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Reperfusion Therapy in Unclear-Onset Stroke Based on
MRI Evaluation (RESTORE)

A Prospective Multicenter Study
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Background and Purpose—Unclear-onset strokes are generally excluded from time-based thrombolytic therapy. We
examined the safety and feasibility of magnetic resonance imaging-based reperfusion therapy in unclear-onset stroke.
Methods—This prospective, multicenter, single-arm study screened consecutive unclear-onset stroke patients within 6 hours
of symptom detection. Patients with perfusion-diffusion mismatch >20% and negative or subtle fluid-attenuated inversion
recovery changes were treated with intravenous tissue plasminogen activator, intra-arterial therapy, or a combination. The
safety outcome was symptomatic intracranial hemorrhage within 48 hours after treatment. The primary efficacy outcome
was a 3-month modified Rankin Scale score of O to 2. Controls were untreated unclear-onset stroke patients prospectively

captured in stroke registries.

Results—Of 430 unclear-onset stroke patients, 83 (19.3%) received reperfusion therapy (mean age, 67.5 +10.4 years; males,
66.3%; median baseline National Institutes of Health Stroke Scale, 14). Symptomatic intracranial hemorrhage with any
neurological decline developed in 5 patients (6.0%). Symptomatic intracranial hemorrhage with National Institutes of
Health Stroke Scale worsening >4 developed in 3 patients (3.6%). Thirty-seven patients (44.6%) achieved modified Rankin
Scale score of 0 to 2, and 24 (28.9%) had modified Rankin Scale score of O to 1. Female, baseline National Institutes of
Health Stroke Scale score, no immediate or early recanalization, and more white blood cells were independent predictors
of poor outcome. Compared with untreated controls, the treated group was significantly associated with good outcomes
of modified Rankin Scale score of 0 to 2 after adjusting for age, sex, and baseline National Institutes of Health Stroke
Scale in logistic regression analysis (odds ratio, 2.25; 95% CI, 1.14-4.49).

Conclusions—In unclear-onset stroke patients, magnetic resonance imaging-based reperfusion therapy was feasible
and safe. Randomized controlled trials are warranted to confirm the benefit of reperfusion therapy for unclear-onset
stroke. (Stroke.2012;43:3278-3283.)
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troke occurs in the darkness as well as in daylight. Although

most strokes develop suddenly, the onset time cannot be
pinpointed in patients with wake-up strokes or unwitnessed day-
time strokes causing aphasia or unconsciousness. An estimated
14% to 28% of ischemic strokes are wake-up strokes. Including
unwitnessed daytime strokes, the incidence of unclear-onset
stroke may rise substantially. Unclear-onset strokes are gener-
ally excluded from standard thrombolytic therapy, represent-
ing an important unmet clinical need. For convenience and

conservatism, the last-known normal time is artificially defined
as onset time, generally rendering this stroke population beyond
the therapeutic time window for reperfusion therapy.'

Wake-up strokes within 3 hours of symptom detection
have comparable clinical and magnetic resonance imaging
(MRI) characteristics as clear-onset strokes within 3 hours of
symptom onset.>* Thus, a substantial proportion of wake-up
stroke patients may develop their strokes near the time
of wake up. Recently, fluid-attenuated inversion recovery
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Figure 1. Algorithm to determine unclear-onset stroke eligibility
for thrombolysis. ER indicates emergency room, IV-tPA, intrave-
nous tissue plasminogen activator.

Clear onset

Conventional IV-tPA |

(FLAIR) changes have been proposed as surrogate markers
for estimating the lesion age within the first few hours of
stroke.* Positive diffusion-weighted imaging (DWI) and
negative FLAIR changes reliably identify stroke within 3 or
4.5 hours.** Thus, multimodal MRI including DWI, perfusion-
weighted imaging (PWI), and FLAIR may enable selection
of target unclear-onset stroke patients who will benefit from
thrombolytic therapy with acceptable safety.

Previous studies that investigated the safety and efficacy
of thrombolysis in unclear-onset stroke have reported con-
tradictory results (Supplemental Table 1).5'" We report here
the results of Reperfusion Therapy in Unclear-Onset Stroke
Based on MRI Evaluation (RESTORE). Our hypothesis was
that MRI-based reperfusion therapy in unclear-onset stroke is
feasible and beneficial with acceptable safety.

