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ABSTRACT

Background and objectives

In patients with ischemic stroke (I1S) or TIA and cortical superficialregle (cSS), there are

few data regarding the risk of future cerebrovascular events and also about tlie aedef
safety of antithrombotic drugs for secondary prevention..We investigatedstieations of

¢SS and stroke risk in patients with recent IS or TIA.

Methods

We retrospectively analyzed the Microbleeds International Collaboragtweadxk (MICON)
database. We selected patients with IS or TIA from cohorts who had MR$ed &S,

available data on antithrombotic treatments, recurrent cerebrovaseemas fntracranial
hemorrhage -ICrH-, IS, or any stroke (ICrH or IS)], and mortality. Weutatked incidence

rates (IR) and performed univariable and multivariable Cox regression emalys

Results

Of 12.669 patients (mean age 70.4+12.3 years, 57.3% men), cSS was detected in 273 (2.2%)
patients. During a mean follow-up of 24+17 months, IS was more frequent than ICrH in both
¢SS (IR 57.1Lversus 14.6 per 1000 patient-years) and non-cSS groups (33.7 versus 6.3 per
1000 patient years). Compared to the non-CSS group, ¢SS was associated with any stroke on
multivariable analysis [IR 83 versus 42 per 1000 patient-years, adjusted HR for ¢SS 1.62
(95%CI: 1.14-2.28; p=0.006)]. This association was not significant in subgroups of patients
treated with antiplatelet drugs (n=6.554) or with anticoagulants (n=4.044 ntRatith cSS

who were treated with both antiplatelet drugs and anticoagulants (n=1.569) had a higher

incidence of ICrH (IR 107.5 vs 4.9 per 1000 patient-years, adjusted HR 13.26; 95%CI: 2.90-
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60.63; p=0.001) and of any stroke (IR 198.8 vs 34.7 per 1000 patient-years, adjusted HR
5.03; 95%CI: 2.03-12.44; p<0.001) compared to the non-CSS group.

Discussion

Patients with IS or TIA with ¢SS are at increased risk of stroke (ICi8)aturing follow-

up; the risk of IS exceeds that of ICrH for patients receiving antiptatelanticoagulant
treatment alone, but the risk of ICrH exceeds that of IS in patients recbotimgreatments.

The findings suggest that either antiplatelet or anticoagulant treatroaetsdiould not be
avoided in patients with ¢SS, but combined antithrombotic therapy might be hazardous. Our

findings need to be confirmed by randomized clinical trials.

INTRODUCTION

Cortical superficial siderasis (¢SS) is an imaging abnormality avitharacteristic
appearance depicted by iron-sensitive magnetic resonance imaging (iRdhses.cSS is
regarded as the chronic stage of acute subarachnoid bleeding in the sulci c#tihed cer
hemispheric convexiti€s? Several lines of evidence, including pathological correlations,
demonstrate that cSS is part of the spectrum of advanced cerebral amyiophtrygCAA)
in elderly patients.

Cohort studi€¥'® and a meta-analysisf patients with ¢SS have consistently reported that
during follow-up, intracerebral hemorrhage (ICH) survivors with ¢SS are at aiskgbf
recurrent ICH; this risk is higher for disseminated ¢SS than for focal b8gortantly, this
increased risk is independent of age and lobar cerebral microbleeds (CMBSs).
Because cSS is so infrequént;*?available cohorts consist of relatively few patients.

Leaving aside the increased ICH risk, the follow-up risk of ischemic iragcular events
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and death are unclear. Patients with cSS are usually elderly and so ametlyaceesgted with
antiplatelet or anticoagulant agents (sometimes in combination) for pronagcondary
prevention of vascular diseases. However, it is unclear if there is anyadbitsk or
benefit in prescribing antithrombotic agents to patients with cSS aftemsck&oke (IS) or
TIA.®

To provide practical information that could guide therapeutic decisions, we sziibe
Microbleeds International Collaborative Network (MICON) database, contpdata on a
large number of patients with IS or TIA, baseline MRI, and long-term clifotaw-up. We
compared the follow-up frequency of cerebrovascular events and-death in patieiatsdwv
without ¢SS, and investigated the risks associated with long-term antithrombatment in

patients with cSS.

