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ABSTRACT

Introduction It remains unclear whether enlarged
perivascular spaces (EPVS) predict poor clinical outcomes
in patients with acute ischaemic stroke (AIS) or transient
ischaemic attack (TIA).

Method Data were obtained from the Third China National
Stroke Registry study. We estimated EPVS in basal ganglia
(BG) and centrum semiovale (CSO) using a semiquantified
scale (Grade from 0 to 4). Using Cox and logistic regression
analyses, the associations of EPVS with 3-month and
1-year adverse outcomes (including recurrent stroke,
ischaemic stroke, haemorrhagic stroke, combined vascular
event, disability and mortality) were explored. Sensitivity
analyses of any association of cerebral small vessel
disease at baseline and development of a small arterial
occlusion (SAO) were conducted.

Result Among 12 603 patients with AIS/TIA, median

age was 61.7+11.6 years, and 68.2% were men. After
adjusting for all potential confounders, frequent-to-
severe BG-EPVS was associated with a decreased risk of
recurrent ischaemic stroke (HR 0.71, 95% Cl 0.55 to 0.92,
p=0.01) but an increased risk of haemorrhagic stroke (HR
1.99, 95% CI 1.11 t0 3.58, p=0.02) at 1 year after AIS/
TIA, compared with none-to-mild BG-EPVS. Patients with
frequent-to-severe CSO-EPVS had a decreased risk of
disability (OR 0.76, 95% Cl 0.62 to 0.92, p=0.004) and
all-cause death (HR 0.55, 95% Cl 0.31 to 0.98, p=0.04)
within 3-month but not 1-year follow-ups, compared with
those with none-to-mild BG-EPVS. Sensitivity analyses
showed that both BG-EPVS (HR 0.43, 95% Cl 0.21 to
0.87, p=0.02) and CSO-EPVS (HR 0.58, 95% Cl 0.35 to
0.95, p=0.03) were associated with a decreased risk of
subsequent ischaemic stroke in patients with SAQ during
1-year follow-up.

Conclusion BG-EPVS increased the risk of haemorrhagic
stroke in patients already with AIS/TIA within 1 year.
Therefore, caution is recommended when selecting
antithrombotic agents for secondary stroke prevention in
patients with AIS/TIA and more severe BG-EPVS.

INTRODUCTION
To avoid early and long-term complications
in patients already with an acute ischaemic

stroke (AIS) or transient ischaemic attack
(TIA) is a challenge." About 5%-20% of
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Enlarged perivascular spaces (EPVS) are prognosti-
cally significant in patients with cerebral small ves-
sel disease, but it is unclear whether EPVS predict
clinical outcomes in patients with acute ischaemic
stroke (AIS) or transient ischaemic attack (TIA).

WHAT THIS STUDY ADDS

= EPVS in basal ganglia (BG) was related to the in-
creased risk of haemorrhagic stroke in patients al-
ready with AIS/TIA within 1 year.

= However, this relationship did not observe in cen-
trum semiovale.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The results could be useful in selecting antithrom-
botic agents for secondary stroke prevention in pa-
tients with AIS/TIA and more severe EPVS in BG.

these patients experienced recurrent stroke
events” and 60%-90% had poor functional
outcomes.” To reduce these complications,
a more comprehensive evaluation of the risk
factors and stratified risk management will be
helpful.

Cerebral small vessel disease (CSVD), char-
acterised by typical neuroimaging markers,
including white matter hyperintensity
(WMH), lacune, cerebral microbleeds (CMB)
and enlarged perivascular spaces (EPVS),
causes about a quarter of stroke." More
severe burden of CSVD is related to higher
risk of adverse clinical outcomes.” Prevalent
CSVD markers, such as WMH, lacune, and
CMB, are also associated with poor clinical
outcomes after AIS/TIA.6 Another marker,
EPVS, especially located in basal ganglia
(BG), is a traceable predictor of poststroke
cognitive impairment.7 However, the associ-
ations between EPVS and stroke recurrence,
disability and mortality have not been well
explored in patients with AIS/TIA.
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PVS are fluid cavities that surround the small blood
vessels in the brain parenchyma and visualise as EPVS on
Magnetic Resonance Imaging (MRI) when PVS dilate.”
EPVS are commonly located in the BG and centrum
semiovale (CSO).® Recent advance indicated that cere-
brospinal fluid (CSF) surrounding the brain parenchyma
entered into brain tissue along PVS within minutes of
ischaemia and caused brain oedema.’ It highlighted
the potential implication of EPVS during the ischaemic
process. Previous studies focused on the role of EPVS on
clinical outcomes were limited to specific populations
(such as patients with haemorrhage stroke), incomplete
outcome assessment, relatively small sample size and
short follow-up period.” " "' Furthermore, the relation-
ships of EPVS with post-AIS/TIA outcomes remain poorly
defined in patients with baseline CSVD burden or small
arterial occlusion (SAO).

