief, the following clinical variables

were systematically recorded for each participant: age, sex, pres-

ence of hypertension, diabetes, hypercholesterolemia, history of

ICH, and antithrombotic drug use at baseline. Hypertension was

defined as previous diagnosis of hypertension (.140/90 mmHg)

or use of antihypertensive treatment for blood pressure control.

Diabetes and hypercholesterolemia were defined as previous diag-

noses or current use of antidiabetic and antihyperlipidemic drugs,

respectively.

DNA was extracted and APOE genotype was determined in a

subset of patients who provided blood samples as detailed else-

where.20 DNA samples were available from 276 of the 456 study

participants.

Standard protocol approvals, registrations, and patient
consents. This study was performed with approval and in accor-

dance with the guidelines of the institutional review boards

MGH, which allows us to collect data on all participants with

ICH treated at MGH.

Neuroimaging acquisition and analysis. Images were ob-

tained using a 1.5T MRI scanner (GE Sigma, Cleveland, OH)

and included whole brain T2-weighted, T2*-weighted gradient

recalled echo (echo time [TE] 750/50 ms, 5 mm slice thickness,

1 mm interslice gap), and fluid-attenuated inversion recovery

(FLAIR; repetition time/TE 10,000/140 ms, inversion time

2,200 ms, 1 number of excitations, 5 mm slice thickness,

1 mm interslice gap).

Total, subcortical (SC), and periventricular (PV) WMH vol-

umes of CAA-ICH and HA-related ICH were quantitatively

measured on FLAIR MRI, in the ICH-free hemisphere, using a

2-step planimetric semiautomated segmentation as previously

described.12 The subsegmentation of WMH into SC and PV

was made based on the discontinuity of the SC WMH, which

are not touching the periventricular WMH, as compared to the

PVWMH, which are in direct contact with the ventricles. WMH

in contact with the ventricles that could be followed on 2 slices

above the ventricles were considered as PV WMH. Above this

level, WMH were considered as SC. Patients with severe conflu-

ent WMHwere not subsegmented because there was no clear-cut

distinction between PV and SC WMH. These cases where

excluded from the relevant multivariable models exploring pre-

dictors for PV and SC WMH.

We defined and visually assessed 4 different subcortical

WMH patterns on FLAIR MRI (figure 1), which emerged after

evaluating WMH on hundreds of MRI scans from ICH patients

over the years. The patterns included (1) multiple subcortical

spots pattern—this pattern appears in SC white matter and it

refers to small circles or spots of WMH (the total number of

spots must be higher than 10 to meet this pattern requirement;

this cutoff, though arbitrary, was prespecified based on its possi-

ble clinical usefulness as an easily identified pattern); (2) peri-BG

pattern—WMH following the peripheral outline of the BG; (3)

large (i.e., generally extending more than 5 mm in the deep white

matter) posterior subcortical patches—large WMH volumes pos-

terior to the ventricular horn with a visible separation between

ventricle (with or without PV WMH); and (4) large (i.e., gener-

ally extending more than 5 mm in the deep white matter) anterior

subcortical patches pattern—large WMH volumes anterior to the

frontal horn/ventricle body junction with a clear distinction from

PV WMH. The presence/absence of these 4 different subcortical

WMH patterns was recorded irrespective of ICH presence; pat-

terns were not mutually exclusive. Comparison between 2 trained

raters (trained by reviewing a range of test cases based on the

definitions and through discussion) using a sample of 20 cases

reflecting the spectrum of WMH patterns presence and severity,

and blinded to blood-sensitive MRI sequences and clinical data,

showed excellent interrater agreement: kappa was 0.89 for
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multiple spots pattern, 0.86 for peri-BG pattern, 0.82 for large

anterior subcortical patches pattern, and 0.70 for large posterior

subcortical patches.

