[

v b~ W N

10
11
12
13
14
15

16

17
18
19
20
21
22
23

24
25
26
27
28
29

30
31
32
33
34
35

Diffusion-weighted imaging lesions and risk of recurrent stroke after intracerebral haemorrhage

Kim Wiegertjes!, MSc; Lynn Dinsmore?, BSc; Jonathan Drever?, MSc; Aidan Hutchison?, MSc; Jacqueline
Stephen?®, PhD; Maria C Valdés Hernandez?, PhD; Priya Bhatnagar, FRCR; David P Minks, FRCR* Mark A
Rodrigues?, FRCR; David J Werring®, MD; Frank-Erik de Leeuw!, MD; Catharina JM Klijn, MD; Rustam Al-

Shahi Salman?, FRCP Edin; Phillip M White$, FRCR; Joanna M Wardlaw?"#, MD

! Department of Neurology, Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical
Center, Nijmegen, the Netherlands

2 Center for Clinical Brain Sciences, University of Edinburgh, Edinburgh, UK

3 Usher Institute, Edinburgh Clinical Trials Unit, Usher Institute, University of Edinburgh, Edinburgh, UK

4 Department of Neuroradiology, Newcastle-upon-Tyne Hospitals NHS Trust, Newcastle-upon-Tyne, UK

5 Stroke Research Centre, University College London Queen Square Institute of Neurology, London, UK

® Translational and Clinical Research Institute, Newcastle University, Newcastle-upon-Tyne, UK

" Edinburgh Imaging, University of Edinburgh, Edinburgh, UK® UK Dementia Research Institute, University of
Edinburgh, Edinburgh, UK

Number of characters in title (max): 94

Number of words in abstract (max 250): 266
Number of words in main text (max 3500): 3232
Number of references (max 40): 34

Number of tables/figures (max 8): 4

Corresponding author:

Rustam Al-Shahi Salman (Rustam.Al-Shahi@ed.ac.uk)

Professor of Clinical Neurology, University of Edinburgh

Honorary consultant neurologist, NHS Lothian
Centre for Clinical Brain Sciences, Chancellor's Building, 49 Little France Crescent, Edinburgh EH16 4SB
Tel: +44 (0)131 465 9602, Fax: +44 (0)131 537 2944

Search terms: All Cerebrovascular disease/Stroke [2], Intracerebral hemorrhage [7], MRI [120], DWI [128], All
Clinical trials [19]


mailto:Rustam.Al-Shahi@ed.ac.uk

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59

60

61

62

63

64

65

66

67

68

69

Wiegertjesetal. 1

Abstract

Obijective: To determine whether the presence of DWI+ lesions is associated with recurrent stroke after ICH.

Methods: The REstart or STop Antithrombotics Randomised Trial (RESTART) assessed the effect of restarting
versus avoiding antiplatelet therapy after ICH on major vascular events for up to 5 years. We rated DWI
sequences of MRI done before randomisation for DWI+ lesion presence, masked to outcome and antiplatelet
use. Cox proportional hazards regression models were used for statistical analysis. The trial is registered with the
ISRCTN registry, number ISRCTN71907627.

Results: Of 537 participants in RESTART, 247 (median [IQR] age 75.7 [69.6-81.1] years; 170 men [68.8%];
120 started vs. 127 avoided antiplatelet therapy) had DWI sequences on brain MRI at a median of 57 days (IQR
19-103) after ICH, of whom 73 (30%) had one or more DWI+ lesion. During a median follow-up of 2.0 years
(1.0-3.0), 18 participants had recurrent ICH and 21 ischaemic stroke. DWI+ lesion presence was associated with
all stroke, (adjusted hazard ratio [HR] 2.2 [95% CI 1.1-4.2]) and recurrent ICH (4.8 [1.8-13.2]), but not
ischaemic stroke (0.9 [0.3-2.5]). DWI+ lesion presence (0.5 [0.2-1.3]) versus absence (0.6 [0.3-1.5], P

interaction=0.66) did not modify the effect of antiplatelet therapy on a composite outcome of recurrent stroke.