In this study, using data from a prospective multicentre
study enrolled patients with AIS/TIA in China, we aimed
to determine the associations of EPVS in BG and CSO with
clinical outcomes, including stroke recurrence, disability
and morality, at 90-day and l-year follow-ups. Moreover,
we also intended to investigate the associations of CSVD
at the baseline and development of an SAO.

METHODS

Study population

We derived data from the Third China National Stroke
Registry (CNSR-III) study. Details about the CNSR-III
study have been published elsewhere.'® Briefly, CNSR-IIT
cohortis a nationwide multicentre clinical registry study of
AIS/TIA between August 2015 and March 2018 in China.
A total of 15 166 patients were enrolled in the CNSR-III
study following these criteria: (1) diagnosed with AIS or
TIA, (2) hospitalised within 7 days from symptom onset
and (3) >18 years old. In the present study, patients were
excluded if they had: (1) unavailable MRI data (n=2154)
and (2) unqualified MRI data for CSVD assessment
(EPVS, n=191; lacune, n=199; WMH, n=16).

Standard protocol approvals and patient consent

This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines. All
participants or their legal guardians signed a written
informed consent prior to their enrolment.

Data collection

The baseline data were collected by well-trained research
coordinators during the face-to-face baseline surveys. All
variables were collected using a standardised protocol
by well-trained investigators. The clinical information
included demographic characteristics (age and sex),
medical histories (diabetes mellitus, hypertension, hyper-
lipidaemia, stroke, TIA, coronary artery disease (CAD),
heart failure and peripheral artery disease), medica-
tion (antiplatelet, anticoagulation, statins and hypogly-
caemic treatments), current alcohol and tobacco intake
statuses, index event, and physical examinations (body

mass index (BMI), systolic blood pressure (SBP), dias-
tolic blood pressure (DBP), modified Rankin Scale
(mRS) Score, National Institutes of Health Stroke Scale
(NIHSS) Score) and Trial of Org 10 172 in Acute Stroke
Treatment (TOAST) classification. The protocol of
brain structural imaging, including T1 weighted (T1w),
T2 weighted (T2w), fluid-attenuated inversion recovery
(FLAIR), diffusion-weighted imaging (DWI) with
apparent diffusion coefficient (ADC), T2*/susceptibility
weighted imaging (SWI) or computerised tomography (if
contraindicated to MRI), was completed for each partic-
ipant. All imaging data were collected in Digital Imaging
and Communications in Medicine format on disks in
all participating sites and further analysed by profes-
sional neurologists at the neuroimaging research centre
at Beijing Tiantan Hospital. Deep and periventricular
WHM (D-WMH and PV-WMH) were assessed according
to the Fazekas Scale."”'* The presence of lacune and CMB
were defined using the standards for reporting vascular
changes on neuroimaging (STRIVE) criteria.'* The total
burden of CSVD was estimated by a previously published
scale (points from 0 to 4), which was considered WMH,
EPVS, lacune and CMB." If the total burden was more
than 0 points, CSVD was considered present on baseline
MRI.

EPVS assessment
According to the STRIVE criteria,'* MRI-visible EPVS was
defined as small, sharply delineated structures of CSF
intensity on T1lw, T2w, FLAIR images, which followed the
orientation of the perforating vessels, and ran perpendic-
ular to the brain surface. EPVS was always less than 3 mm
wide and appeared round or ovoid in axial sections (in
the BG) or linear in longitudinal sections (in the GSO).
The isolated single giant Virchow-Robin space was not
estimated in the current study. BG-EPVS and CSO-EPVS
were separately assessed because previous evidence indi-
cated that they represented distinct pathophysiologies.
EPVS was counted with the previously validated scale
applied to standard axial images: grade 0 (none)=0 EPVS,
grade 1 (mild)=1-10 EPVS, grade 2 (moderate)=11-20
EPVS, grade 3 (frequent)=21-40 EPVS and grade 4
(severe)>40 EPVS.'® The number of EPVS was assessed
on each side of the brain and counted in the slice with
the highest number. When the scores were asymmetric
between two cerebral hemispheres, EPVS was counted on
the side with the higher number. The assessment of EPVS
was performed by two experienced neurologists (YT and
YY) who were blinded to patients’ clinical information.
The inconsistent results were further assessed by another
senior neurologist (J]) who was blinded to initial results.
The kappa coefficient of EPVS between raters was 0.89.
To generate groups of a similar size for meaningful
subsequent statistical analyses, all patients were catego-
rised into three groups according to the severity of EPVS:
none to mild (equivalent to rating scale grade 0-1),
moderate (rating scale grade 2) and frequent to severe
(rating scale grade 3—4)."
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Follow-up outcomes

Details about the follow-up procedure of the CNSR-III
study have been described elsewhere.'”” The primary
outcome was recurrent stroke (including subsequent
ischaemic stroke and new haemorrhagic stroke) during
follow-up period. The secondary outcomes included
subsequent ischaemic stroke, new haemorrhagic stroke
(including intracerebral haemorrhage (ICH) and suba-
rachnoid haemorrhage), recurrent combined vascular
event (CVE, including stroke, myocardial infarction and
cardiovascular death) and all-cause death. Additionally,
disability, defined as mRS scores 3-5, was a functional
outcome. The specific definitions of follow-up outcomes
are presented in online supplemental appendix S1. The
clinical outcomes mentioned above were observed at 3
months and 1 year after AIS/TIA onset by face-to-face or
telephone interviews. Confirmation of an outcome event
was sought from the treating hospital and was judged by
an independent endpoint judgement committee.