Presence and number of CMBs and macrobleeds were evalu-

ated on axial blood-sensitive MRI according to current consensus

criteria.6,21 For purposes of statistical analyses, the number of

lobar and deep CMBs was categorized using cutpoints as defined

previously (0, 1, 2–4, or $5).22

EPVS were assessed in line with STRIVE recommenda-

tions15; they were rated on axial T2-weighted MRI, in the BG

and centrum semiovale (CSO), using a validated 4-point visual

rating scale (0 5 no PVS, 1 5 ,10 PVS, 2 5 11–20 PVS, 3 5

21–40 PVS, and 4 5 .40 PVS).23–25 The assessment of EPVS

was done blinded to CMB status and WMH patterns. We pre-

specified a dichotomized classification of EPVS degree as high

(score .2) or low (score #2) in line with previous studies.8,25,26

All MRI analyses were performed and recorded blinded to

clinical and genetic information.

Statistics. Clinical, neuroimaging, and APOE characteristics of

CAA-ICH vs HA-related ICH were compared in univariate

analyses, using 2-sample t test, Wilcoxon rank sum, Pearson x2,

and Fisher exact tests as appropriate. Multivariable logistic

regression analyses were performed to look for independent

associations for each of the WMH patterns, including age, total

WMH volume, lobar CMBs categories, deep CMBs categories,

high CSO-EPVS grade, high BG-EPVS grade, as well as other

biologically plausible covariates (e.g., hypertension). Stepwise

forward variable selection (p . 0.05) was subsequently used to

generate a minimal adjusted model. APOE genotype was analyzed

as a categorical variable according to the presence or absence of

the e2 or e4 alleles. Separate logistic regression models were used

to assess the relationship between APOE e2 or e4 allele presence

and different WMH patterns.

All tests of significance were 2-tailed. Significance level was set

at 0.05 for all analyses. Stata software (version 11.2; StataCorp,

College Station, TX) was used for all analyses. The manuscript

was prepared with reference to Strengthening the Reporting of

Observational Studies In Epidemiology guidelines.27

RESULTS Our final cohort included 319 CAA-ICH
patients (6 pathology-definite, 18 probable with
supportive pathology, 173 probable, and 122 true
possible CAA [i.e., lobar ICH and no CMBs on
MRI] according to the Boston criteria19) and 137
HA-ICH. The patients were enrolled between
January 2003 and February 2012. Demographic,
genetic, and imaging characteristics of the study
population are presented in table 1. CAA patients
were older (mean age 74 vs 67, p , 0.001) with a
higher WMH burden (median total, PV, and SC
WMH) on univariate analyses than HA-ICH cases
(table 1). After correction for age, the total, PV, and
SC WMH volumes were not different between the 2
groups. Older age and higher lobar and deep CMB
counts were independent predictors of the total
WMH volume (p , 0.01 for all predictors) after
adjustment for sex and diagnosis (CAA vs HA) in a
linear regression model (data not shown).

The prevalence of WMH patterns in the whole
ICH cohort and according to diagnostic category is
summarized in figure 2. In general, 198 (43.4%) of
the ICH cases had at least one of these WMH pat-
terns on MRI: 141 (30.9%) had only 1 of the 4
patterns, whereas 57 (12.5%) ICH cases had more
than 1. The prevalence of multiple subcortical spots
was higher in the CAA compared to the HA group
(29.8% vs 16.8%; p 5 0.004). In contrast, the peri-
BG WMH pattern was more common in the HA- vs
the CAA-ICH group (19% vs 7.8%; p 5 0.001). In
the cohort subset with genetic data available (n 5

271), presence of APOE e2 allele (but not e4) showed
a tendency for higher prevalence in patients with mul-
tiple subcortical spots compared to those without
(25% vs 15.8%; p 5 0.075). Adjustment for age
and sex (odds ratio [OR] 1.75; 95% confidence inter-
val [CI] 0.92–3.31, p 5 0.088) did not alter the
direction or strength of this association. None of
the other WMH patterns showed an association with
either APOE e2 or e4 presence.

