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Abstract

Objectives We aimed to investigate the correlation between an overall cerebral small vessel disease (CSVD) burden and

outcomes after endovascular treatment (EVT) for patients with acute ischemic stroke (AIS) due to large vessel occlusion (LVO).

Methods In a multicenter registry study, we enrolled patients with EVT for anterior-circulation LVO-stroke. In 3.0-T MR

imaging, we assessed 4 CSVD imaging markers, lacunes, white matter hyperintensities, cerebral microbleeds, and enlarged

perivascular spaces, each assigned a score of 0 or 1 and summed up to an overall CSVD burden score of 0—4. We dichotomized

the overall CSVD severity as none to mild (score 0—2) and moderate to severe (3—4). Primary outcome was 90-day functional

dependence or death (modified Rankin Scale (mRS) 3—6). Secondary outcomes included increase in NIH Stroke Scale >4 within

24 h (early neurological deterioration (END)) and within 7 days, symptomatic intracranial hemorrhage, 90-day mRS 2—6, and 90-

day mortality.

Results Among 311 patients (63.0% male; mean age 65.1 £ 12.7 years), 260 (83.6%) had none-to-mild and 51 (16.4%) had

moderate-to-severe overall CSVD burden. Moderate-to-severe CSVD burden was not significantly associated with the primary

outcome (47.1% versus 45.4%; p > 0.05 in univariate and multivariate logistic regression), or the secondary outcomes except for

a higher risk of END (11.8% versus 3.1%; p < 0.05 in multivariate analyses). Sensitivity analyses with 0—1 versus 2—4 of the

CSVD burden score, and the score as an ordinal variable, showed similar results.

Conclusions An overall moderate-to-severe CSVD burden was not associated with 90-day functional dependence or death, after

EVT for anterior-circulation LVO.

Trial registration ChiCTR1900022154

Key Points

* Moderate-to-severe cerebral small vessel disease burden on MRI should not be an exclusion indicator in determining the
eligibility of an acute ischemic stroke patient for endovascular treatment.
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TICI Thrombolysis in cerebral infarction
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Introduction

Endovascular treatment (EVT) has become a standard emer-
gent treatment for patients with acute ischemic stroke (AIS)
due to large vessel occlusion (LVO) in the anterior circulation
[1]. Compared with conventional treatment, EVT initiated
within 6 h of stroke onset almost doubles the chance of achiev-
ing functional independence at 3 months [2]. More recent
RCTs have further demonstrated the net benefit of EVT in
AIS up to 24 h after stroke onset and hence the extended time
window for EVT in the latest guidelines [1, 3]. If the eligibility
criteria for EVT can be further optimized and more patients
who will potentially benefit can be identified, the overall out-
comes of LVO-AIS patients will be further improved.
Cerebral small vessel disease (CSVD) is a group of patho-
logical processes affecting arterioles, venules, and capillaries
of the brain that can cause various lesions, such as lacunes,
white matter hyperintensities (WMH), cerebral microbleeds

(CMB), and enlarged perivascular spaces (EPVS) [4]. The
associations of some individual CSVD imaging markers with
post-EVT outcomes had been investigated in previous studies
[5]. Recently, emerging evidence had indicated close inter-
correlations among the CSVD markers, and total CSVD bur-
den scores had hence been proposed to capture the overall
effect of CSVD on the brain, by considering multiple imaging
markers [6]. It provides a more comprehensive estimate of the
overall CSVD burden than considering 1 or 2 imaging
markers separately. Previous studies had associated severe
overall CSVD burden with an increased risk of symptomatic
intracranial hemorrhage (sICH) and poor 3-month functional
outcome after intravenous thrombolysis (IVT) in AIS [7].
However, data were limited on the associations between over-
all CSVD burden and post-EVT outcomes, despite the dra-
matically increasing use of EVT in clinical practice.

In an ongoing registry study, REgiStration study for
Critical care of acUte ischemic strokE after REcanalization
(RESCUE-RE) [8], we aimed to picture the overall CSVD
burden, as well as individual CSVD imaging markers, in
LVO-AIS patients undergoing EVT. More importantly, we
aim to test the hypothesis that moderate-to-severe overall
CSVD burden is associated with unfavorable clinical out-
comes of these patients.