Statistical analysis

Categorical variables are presented as frequencies with
percentages, and continuous variables are presented as
the means with SDs or medians with IQRs. To investigate
differences in baseline characteristics between groups
defined by BG-EPVS and CSO-EPVS, we performed %
tests for categorical variables and one-way analyses of vari-
ance for continuous variables following a normal distri-
bution (such as age and BMI) or Kruskal-Wallis tests for
other continuous variables as appropriate, respectively.

Using Cox proportional hazards regression analyses,
we investigate the associations between EPVS and recur-
rence and all-cause death in patients with AIS/TIA in
3-month and 1-year follow-ups, respectively. The HRs with
95% CIs were calculated. And logistic regression analyses
were applied to explore the relationships of EPVS with
disability in patients with AIS/TIA in 3-month and 1-year
follow-ups, respectively. The ORs with 95% CIs were
calculated. In model 1, we did not adjust for any vari-
ables; in model 2, we adjusted for age and sex; in model
3, we selected all potential confounding factors in univari-
able analyses, including age, sex, BMI, SBP, DBP, mRS,
NIHSS, current alcohol and tobacco intakes, diabetes,
hypertension, hyperlipidaemia, stroke, CAD, index event,
TOAST, lacune, PV-WMH and D-WMH. Additionally, to
eliminating the potential effects of collinearity between
EPVS and other CSVD markers, we further removed
PV-WMH, D-WMH and lacune in model 4. The Kaplan-
Meier survival curve was further conducted to depict the
cumulative risk of new stroke event and analysed with the
use of the log-rank test.

To better examine the robustness of the role of EPVS,
sensitivity analyses were conducted in different study
sample. First, to minimise potential influence of different
aetiologies of AIS/TIA, we selected patients who had a
diagnosis of SAO according to the TOAST classification,
and investigated the associations between EPVS and clin-
ical outcomes in patients with SAO. Second, to examine

whether the associations between EPVS and clinical
outcomes differed in patients with CSVD, we selected
patients who had present CSVD burden on baseline MRI
and explored the associations between EPVS and clinical
outcomes in patients with CSVD.

In our analyses, a two-sided p<0.05 was defined to indi-
cate nominally statistical significance for a potential, but
yet to be confirmed, association. An observed two-sided
p<0.017 (Bonferroni-corrected significance threshold
calculated as 0.05 divided by 3 (for 3 groups) was consid-
ered as statistically significant evidence for an association
between EPVS and clinical outcome. All statistical anal-
yses were conducted using SAS software (V.9.4, SAS Insti-
tute, Cary, North Carolina, USA).

Data availability statement

All data generated or analysed during this study are
included in this published article and available on reason-
able requests to the corresponding author.

RESULTS

Baseline characteristics and clinical outcomes of patients
with AIS/TIA

As shown in figure 1, a total of 12 603 participants with
AIS/TIA who had baseline EPVS data were enrolled in the
current study. Their average age was 61.7+11.6 years and
68.2% were men. The baseline characteristics between
patients included and those excluded from the CNSR-III
study are shown in online supplemental table S1.

Patients with frequent-to-severe BG-EPVS were older,
predominantly men, and had a lower BMI, higher SBP,
lower DBP, more severe D-WMH and PV-WMH, a higher
prevalence of hypertension, on antihypertension treat-
ment, history of stroke, CAD, lacune, a lower preva-
lence of current alcohol and tobacco intakes, history of
diabetes, hyperlipidaemia, on hypoglycaemic treatment,
and a higher proportion of current AIS events (especially
of SAO), compared with those with none-to-mild and
moderate BG-EPVS (table 1). Patients’ baseline charac-
teristics according to severity of CSO-EPVS are presented
in online supplemental table S2.

Among 12 603 patients with AIS/TIA, 761 (6.0%) and
1189 (9.4%) had experienced recurrent stroke, 1515
(12.3%) and 1218 (10.2%) developed disabilities and
153 (1.2%) and 382 (3.0) died at 3-month and l-year
follow-ups, respectively.