In multivariable logistic regression analysis, the
presence of multiple subcortical spots was indepen-
dently associated with lobar CMBs (OR 1.23; 95%
CI 1.01–1.50, p 5 0.039) and high degree of
CSO-EPVS (OR 2.43; 95% CI 1.56–3.80, p ,

0.0001), after adjusting for age, hypertension, deep
CMBs, total WMH volume, and high BG-EPVS
degree (table 2). In a similar multivariable logistic

Figure 1 Different subcortical white matter hyperintensity (WMH) patterns on
fluid-attenuated inversion recovery MRI

(A) Multiple subcortical spots WMH pattern. (B) Peri–basal ganglia WMH pattern. (C) Large
posterior subcortical patches WMH pattern. (D) Anterior subcortical patches WMH pattern.
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regression model, independent predictors associated
with peri-BG WMH pattern were older age (OR
1.05; 95% CI 1.02–1.09, p 5 0.002), deep CMBs
(OR 2.46; 95% CI 1.44–4.20, p 5 0.001), total
WMH volume (OR 1.02; 95% CI 1.01–1.04, p 5

0.002), and high degree of BG-EPVS (OR 8.81; 95%
CI 3.37–23.02, p, 0.0001) (table 2). In the patient
group with CAA-ICH, the presence of multiple sub-
cortical spots was associated with higher lobar CMB
counts (median 1, interquartile range 0–6 vs median
0, interquartile range 0–2, p 5 0.0032 in CAA pa-
tients with vs without multiple subcortical spots,
respectively). All models remained consistent and of
similar effect size in sensitivity analyses excluding pos-
sible CAA cases (n 5 122) or non-CAA-ICH cases
without hypertension (n 5 22).

The large posterior subcortical patches pattern
was not independently related to any clinical or
imaging predictors or CAA-ICH or HTN-ICH
diagnoses. Large anterior subcortical patches were
associated with total WMH volume (OR 1.03;
95% CI 1.02–1.05; p , 0.0001) and marginally
with lobar CMBs (OR 1.27; 95% CI 0.98–1.63;
p 5 0.07), after adjusting for age, deep CMBs, and
high CSO-EPVS and BG-EPVS degree in multivar-
iable logistic regression.

DISCUSSION Our study in consecutive spontaneous
ICH patients shows that WMH often appear in par-
ticular spatial patterns that can be reliably recognized
on conventional MRI and that can associate with par-
ticular SVD or other putative MRI markers. The
main findings are that CAA and HA relate to different
patterns of subcortical WMH, despite both arteriopa-
thies being associated with high total WMH burden.
Multiple punctate subcortical FLAIR hyperintensities
(i.e., multiple spots) are more commonly found in
CAA and associated with lobar CMBs and high
CSO-EPVS degree. This pattern may be an
additional marker of cerebrovascular amyloid load
or CAA-related leukoaraiosis. The lack of any
association between age and the presence of
multiple spots suggests that this pattern does not
depend on age, increasing the chances to be used as
a possibly early marker of CAA. Peri-BG WMH
were more common in HA and linked to older age,
higher WMH burden, deep CMBs, and high BG-
EPVS degree.

Both CAA and HA are important contributors to
microangiopathic subcortical injury leading to
WMH.1,11,13,28 Based on the distinct topography of
CAA and HA in the brain, one would expect striking
differences in the regional distribution of WMH
(similar to lobar vs deep CMBs) between these
SVDs.13 Surprisingly, some studies suggest no major
differences in overall WMH topography in CAA

Table 1 Comparison of demographic, genetic, and neuroimaging (includingWMH
volumes and patterns) characteristics between CAA-ICH and HA-ICH
patients

CAA-ICH
(n 5 319)