Methods
Study design and subjects

Subjects were screened and recruited from RESCUE-RE
(chictr.org.cn, ChiCTR1900022154) [8], a prospective
registry study recruiting LVO-AIS patients receiving EVT at
18 comprehensive stroke centers across China, approved by
the medical ethics committees of all participating centers. All
patients or their legal representatives provided written in-
formed consent.

Adult patients with confirmed anterior-circulation LVO-
AIS treated with EVT in RESCUE-RE, who had 3.0-T brain
MRI exam on admission or within 24 h after EVT and had
completed 90-day follow-up, were analyzed in the current
study. The occlusion site could be internal carotid artery and
anterior or middle cerebral artery. Those with pre-stroke mod-
ified Rankin Scale (mRS) > 2 were excluded.

Imaging assessment

Brain MRI exam (3.0 T) included axial T1- and T2-weighted
imaging and fluid-attenuated inversion recovery (FLAIR) im-
aging, diffusion-weighted imaging (DWI), apparent diffusion
coefficient (ADC) imaging, and T2*-weighted gradient-
recalled echo sequence (T2*GRE) or susceptibility-weighted
imaging (SWI).
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CSVD imaging markers (lacunes, WMHs, CMBs, and
EPVSs) were assessed in MRI according to the STRIVE
criteria (STandards for Reportlng Vascular changes on
nEuroimaging), avoiding acute ischemic lesions (high inten-
sities in DWI and low intensities in ADC) [4]. Lacunes were
round or ovoid lesions (3—15 mm diameter) in the basal gan-
glia, internal capsule, or centrum semiovale of cerebrospinal
fluid signal intensity in T2&FLAIR, and usually with a hy-
perintense rim in FLAIR but without increased signal in DWI
[4]. WMHs were bilateral, mostly symmetrical
hyperintensities in T2 and isointense/hypointense in T1-
weighted images [4], separately graded in deep and
periventricular white matter with the Fazekas scale (0 to 3)
[9]. Cerebral microbleeds (CMBs) were small (usually < 5
mm), homogeneous, round foci of low signal intensity in
T2*GRE/SWI, in basal ganglia, white matter, or cortico-
subcortical junction, usually invisible in T1/T2/FLAIR se-
quences [4]. Enlarged perivascular spaces (EPVSs) were
small (usually < 3 mm) punctate (if perpendicular) or linear
(if longitudinal to the plane of scan) hyperintensities in T2,
and hypointensities in T1&FLAIR images, in basal ganglia, or
in centrum semiovale [4, 10]. All images were independently
reviewed by 2 trained readers blinded to clinical data, involv-
ing a third neuroradiologist upon disagreement.

One point was assigned for each of the following: (1) any
lacune; (2) any CMB; (3) (early) confluent deep WMHs
(Fazekas score 2 or 3) or irregular periventricular WMHs ex-
tending into the deep white matter (Fazekas score 3); and (4)
moderate-to-severe (> 10) EPVSs in the basal ganglia. We
calculated a total CSVD burden score (ranging from 0 to 4)
with the 4 imaging markers in bilateral hemispheres [6, 11],
which was dichotomized as none to mild (score of 0-2) and
moderate to severe (3—4).

Collateral status was graded as 0 to 4 in pretreatment digital
subtraction angiography (DSA), according to the ASITN/SIR
Collateral Flow Grading System (grade 0—1 as poor and 2—4
as good collateral status) [8, 12, 13]. Successful recanalization
after EVT was defined by Thrombolysis in Cerebral Infarction
(TICI) score of 2b or 3 [2].

Outcome measurements

The primary outcome was 90-day functional dependence or
death (mRS 3-6). Secondary outcomes included increase in
NIH Stroke Scale (NIHSS) >4 within 24 h (early neurological
deterioration (END)) [14] and within 7 days, sICH within 7
days, 90-day mRS 2-6, all-cause 90-day mortality, and an
ordinal analysis of the 90-day mRS. sICH was defined accord-
ing to the ECASSII (European Cooperative Acute Stroke
Study II) criteria [15]. The outcomes were obtained through
clinic interview or telephone follow-up by trained research
coordinators blinded to baseline information.