The associations between BG-EPVS and clinical outcomes in
patients with AIS/TIA

The associations between BG-EPVS and clinical outcomes
in patients with AIS/TIA are shown in figure 2 and online
supplemental table S3. After adjusting for all potential
confounders in model 3, patients with frequent-to-severe
BG-EPVS had a decreased risk of recurrent ischaemic
stroke during 3-month (HR 0.70, 95% CI 0.50 to 0.98,
p=0.04) and 1-year (HR 0.71, 95% CI 0.55 to 0.92, p=0.01)
follow-ups. However, after removing PV-WMH, D-WMH
and lacune as covariates in model 4, these relationships
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[ All stroke or TIA patients enrolled in CNSR-III study (n=15,166) ]

{ + Excluded patients due to unqualified lacune data (n=23) !
Excluded patients due to unqualified WMH data (n=2) :
* Excluded patients due to unqualified EPVS data (n=26) 1

[ Remaining patients (n=12,603)

]

Figure 1

The flowchart of patients’ selection from the CNSR-IIl study. CNSR-IIl, the China National Stroke Registry Ill; EPVS,

enlarged perivascular spaces; TIA, transient ischaemic attack; WMH, white matter hyperintensity; MRI, Magnetic Resonance

Imaging.

disappeared. Frequent-to-severe BG-EPVS was signifi-
cantly associated with an increased risk of new haemor-
rhage stroke (model 3: HR 1.99, 95% CI 1.11 to 3.58,
p=0.02; model 4: HR 3.06, 95% CI 1.73 to 5.42, p<0.001)
within 1 year after adjusting for all potential covariates.
The Kaplan-Meier curve estimated the cumulative risk
of 1-year haemorrhagic stroke (p for log rank test<0.001;
figure 3). No significant associations between BG-EPVS
and recurrent stroke, CVE, disability or all-cause death
were yielded during the 3-month and l-year follow-ups
after AIS/TIA.

The associations between CSO-EPVS and clinical outcomes in
patients with AIS/TIA

The associations between CSO-EPVS and
outcomes in patients with AIS/TIA are presented in
figures 4 and 5 and online supplemental table S4. After
adjustment for potential confounding factors, patients
with frequent-to-severe CSO-EPVS had a decreased risk
of disability (model 3: OR 0.76, 95% CI 0.62 to 0.92,
p=0.004; model 4: OR 0.76, 95% CI 0.63 to 0.92, p=0.004)
and all-cause death (model 3: HR 0.55, 95% CI 0.31 to
0.98, p=0.04) within 3 months. There was no association
between CSO-EPVS and subsequent recurrent events
during 3-month or 1-year follow-ups.

clinical

Sensitivity analyses

The associations between EPVS and clinical outcomes in
2839 patients with SAO are shown in online supplemental
tables S5 and S6 after excluding patients with other stroke
aetiologies (n=8944) according to the TOAST classifica-
tion and TIA (n=820) (online supplemental figure S1).
Both BG-EPVS (model 3: HR 0.43, 95% CI 0.21 to 0.87,

p=0.02) and CSO-EPVS (model 3: HR 0.58, 95% CI 0.35
to 0.95, p=0.03) were nominally associated with decreased
risks of new ischaemic stroke at 1 year after AIS/TIA after
adjusting for potential confounders.

The associations between EPVS and clinical outcomes
in 4785 patients with baseline CSVD burden are presented
in online supplemental tables S7 and S8 after excluding
patients with no CMB data (n=5454), absent CSVD burden
(0 score; n=2069) and TIA (n=295) (online supplemental
figure S2). There were no significant links between EPVS
and clinical outcomes in patients with present CSVD after
adjusting for possible confounders.