HA-ICH
(n 5 137) p Value

Age, y, mean (95% CI) 73.9 (72.7–75.1) 67.2 (64.8–69.5) ,0.001

Female, n (%) 161 (50.5) 59 (43.1) 0.147

Hypertension, n (%) 211 (66.1) 115 (83.9) ,0.0001

Diabetes, n (%) 44 (13.8) 35 (25.6) 0.002

Hypercholesterolemia, n (%) 139 (43.9) 55 (40.4) 0.502

History of ICH, n (%) 38 (11.9) 9 (6.6) 0.085

Any APOE e2, n (%)a 39 (20) 12 (15.2) 0.373

Any APOE e4, n (%)a 75 (38) 20 (21.1) 0.044

Lobar CMB count, median (IQR) 1 (0–3) 0 ,0.001

Deep CMB count, median (range) 0 0 (0–14) ,0.001

Total WMH, mL, median (IQR) 19.7 (10.6–37) 12 (6.1–29.3) ,0.001

PV WMH, mL, median (IQR) 14.8 (8.8–28.2) 10.7 (5.7–22.1) ,0.001

SC WMH, mL, median (IQR) 2.3 (0.7–7.2) 1.6 (0.4–1.6) 0.029

Multiple SC spots, n (%) 95 (29.8) 23 (16.8) 0.004

Peri-BG WMH, n (%) 25 (7.8) 26 (19) 0.001

Anterior SC patches, n (%) 49 (15.4) 7 (5.1) 0.002

Posterior SC patches, n (%) 28 (8.2) 12 (8.8) 0.995

High degree of CSO-EPVS (>20), n (%) 138 (43.8) 24 (17.5) ,0.001

High degree of BG-EPVS (>20), n (%) 12 (3.8) 16 (11.7) 0.001

Abbreviations: BG 5 basal ganglia; CAA 5 cerebral amyloid angiopathy; CI 5 confidence
interval; CMB 5 cerebral microbleeds; CSO 5 centrum semiovale; EPVS 5 enlarged
perivascular spaces; HA 5 hypertensive arteriopathy; ICH 5 intracerebral hemorrhage;
IQR 5 interquartile range; PV 5 periventricular; SC 5 subcortical; WMH 5 white matter
hyperintensities.
aAPOE genotype was available in 197 CAA patients and 79 HA cases.

Figure 2 Prevalence of white matter hyperintensity (WMH) patterns in the
whole intracerebral hemorrhage (ICH) cohort and according to
diagnostic category

Visual representation of the prevalence of WMH patterns observed in all ICH, cerebral amy-
loid angiopathy (CAA)–ICH, and hypertensive arteriopathy (HA)–ICH groups. For statistical
comparisons, see table 1. SC 5 subcortical.

508 Neurology 86 February 9, 2016

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



compared to HA.7,14 The greatest lesion burden is in
periventricular areas, typically around the frontal and
occipital horns, indicating that white matter injury
might occur through chronic microvascular ischemia
in the most vulnerable regions.13 Studies that rely on
voxel-based morphometry (VBM) suggest a relatively
conserved anatomic distribution despite topographic
differences across SVDs. Of note, the novel volumet-
ric quantification of periventricular and subcortical
WMH applied in the current large study cohort did
not show any differences between CAA and HA.
Therefore, classical VBM-based and volumetric
methods are relatively insensitive to detect differences
in WMH distribution across different SVDs and
other innovative approaches are necessary to identify
relatively specific patterns. A recent study that used
quantitative methods has suggested a relative poste-
rior distribution of WMH in CAA,29 findings not
surprising given the predilection of vascular amyloid
pathology for posterior cortical regions.29,30 However,
the quantitative methods used in this study were not
geared toward providing practical tools to detect such
a gradient in a nonresearch setting. The WMH pat-
terns described in our study are easy to identify using
clinical MRI as evidenced by high interrater agree-
ments but our study also showed that developing a
subcortical WMH rating system that has high sensi-
tivity/specificity to diagnose the underlying SVD is a
difficult undertaking, a conclusion similar to previous
reports.29,31

The rather significant overlap of the WMH pat-
terns in patients with CAA- and HTN-ICH suggest
that leukoaraiosis is probably multifactorial in most
cases. The predominant contributions of CAA and
HA might nevertheless be identified in at least some
individuals. Our results indeed provide an alternative
simple strategy for utilizing different WMH patterns

as additional markers of the dominant microvasculop-
athy type in older individuals with ICH and require
further clinical attention. The multiple subcortical
spots pattern seems to be more associated with
CAA, a finding supported by its strong relation with
established imaging markers of the disease, including
lobar CMBs. Second, this association being indepen-
dent of the total WMH burden in multivariable
analysis may imply different pathophysiologic mech-
anisms, perhaps related to more focal effects of super-
ficial cortical amyloid-laden vessels. The peri-BG
WMH pattern correlates well with the underlying
anatomical distribution and burden of HA in the
small deep perforators. However, we found that it is
also strongly related to the total WMH lesion vol-
ume, and might partly reflect a more advanced stage
in the pathophysiology of WMH in general.