@ Springer

Statistical analysis

All statistical analyses were performed using SAS software
v9.4 (SAS Institute Inc.). Statistical significance was defined
by 2-sided p value < 0.05. Interrater reproducibilities of
assessing CSVD imaging markers were measured with
Cohen’s & statistic. Continuous and categorical variables were
presented as mean + standard deviation or medians (inter-
quartile range (IQR)), and numbers (percentage). Student’s ¢
or Mann-Whitney U tests were used for comparisons of con-
tinuous variables between two groups, and x> or Fisher’s ex-
act tests for categorical variables.

We investigated the associations of dichotomized overall
CSVD burden score and 4 individual CSVD imaging markers
with the outcomes using univariate and multivariate binary Cox
(for sSICH and 90-day mortality) or logistic (for other outcomes)
regression analyses, for ORs or hazard ratios (HR) with 95%
confidence interval (CI). Confounders selected based on the
clinical significance and/or statistical significance in univariate
analyses were adjusted in 4 multivariate regression models.
Subgroup analyses were performed to detect potential hetero-
geneities in the associations between overall CSVD burden and
the primary outcome, with the subgrouping factor by the di-
chotomized overall CSVD burden as an interaction term in
multivariate logistic regression analyses. Sensitivity analyses
were conducted by dichotomizing total CSVD burden score
as 0—1 versus 24, and by considering the score as an ordinal
variable.

Results

Among 857 adult AIS patients with anterior-circulation
LVO receiving EVT in RESCUE-RE (July 2018-May
2019), 311 (63.0% male; mean age 65.1 = 12.7 years) were
included in the current analyses (Supplemental Figure S1).
Compared with those (n = 546) excluded from current anal-
yses, fewer of the included patients (n = 311) had history of
coronary heart disease or atrial fibrillation, but more had
pre-stroke mRS 0-1 and good collateral status at baseline,
who in average had lower admission NIHSS (median 14;
IQR 11-18) and glucose level, and longer time from stroke
onset to groin puncture 360 (median 360 min; IQR 275—
515). The proportions of IVT prior to EVT (33.4% versus
30.8%) and successful recanalization (82.6% versus
79.1%) were similar between included and excluded pa-
tients (Supplemental Table S1).

Imaging markers and overall burden of CSVD
There were almost perfect interrater (L.Z. and X.T., both with

S5-year’s experience of neuroimaging assessment) reproduc-
ibilities for presence of individual CSVD imaging markers
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Table 1 Baseline characteristics
of patients according to the None-to-mild CSVD  Moderate-to-severe CSVD  p value
overall CSVD burden (n =260) (n=151)
Age, years 64.4 (13.0) 68.4 (11.0) 0.037
Male sex 161 (61.9) 35 (68.6) 0.365
Risk factor
Ever smoker 85 (32.7) 20 (39.2) 0.368
History of hypertension 135 (51.9) 32 (62.8) 0.156
History of diabetes mellitus 56 (21.5) 12 (23.5) 0.753
History of dyslipidemia 19 (7.3) 5(9.8) 0.541
History of coronary heart disease 31(11.9) 11 (21.6) 0.065
Atrial fibrillation* 49 (18.8) 10 (19.6) 0.899
History of stroke or TIA 47 (18.1) 12 (23.5) 0.364
Pre-stroke mRS 0 — 1 256 (98.5) 50 (98.0) 0.823
Admission NIHSS 14 (11-18) 14 (10-18) 0.707
Admission systolic blood pressure, mmHg 147 (130-160) 146 (132-160) 0.945
Admission glucose level, mmol/L 6.5 (5.4-8.3) 5.9 (5.0-8.1) 0.403
MRI scan conducted before or after EVT
Before EVT 130 (50.0) 31 (60.8) 0.171
After EVT 130 (50.0) 20 (39.2)
Collateral status
Good 155 (59.6) 30 (58.8) 0.843
Poor 102 (32.8) 21 (41.2)
Occlusion site
Internal carotid artery 79 (30.4) 13 (25.5) 0.740
Anterior cerebral artery 16 (6.2) 4(7.8)
Middle cerebral artery 165 (63.5) 34 (66.7)
Stroke etiology
Large artery atherosclerosis 135 (51.9) 32 (62.7) 0.312
Cardioembolism 105 (40.4) 17 (33.3)
Others 20 (7.7) 2(3.9)
Treatment
IvT 87 (33.5) 17 (33.3) 0.986
Time from stroke onset to groin 365 (279-522) 345 (265-485) 0.478
puncture, min
TICI score of 2b/3 214 (82.3) 43 (84.3) 0.730