Conclusions: DWI+ lesion presence in ICH survivors is associated with recurrent ICH, but not with ischaemic
stroke. We found no evidence of modification of effects of antiplatelet therapy on recurrent stroke after ICH by
DWI+ lesion presence. These findings provide a new perspective on the significance of DWI+ lesions, which

may be markers of microvascular occlusive events that are associated with recurrent ICH.



70

71
72
73
74

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

92
93
94
95
96

97
98
99
100
101
102
103
104

105
106
107

Wiegertjesetal. 2

Introduction

Worldwide roughly ~3 million people suffer spontaneous intracerebral haemorrhage (ICH) every year.! In most
patients, ICH results from cerebral small vessel disease (SVD), affecting the small perforating vessels of the
brain. Survivors of ICH are at high risk for recurrent stroke (both recurrent ICH and ischaemic stroke) and other

vascular events.? 2

Diffusion-weighted imaging-positive (DWI+) lesions are present in 11-41% of patients on brain MRI performed
days to months after ICH.*1# A recent meta-analysis investigating the association between DWI+ lesions and
various subtypes of ICH showed that the prevalence of DWI+ lesions within 90 days after ICH averages 20%.°
Furthermore, in all ICH, DWI+ lesions were associated with previous ICH and with other SVD biomarkers on
brain MRI.1

Whether DWI+ lesions predict clinical events after ICH is still uncertain. Poor functional outcome (assessed by
the modified Rankin Scale [mMRS] score at 3 months after ICH) was associated with the presence of DWI+
lesions in some studies,® ¢ 17 but not others.® 1* One study of 97 patients found that the presence of DWI+
lesion(s) five days after ICH was associated with a higher risk of both ischaemic stroke as well as a composite of
ischaemic stroke, recurrent ICH, and vascular death, during a median follow-up period of 3.5 years.® However,
another study of 466 patients with ICH found that presence of a DWI+ lesion was associated with a higher risk
of ischaemic stroke, but not recurrent ICH.3. Therefore, we aimed to investigate whether DWI+ lesion presence
in antithrombotic-associated ICH survivors was associated with recurrent stroke, in a post-hoc exploratory sub-
group analysis of RESTART.

Methods

Study design and participants

RESTART was a prospective, multicentre, randomised controlled trial in 122 hospitals in the United Kingdom,
which aimed to estimate the effect of restarting versus avoiding antiplatelet therapy on the risk of recurrent ICH,
and whether this risk might exceed the expected decrease in the number of vaso-occlusive events by antiplatelet

therapy. The procedures and main results of the trial have been described in detail previously.®2

Briefly, we included patients > 18 years old, who were taking antithrombotic (antiplatelet or anticoagulant)
therapy until ICH for the prevention of vaso-occlusive disease, and survived at least 24 hours. Antithrombotic
therapy had to be discontinued at the time of the ICH, and both the participant and their physician had to be
uncertain about whether to start or avoid antiplatelet therapy, meaning that if either one had strong beliefs about
avoiding or restarting antiplatelet therapy then the participant was not eligible for the trial. In addition,
spontaneous ICH had to be confirmed on brain imaging (computed tomography [CT] or MRI) and made
available to the trial-coordinating centre. Participants were excluded if the ICH was due to trauma, haemorrhagic

transformation of ischaemic stroke, or if it was not located in the brain parenchyma.

Participants were randomised within 24 hours to start or avoid antiplatelet therapy by a digital minimisation
algorithm, which minimised differences between participants in the two trial arms based on five variables: (1)

age at randomisation (<70 years vs >70 years); (2) ICH location (lobar vs non-lobar); (3) time since symptom
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onset (1-6 days, 7-30 days, >30 days); (4) type of antiplatelet therapy if assigned to restart (aspirin vs other); and
(5) probability of being alive and independent at 6 months (<0.15 vs >0.15).2*

Standard protocol approvals, registrations, and patient consents

RESTART was approved by the Scotland A Research Ethics Committee and informed consent was obtained
from every participant (or their legal representative), including for brain MRI if this had not already been
performed. The trial is registered with the ISRCTN registry, number ISRCTN71907627.