DISCUSSION
In this study, we systematically investigated whether MRI-
visible EPVS (both in BG and CSO) was associated with
poor clinical outcomes in patients with AIS/TIA during
the 3-month and l-year follow-ups. Our results showed
that frequent-to-severe BG-EPVS was independently asso-
ciated with an increased risk of new haemorrhagic stroke
in patients with AIS/TIA within 1 year as compared with
none-to-mild BG-EPVS. Moreover, we found patients with
frequent-to-severe BG-EPVS had a decreased risk of new
ischaemic stroke after Il-year AIS/TIA. Furthermore,
we discovered AIS/TIA patients with frequent-to-severe
CSO-EPVS had decreased risks of disability and all-cause
mortality within 3 months but not within 1 year.
Different CSVD markers (including EPVS, WMH, lacune
and CMB) had distinct aspects, heterogeneous aetiologies
and underlying pathogenetic mechanisms of CSVD.* '®
The coexistence of different CSVD characteristics may
represent an overall status of cerebral microcirculation
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Table 1 Baseline characteristics of patients with AIS/TIA according to BG-EPVS
Characteristics None/mild (n=8634) Moderate (n=3135) Frequent/severe (n=834) P value
Age, years, mean (SD) 60.2+11.2 66.1+£9.9 70.5+£9.2 <0.001
BMI, kg/m?, mean (SD) 24.8+3.3 24.7+£3.4 24.3+£3.4 <0.001
Sex, male (%) 5808 (67.3) 2218 (70.8) 573 (68.7) 0.002
Alcohol intake, n (%) 1244 (14.4) 438 (14.0) 93 (11.2) 0.03
Tobacco intake, n (%) 2848 (33.0) 890 (28.4) 194 (23.3) <0.001
SBP, mm Hg, median (IQR) 147.5 (134.0-163.0) 150.0 (137.0-165.0) 150.0 (137.5-164.0) <0.001
DBP, mm Hg, median (IQR) 86.0 (79.0-95.0) 87.0 (79.5-96.5) 85.5 (79.0-94.0) 0.03
History of disease, n (%)
Diabetes mellitus 2030 (23.5) 701 (22.4) 135 (16.2) <0.001
Hypertension 5097 (59.0) 2225 (71.0) 591 (70.9) <0.001
Hyperlipidaemia 716 (8.3) 243 (7.8) 45 (5.4) 0.01
Stroke 1635 (18.9) 868 (27.7) 261 (31.3) <0.001
TIA 233 (2.7) 88 (2.8) 19 (2.3) 0.70
Coronary artery disease 797 (9.2) 385 (12.3) 95 (11.4) <0.001
Heart failure 43 (0.5) 27 (0.9) 5(0.6) 0.08
Peripheral artery disease 67 (0.8) 21 (0.7) 6 (0.7) 0.84
Medication use during
hospitalisation or at discharge,
n (%)
Antiplatelet treatment 8465 (98.0) 3063 (97.7) 819 (98.2) 0.46
Anticoagulation treatment 860 (10.0) 319 (10.2) 97 (11.6) 0.31
Statins treatment 8422 (97.5) 3058 (97.5) 803 (96.3) 0.08
Hypoglycaemic treatment 2359 (27.3) 811 (25.9) 156 (18.7) <0.001
Antihypertension treatment 4348 (50.4) 1932 (61.6) 501 (60.1) <0.001
NIHSS on admission, median 3.0 (1.0-6.0) 3.0 (1.0-6.0) 3.0 (2.0-5.0) 0.98
(IQR)
mRS, median (IQR) 0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0) <0.001
Index event, n (%) <0.001
Ischaemic stroke 8014 (92.8) 2973 (94.8) 796 (95.4)
TIA 620 (7.2) 162 (5.2) 38 (4.6)
TOAST, n (%) <0.001
Large artery atherosclerosis 2295 (26.6) 825 (26.3) 210 (25.2)
Cardioembolism 466 (5.4) 193 (6.2) 70 (8.4)
Small vascular occlusion 1859 (21.5) 783 (25.0) 223 (26.7)
Other determination 141 (1.6) 26 (0.8) 4 (0.5)
Undetermined 3873 (44.9) 1308 (41.7) 327 (39.2)
CSVD markers
D-WMH, median (IQR) 1.0 (1.0-2.0) 2.0 (1.0-2.0) 2.0 (1.0-3.0) <0.001
PV-WMH, median (IQR) 1.0 (1.0-2.0) 2.0 (1.0-2.0) 2.0 (2.0-3.0) <0.001
Lacune, n (%) 3521 (40.8) 2068 (66.0) 637 (76.4) <0.001

AIS, acute ischaemic attack; BG-EPVS, EPVS in basal ganglia; BMI, body mass index; CSVD, cerebral small vessel disease; DBP, diastolic

blood pressure; D-WMH, deep-WMH; EPVS, enlarged perivascular spaces; mRS, modified Rankin scale; NIHSS, National Institutes of Health
Stroke Scale score; PV-WMH, periventricular-WMH; SBP, systolic blood pressure; TIA, transient ischaemic attack; TOAST, Trial of Org 10 172
in Acute Stroke Treatment; WMH, white matter hyperintensity.
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A B
Outcomes n(%) OR/HR(95% CI)  Outcomes n(%) OR/HR(95% CI)
Stroke 761(6.0) Stroke 1189(9.4)

None/Mild 523(6.1) Ref(1.00) None/Mild 802(9.3) Ref(1.00)

Moderate 192(6.1)  raf 0.90(0.76-1.08) Moderate 301(9.6) v 0.86(0.75-0.99)

Frequent/Severe  46(5.5) e 0.76(0.55-1.04) Frequent/Severe  86(10.3) e 0.82(0.65-1.04)
Ischaemic Stroke  715(5.7) Ischaemic Stroke  1097(8.7)

None/Mild 496(5.7) Ref(1.00) None/Mild 752(8.7) Ref(1.00)

Moderate 179(5.7)  veh 0.89(0.74-1.06) Moderate 276(8.8)  ved 0.85(0.73-0.98)

Frequent/Severe  40(4.8)  +e—f 0.70(0.50-0.98) Frequent/Severe  69(8.3) o 0.71(0.55-0.92)
Hemorrhage stroke 55(0.4) Hemorrhage stroke 106(0.8)

None/Mild 34(0.4) Ref(1.00) None/Mild 60(0.7) Ref(1.00)

Moderate 15(0.5) —te——  1.13(0.59-2.17) Moderate 29(0.9) —— 1.03(0.65-1.65)

Frequent/Severe 6(0.7) ——es——— 1.48(0.58-3.78) Frequent/Severe 17(2.0) ——ae-=~ 1.99(1.11-3.58)
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Frequent/Severe  49(5.9) et 0.80(0.58-1.08) Frequent/Severe  95(11.4) et 0.87(0.70-1.09)
Disability(mRS 3-5) 1515(12.3) Disability(mRS 3-5) 1218(10.2)