Values are mean (SD) or median (IQR) or number (%)

Abbreviations: CSVD, cerebral small vessel disease; TIA, transient ischemic attack; mRS, modified Rankin Scale;
NIHSS, National Institutes of Health Stroke Scale; MR/, magnetic resonance imaging; £V7, endovascular treat-
ment; /V7, intravenous thrombolysis; 7/CI, Thrombolysis in Cerebral Infarction; SD, standard deviation; /OR,

interquartile range

*History of atrial fibrillation and newly diagnosed atrial fibrillation after the index acute ischemic stroke

in 30 cases (Supplemental Table S2). Lacune(s), severe
WMHs, CMB(s), and moderate-to-severe EPVSs were found
in 132 (42.4%), 200 (64.3%), 90 (28.9%), and 100 (32.2%)
patients, respectively. Overall, 260 (83.6%) and 51 (16.4%)
patients respectively had none-to-mild and moderate-to-
severe overall CSVD burden, while patients with moderate-
to-severe CSVD burden were older (means 68.4 versus 64.4
years; p = 0.037; Table 1). The individual CSVD imaging
markers and the dichotomized overall CSVD burden were
not significantly different between patients with these markers

assessed in MRI conducted before (n = 161) or after EVT (n =
150) (Supplemental Table S2).

Associations between overall CSVD burden and
clinical outcomes

At 3 months, 142 (45.7%) patients were functionally depen-
dent or died (the primary outcome). Age, diabetes mellitus,
admission NIHSS, admission glucose level, and collateral sta-
tus were significantly different between patients with and

@ Springer



European Radiology (2022) 32:7824-7832

7828

£/9 J0 91098 [DLL pue eruapidi[s£p Jo A10jsIy ‘styrjjou sajoqeIp Jo AI0JSIy 93y, -ormound UL0I3 0} RSUO AJOXS WO duly pue
‘ASo[one oxoxs “OYIS TOISN[I0 ‘SMYe)S [RIDIE[[0 ‘SSHIN UOISSIWIPE ‘05, *(SISA[EUE OJELIEATUN JT]) SE OUIES) S[QRLIEA ON |, *dInjound UT0IF 0} JOSUO SO WO AW PUE XIS, “SI[[AUI S2)0qeIp JO AI0ISTH
"SIJEJS [BIDIE[[0D PUE [0AS] 2SOON|S UOISSIUPE ‘SSHIN UOISSIUPE ‘SII[OW SIJGEIP JO AI0)sIy ‘a3e , :suostiedwod ajerreArun ut (g0'( > d) dOUBOYIUSIS [EOUSHE)S (M SI[qELIEA 10f pajsnipe i [OPOAl ¢

€/qT 30 91008 DL PUE T [9POUI UI SI[QBLIEA JOJ PAISNIPE ¢ [OPOIA

sme)s [e101e[[0d pue ‘A3ojone oyjons ‘armjound uro13 03 3osU0 Ayons wWoy dwr ‘SSHIN uolssiupe snjd ‘[ [9powr Ul Sa[qeLIBA 10] PAISnIpe 17 [SPOIA |

VIL 10 jons Jo K103s1y
pue ‘UOTIE[[LIIJ [RLIE ‘DSEASIP }1edY ATeu0I0d pue erudpidi[sAp ‘smjjow sa)qerp ‘uorsuairddAy Jo AI03SIy ‘IOOsS oA ‘Xas ‘0Fe Surpnjour ‘s1030ej JSLI Je[noseA pue sorgderSowap 10§ pajsnlpe ;1 [OPOIA«