MRI acquisition and assessment of brain characteristics
Participants underwent brain MRI at a median of two days before randomisation compatible with the RESTART

standardised protocol (http://www.restarttrial.org/documents/RESTART_MRI_protocol.pdf), including axial

gradient-recalled echo (GRE) T2*, fluid-attenuated inversion recovery (FLAIR), diffusion-weighted imaging
(DWI) including apparent diffusion coefficient (ADC) maps , T2-weighted and T1-weighted sequences (online

supplementary table e-1).*°

As described previously, anonymised images were reviewed in DICOM format by a panel of neuroradiologists
blinded to treatment allocation and clinical outcome using the in-house, web-based, Systematic Image Review

System (SIRS2) tool (https:/sirs2.cchs.ed.ac.uk/sirs2).*° In short, this included the rating of ICH characteristics
(side, location) on MRI and volume in mL (measured by the ABC/2 method) on CT.?? Additionally, the

following MRI biomarkers of SVD according to the universally standardised STandards for Reporting Vascular
changes on nEuroimaging (STRIVE) criteria,?® were assessed using validated scales: white matter
hyperintensities (WMH);?* old ischaemic lesions;? cerebral microbleeds (CMB); 226 any cortical superficial
siderosis, (focal and disseminated),?” and the probability of cerebral amyloid angiopathy (CAA) according to the

Modified Boston criteria.?’

Diffusion-weighted imaging-positive lesions

We defined DWI+ lesions as hyperintense lesions on diffusion-weighted imaging, that were not located within or
immediately adjacent to the haematoma. Presence, number, and location of DWI+ lesions were assessed in
Carestream Vue PACS version 11.3.2, Carestream Health, Inc, USA, by one trained rater (KW) blinded to
clinical outcome and treatment allocation. DWI and ADC signals change at different rates in white matter versus
grey matter, and prolonged DWI-positive signal may indicate ongoing tissue pathological changes instead of T2
shine through.? 2 Therefore, acuity of DWI+ lesions was determined based on the corresponding intensity of
ADC maps at the location of the DWI+ lesion, and deemed to be in the acute (hypo- or isointense) or subacute
(hyperintense) phase. We determined inter-rater reliability of presence or absence of definite DWI+ lesions with
one member of the panel of neuroradiologists (PMW) in a smaller subsample (N=40) which indicated substantial
agreement (Cohen’s kappa 0.73 (95% confidence interval [CI] = 0.51-0.94). The size of a DWI+ lesion was

defined as the greatest diameter of the DWI lesion.

Clinical outcomes

We collected follow-up data after randomisation until death or November 30, 2018, as described previously.®


http://www.restarttrial.org/documents/RESTART_MRI_protocol.pdf
https://sirs2.ccbs.ed.ac.uk/sirs2
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Each participant (or their representative) and their primary care practitioner were asked about the occurrence of
any serious vascular event, hospital admission, vital status, and medication use. In this study, we focused on
recurrent stroke, including symptomatic ICH as evidenced by neuroimaging or pathology,?® and ischaemic stroke
as clinical outcomes. All stroke outcome events were assessed and verified by a neurologist outcome adjudicator

masked to treatment allocation according to standardized definitions.*®

Statistical analysis

KW performed statistical analyses in R (v3.6.2; https://www.R-project.org). We compared baseline