Emerging data show that the topography of EPVS
differs according to the underlying SVD: CSO-EPVS
with CAA and BG-EPVS with HA.8,9,25 It is thus not
surprising that high CSO-EPVS burden (but not BG-
EPVS) is independently related to multiple spots,
while high BG-EPVS degree (but not CSO-EPVS)
is linked to the peri-BG WMH pattern in our study
population. In addition, these lesions tended to clus-
ter together (i.e., CSO-EPVS/multiple WMH spots
pattern; BG-EPVS/peri-BG WMH pattern) as
markers of the same small vessel pathologies; they
therefore might be pathophysiologically linked to
each other.

Notable strengths of our study include the system-
atic evaluation of MRI scans by trained raters using
validated scales for a comprehensive range of imaging
markers of SVD, the volumetric assessment of total
WMH volume, and the use of prespecified WMH
patterns. The large sample size of consecutive ICH
patients in our cohort allowed us to build robust mul-
tivariable models. A limitation is the potential selec-
tion bias due to the requirement for MRI done as
part of clinical care and the lack of APOE data in
around 40% of patients. Our cohort had more
CAA-ICH than HA-ICH patients, a known issue in
all previous studies in the field; still, our study
included a high number of HA-ICH when compared
to previous work.32 Another limitation is the relative
uncertainty of categorization of the underlying arte-
riopathy in the absence of pathologic data, despite our
best efforts to have well-defined groups, including
purely lobar CAA-related bleeds vs purely deep
bleeds, presumably related to non-CAA HA process.
Such diagnostic uncertainty would only favor null
hypothesis but we have been able to demonstrate sig-
nificant associations between 2 imaging markers and
SVDs. These drawbacks exist for all large-scale studies
that analyze data from ICH cohorts without patho-
logic confirmation.

Table 2 Multivariable logistic regression analyses of associations with multiple
subcortical punctate hyperintense spots and peri-BG WMH patterns

Multiple spots pattern Peri-BG WMH

OR (95% CI) p Value OR (95% CI) p Value

Age, y 1.01 (0.99–1.03) 0.391 1.06 (1.02–1.09) 0.002

Hypertension, yes vs no 1.01 (0.62–1.64) 0.961 1.00 (0.45–2.24) 0.996

Lobar CMB categories 1.23 (1.01–1.50) 0.039 0.75 (0.53–1.06) 0.105

Deep CMB categories 0.66 (0.34–1.28) 0.218 2.46 (1.44–4.20) 0.001

Total WMH, mL 1.00 (0.99–1.02) 0.416 1.02 (1.01–1.04) 0.002

High degree of
CSO-EPVS (>20)

2.43 (1.56–3.80) ,0.0001 0.56 (0.25–1.25) 0.154

High degree of
BG-EPVS (>20)

0.64 (0.22–1.87) 0.418 8.81 (3.37–23.02) ,0.0001

Abbreviations: BG 5 basal ganglia; CI 5 confidence interval; CMB 5 cerebral microbleeds;
CSO 5 centrum semiovale; EPVS 5 enlarged perivascular spaces; OR 5 odds ratio; WMH 5

white matter hyperintensities.
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Our work shows that different patterns of subcor-
tical white matter damage can provide insights on the
dominant type of underlying arteriopathy as well as
potential mechanisms: multiple punctate FLAIR hy-
perintensities (i.e., spots) correlate with CAA and
CAA-related imaging markers, while peri-BG
WMH pattern is strongly linked to HA and HA-
related markers. Our findings will need to be studied
further in different cohorts and especially their signif-
icance in detecting the predominant SVD type in
early (presymptomatic) phases as well as predicting
disease course would need to be explored.
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