9FeyLoway [erueenul dnewoldwAs ‘FyH7s oS 9300 YI[BIH JO Saymusuf
[euoneN ‘SSHIN ‘UOTBIOLIdJOP [eIISO[0INAU A[IBd ‘(G ‘O[8dS UIUBY PIYIPOW ‘Gyus [EAIUI QOUIPIUOD ‘7)) ‘Onel PIBZeY Y ‘ONeI SPPO ‘Y OSEISIP [ISSOA [[BUWIS [BIQRID ‘(JAS :SUONRIAIQQY

(8L (L8 T
-€-1€0) “€H70) -0't-Lt'0)
6870 SOV-6v0) 81T 0LL'0  (STHHE0) 1TT 0060 801 8€9°0 0€'T 8950 LET 8109 (s'9) zg  Anpepow Kep-06
(6€ (€2 6
=T-LS0) =7-09°0) -C'T$9°0)
0€9°0 SL0FT6S0) 61T $290  (9%'T-85°0) 0T'1 699°0 LT'T £99°0 91'T 0€5°0 Tl (Lv9) €€ (0°09) 9ST  9-T SYW Aep-06
(8¢ (88 (
“9+70) -'$—0¥'0) -L'7-5€°0) skep
- o VSLO  (EL9STOIOET  96L°0 YL ¥ESO €51 00L°0 6T'1 6°9) € (CX7Xa L umpim OIS
(o (18 (T SKep / urgm
-L—6¥0) =L—€L0) -€'8-68°0) ¥ < SSHIN
0110 AS8L-18°0) ST 02T0  (16'6°650) THT  6SE€0 98'1 6v1°0 6€T 0800 we 86)¢ (8¢) 01 ur asea1ou]
(tce (43 (8¢ (Y g unpm
YT-1¥'1) “P1-€€°1) -T1-8¢°1) ¥ < SSHIN
TI00 @O €I—LEDTTY 8000  (ES7€EOLDYSL  S10°0 68'S  SI100 Wy 1100 L'y Q119 (I'¢) 8 uroesearour) NI
(9) u ‘SaWO2INO ATEPUOIAS
(8 (18 (s
= 1-L¥0) -1-2S0) -6'1-65°0)
1LS0 {LL'TLS0)9T'T €680 (63 1-87'0)S60 6080 60 9160 L6'0 9780 LO'T (I'Ly) T (t'St) 81T 9—¢ SYW Aep-06
(9) u “QuI0dNO ATewLl
(ID %56) (ID %$6) (ID %$6) (ID %$6)
anfea d dHAO onead MHAO onead MHAO onead MHAIO
anfeA (ID %56)
7 IPPON +€ [PPON LT 1PPON x1 [OPON d AH/AO
(IS =u) AASD (09T = u)

SISATeUE 9JeLIBAIINIA]

SISAJeUR QJeLIBAIUN)

QIOADS-0}-31BIOPOIN  (TASD PIIU-0)-SUON

SowoANO)

uopINg (JASD PIIWI-0}-0UOU SNSIOA AIOASS-0}-9)LIdPot Aq SAWO)INO 3} IO UOISSAISAI X0)) IO dNSISO] AJRLIBAN[NUI PUE dJeLIBATU() T 3|qe]

pringer

Qs



European Radiology (2022) 32:7824-7832

7829

Fig. 1 Distributions of the 90-day
mRS according to the total CSVD
burden at baseline. Upper panel: 0 17
distributions of the 90-day mRS
according to the total CSVD bur-
den score from 0 to 4. Lower
panel: distributions of the 90-day
mRS in patients with none-to-
mild (score 0-2) versus moderate-
to-severe overall CSVD burden
(score 3—4). Abbreviations:
CSVD, cerebral small vessel dis-
ease; mRS, modified Rankin
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without a primary outcome (Supplemental Table S3).
Moderate-to-severe (versus none-to-mild) CSVD burden
was not significantly associated with the primary outcome in
univariate (47.1% vs 45.4%; crude OR = 1.07; p = 0.826) or
multivariate regression models (Table 2). The distributions of
90-day mRS by the total CSVD burden score, in a range of 0—
4 or dichotomized, are presented in Fig. 1. No significant shift
was observed towards worse functional outcomes with more
severe overall CSVD burden. Supplemental Figure S2 shows
CSVD imaging markers in an old patient with moderate-to-
severe overall CSVD burden at baseline and functionally in-
dependent at 90 days.