Methods

Patients
This was a prospective, multicenter, single-arm study to test the fea-
sibility and safety of reperfusion therapy in unclear-onset stroke. Six
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university hospitals in South Korea participated and enrolled patients
from September 2006 to June 2009. Four medical centers had previ-
ous experience with MRI-based thrombolysis in >10 unclear-onset
stroke patients; the other 2 centers had no prior experience.

We defined unclear-onset stroke if last-known normal time and
first-found abnormal time were discordant. Consecutive unclear-
onset stroke patients arriving at the emergency room within 6 hours
of first-found abnormal time were screened. Patients arriving within
3 hours from last-known normal time were considered for standard
intravenous tissue plasminogen activator (IV-tPA) therapy and were,
therefore, excluded from the current study (Figure 1). This study was
approved by the institutional review board of each center. Written in-
formed consent was obtained from the legal guardians of each patient.

Magnetic Resonance Imaging

MRI examinations were performed with a 1.5-T or 3-T MRI unit
(Supplemental Methods). The acute stroke MRI protocol in each cen-
ter included DWI, PWI, FLAIR, gradient echo imaging, and intra-
cranial and extracranial magnetic resonance angiography. PWI was
acquired with a bolus of gadolinium-based MRI contrast agent, and
maps of mean transit time were calculated using signal intensity-time
curves analysis.

In addition to the standard eligibility criteria for IV-tPA, we used
MRI criteria for thrombolysis decision making in unclear-onset
stroke patients (Supplemental Methods). The MRI-specific inclu-
sion criterion was a PWI-DWI mismatch >20%. MRI-specific exclu-
sion criteria were (1) extensive early infarct defined as acute DWI
lesions involving >1/3 of the middle cerebral artery territory or the
entire anterior or posterior cerebral artery territory, or (2) no mis-
match area between DWI and FLAIR lesions (Figure 2A). However,
patients with subtle or negative FLAIR hyperintensity within acute
DWI lesions were included (Figure 2B and 2C): subtle FLAIR hy-
perintensity was defined as FLAIR changes that could not have been
identified without reference to acute DWI lesions. MRI criteria were
assessed by visual inspection. All MR images were centrally stored
and posthoc analyzed by an independent investigator (A.-H.C) who
was not affiliated with the centers enrolling patients.

Thrombolytic Treatment

For reperfusion therapy, IV-tPA, intra-arterial therapy, and a combina-
tion were allowed. Based on the time interval of first-found abnormal

Figure 2. Representative figures
showing diffusion-weighted imaging
(DWI)-fluid-attenuated inversion recov-
ery (FLAIR) mismatch and perfusion-
weighted imaging (PWI)-DWI mismatch.
A, No DWI-FLAIR mismatch; B, subtle
FLAIR changes (arrow) within an acute
DWI lesion; C, no FLAIR changes. MRA,
magnetic resonance angiography.
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time to arrival and arterial occlusion status, we selected one of the
following reperfusion therapies: (1) IV-tPA alone (0.9 mg/kg, 10%
as a bolus and the remainder over 60 minutes) for patients arriving
within 3 hours of first-found abnormal time and having neither an
arterial occlusion nor a catheter-accessible occlusion;'? (2) combina-
tion of IV-tPA (0.6 mg/kg, 10% as a bolus and the remainder over
30 minutes) plus intra-arterial therapy for patients arriving within 3
hours of first-found abnormal time and having a catheter-accessible
large arterial occlusion (ie, the M1 segment of the middle cerebral,
internal carotid, or vertebrobasilar artery);'® or (3) intra-arterial ther-
apy alone for patients arriving 3 to 6 hours of first-found abnormal
time and having a catheter-accessible large arterial occlusion. For pa-
tients arriving 3 to 6 hours of first-found abnormal time and without
a catheter-accessible occlusion, no reperfusion therapy was provided.
For intra-arterial therapy, intra-arterial urokinase (10 000-20 000 IU/
min; maximum permissible dose, 1 000 000 IU; Green Cross Pharm.,
Seoul, Republic of South Korea), mechanical clot disruption, angio-
plasty/stenting, or the combination of these was allowed at the dis-
cretion of responsible neurointerventionists. Antithrombotics were
prohibited during and 24 hours after the procedure.

Immediate or early recanalization was assessed by catheter or mag-
netic resonance angiography/computed tomography (CT) angiogra-
phy at the end of or shortly after thrombolysis and was defined as flow
grade improvement from Thrombolysis In Myocardial Infarction
grade' 0 or 1 to grade 2 or 3. Recanalization was evaluated by an
independent investigator (H.-J.K.) blinded to the clinical outcome.