None/Mild 993(11.8) Ref(1.00) None/Mild 783(9.5) Ref(1.00)

Moderate 405(133) v+ 0.99(0.86-1.14) Moderate 335(11.4) v 0.91(0.78-1.06)

Frequent/Severe 117(14.6)  +e— 0.99(0.78-1.26) Frequent/Severe 100(13.2) et 0.88(0.68-1.14)
All-cause death 153(1.2) All-cause death 382(3.0)

None/Mild 93(1.1) Ref(1.00) None/Mild 226(2.6) Ref(1.00)
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Figure 2 Multivariable analyses of the associations between BG-EPVS and clinical outcomes in patients with AIS/TIA during
3-month (A) and 1-year (B) follow-ups. Multivariable Cox or logistic regression model included age, sex, BMI, SBP, DBP, mRS,
NIHSS, alcohol intake, tobacco intake, diabetes, hypertension, hyperlipidaemia, stroke, CAD, index event, TOAST, lacune, PV-
WMH and D-WMH. AIS, acute ischaemic stroke; BMI, body mass index; BG-EPVS, EPVS in basal ganglia; CAD: coronary artery
disease; CVE, combined vascular event; CSO-EPVS, EPVS in centrum semiovale; DBP, diastolic blood pressure; D-WMH, deep-
WMH; EPVS, enlarged perivascular spaces; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale
score; PV-WMH, periventricular-WMH; Ref, reference; SBP, systolic blood pressure; TIA, transient ischaemic attack; TOAST,
Trial of Org 10 172 in Acute Stroke Treatment; WMH, white matter hyperintensity.

and total burden of cerebral small vessel injury.”'*'* Total
CSVD burden, commonly seen in patients who had a
stroke and TIA (eg, 57.8% in the current study), was asso-
ciated with poor stroke outcomes.” Moreover, individual
CSVD marker, such as WMH and lacune, also contributed
to worse outcomes after AIS/ TIAC However, to the best
of our knowledge, there were limited evidence regarding
the associations between EPVS and stroke recurrence,
disability, and mortality, even though EPVS has emerged
as a predictor of poststroke cognitive impairment and a
potential MRI marker of the presence of the glymphatic
system in the last few years."

Our finding of BG-EPVS and increased risk of subse-
quent haemorrhagic stroke at 1 year after AIS/TIA,

independent of major vascular risk factors and other
CSVD markers, is clinically significant. At 3-month
follow-up, patients with frequent-to-severe BG-EPVS
exhibited a higher incidence of new haemorrhagic stroke
than those with none-to-mild BG-EPVS, but did not
reach statistically significance. One prospective research
published by Lau et al indicated that AIS/TIA patients
with frequent-to-severe BG-EPVS had a 2.6-fold increased
risk of developing an ICH after AIS/TIA.5 Best et alfound
that moderate-to-severe BG-EPVS was related to the inci-
dence of anticoagulant-related ICH in AIS/TIA patients
with atrial fibrillation.'” However, Song et al founded
moderate-to-severe  BG-EPVS was not independently
related to haemorrhagic transformation after AIS,
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Figure 3 Cumulative risk of new stroke event according to BG-EPVS using Kaplan-Meier survival graph at 1-year cumulative
risks of new stroke (A), ischaemic stroke (B), haemorrhagic stroke (C) according to BG-EPVS during 1-year follow-up. BG-EPVS,

enlarged perivascular spaces in basal ganglia.
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Outcomes n(%) OR/HR(95% CI)  Outcomes n(%) OR/HR(95% CI)
Stroke n(%) Stroke 1189(9.4)

None/Mild 761(6.0) Ref.(1.00) None/Mild 612(9.4) Ref.(1.00)

Moderate 381(5.8) tet 1.11(0.95-1.30) Moderate 417(9.6) H 1.02(0.90-1.15)

Frequent/Severe  281(6.5) et 0.98(0.79-1.23) Frequent/Severe 160(9.3) e 0.97(0.81-1.15)
Ischaemic Stroke  99(5.8) Ischaemic Stroke  1097(8.7)

None/Mild 715(5.7) Ref.(1.00) None/Mild 568(8.7) Ref.(1.00)

Moderate 265(6.1) fe— 1.11(0.95-1.30) Moderate 384(8.8) - 1.01(0.89-1.15)

Frequent/Severe  92(5.4) —e— 0.97(0.77-1.22) Frequent/Severe 145(8.5) o 0.95(0.79-1.14)
Hemorrhage stroke Hemorrhage stroke 106(0.8)

None/Mild 55(0.4) Ref.(1.00) None/Mild 53(0.8) Ref.(1.00)

Moderate 28(0.4) —— 0.87(0.48-1.60) Moderate 34(0.8)  r—sf— 0.90(0.59-1.39)