Fourteen (4.5%) patients had the secondary outcome of
END, 15 (4.8%) had increase in NIHSS > 4 within 7 days,
15 (4.8%) had sICH within 7 days, 189 (60.8%) had mRS 2—6

at 90 days, and 28 (9.0%) died within 90 days. Moderate-to-
severe CSVD burden was significantly associated with an
increased risk of END in univariate (11.8% vs 3.1%; crude
OR =4.17;p=0.011) and all 4 multivariate regression models
(all p < 0.05; Table 2), but not associated with other secondary
outcomes in univariate or multivariate regression.

Associations between individual CSVD imaging
markers and clinical outcomes

In univariate regression analyses (Table 3), lacunes, severe
WMHs, CMBs, or moderate—severe EPVSs were not signifi-
cantly associated with functional dependence or death at 90
days or sICH within 7 days. However, severe WMHs signif-
icantly increased 90-day mortality (11.5% vs 4.5%; crude HR

Table 3 Associations between individual CVSD imaging markers and outcomes by univariate logistic or Cox regression
Outcomes Individual CSVD markers Absence Presence Univariate analysis p value
OR/HR (95% CI)

Functional dependence or death (mRS 3-6) Lacune(s) 77 (43.0) 65 (49.2) 1.29 (0.82-2.02) 0.276
Severe WMHs 43 (38.7) 99 (49.5) 1.35 (0.83-2.20) 0.223
CMB(s) 109 (49.3) 33 (36.7) 0.61 (0.37-1.01) 0.056
Moderate — severe EPVSs 89 (42.2) 53 (53.0) 1.51 (0.93-2.44) 0.094

sICH within 7 days Lacune(s) 73.9) 8(6.1) 1.59 (0.56-4.49) 0.385
Severe WMHs 5@4.5) 10 (5.0) 1.48 (0.51-4.29) 0.468
CMB(s) 12(5.4) 3(33) 0.60 (0.17-2.18) 0.436
Moderate — severe EPVSs 9(4.3) 6 (6.0) 1.43 (0.494.13) 0.512

90-day mortality Lacune(s) 12 (6.7) 16 (12.1) 1.84 (0.87-3.89) 0.111
Severe WMHs 5@4.5) 23 (11.5) 2.59 (1.23-5.45) 0.012
CMB(s) 21(9.5) 7 (7.8) 0.82(0.35-1.93) 0.650
Moderate — severe EPVSs 21 (10.0) 7 (7.0) 0.69 (0.30-1.63) 0.401

Abbreviations: CSVD, cerebral small vessel disease; OR, odds ratio; HR, hazard ratio; CI, confidence interval; mRS, modified Rankin Scale; sICH,
symptomatic intracranial hemorrhage; WMHs, white matter hyperintensities; CMB, cerebral microbleed; EPVSs, enlarged perivascular spaces
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=2.59; p = 0.012) in univariate Cox regression, but the statis-
tical significance was borderline after adjusting for con-
founders in the 4 multivariate regression models
(Supplemental Table S4).

Subgroup analyses and sensitivity analyses

Moderate-to-severe overall CSVD burden was not significant-
ly associated with the primary outcome in any subgroup of
interest, and there was no between-subgroup heterogeneity in
the associations between dichotomized overall CSVD burden
and the primary outcome (all p for interaction > 0.05;
Supplemental Figure S3).

Sensitivity analyses with total CSVD burden score dichot-
omized as 2—4 versus 0—1, or as an ordinal variable, showed
similar results with the primary analyses, in univariate and
multivariate analyses, when total CSVD burden was signifi-
cantly associated with an increased risk of END, but not the
primary and other secondary outcomes (Supplemental
Tables S5 and S6).