Clinical Evaluation

Using a standardized case report form, we prospectively collected
data of demographics, risk factors, time-to-door, time-to-imaging,
time-to-treatment, and initial blood pressure, body temperature, and
laboratory results in the emergency room. Stroke severity was mea-
sured by the National Institutes of Health Stroke Scale (NIHSS).
Stroke subtypes were determined using the modified Trial of Org
10172 in Acute Stroke Treatment classification.'” Clinical outcome
was evaluated with the modified Rankin Scale (mRS) at 3 months.

Outcome Measures

The safety end point was symptomatic intracranial hemorrhage
(SICH) defined as hemorrhagic transformation or parenchymal he-
matoma on CT within 48 hours after thrombolysis, which caused
any neurological decline'” or increases of >4 in NITHSS scores.!® The
primary efficacy end point was a good clinical outcome defined as
an mRS score of 0 to 2 at 3 months after treatment. The secondary
efficacy end point was an excellent clinical outcome of mRS score of
0 to 1 at 3 months. Presence of SICH and stroke scales were assessed
by investigators blinded to the clinical information.

Untreated Cohort

For comparative analysis, we collected data of untreated unclear-
onset stroke patients using prospective stroke registries in 8 university
hospitals during the same study period. These controls were not
considered for thrombolysis because an emergent MRI study was
unavailable. We identified 355 untreated unclear-onset stroke patients
who arrived within 6 hours of first-found abnormal time. Of those,
we finally selected 156 concurrent controls who met the clinical
eligibility criteria of the RESTORE study. All centers participating
in this study were operating acute stroke units or stroke centers that
followed the stroke management guidelines provided by the Korean
Stroke Society.

Data Analysis

Rates of SICH and good and excellent clinical outcomes were nu-
merically compared with those of previous benchmark thrombolysis
trials.'>!! To identify independent predictors of a poor clinical out-
come within the RESTORE population, logistic regression analysis
was performed. Variables with a P value <0.10 in univariable analy-
ses were candidates for the multivariable logistic regression model.

Quantitative variables were not categorized. A backward elimination
process (P<0.05 to retain) was used to develop the final multivariable
model. We also compared the proportion of a good clinical outcome
between the treated and untreated unclear-onset stroke patients. Odds
ratios and 95% Cls were obtained. A 2-tailed P<0.05 was considered
significant. All statistical analyses were performed using SPSS for
Windows (version 12.0; SPSS Inc.).

Results

General Characteristics
During the study period, 430 unclear-onset stroke patients
were screened. Of these, 347 patients were excluded for the
following reasons: 198 had ineligible imaging criteria, 152 had
ineligible clinical criteria, 29 were unable to initiate throm-
bolytic therapy within the time windows, 7 were unable to
give informed consent, and 2 were unable to undergo the MRI
examination. Forty-one patients had >2 reasons for exclusion.
Eighty-three patients (19.3%) were treated and included in
the final analysis. Sixty-three patients had wake-up strokes and
20 had unwitnessed daytime strokes (Supplemental Table 2).
The baseline characteristics of patients enrolled in this study
are described in Table 1. The median age was 67 years, and the
median NIHSS score was 14. Sixty-four patients (77.1%) had
a baseline NIHSS score of 210, and 74 (89.2%) had a major
vessel occlusion. The most commonly administered treatment
was intra-arterial therapy alone in 57 (68.7%), followed by
combined IV-tPA plus intra-arterial therapy in 17 (20.5%),
and IV-tPA alone in 9 (10.8%).

Table 1 Baseline Characteristics of Treated and Untreated
Patients With Unclear-Onset Stroke

Variables Treated (n=83)  Untreated (n=156)
Age,y 67 (61-75) 70 (61-77)
Sex (male) 55 (66.3%) 88 (56.4%)
Baseline National Institutes of 14 (10-18) 12 (6.25-17)
Health Stroke Scale
Risk factors
Hypertension 54 (65.1%) 94 (60.3%)
Diabetes 23 (27.7%) 57 (36.5%)
Hypercholesterolemia 24 (28.9%) 40 (25.6%)
Smoking (current) 30 (36.1%) 54 (34.6%)
Previous history of stroke 19 (22.9%) 31(19.9%)
Stroke subtypes
Large artery atherosclerosis 46 (55.4%) 77 (49.4%)
Cardioembolism 31(37.3%) 57 (36.5%)
Small vessel occlusion 0 (0%) 0 (0%)
Other or undetermined 6 (7.2%) 22 (14.1%)
pathogenesis
Times
Last-known normal-to-door, h 8.6 (5.4-11.1) 7.8(4.9-11.7)
First-found abnormal-to-door, h 1.7 (0.9-2.7) 2.0 (1.0-3.6)
Door-to-MR imaging, min 57 (39-77)