METHODS

In this multicenter study, we retrospectively analyzed the MICONoda#, which has

pooled individual-patient data (n=20.322) for 38 hospital-based prospective cohorts from 18
countries in Europe, the Middle East Asia, Australasia, and North America. Thaskata
includes clinical and neuroimaging variables collected by local investggdatients were
included if they had had a TIA or IS, MRI had been performed and cSS had been evaluated
(using gradient echo T2* and/or susceptibility weighted imaging) . We edgared that
ntithrombotic treatment, cerebrovascular events, and mortality data doliow-tip were
available. According to these criteria we included patients from 21 cohortabMsa were
analyzed as follows:

(1) Demographic data (age, sex)

(2) Stroke etiology according to the TOAST critétia
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(3) Traditional vascular risk factors: atrial fibrillation, hypertensionyipies IS, previous
ICH, ischemic heart disease, hyperlipidemia, diabetes, smoking, alcohol abuse

(4) Antithrombotic treatment in the six months before hospitalization and durlog/fop:
antiplatelet agents, direct oral anticoagulants (DOACS), vitamin K antag@WKAS)

(5) MRI markers of hemorrhagic-prone cerebral angiopathies as abseskkated locally
according to consensus critetfaCMBs (presence, burden, distribution), white matter
hyperintensities (presence, grading according to the Fazekas@d cSS, classified as
focal or disseminated (involvement of up to 3 sulci or of 4:0r more sulci, respedtively
(6) Major vascular events during follow-up as assessed by local investig&tardracranial

hemorrhage (ICrH), any stroke (IS or ICrH), and all-cause mortality.

Standard protocol approvals, registrations, and patient consents
Ethical approval was obtained for all cohorts as required by local regulatialevtadata

sharing. All data reviewed in this study has been fully anonymized.

Statistical analyses

Results are expressed as number and percentage for categorical vasalmean and
standard deviation for continuous variables, and as median (and interquartilefeange)
ordinal variables. Clinical and neuroimaging variables from patients with andutitSS
were compared.using the Student t-tg$test with Fisher test, or Mann Whitney U test, as
appropriate. For missing values, we report numbers and percentages with the actua
denominator. No missing data were imputed.

For patients with and without ¢SS we calculated the incidence rates (IR) pguet@oQ-

years of each event (ICrH, IS, any stroke, death) and the incidence ia{&R®&).
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To estimate the significance of the association between ¢SS and each eperforweed
univariable and multivariable Cox regression analyses, calculating tamdhratio (HR) with
95% confidence interval (Cl) for each event for all variables that provedisagmi(p<0.05)
in the univariable analyses. Variables with more than 10% of missing valuesxtirded
from the multivariable Cox regression analyses. We also performed Kdglan survival
curves. Finally, we analyzed event occurrence by subgroups of patiensaittithout cSS

stratified by antithrombotic treatments: antiplatelets, oral antidaats, or both.

Data availability
For purposes of replicating procedures and results, requests for anonymized dateiced pr

in the article because of space limitations will be considered from gdahfrestigator.

RESULTS

We studied 12.669 patients forwhom ¢SS had been evaluated. Clinical data and MR results
are provided in Table 1. Mean age was 70.4+12.3 years, and 57.3% were men. Frequency of
arterial hypertension was 70.8% and 45% of patients had atrial fibrillationmeneiawith
antithrombotic agents prior to the index event was frequent: 543 patients (6.4 %) were on oral
anticoagulants, 3.163 (37.9 %) on antiplatelet agents, and 79 (0.9%) were on both
antithrombotic treatments. A total of 3.925 patients (31%) had at least 1 CMB. While dat
regarding white matter hyperintensities were lacking for mangmati29% for whom a total
Fazekas score (deep plus periventricular, score 0-6) was availablé sayeethan 3. ¢SS

was detected in 273 patients (2.2%), most (n=194; 71%) with a focal distribution, 13 (4.7%)
with a disseminated distribution, and the remaining 66 (24.1%) unclassified. On discharge
antiplatelets were prescribed to 6.554 (51.7%), oral anticoagulants to 4.044 (31.9%) and both

antiplatelets and oral anticoagulants t01.569 (12.3%), while 502 (3.9%) either received no
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treatment or their therapy was unknown. Patients were followed-up for a meatil@f 24

months (range 6-60).

Comparison between ¢SS and non-cSS groups

Univariable comparisons between the ¢SS and non-CSS groups are summarized2n Table
Age and sex distributions were equivalent. The frequency of several vasskifactors,
including hypertension and previous stroke (ischemic or hemorrhagic) was gneéhecSS
group, while atrial fibrillation and heavy alcohol use wereless commaon in $grc8p.