Discussion

In this multicenter registry study, we systematically assessed
the imaging markers and the overall burden of CSVD in 3.0-T
brain MRI in LVO-AIS patients receiving EVT in real-world
scenarios. Although moderate-to-severe overall CSVD bur-
den was independently associated with an increased risk of
END as compared with none-to-mild overall CSVD burden, it
was not associated with higher risks of SICH within 7 days,
mRS 3-6 or 2-6, or all-cause mortality at 90 days. None of the
individual CSVD imaging markers, including lacunes, severe
WMHs, CMBs, and moderate-to-severe EPVSs, was signifi-
cantly, independently associated with these outcomes.

In previous studies, the presence of lacunes or CMB was
not associated with poor outcomes after EVT [16, 17] similar
to our findings. To date, data were limited regarding the asso-
ciation between EPVSs and post-EVT outcomes. However,
severe WMHs were associated with poor 90-day functional
outcome after EVT in LVO-AIS in a meta-analysis (20 stud-
ies) [5], and increased 90-day mortality in several previous
studies [18, 19]. In this study, severe WMHs were borderline
associated with an increased risk of 90-day mortality, but not
with other outcomes. Discrepancies between the current and
previous relevant studies [18-20] may be partly attributed to
differences in the study populations, e.g., younger age and
lower baseline NIHSS of patients in this study, both related
to better post-EVT outcomes. Yet, it is also possible that
newer generations of EVT devices with a higher recanaliza-
tion rate and better selected patients in more recent research or
clinical practice (like the current study) are associated with a
lower risk of sSICH and more favorable 90-day outcomes,
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resembling the differences in outcomes of patients between
the recent (after 2015) “positive” [2] and earlier “negative”
RCTs [21]on EVT in AIS. Of note, a more recent study based
on the MR CLEAN registry (Multicenter Randomized
Controlled Trial of Endovascular Treatment for Acute
Ischemic Stroke in the Netherlands) also indicated significant
association between WMHs and poor functional outcomes
after EVT [22]. However, the proportion of patients receiving
IVT before EVT in the MR CLEAN registry was much higher
than that in this cohort (77.9 vs 33.4%). Previous studies have
associated severe CSVD burden with poor functional out-
comes after IVT in AIS patients (discussed below as well)
[21], so the different proportions of patients receiving prior
IVT in the two cohorts might partly explain the different find-
ings. In fact, in the subgroup analysis in our cohort, moderate-
to-severe CSVD burden tended to be associated with poor
functional outcome in those receiving IVT before EVT (OR
= 1.31), but such association did not exist in those without
prior IVT (OR = 0.80), although there was no statistically
significant between-subgroup interaction. In addition, the im-
aging modalities for assessing WMHs were different in the
MR CLEAN (mostly CT) and the current registry (3.0-T
MRI), when 3.0-T MRI may better differentiate WMHSs from
acute ischemic lesions in the hyperacute stage of AIS.

The individual CSVD imaging markers above reflect differ-
ent aspects of CSVD, with different topology and possibly
different underlying pathogenetic mechanisms. They often co-
exist, while an overall picture of these markers may reflect an
overall status of the distal small artery/arteriole bed, hence the
overall CSVD burden scores proposed in previous studies [6].
A moderate-to-severe overall CSVD burden, commonly seen
in stroke patients (e.g., 16.4% in the current cohort), may rep-
resent an overall more vulnerable cerebral microcirculation
[23]. Previous studies had associated moderate-to-severe
CSVD burden with worse 90-day functional outcomes in AIS
patients treated with IVT [7, 23]. This may be explained by the
increased permeability of blood-brain barrier (BBB) in the pres-
ence of severe CSVD, which may increase the risk of hemor-
rhage and worsen the functional outcomes [23]. However, to
our best knowledge, there were limited data regarding the as-
sociations between overall CSVD burden and post-EVT out-
comes, which has emerged as first-line treatment for acute
stroke in the last few years.