demographics, ICH characteristics, and MRI biomarkers of SVD between participants with and without any
DWI+ lesions using nonparametric tests. We used the Mann-Whitney test for continuous and chi-square test for
categorical dependent variables (or Fisher’s exact test where appropriate). We estimated the survival function of
time to first occurrence of recurrent stroke, censored at death or final follow-up using Kaplan-Meier survival
analysis. We quantified annual event rates with 95% CI. After confirming the proportional hazards assumption
with Schoenfeld residuals, we used observational Cox proportional hazards regression models to assess whether
DWI+ lesion presence was associated with recurrent stroke (recurrent ICH, ischaemic stroke, or both). As
different types of stroke present with different risk factors for stroke recurrence, we used three models including
different covariates. Collinearity of covariates in multivariable regression models was analysed using Belsley
collinearity diagnostics (mctest R package).*® The model for ICH was adjusted for age at randomisation, lobar
ICH location, probable CAA, and use of antiplatelet therapy (as predictors of recurrent ICH), whereas the model
for ischaemic stroke was adjusted for age at randomisation, use of antiplatelet therapy, and atrial fibrillation (as
predictors of ischaemic stroke). The model for all stroke was adjusted for all variables included in the other two
models. In additional Cox regression models presented in our online data supplement, we replaced probable
CAA with the presence of cortical superficial siderosis, since this is a well-known risk factor for ICH
recurrence,®® 32 and investigated the association between DWI+ lesion presence and recurrent stroke stratified
according to the qualifying ICH location (lobar vs. non-lobar). Furthermore, we performed two sensitivity
analyses. First, we constructed Cox regression models using the sub-distribution hazard method of Fine and
Gray to assess the effect of the competing risk of death.3® Second, we reanalysed these Cox regression models
after excluding participants with presence of one or more DWI+ lesion that had no ADC sequence available or

who exclusively had subacute DWI+ lesion(s).

We included an interaction term between presence of any DWI+ lesions and treatment group to investigate
whether DWI+ lesion presence modified the effect of antiplatelet therapy on recurrent stroke (recurrent ICH
alone, ischaemic stroke alone, or any stroke). Cox proportional hazards interaction models were adjusted for the
five covariates in the minimization algorithm. Additionally, we repeated these interaction models after excluding

individuals without ADC sequences or exclusively subacute DWI+ lesion(s).

Results are presented as hazard ratios (HRs) with 95% confidence intervals (Cl). The two-tailed significance

level a was set at 0.05.

Data availability

An anonymised version of the RESTART dataset will be available from 22 May 2020 (one year after publication


https://www.r-project.org/
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of the primary findings), upon request to the members of the RESTART trial steering committee by using the
online data request form (https://datashare.ed.ac.uk/handle/10283/3632).

Results

537 participants were included in RESTART between May 22, 2013 and May 31, 2018, of whom we excluded
12 from these analyses because they did not have ICH (Figure 1). Of the remaining 525 participants, 254
participants had brain MRI performed according to the RESTART imaging protocol and were included in the
brain MRI sub-study.'® Of the 525 participants, 507 had undergone brain CT; we did not find any differences in
demographics, ICH characteristics, and brain CT biomarkers of SVD between the 240 participants who
underwent brain MRI and 267 participants without brain MRI (see online supplementary table e-2). Of all 254
participants who had brain MRI, we excluded seven participants with inadequate DWI sequence quality from our
analyses. This resulted in a final sample size of 247 participants (median [IQR] age 75.7 [69.6-81.1] years; 170
men [68.8%]) with a median interval between the qualifying ICH and brain MRI of 57 days (IQR 19-103), of
whom 120 were assigned to restart antiplatelet therapy, 127 were assigned to avoid antiplatelet therapy, and none

withdrew from follow-up.

Among the 247 participants, 73 (30%) had at least one DWI+ lesion. We found a total of 150 DWI+ lesions,
with a median diameter of 4 mm (IQR 3-6). DWI+ lesions were located in the cerebral white matter (n=70),
cerebral cortex (n=52), cortical grey-white matter junction (n=12), subcortical grey matter (n=7) and cerebellum
(n=9). Seventy-seven DWI+ lesions were in the hemisphere contralateral to the ICH (51%) and 73 in the
ipsilateral hemisphere (49%). Sixty-four of the 73 participants with DWI+ lesions also had ADC maps available.
These 64 individuals had 138 DWI+ lesions, of which 115 (83%) were deemed to be in the acute phase and 23

(17%) were deemed to be in the subacute phase.