Similar proportions of patients in both groups were on antithrombotic:treatment efitrer be
the index event or during follow-up, except that oral anticoagulants (DOACs or VKA&) we
prescribed less often in the ¢SS group. Both the frequency (48%) of 1 or more CMBs (lobar

deep, or mixed) and white matter hyperintensity severity were greaiati@mts with cSS

Cerebrovascular events and death during follow-up (see Figures 1, 2, and 3):

For all patients studied, regardless of whether or not they had ¢SS, the incidéh{a4a?

per 1000 patient-years) was substantially higher than that of ICrH (IR 6.5 pepdid€i-
years). The analysis of events according to the presence or abseB&estiogved the
following results:

1. Ischaemic Stroke

A total of 9314 patients were followed-up, of whom 621 experienced IS during follow-up.
The IR in the ¢SS group was 57.1 per 1000 patient-years, compared to 33.7 per 1000 patient-
years in the non-cSS group, reflecting an IRR of 1.69 (95% CI: 1.07-2.57; p=0.020).
Univariable Cox regression analysis indicated that IS was more frequentci@Shgroup

than in the non-cSS group (HR 1.67, 95% CI 1.10-2.54, p=0.015; Figure 3A), that IS

frequency increased with age, hypertension, ischemic heart diseasédipailtation,
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diabetes, any previous stroke, alcohol abuse, antiplatelet treatment, white matt
hyperintensity severity, and CMB presence, and that IS frequency d=tfeatreatment

with VKAs, DOACSs, or any oral anticoagulant.

Multivariable Cox regression analysis with the available sample of 856hsadi@owed that
¢SS was not significantly associated with IS risk (adjusted HR 1.39, 95% CI 0.89-2.15,
p=0.138). Age, any previous stroke, ischemic heart disease, diabetes,and CMB presence
independent risk factors, whereas treatment with oral anticoagulants wexdipeot

2. Intracranial Haemorrhage

Of 9314 followed-up patients, 220 (2.4%) had cSS. A total of 119 experienced ICrH. ICrH
subtypes were ICH (n=92), subdural hemorrhage (n=25) and subarachnoid hemorrhage
(n=2). The IR for the ¢SS group was 14.6-per 1000 patient-years, compared to 6.3 per 1000
patient-years for the non-cSS group, an IRR of 2.32 (95%.Cl: 0.83-5.22; p=0.07).
Univariable Cox regression analysis shoewed that ICrH was more frequentci@Shgroup

than in the non-cSS group (HR.2.33, 95% CI 1.02-5.31, p=0.043; Figure 3B), and also that
ICrH risk increased with age, hypertension, any previous stroke, VKA treatwietd,

matter hyperintensity severity, and CMB presence. Multivariable Gprgsion analysis

with the available sample of 9052 patients indicated that cSS was not signifessabiated

with ICrH risk (adjusted-HR 1.93, 95% CI 0.85-4.41, p=0.11). Age, any previous stroke, and
CMB presence were the only independent risk factors.

3. Any stroke

Of 12474 followed-up patients, 906 experienced stroke (ischemic or hemorrhagic) during
follow-up. Stroke IR in the ¢SS group was 82.9 per 1000 patient-years, compared to 42 per
1000 patient-years in the non-cSS group, for an IRR of 1.97 (95% CI: 1.38-2.74; p<0.001).
Univariable Cox regression analysis (eTable 1) showed that stroke frequasgyeater in

the ¢SS group than in the non-cSS group (HR 1.98, 95% CI 1.42-2.75, p<0.001; Figure 3C).
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Multivariable Cox regression analysis (Table 3) with the available sarhplE9@1 patients
showed that cSS was associated with an increased risk of any stroke (HR 1.62; 25P4-CI:
2.28; p=0.006). Additional risk factors were age, any previous stroke, ischemic heasedis
and presence of CMBs, while treatment with any oral anticoagulant dedrstnoke risk.

4. Death.

A total of 11928 patients were followed-up, of whom 1553 died during follow-up. Mortality
IR in the ¢SS group was 95.5 per 1000 patient-years, compared to 73.6 per 1000 patient-years
in the non-cSS group, an IRR of 1.29 (95% CI: 0.94-1.75;p=0.09). Univariable Cox
regression analysis showed that ¢SS was not significantly associttedostality (HR 1.29,
95% C1 0.95-1.74, p=0.093, Figure 3D), that mortality increased with'age, femadargdx,
fibrillation, hypertension, previous stroke, ischemic heart disease, treatmieMiGA or any
oral anticoagulant, the presence of 1 or more CMBs, and white matter hypéyntens
severity, and that mortality decreased with hyperlipidemia, smoking, alcoh@, amas

antiplatelet treatment.