Frequent/Severe 17(0.4) —f—s——= 1.36(0.66-2.83) Frequent/Severe 19(1.1) ——e—  1.27(0.75-2.16)
CVE 10(0.6) CVE 1253(9.9)

None/Mild 786(6.2) Ref.(1.00) None/Mild 644(9.9) Ref.(1.00)

Moderate 392(6.0) tet 1.11(0.95-1.29) Moderate 438(10.1) e 1.02(0.90-1.15)

Frequent/Severe  289(6.6) —.— 1.01(0.82-1.26) Frequent/Severe 171(10.0)  wa= 0.98(0.83-1.16)
Disability(mRS 3-5) 105(6.1) Disability(mRS 3-5) 1218(10.2)

None/Mild 1515(12.3) Ref.(1.00) None/Mild 680(11.0) Ref.(1.00)

Moderate 856(13.4) w4 0.82(0.72-0.94) Moderate 374(9.1) w4 0.79(0.68-0.91)

Frequent/Severe ~ 484(11.4) re 0.76(0.62-0.92) Frequent/Severe 164(10.0) rep 0.90(0.74-1.10)
All-cause death 175(10.4) All-cause death 382(3.0)

None/Mild 153(1.2) Ref.(1.00) None/Mild 219(3.4) Ref.(1.00)
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Figure 4 Multivariable analyses of associations between CSO-EPVS and clinical outcomes in patients with AIS/TIA during
3-month (A) and 1-year (B) follow-ups. Multivariable Cox or logistic regression model included age, sex, BMI, SBP, DBP, mRS,
NIHSS, alcohol intake, tobacco intake, diabetes, hypertension, hyperlipidaemia, stroke, CAD, index event, TOAST, lacune, PV-
WMH and D-WMH. AIS, acute ischaemic stroke; BMI, body mass index; BG-EPVS, EPVS in basal ganglia; CAD: coronary artery
disease; CVE, combined vascular event; CSO-EPVS, EPVS in centrum semiovale; DBP, diastolic blood pressure; D-WMH, deep-

WMH; EPVS, enlarged perivascular spaces; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale
score; PV-WMH, periventricular-WMH; Ref, reference; SBP, systolic blood pressure; TIA, transient ischaemic attack; TOAST,
Trial of Org 10 172 in Acute Stroke Treatment; WMH, white matter hyperintensity.

which was contrary to the results of our present study
and other studies. Unlike the above research concen-
trated mainly on haemorrhagic transformation following
AIS (median time from stroke onset to haemorrhage
3.5 days, IQR, 2-6 days),zo we focused on subsequent
haemorrhagic stroke after AIS/TIA within 3-month and
1-year follow-up periods, Lau et al focused on the devel-
opment of ICH in patients with AIS/TIA after a mean
follow-up of 42+23 months,” and Best et al focused on
anticoagulantrelated ICH (median time from anticoagu-
lation initiation to haemorrhage 272 days, IQR, 211-657
days)."" Additionally, variation in study population and
sample size may be another possible explanation for the
difference. Neither our study nor Lau e/ al's research
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showed an association between CSO-EPVS and recurrent
haemorrhagic stroke in patients with AIS/TIA.” However,
previous studies indicated that more severe CSO-EPVS
was associated with a high risk of ICH in healthy popu-
lation and in patients with cognitive dysfunction.?' **
Therefore, there was likely limited predictive ability of
CSO-EPVS for new haemorrhagic stroke in patients with
AIS/TIA. Previous cross-sectional evidence suggested
that BG-EPVS was associated with deep ICH, while CSO-
EPVS was associated with lobar ICH and cerebral amyloid
angiopathy.%"25 Furthermore, in patients with cognitive
impairment, BG-EPVS was related to deep CMBs, while
CSO-EPVS was related to lobar CMBs and cortical super-
ficial siderosis.'” 2% Hence, EPVS in different anatomical
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Figure 5 Cumulative risk of new stroke event according to CSO-EPVS using Kaplan-Meier survival graph at 1-year cumulative
risks of new stroke (A), ischaemic stroke (B), haemorrhagic stroke (C) according to CSO-EPVS during 1-year follow-up. CSO-

EPVS, enlarged perivascular spaces in centrum semiovale.
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locations may be involved in different pathophysiological
processes evolving into future haemorrhagic stroke.

The above findings provided the evidence linking EPVS
to haemorrhagic cerebrovascular disease, although the
potential mechanisms were not entirely clear. PVS provide
channels for flow of CSF and interstitial fluid. Dilated PVS
may represent extravasation and accumulation of fluid
across damaged blood vessel wall.?” Dilated PVS possibly
recruited inflammatory cells and toxic substance,”® *
which may damage the integrity of blood-brain barrier
(BBB) and impair the efficiency of glymphatic trans-
port.”*! Furthermore, another potential explanation was
that EPVS and the incidence of ICH may be mediated by
shared possible pathogenesis mechanisms. For example,
arterial stiffness was proved to simultaneously relate to
BG-EPVS and deep ICH.** By decreasing attenuation
of cardiac impulse and altering transmission of pulsa-
tile force to cerebral small vessels, which was deemed as
crucial drivers of glymphatic transport, arterial stiffness
may increase the risk of ICH and promote enlargement
of PVS.*** In clinical practice, the implication of EPVS
on increased risk of haemorrhagic stroke implied that
more caution should be exercised for individuals with
more severe EPVS (especially in BG) when selecting anti-
thrombotic drugs for secondary stroke prevention after
AIS/TIA. For example, cilostazol, a phosphodiesterase 3
inhibitor, was recommended to suppress poststroke ICH
by protecting the integrity of BBB.” *