The baseline demographic and ICH characteristics of participants with and without any DWI+ lesions did not
differ (Table 1). Participants with one or more DWI+ lesion had more severe WMH (Fazekas score 3-6: 77% vs.
63%, P=.039), and higher frequencies of any cortical superficial siderosis (33% vs. 21%, P=.042), compared
with individuals without any lesions. There was no difference in the number of participants with two or more
CMB (49% vs. 35%, P=.058), more than one old ischaemic lesion 32% vs. 23%, P=.202), or the number of
participants with probable CAA (29% vs. 18%, P=.070) according to the modified Boston criteria.

The median follow-up of all 247 participants was 2.0 years (IQR 1.0-3.0). During this period, 18 participants had
recurrent ICH and 21 had ischaemic stroke. There was no evidence of a violation of the proportional hazards
assumptions of analyses involving recurrent stroke at follow-up or collinearity among covariates in any of the
regression analyses. We found a higher risk of all stroke for DWI+ lesion presence versus absence (adjusted HR
2.15[95% CI 1.10-4.18], P=.025; Table 2; Figure 2; online supplementary table e-3). Participants with at least
one DWI+ lesion had a higher risk of recurrent ICH (adjusted HR 4.83 [95% CI 1.77-13.17], P=.002, even when
including the presence of cortical superficial siderosis as a confounder (online supplementary table e-4).

However, DWI+ lesion presence was not significantly associated with future ischaemic stroke (adjusted HR 0.89
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[95% CI 0.32-2.50], P=0.824). The association between DWI+ lesion presence and recurrent stroke remained
similar when stratifying analysis according to the location of the qualifying ICH (online supplementary table e-
8), except for the association with all stroke after non-lobar ICH. Results were similar using the sub-distribution
hazard method of Fine and Gray to assess the effect of the competing risk of death (online supplementary table
e-5). Results were unchanged in sensitivity analyses excluding individuals with one or more DWI+ lesion and no

ADC map or exclusively subacute DWI+ lesion(s) (n=15; see online supplementary tables e-6 and e-7).

There was no evidence of heterogeneity of the effects of antiplatelet therapy by DWI+ lesion presence versus
absence on the risk of any recurrent stroke (adjusted HR 0.45 [95% CI 0.16-1.26] vs 0.61 [0.26-1.47]; P
interaction=-661; online supplementary tables e-9 and e-10; online supplementary Figure e-1), recurrent ICH
(adjusted HR 0.57 [95% CI 0.17-1.87] vs 0.24 [0.03-2.10]; P interaction=-499), or ischaemic stroke (adjusted HR
0.26 [95% CI 0.03-2.36] vs 0.82 [0.30-2.21]; P interaction=-356). Results were unchanged in sensitivity analyses
excluding individuals with one or more DWI+ lesion and no ADC map, or exclusively subacute DWI+ lesion(s)

(online supplementary tables e-11 and e-12).

Discussion

We found that DWI+ lesions occurred in 30% of ICH survivors who had been taking an antithrombotic drug
before ICH. The presence of one or more DWI+ lesion was associated with recurrent ICH, but not ischaemic

stroke.

We found DWI+ lesions in almost one third of our participants; this prevalence is higher than found in a recent
systematic review, possibly because of the burden of SVD or prevalence of vascular risk factors in the
RESTART population. In the acute phase, ICH might trigger changes in cerebral hemodynamics, blood-brain
barrier permeability, induce inflammatory responses, or a decrease in blood pressure, contributing to
development of DWI+ lesions. Conversely, acute ICH may reflect an active ongoing process in the small vessels
that likely predates the ICH, which could result in the occurrence of DWI+ lesions outside this acute time
window. The high prevalence of DWI+ lesions after ICH, the higher burden of MRI biomarkers of SVD in
patients with any DWI+ lesions, together with the association of DWI+ lesion presence with recurrent ICH but
not ischaemic stroke, suggests that the DWI+ lesions are markers of microvascular occlusive events predisposing
to rupture of microvessels. Future research needs to determine whether DWI+ lesions in ICH survivors are a
consequence or marker of the underlying SVD, or mechanisms induced by the rupture of whole blood into the

brain parenchyma, or both.