Sengitivity analyses

1. Antiplatelet agent only (see Figure 1 and 2 for IR)

A total of 6554 patients were treated only with an antiplatelet agent duriog/fop. IS risk

was evaluated in 3843 followed-up patients, of whom 333 experienced IS. For the ¢SS group,
IS risk was nat significantly increased (HR 1.55, 95% CI 0.92-2.61, p=0.091). Of 3910
patients followed-up for ICrH risk, 47 experienced ICrH. Cox regression analyswed

that ICrH risk was not significantly different between the ¢SS group and theSgroup

(HR 2.31, 95% CI 0.71-7.44, p=0.149). The risk of any stroke during follow-up was
evaluated in 6115 patients, of whom 500 had an ischemic or hemorrhagic stroke. Stroke risk

was significantly increased in the ¢SS group in the unadjusted (HR 1.83; 95% CI: 1.2-2.78;
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p=0.005) but not in the adjusted (HR 1.54; 95% CI 0.99-2.39; p=0.052) analyses. Finally,
mortality risk was evaluated in 6110 patients, of whom 542 died during follow-up. cSS
increased the risk of death in both the unadjusted (HR 1.51; 95% CI: 1.01-2.26; p=0.041) and
adjusted (HR 1.74; 95% CI: 1.15-2.65; p=0.009) analyses (eTable 2). IR was 108.4 versus
65.8 per 1000 patient-years, with an IRR of 1.65 (1.11-2.38), p=0.01.

2. Oral anticoagulants (see Figure 1 and 2 for IR)

A total of 4044 patients were treated only with any oral anticoagulant during foplov®

risk was evaluated in 3836 patients of whom 195 experienced IS, and this risk was no greater
in the ¢SS group (HR 1.52; 95% CI. 0.67-3.44; p=0.30).A total-of 3835 were followed-up for
ICrH risk, which was diagnosed in 56. Cox regression analysis showed that IICvasis

similar in the ¢SS and non-cSS groups (HR 0.84; 95% CI: 0.11-6.06; p=0.86). The risk of
any stroke during follow-up was evaluated in 4001 patients, of whom 254 experienced stroke.
The risk of any stroke risk was not significantly different in the ¢SS and nonro8fsgHR

1.34; 95% CI: 0.63-2.84; p=0.44). Finally, of 4000 patients evaluated for mortality during
follow-up, 641 patients died. Cox regression analysis (HR 0.87; 95% CI: 0.49-1.55; p=0.65)
indicated no significantly increased risk of death in the cSS group.

3. Combined antiplatelets and oral anticoagulants (see Figure 1 and 2 for IR).

Of 1569 patients on both antiplatelets and oral anticoagulants at baseline, 1103 were
followed-up. Overall characteristics of this subgroup of patients are detadd able 3. IS

risk during follow-up, evaluated in 1103 patients, was not significantly greater asthe

group (HR 2.04, 95% CI 0.28-14.76, p=0.47). Cox regression analysis showed that ICrH risk
was greater in the ¢SS group in both unadjusted (HR 22.88; 95% CI: 5.11-102.36; p<0.001)
and adjusted (HR 13.26; 95% CI. 2.90-60.63; p=0.001) analyses (eTable 4). IR was 107.5
versus 4.9 per 1000 patient-years with an IRR of 22.06 (2-40-99.11), p=0.005. The risk of

any stroke during follow-up, evaluated in 1563 patients, was greater in the ¢SS group in both
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the unadjusted (HR 5.50; 95% CI: 2.23-13.54; p<0.001) and adjusted (HR 5.03; 95% CI:
2.03-12.44; p<0.001) analyses (eTable 5) IR was 198.8. versus 34.7 per 1000 patient-years,
with an IRR of 5.74 (1.82-13.85), p=0.003. Finally, mortality risk during follow-up,

evaluated in 1563 patients, was not significantly greater in either the unadjustipestech

analyses (HR 0.58, 95% CI 0.08-4.14, p=0.58).

DISCUSSION

We report three major findings for our analysis of clinical,,MRI, and follovdata obtained
from a large database of patients with IS or TIA thatincluded 273 patients \8ith cS
(frequency of 2.2%). First, the risk of IS was higher than that of ICrH in botlStheud the
non-cSS groups. Second, ¢SS was associated with the risk of future cerebroeascita
(IS, ICrH, or any stroke) and death. However, after adjusting for confounderstivamaible
analyses these associations no‘longer held, except for any stroke (ISrplysathose risk
was higher in patients with'cSS. (adjusted HR 1.6). Third, patients with cSSngceivi
antiplatelet agents alone or oral anticoagulants alone were not at asedlcris& of
cerebrovascular events. However, inthe antiplatelet plus anticoagulant subgrarked

increase in the risk of ICrH and of any stroke was noted in patients with cSS.