Door-to-treatment, min 155 (100-195)
First-found abnormal-to-treatment, h 4.6 (2.8-6.0)

Numbers in parentheses are median (interquartile range) or number (%).
MR indicates magnetic resonance.
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Safety and Efficacy Outcomes

SICH with any neurological decline occurred in 5 patients
(6.0%), and SICH with an increase of >4 in the NIHSS score
was observed in 3 patients (3.6%). Thirty-seven patients
(44.6%) achieved a good clinical outcome (mRS 0-2), and
24 (28.9%) had an excellent clinical outcome (mRS 0-1).
There was no difference in safety and efficacy outcomes
between wake-up and unwitnessed daytime stroke patients
(Supplemental Table 2). The current findings of efficacy
and safety were comparable with those of earlier benchmark
thrombolysis trials (Supplemental Table 3).

Data regarding immediate or early recanalization were
available in 81 (97.6%) patients: immediate or early recana-
lization was achieved in 41 (50.6%) patients. Immediate or
early recanalization was significantly associated with good
clinical outcomes (for mRS 0-2, 25/41 [61.0%] versus 11/40
[27.5%], P=0.004; for mRS 0-1, 17/41 [41.5%] versus 6/40
[15.0%], P=0.013).

On central review of MR images, MRI criteria were not
met in 9 patients: 1 patient had no PWI-DWI mismatch, 3
had DWI lesion >1/3 of middle cerebral artery territory, and 8
had no DWI-FLAIR mismatch. Three patients had >2 reasons
for discordance. The efficacy and safety outcomes were not
different between concordant and discordant cases (mRS 0-2,
44.6% versus 44.4%, P>0.99; mRS 0-1, 28.4% versus 33.3%,
P=0.71; SICH with any neurological decline, 5.4% versus
11.1%, P=0.45; SICH with >4 increase of NIHSS, 2.7%
versus 11.1%, P=0.29).

Predictors of Poor Outcome

Factors related to poor clinical outcome (mRS 3-6) in
univariable analyses were female (P<0.001), older age
(P=0.046), nonsmoker (P=0.003), higher baseline NIHSS
score (P<0.001), distal internal carotid occlusion (P=0.057),
no immediate or early recanalization (P=0.004), more white
blood cells (P=0.024), lower hematocrits (P=0.062), higher
glucose (P=0.086), and 2 less-experienced centers in throm-
bolysis for unclear-onset stroke before participating in this
study (P=0.037). Of the 10 patients treated at the 2 less-expe-
rienced centers, only 1 had a good outcome (mRS 1). In back-
ward, stepwise, multiple logistic regression analysis, female,
higher baseline NIHSS score, no immediate or early recanali-
zation, and more white blood cells were independently associ-
ated with a poor clinical outcome (Table 2).

Comparison With the Untreated Group

Baseline characteristics, including age, sex, risk factors, his-
tory of previous stroke, time-to-door, white blood cell count,
and glucose levels, were comparable between the treated and
untreated unclear-onset stroke patients (Table 1). However,
initial stroke severity tended to be more severe in the treated
group than in the untreated group (P=0.054). The treated
group tended to achieve a good outcome of mRS score of 0
to 2 more frequently than the untreated group in univariable
analysis (44.6% versus 32.7%, P=0.091). In multiple logis-
tic regression analysis adjusting for age, sex, and baseline
NIHSS score, reperfusion therapy significantly increased the
incidence of good clinical outcomes in unclear-onset stroke
patients (odds ratio, 2.25; 95% CI, 1.14-4.49; P=0.019).

MRI-Based Thrombolysis in Unclear-Onset Stroke 3281

Table 2 Independent Predictors of Poor Clinical Outcome
(mRS 3-6) in the Treated Group

P
0dds Ratio (95% Cl) Value
Female 6.79 (1.59-29.0) 0.01
Baseline NIHSS 1.14 (1.01-1.29) 0.03
No immediate or early recanalization 8.80 (2.30-33.71) 0.002
White blood cells (>8.25 x 10%L) 6.62 (1.73-25.30) 0.006

Backward, stepwise, multiple logistic regression analysis was performed
with variables having P<0.10 with univariable analysis. White blood cells,
hematocrits, and glucose levels were dichotomized when entered into
multivariable models.

mRS indicates modified Rankin Scale; NIHSS, National Institutes of Health
Stroke Scale.