The appearance of DWI+ lesions in individuals with acute ICH has been associated with a high risk of either
ischaemic stroke or a composite of ischaemic stroke, recurrent ICH, or vascular death in a small study,® and with
an increased risk of ischaemic stroke, but not recurrent ICH, in a recent pooled individual patient data analysis
including 466 patients from the ATTACH-2 and the MISTIE-III trials.? In the RESTART MRI sub-study,

presence of any DWI+ lesion was not associated with ischaemic stroke; in the small study,® four of the five



269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
204
295
296
297
298
299
300
301
302
303
304
305
306
307
308

Wiegertjesetal. 7

ischaemic strokes were due to SVD, but we did not investigate the likely cause of the ischaemic strokes we
observed during follow-up. Furthermore, the majority of the patients in previous studies had non-lobar ICH
associated with hypertension, and very few patients had cortical superficial siderosis, an independent predictor of
recurrent ICH. In RESTART, the association between DWI+ lesion presence and recurrent ICH might have been
confounded by a slight, non-significant excess of CAA-related ICH in participants with one or more DWI+
lesion (Table 1) even though we adjusted for modified Boston criteria for probable CAA and the association
between one or more DWI + lesion and recurrent ICH remained (Table 2). Although the association between
DWI+ lesion presence and recurrent ICH did not differ according to ICH location (see online supplemental table
e8), DWI+ lesion location might be a marker of CAA-related ICH, so larger studies could investigate whether a

cortical DWI+ lesion distribution is associated with an increased risk of lobar ICH.

We did not find any evidence that DWI+ lesion presence modifies the risk of recurrent stroke with antiplatelet
therapy. Although the direction of effects in all subgroups was consistent with the main finding of RESTART —
that starting antiplatelet therapy may reduce the risk of recurrent ICH when compared with avoiding antiplatelet
therapy®® — the number of outcomes was too small to detect any significant differences between subgroups, and
thus needs to be interpreted with caution. Nonetheless, these findings can be informative for sub-group analyses
in MRI sub-studies in definitive main phase RCTs and meta-analyses of antiplatelet and anticoagulant RCTs

after ICH (see online supplemental table e-13 for a list of the many trials’ NCT entries).

The main strengths and limitations of RESTART and the MRI sub-study are described elsewhere.’8 ° Our
findings provide a new perspective on the clinical significance of DWI+ lesions, which may be markers of SVD
activity rather than just ischaemia. Other strengths include the multi-centre prospective study design,
standardized imaging protocol, blinded expert review of MRI imaging according to widely established criteria,

and outcome assessment using standardised definitions.

However, this study has some limitations. First, our findings might not be generalizable to a broader population
of individuals with ICH. RESTART participants were already taking antithrombotic agents for the prevention of
vaso-occlusive disease before ICH, which tended to be smaller in (median 4.6 mL) compared with ICH volumes
reported in the majority of previous MRI-based studies,” 8 2 or population-based cohorts.3* More severe ICHs
are often fatal, and therefore less likely to be investigated by MRI, which may have resulted in an
underestimation of the true prevalence of DWI+ lesions. However, we did not find evidence of any selection
biases when comparing participants included or not included in the MRI sub-study (see online supplementary
table e-2). Second, the prevalence of DWI+ lesions might have been further underestimated due to the broad
interval between the qualifying ICH and brain MRI, since prior reports suggest that the early post-ICH period is
a high risk time for DWI+ lesion occurrence.® Third, the higher prevalences of superficial siderosis in
participants with DWI+ lesion presence may suggest an overrepresentation of CAA-related ICH, which could
have confounded the association between DWI+ lesions and recurrent ICH,?” but this association was
independent of probable CAA in a multivariable analysis. Fourth, although we made use of a standardized
imaging protocol, field strength and parameters of the DWI sequence varied between participants, by which

prevalence of DWI+ lesions is likely to be influenced. Fifth, we did not systematically perform brain MRI at a
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set interval after ICH, which may have influenced the number of observed DWI+ lesions.% %12 Finally, the
modest sample size of RESTART resulted in a small number of clinical outcomes, which limited the statistical

power to detect any significant effects.