In this study, we further explored whether BG-EPVS was
associated with recurrent ischaemic event in patients with
AIS/TIA. No suggestive links were found in univariable
regression analyses and log-rank tests. Since lower prev-
alence of diabetes and hyperlipidaemia in patients with
a greater burden of BG-EPVS at baseline, which played
vital roles in subsequent ischaemic events after AIS/TIA,
multivariable regression models were conducted. Inter-
estingly, we found the association between BG-EPVS and
decreased risk of recurrent ischaemic stroke in patients
with AIS/TIA after adjusting potential covariables.
Since patients with frequent-to-severe BG-EPVS had a
higher proportion of antihypertension intake and blood
presume-lowering treatment was significant to prevent
recurrent stroke in patients with a history of AIS/TIA, it
may be a possible reason of the decreased risk of new isch-
aemic stroke after AIS/TIA. Moreover, we speculated the
contradictory appeared related to differences between
models. In univariable analyses and log-rank tests, the
association between exposure and outcome incorporated
effects and interactions of covariables, thus presenting a
composite result.”” There was only an independent asso-
ciation of EPVS with outcome after eliminating effects of
confounders in multivariable analyses.”” A previous study
did not show any significant relationship between large
PVS and incident stroke in a community-based popu-
lation.*® In contrast, Lau et al found AIS/TIA patients
with frequent-to-severe BG-EPVS presented at 1.8-fold
increased risk of recurrent ischaemic stroke.” Selva-
rajah et al suggested EPVS was significantly associated

with estimated stroke risk.” In our study, patients with
moderate-to-severe BG-EPVS had a higher proportion of
history of stroke. Furthermore, Doubal ¢t aldemonstrated
that EPVS, especially BG-EPVS, was associated with more
lacunar strokes than large vessel stroke.'® Consistent with
our findings, patients with frequent-to-severe BG-EPVS
had higher proportions of SAO (26.7% vs 21.5%) and
lacune (76.4% vs 40.8%) than those with none-to-mild
BG-EPVS. In clinical practice, acute or chronic medica-
tion management was essential to recurrent ischaemic
events but not haemorrhage after AIS/TIA, although we
did not observe any significant differences of antiplatelet,
anticoagulation and statins treatments in patients with
different severity of BG-EPVS. Given the potential
influence of EPVS on stroke, further studies should be
performed to determine the associations between EPVS,
antithrombotic drugs and future stroke events in patients
with AIS/TIA.

Our study has found that frequent-to-severe CSO-EPVS
was independently associated with decreased risks of
disability and mortality within 3 months but not within
1 year. Perhaps, CSO-EPVS somehow slowed down the
deterioration or fluctuation of neurological deficits in the
acute and subacute stages.*” Although CSVD (especially
WMH and lacune) may portend unfavourable functional
outcome and death,40 PVS may play a vital role in the
development of cerebral oedema during the acute isch-
aemic phase.’

Our study has several limitations. First, a semiquantita-
tive visual rating scale by observation and comparison was
used rather than by an objective measurement to assess
the severity of EPVS. Automated quantification with accu-
rate segmentation of EPVS, such as by machine-learning
technology, should be considered in future research.
Second, since the first MRI examination after acute
cerebrovascular events did not routinely include SWI
or T2*-weighted gradient-echo sequences in emergency
clinic, there were 5454 patients with no data on CMB.
Hence, CMB did notappear as a covariate in the multivari-
able Cox and logistic regression models. Third, as second
MRI or CT scan data in patients with clinical outcomes
were not collected, we cannot identify the position of
subsequent haemorrhagic stroke and dynamic changes
of EPVS. Moreover, our present study does not include
all residual confounding factors, but this unfortunately
is a limitation of any observational study design. And we
cannot completely eliminate the potential confounding
effects of vascular risk factors and treatments, although
limited evidence supporting a relationship of EPVS with
vascular risk factors.*! Furthermore, Bonferroni’s correc-
tion is very strict, therefore more cautions need to be
taken when interpreting our present findings, and the
potential type I and II errors cannot be fully eliminated.
Last, only Chinese population included in the CNSR-III
study, the extrapolation of the current results in other
populations needs further validation.
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CONCLUSION

BG-EPVS was associated with the development of haemor-
rhagic stroke within 1 year after AIS/TIA. The robustness
of this relationship and potential clinical implication in
predicting and preventing recurrent haemorrhagic stroke
in this patient population should be further explored in
a larger cohort.
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