cSS is infrequent, detected in only 0.43% of 6049 community-dwelling older ddaiitd,in

only 2.2% of our patients with IS. In a North-American population study of 1142

individuals, cSS was detected in 0.21% and 1.4% of individuals aged 50-69 years and older
than 69 years, respectivefiThe fact that cSS was detected in only 1% of patients with acute
1IS'® and in 1% of patients treated with intravenous thrombdR/dist was reported in 60.5%

of patients with histopathologically-proven CAAbut in no controls with ICH non-related

to CAA,? suggests that ¢SS is a marker of CAA. Because ¢SS is infrequent and bexstuse m
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studies have focused on its consistent association with ICH risk, mainly in |€iMossf
several uncertainties remain regarding its prognostic implications.dditiiomal data based
on a relatively large sample may be useful to advance the understanding of {iccgrbs

therapeutic aspects of cSS.

Patients with ¢SS in our study had a high burden of vascular risk factors, and, cothgeque
frequent vascular events during follow-up would be expected. Indeed, patients Svitlad &
greater frequency of hypertension, and previous ischemic'or hemorrhagic s&olgatients
without ¢SS, but a lower frequency of atrial fibrillation. The finding that thedomere less
often prescribed anticoagulants is probably related to the prescribing phisjperceived

risk of cerebral hemorrhage. Previous observational studies in patients withuprivH

have consistently demonstrated that cSS is strongly associated withwauplrisk of
recurrent ICH®19%° A meta-analysis of patients with symptomatic CAA followed up for
three years reported annual ICH rates of 3.9% for patients without cSS,®.pétiénts

with focal ¢SS, and 12.5% for patients with disseminated®cSS.is a progressive disedse,
and ICH risk has been reported to be greater in patients with disseminatethdSS
multifocal cSS*% In our study, although ¢SS was associated with an increased absolute risk of
cerebrovascular events; after adjusting for confounding factors, theadssodisappeared

for ICrH and IS risk, and was attenuated for any stroke. Explanations fondungfi

regarding ICrH may be an underpowered analysis (due to a low frequency i event
indication bias due to underuse of antithrombotic drugs (fueled by concerns abouk tiie ris
cerebral hemorrhage).

Of 38 cohorts participating in MICON, 21 contributed data to the current analysksot.ac
availability of ¢SS ratings, or resources to perform these ratings, wareatheeasons for

non-participation. However, cSS was an independent risk factor for any strokestsugge
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that cSS is associated with both ischemic and hemorrhagic stroke risk, andsthak isiin
addition to that of CMBs. In our study, it is possible that the greater IS and iBReH r
observed in the univariable analysis, but that disappeared after adjustment for cagfoundi
variables, are maintained when the outcome is the combined risk of any strokehgivhe
number of events and the full sample is greater.

Since ¢SS is a marker of CAA, its independent contribution to vascular risk skt
ascertain if this risk is analyzed jointly with the risk of CMBs. CMBs ameléknown and
more frequent CAA marker (frequency 31% in our series) that markedly sesré@e risk of
both ischemic and hemorrhagic strd#é>**The well-documented association between ¢SS
and CMB presencavas corroborated in our study, in which around half of the patients with
¢SS also had CMBs. However, some authors advocate distinct vasculopathic mexhanis
¢SS may be associated with preferentially leptomeningeal deposition and@fiec2Rllele,
while CMBs may be related to_cortical deposition.and the APO&llele® Our findings of

an independent contribution of CMBs and cSS to the risk of any stroke suggests that future
therapeutic studies should consider both MR markers of CAA and patient genetics to
personalize the'safe use of antithromboti€air recenMICON risk score study
demonstrated that ICrH predictions for patients with IS taking antithroostiatprove
markedly if CMB presenceand burden is taken into accunis possible that considering

¢SS could further improve the predictive ability of the MICON risk score.

Literature on IS and mortality incidence during follow-up of patients with sS8ant. A
neuropathology study with postmortem brain 7.0 Tesla MR images showed thaagSS w
more often spatially related to an underlying cortical infarct than to ea&ldsteed, thus
suggesting that cSS is not exclusively observed in CAA, and also that cSS iatadseith

both hemorrhagic and ischemic lesiéh€ne study reported that, after a mean follow-up of
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24 months, up to 57% of 21 patients with convexity subarachnoid hemorrhage (cSAH) — a
precursor of ¢SS — had ischemic brain lesfdnghile a recently published multicenter study,
of cSAH associated with probable or possible CAA ,concluded that cSAH is asdatith

an increased risk of ICH during follow-up, but not of I8nother study reported that, while
patients with ¢SS reached a composite endpoint of stroke or death more frequently than
patients without ¢SS, ICH incidence accounted for the majority of prinmaiyoints, and

that after multivariable regression, death and ICrH, but not IS, were assogith cSS®
Multicenter studies are needed to clarify whether the risk of IS recerggrdeath is

increased, since no specifically designed study exists with which we caulgare our

findings.