Discussion

This prospective, multicenter study tested the feasibility and
safety of MRI-based reperfusion therapy in unclear-onset stroke
patients. After therapy, nearly 30% of patients had no or mini-
mal disability, and roughly 45% were able to perform their usual
activities without help. Only 1 of 17 treated patients experienced
SICH with any neurological worsening, and 1 of 28 treated had
ICH associated with a substantial worsening in NIHSS score.
These bleeding complication rates are probably acceptable con-
sidering the potential benefit of reperfusion therapy.

The previous studies, mostly smaller retrospective single-
center studies, have reported contradictory outcome results:®!!
an excellent outcome of mRS score of 0 to 1 ranged from 10%
to 37.5%; a favorable outcome of mRS score of 0 to 2 ranged
from 28% to 50%; and the rates of symptomatic ICH ranged
from 0% to 13.6%. Although CT-based therapy may be more
widely applicable in real-world practice than MRI-based
therapy, the outcomes of plain-CT-based thrombolysis in
wake-up strokes are worse than in a placebo group’ or a stan-
dard TV-tPA group.® Because the dynamics of ischemic lesion
evolution can be better delineated with multimodal MRI
than with CT, MRI may be a more useful tool for identifying
unclear-onset stroke patients who are potential candidates for
thrombolysis therapy.

Regarding MRI-specific eligibility criteria, we used 2 mis-
match concepts: PWI-DWI mismatch and DWI-FLAIR mis-
match. PWI-DWI mismatch has been proposed as an indicator
of reperfusion therapy beyond 3 or 6 hours of symptom onset.
However, a PWI-DWI mismatch exists in a considerable pro-
portion of patients up to 24 hours after symptom onset.?? This
suggests that the simple presence of PWI-DWI mismatch
does not provide a high probability of early stroke onset, and,
therefore, may not be sufficient for selecting unclear-onset
stroke patients whose actual onset times are within the time
window ensuring beneficial and acceptable safety of reperfu-
sion therapy.

On the contrary, DWI-FLAIR mismatch may be more use-
ful for narrowing down the window of actual onset time in
unclear-onset stroke patients. Patients with a DWI-FLAIR
mismatch are likely to be within a time window for throm-
bolysis with high specificity and positive predictive value
despite relatively low sensitivity and negative predictive
value.*>* These observations form the basis for the use of
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DWI-FLAIR mismatch for patient selection in thrombolytic
therapy in unclear-onset stroke patients.”> However, defining
DWI-FLAIR mismatch is another challenge, and no criteria
to date have captured general acceptance: is only a negative
lesion on FLAIR an indication for treatment? Is there a cer-
tain threshold of DWI-FLAIR mismatch for optimal patient
selection? Approximately 50% of patients within 3 hours of
symptom onset had FLAIR-positive lesions,**> which may
explain the low sensitivity of FLAIR lesions for determin-
ing lesion age.** In this context, we included patients with
subtle FLAIR hyperintensity within acute DWI lesions, and
excluded patients if the area of FLAIR changes was well
matched with DWI lesions. It is also unclear whether qualita-
tive visual assessment is sufficient or whether the practicality
of visual analysis should be traded for a more sophisticated
quantitative assessment. Discordance between initial MRI
assessment and posthoc central review was largely attributable
to the disagreement on DWI-FLAIR mismatch. Interobserver
agreement for acute ischemic lesion visibility on FLAIR was
modest (k=0.569) in a recent large cohort study.’ Therefore,
in the future, the criteria of DWI-FLAIR mismatch should be
more clearly defined for optimal patient selection for throm-
bolysis in unclear-onset stroke.

Regarding the factors related to clinical outcome, baseline
stroke severity** and early recanalization® are well-known
predictors. Being female has also been reported to be associ-
ated with poor clinical outcome,* although the causes of sex
difference in functional outcomes have yet to be fully eluci-
dated. Systemic inflammatory response, reflected by neutro-
philia, has been reported to be correlated with larger infarct
volume and stroke severity,”” which may explain the associa-
tion between more white blood cells and a poor outcome in
this study.