In conclusion, we found that DWI+ lesion presence in survivors of ICH enrolled in the RESTART trial was
associated with recurrent ICH, but not with ischaemic stroke. These findings provide a new perspective on the
significance of DWI+ lesions, which may be markers of microvascular occlusive events that are associated with

recurrent ICH.
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Table 1. Group characteristics

No diffusion-weighted One or more diffusion- | P
imaging-positive lesions | weighted imaging-
(n=174) positive lesion (n =73)

Demographic

characteristics
Age (years) 75 (68 —81) 77(72-82) 121
Men 116 (67%) 54 (74%) .258
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Time between ICH and 56 (19 -102) 63 (20— 103) .753
MRI (days)
Characteristics of the
largest ICH
Side 104
Left 84 (48%) 27 (37%)
Right 90 (52%) 46 (63%)
Location of the ICH .553
Lobar 71 (41%) 35 (48%)
Deep 84 (48%) 30 (41%)
Infratentorial 19 (11%) 8 (11%)
ICH volume (mL) t 5.4 (1.6-13.9) 3.2(0.9-12.4) .235
MRI markers of SVD
Fazekas score .039
0-2 64 (37%) 17 (23%)
3-6 110 (63%) 56 (77%)
Old ischaemic lesions .202
None 107 (61%) 36 (49%)
One 27 (16%) 14 (19%)
More than one 40 (23%) 23 (32%)
Cerebral microbleeds .058
0-1 105 (65%) 35 (51%)
2 or more 57 (35%) 33 (49%)
Cortical superficial .042
siderosis
Focal or 36 (21%) 24 (33%)
disseminated
None 138 (79%) 49 (67%)
Modified Boston Criteria .070
of CAAZ
Probable CAA 32 (18%) 21 (29%)
Other 142 (82%) 52 (71%)

Note: Demographics, ICH characteristics, and biomarkers of SVD of participants with any DWI+ lesions
compared to those without were assessed using the Mann-Whitney test for continuous and chi-square test for
categorical dependent variables (or Fisher’s exact test where appropriate). Data represent median (IQR) or No.
(%). Abbreviations: ICH, intracerebral hemorrhage; SVD, small vessel disease; CAA, cerebral amyloid

angiopathy. + measured by the ABC/2 method on CT.

Table 2. Risk of recurrent stroke during follow-up according to diffusion-weighted imaging-positive lesion

presence

Events/participant (%) Unadjusted analysis Adjusted analysis
DWI+ DWI- HR (95% Cl) P value HR (95% ClI) P value
(n=73) (n=174)

All stroke 17 (23%) 22 (13%) 2.28 (1.21-4.30) 011 2.15(1.10-4.18) .025

Intracerebral 12 (16%) 6 (3%) 5.36 (2.01-14.28) | <.001 4.83(1.77-13.17) | .002

hemorrhage

Ischaemic stroke 5 (7%) 16 (9%) 0.90 (0.33-2.50) .858 0.89 (0.32-2.50) .824
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449 Note: The adjusted model for all stroke includes age, lobar ICH location, probable CAA, antiplatelet use, and
450  atrial fibrillation; the model for intracerebral hemorrhage includes age, lobar ICH location, probable CAA, and
451  antiplatelet use; and the model for ischaemic stroke includes age, antiplatelet use, and atrial fibrillation.

452 Abbreviations: DWI+, at least one diffusion-weighted imaging lesion; HR, hazard ratio, CAA, cerebral amyloid
453 angiopathy.
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472 Figure 1. Flowchart of patients with suitable brain MRI studies in RESTART
473
474  Abbreviations: ICH, intracerebral haemorrhage; MRI, magnetic resonance imaging; DWI, diffusion-weighted

475 imaging.
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Figure 2. Cumulative proportion of RESTART participants with a first recurrent stroke during follow-up

stratified by DWI+ lesion presence vs. absence before randomisation

Numbers at risk include survivors under follow-up at the start of each year according to presence or absence of
diffusion-weighted imaging lesions. Number of cumulative events show the participants under follow-up with a
first stroke event. Abbreviations: DWI+, at least one diffusion-weighted imaging lesion; DWI-, no diffusion-

weighted imaging lesion.