Regarding the influence of antithrombotic treatment, it is well known that @Gid8ence is
associated with an increased risk of IS and ICrH; and that the risk of ICHieased in
patients receiving antithrombotic agefité® Because CMB presence and ¢SS — usually
associated — are markers of CA#e benefits and risks associated with antithrombotic
treatment in patients with cSS may be the same as in patients with CMBsytditferaf

both abnormalities result from different mechanistis.

We would'like'to highlight that the absolute risk of IS was consistently higher than that of
ICrH, both in'the ¢SS group (IR 57.1 versus 14.6 per 1000 patient-years, about 4 times more)
and in the non-CSS group (33.7 versus 6.3 per 1000 patient-years, about 5 times more). It is
therefore extremely important to know the risk associated with the secondaeynion

treatments. On the basis of currently available information, it is uncertether these

drugs, if indicated, should be started or resumed in patients with cSS. According to our

findings, in patients with ¢SS, the adjusted risk of cerebrovascular events [B3sHany of
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them), is not greater in patients who receive antiplatelet alone or antigogglone, but it is
markedly greater in patients receiving combined antiplatelet and or@bagutiant treatment
These findings suggest that the combination of antiplatelets and anticoagutarhdste
avoided if cSS is present. The adjusted risk of death was also greater in jpatients
antiplatelets and we need further studies to confirm this finding and to know the rgisons
it. Those results are clinically important, since almost half of our patientstaking
antithrombotic agents — mostly antiplatelet drugs — prior to stroke, and most op #tiests

need to start or resume antithrombotic treatment.

Limited information is available in the form of previous studies with which to conquare
findings. In a series of 49 patients with cSS who were followed-up for a mean &84 y
ICH recurrence increased in patients treated with antiplateletgiooagulants, but this
association disappeared in the.multivariable analysis; IS and mortatgynetanalyzed,
however’ In the RESTART stud§’ the presence of focal or disseminated ¢SS did not
influence the risk of IS or ICH recurrence in a subgroup of MRI-assesgiemts with ICH.
In a recent study of 248 patients who experienced transient focal neurologg event
attributable to CAA that included 156 (62.9%) patients with ¢SS and 38 patients on
antiplatelet or anticoagulant treatment, it was reported that antithronolsetibut not cSS,
was associated with greater ICH incidence, while cSS was assogititexdgreater risk of
death® In another recent study, neither antiplatelet nor anticoagulant useS#eneere

associated with ICH, IS, or death during follow3p.

Our findings together with the limited data available in the literature shoulstWwed as

hypothesis-generating, as a definitive answer on the benefits and risksrobantiptic

treatment in patients with cSS can only be obtained from randomized clinitsaMittiéch
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may be difficult to conduct given the rarity of cSS and the established usédtinfoanbotic
drugs after IS or TIA. In the meantime, our findings provide some reassuoaneses

where anticoagulation or antiplatelet treatment is clearly indichtédyould suggest that
combined antithrombotic treatment should be carefully assessed, given theddarsia of

cerebrovascular complications and mortality.

Srengths and Limitations

The strength of our study is the large number of included MRI-assessed strofts patie
followed up in the various participating centers. However, we highlight sdwaitations of
our study. The number of patients with cSS was relatively small, due'to cSS beinyg a
infrequent abnormality. There was a risk of inclusion bias, as investigatgrisava
preferentially included patients in better general and neurological conditigounger
patients, and may also have reserved antithrombotic treatment for patieradawir
perceived risk of bleeding.complications. MR images were not evaluated lgestgliences
were not standardized, and the field strength of the MRI devices was not homog&heous
fact that many patients with ¢SS were not classified according to fodeseminated
variants meant that the relative risk could not be estimated for disseminatedaSthas
been reported to be more dangerous than focaf 8@Sdata was provided on factors that
may influence 'the risk of vascular events, such as cognitive impairment, AlRGHS, race,
degree of control of anticoagulant treatment, adherence to antithrombotirsetrea
interruptions and changes, the reasons for the individualized decision of the neunmologist i
charge about the specific antithrombotic treatment prescribed and blood poesgtok We
do not know if some patients underwent left atrial appendage occlusion, which could be an
alternative to anticoagulants in patients at excessive risk of ICrH. dndeefindings are

exploratory and need to be confirmed by randomized clinical trials to dhefgest
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approach to secondary prevention of ischemic stroke in patients with cSS. Finaiggmis
patient data for some variables complicated multivariable analysesesal sariables had

to be discarded.