In the current study, we found moderate-to-severe CSVD
burden was independently, significantly associated with in-
creased risk of END. In addition to impaired BBB as mentioned
above that could aggravate cerebral edema early after AIS,
long-term hypoperfusion of the microcirculation in severe
CSVD could also accelerate infarct expansion, both of which
could lead to deterioration or fluctuations in the neurological
deficits in the hyperacute stage (e.g., within 24 h) [24].
However, pretreatment collateral status is another important
factor governing post-EVT functional outcome [25], which
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relies on numerous factors involving hemodynamic, metabolic,
and neural mechanisms, but not the microcirculation damage
alone [26]. On the other hand, unlike IVT, EVT directly recan-
alizes the occluded artery and probably reperfuses the ischemic
area but had little effect on the overall fibrinolytic activity. So
the protective effects of collateral circulation and
recanalization/reperfusion in the long term may overwhelm or
mitigate the harmful effects of the microcirculation damage in
the hyperacute stage, hence the similar risks of SICH and sim-
ilar 3-month functional outcomes after EVT in those with none-
to-mild and moderate-to-severe CSVD burden in this cohort.

Overall, this study implied patients with moderate-to-
severe CSVD burden, who constitute a considerable propor-
tion of AIS-LVO patients in real-world scenarios, would ben-
efit from EVT despite possible fluctuations in the neurological
deficits in the hyperacute stage. Therefore, moderate-to-severe
CSVD burden should not be an exclusion indicator in domi-
nating the clinical decision for EVT, so that more stroke pa-
tients can benefit from EVT. However, there may be doubts
over the way of dichotomizing the overall CSVD burden score
in the primary analyses, with 0-2 and 3—4 respectively repre-
senting none-to-mild and moderate-to-severe CSVD burden,
as there was no widely accepted cutoff point for the score to
grade the severity of CSVD. We therefore conducted sensitiv-
ity analyses using 0—1 versus 2—4 to dichotomize the score,
and by considering the score as an ordinal variable, which
echoed findings with the primary analyses.

There were limitations of this study. First, the sample size
was relatively small, but it would have enough power to detect
a clinically significant difference in the primary outcome be-
tween those with none-to-mild and moderate-to-severe overall
CSVD burden (power estimation provided in the
supplemental Figure S4) [27]. Second, a 3.0-T MRI exam at
baseline was an inclusion criterion in this study, which is not a
routine imaging workup for patients receiving EVT treatment.
Moreover, patients with more severe stroke or worse general
conditions were more likely to be unable to receive brain MRI
in the hyperacute stage. This might have caused selection bias,
partly reflected by the differences in some baseline character-
istics of patients included in and excluded from the current
analyses, and we cannot exclude the possibility that patients
with poor outcome after EVT are underrepresented in this
cohort. Yet, this was inevitable as MRI was needed for the
assessment of the CSVD imaging markers, particularly for
EPVS and CMBs that cannot be assessed with other imaging
modalities (e.g., CT brain) [4]. Third, the CSVD imaging
markers were assessed in MRI conducted before or after
(within 24 h) EVT in different patients. However, chronic
but not acute CSVD imaging markers were assessed in this
study, which were not likely to rapidly progress within 24 h of
stroke onset. Therefore, the study findings were similar in
subgroups of patients with MRI conducted before and after
EVT. Fourth, CMBs were assessed in either SWI or T2*GRE

sequences in patients from different centers, which may have
different sensitivities for assessing CMBs. However, there
was no significant between-subgroup heterogeneity by the
MRI sequence used for CMB assessment (SWI vs
T2*GRE), in the associations between overall CSVD burden
and the primary outcome. Fifth, data on some important im-
aging features possibly associated with post-EVT outcomes,
e.g., baseline and final infarct volumes, were not available in
this cohort. Last but not least, the generalizability of the cur-
rent findings in western populations needs further validation.

Conclusions

A considerable proportion of LVO-AIS patients receiving
EVT had moderate-to-severe overall CSVD burden. Despite
the association with an increased risk of END, moderate-to-
severe overall CSVD burden as assessed in MRI was not
significantly associated with sICH, or functional dependence
or death at 90 days in anterior-circulation LVO-AIS patients
receiving EVT. Therefore, moderate-to-severe CSVD burden
should not be an exclusion indicator in determining patient
eligibility for EVT, which was not clearly indicated in the
latest guidelines. The findings and the underlying mechanisms
warrant further verification.
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