In conclusion, our study suggests that patients with cSS are at a high risk otistiale
follow-up, while cerebrovascular events (particularly ICrH) are ever fnequent in
patients with cSS treated with antiplatelets combined with oral.anticoagu(@are should

therefore be taken when prescribing these drugs in combination.

http://links.lww.com/WNL /C546
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Table 1. Overall demographic, clinical, and neuroimaging charactsristic

Ischemic stroke, n (%)

Age, mean (SD) y, n=12651 70.4 (12.3)
Sex (men), n (%), n=12669 7269 (57.3)
Race, n (%), n=10552

Caucasian 4427 (41.9)
Asian 6059 (57.4)
Black 66 (0.62)
Index event, n=12658

TIA, n (%) 1489 (11.7)

11169 (88.2)

Etiology (TOAST), n (%), n=8063

Large-artery atherosclerosis 2329 (18.3)
Cardioembolism 3382 (26.7)
Small vessel occlusion 1494 (11.7)
Other determined mechanism 713 (5.6)

Undetermined etiology 1457 (11.5)
Atrial fibrillation, n (%), n=12575 5703 (45.3)
Hypertension, n (%), n=12632 8974 (71)

Previous stroke, n (%), n=12637 1858 (14.7)
Previous ICH, n (%)n =12251 174 (1.4)

Any previous stroke, n (%), n=12648 1990 (15.7)
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Ischemic heart disease, n (%), n=12244

1637 (13.3)

Hyperlipidemia, n (%), n=12636 5062 (40.1)
Diabetes, n (%), n =12649 3218 (25.4)
Smoking, n (%), n=11124 2008 (18.1)
Alcohol >8 U/week, n (%), n=5234 719 (13.7)
Antiplatelets previous 6 months, n (%), n=8334 3163 (37.9)
Anticoagulants previous 6 months, n (%), n=8359 543 (6.4)
Antiplatelet+any oral anticoagulant previous 6 months, n (%), n=8334 79 (0.9)
VKAs at baseline, n (%), n=12667 2532 (19.9)
DOACSs at baseline, n (%), n=12668 1534 (12.1)
Any oral anticoagulant at baseline, n (%), n=12666 4044 (31.9)
Antiplatelets at baseline, n (%), n=12660 6554 (51.7)
Antiplatelet+oral anticoagulant at baseline, n (%), n=12660 1564 (12.3)
MRI sequence, n (%), n=12669

Gradient echo 9750 (76.9)
Susceptibility weighted imaging 2919 (23)
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Number of microbleeds, n=12669

None 8744 (69)
1 1688 (13.3)
2-4 1396 (11)
5 or more 841 (6.6)
Presence of 1 or more microbleeds, n (%) 3925 (30.9)
Presence of non-lobar microbleeds, n (%) 2635 (20.8)
Presence of lobar microbleeds, n (%) 2519 (19.8)
Presence of mixed microbleeds, n (%) 1229 (9.7)
Fazekas total score, n=7975

Fazekas grade 0 853 (10.7)
Fazekas grade 1 1236 (15.5)
Fazekas grade 2 2186 (27.4)
Fazekas grade 3 1394 (17.5)
Fazekas grade 4 1094 (13.7)
Fazekas grade 5 715 (9)
Fazekas grade 6 498 (6.2)
Cortical superficial siderosis, n=12669 273 (2.2)
Focal 194
Disseminated 13
Unclassified 66

*For each variable we provide the exact numberatiepts for whom data are available.

TIA: Transient Ischemic attack; ICH: intracerebnamorrhage; VKA: Vitamin K antagonists; DOACs: RQit@ral anticoagulants
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Table 2. Univariable comparison of variables for patients in the cortical suglesfderosis

(cSS) and non-cSS groups*

cSS Non-cSS p

(n=273) (n=12396)

Age, mean (SD) y 71.2 (10.59) 70.42 0.194
(12.34)
Sex (men), n (%) 168 (61.5) | 7101 (57.3)|] 0.174
Race, n (%) n (available) 211 10341
Caucasian 119 (56.4) | 4308 (41.7)
Asian 86 (40.8) | 5973 (57.8)| <0.001
Black 6 (2.8) 60 (0.6)
Index event, n (available) 272 12386
TIA, n (%) 15 (5.5) 1474 (11.9)| 0.001
Ischemic stroke, n (%) 257 (94.5) 10912
(88.1)

Etiology (TOAST), n (available) 187 9188
Large-artery atherosclerosis 67 (35.8) | 2262 (24.6)
Cardioembolism 41 (21.9) | 3341 (36.4)| <0.001
Small vessel occlusion 26 (13.9) 1468 (16)
Other determined mechanism 25 (13.4) 688 (7.5)
Undetermined etiology 28 (15) 1429 (15.6)
Atrial fibrillation, n (%), n=268/12307 105 (39.2) | 5598 (45.5)| 0.041
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Hypertension, n (%), n=273/12359 211 (77.3) | 8763 (70.9)] 0.023
Previous stroke, n (%), n=271/12366 63 (23.2) | 1795 (14.5)| <0.001
Previous ICH, n (%), n=257/11994 10 (3.9) 164 (1.4) | 0.004
Any previous stroke, n (%), n=271/12377 70 (25.8) | 1920 (15.5)| <0.001
Ischemic heart disease, n (%), 260/11984 44 (16:9) | 1593 (13.3)| 0.093
Hyperlipidemia, n (%), n=271/12365 130 (48) 4932 (39.9)| 0.008
Diabetes, n (%), n=271/12378 76 (28) 3142 (25.4)] 0.32
Smoking habit, n (%), 230/10894 51 (22.2) | 1957 (18) | 0.098
Alcohol abuse, n (%), 109/5125 8 (7.3) 711 (13.9) | 0.049
Antiplatelet (previous 6 months, n (%); n=189/8145 86 (45.5) | 3156 (38.7)| 0.070
Anticoagulant (previous 6 months, n (%), n=190/8169 16 (8.4) 606 (7.4) | 0.575
VKAs at baseline;n (%), n=273/12394 70 (25.6) | 3625 (29.2)| 0.203
DOACSs at baseline, n (%), n=273/12395 34 (12.5) | 1927 (15.5)| 0.179
Any oral anticoagulant at baseline, n (%), n=203/12393 103 (37.7) | 5513 (44.5)| 0.027
Antiplatelet at baseline, n (%), n=272/12388 171 (62.9) | 7950 (64.2)| 0.657
Number of microbleeds, n (available) 273 12396

None 142 (52) | 8602 (69.4)

1 34 (12.5) | 1654 (13.3)| <0.001
2-4 50 (18.3) | 1346 (10.9)

5 or more 47 (17.2) 794 (6.4)
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Presence of 1 or more microbleeds, n (%) 131 (48) 3794 (30.6)| <0.001
Presence of non-lobar microbleeds, n (%) 87 (31.9) | 2548 (20.6)| <0.001
Presence of lobar microbleeds, n (%) 103 (37.7) | 2416 (19.5)| <0.001
Presence of mixed microbleeds, n (%) 59 (21.6) 1170 (9.4) | <0.001
Fazekas total score, n=available 113 7862

Fazekas grade 0 5(4.4) 848 (10.8)

Fazekas grade 1 7(6.2) 1229 (15.6)
Fazekas grade 2 31 (27.4) | 2155 (27.4)
Fazekas grade 3 16 (14.2) | 1378 (17.5)| <0.001
Fazekas grade 4 23 (20.4) | 1070 (13.6)
Fazekas grade 5 14 (12.4) 701 (8.9)

Fazekas grade 6 17 (15) 481 (6.1)

*Percentage obtained from the number of patients available for each variable.

TIA: Transient Ischemic attack; ICH: intracerebral hemorrhad@d:Witamin K

antagonists; DOACSs: Direct oral anticoagulants
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Table 3. Multivariable Cox regression analysis of the risk of any stroke dotiogy-up.

Variable HR 95% CI p

Cortical Superficial Siderosis 1.61 1.14-2.27 0.006
Age (per 1 year) 1.01 1.00-1.01 <0.001
Any previous stroke 1.99 1.71-2.32 <0.001
Ischemic heart disease 1.31 1.09-1.57 0.003
Any oral anticoagulant 0.63 0.54-0.73 <0.001
1 or more microbleeds 1.35 1.17-1.54 <0.001
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Figurelegends
Figure 1. Incidence rate per 1000 patient-years, stratified by cSS antitbsoarbotic

treatment.
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Figure 2. Results of the univariable and multivariable Cox regression anatysgaring

cSS versus non-cSS groups.

4 significant risk increase (cSS vs non-cSS)

0 Nonsignificant (cSS vs non-cSS)
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Figure 3. Kaplan-Meier survival curves for IS (a), ICrH (b), any strokar(d death (d)

comparing the ¢SS and non-cSS groups.
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