We show that unclear-onset stroke patients treated with
reperfusion therapy had significantly better outcomes com-
pared with the untreated control group after adjusting for
age, sex, and baseline stroke severity. However, a careful
interpretation is required. The untreated group was selected
based on the same clinical criteria but not imaging criteria
as RESTORE, because acute MRI was not performed in this
group. Further studies are needed to confirm this observation.

This study has certain limitations. This is a nonrandomized
study. PWI-DWI and DWI-FLAIR mismatches were visually
assessed. The discordance rate of initial and posthoc central
MRI assessments was not negligible. Clearer definitions and
pretrial training sessions are required to increase the reproduc-
ibility and reliability of MRI selection criteria in future trials.
Thrombolytic methods were diverse including intravenous
and endovascular treatments, thus limiting the generaliza-
tion of our results. Methods of assessing recanalization were
also varied. The delay in door-to-treatment time should be
improved in future clinical trials.

IV-tPA therapy within a 3-hour window was the only
proven therapy from acute ischemic stroke trials in the 20th
century. During the first decade of the 21st century, progress
was achieved by extending the IV-tPA window to 4.5 hours.?
We need to take a step forward, and this study provides strong
evidence for the feasibility and safety of reperfusion therapy in

patients with unclear-onset stroke based on clinical and DWI/
PWI/FLAIR criteria. It is time to launch a well-designed, ran-
domized, controlled trial to confirm the benefit and safety of
reperfusion therapy in this important (yet so far, neglected)
group of patients.
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Evaluation (RESTORE): A Prospective Multi-center Study



Supplemental Methods
1. Detailed MRI parameters of participating centers

Clinical MRI scanners from two different manufacturers (GE Medical Systems, Milwaukee,
Wis, or Philips Medical Systems, Netherlands) were used. DWI parameters in each center
included a repetition time (TR) of 3109 — 8000 msec, echo time (TE) of 62.3 — 84.8 msec, a
matrix number of 128 x 128 or 160 x 160, a field of view of 220 — 260 mm, two b-values of
0 and 1000 s/mm *, a slice thickness of 5 mm, and an interslice gap of 1 —2 mm. Gradient
echo T2*-weighted imaging parameters in each center were a TR of 400 — 694 msec, TE of
15 — 30 msec, a flip angle of 15 —20°, a matrix number of 192 x 256, 160 x 512, or 256 x
512, a field of view of 200 — 397 mm, a slice thickness of 5 mm, and an interslice gap of 1 —
2 mm. FLAIR imaging was obtained using a fast-spin echo sequence having TR of 8000 —
11000 msec, TE of 97.5 — 160 msec, inversion time of 2200 — 2500 msec and a pixel matrix
of 128 x 256, 160 x 256, 256 x 512, 224 x 325, 192 x 320, or 224 x 256. PWI was carried
out by using a bolus of gadolinium-based contrast material for selected 13- to 17-section
positions measured 40 times sequentially, with a slice thickness of 5 mm, an interslice gap of
1 — 2 mm, a field of view of 250 or 260 mm, and a 128 x 128 pixel matrix. Common MRA
parameters included a flip angle of 20 — 40°, a matrix number of 160 x 320, 192 x 384, 256 x
416,432 x 512, or 512 x 512, and a field of view of 150 — 330 mm. Three-dimensional time-
of-flight MRA of the circle of Willis was performed with a TR of 18 — 35 msec, TE of 2.9 —
6.9 msec. Three-dimensional contrast-enhanced MRA from the aortic arch to the level of the
central skull base was obtained with a TR of 4.5 or 6.9 msec and a TE of 1.6 or 2.2 msec. In
some centers, time-of-flight MRA was performed for evaluation of extracranial arteries.

2. Inclusion and exclusion criteria for thrombolysis in RESTORE

Inclusion criteria
Any patient who meets all of the following criteria is eligible for inclusion in this study.
1) Informed consent has been obtained according to a procedure approved by the ethics
committee.
2) The patient is male or female and age between 18 and 85 years.
3) The patient has UnCLOS.
4) Treatment of the patient can be initiated within 6 hours after first found abnormal
time.
MRI-specific inclusion criterion
5) The patient has a distinctive penumbra (at least 20%), measured by MRI (PWI-DWI
mismatch), related to middle cerebral, anterior cerebral, or posterior cerebral artery
territory in a hemispheric distribution.

Exclusion criteria

Any patient who meets one or more of the following criteria cannot be included in the study.
1) The patient has minor neurologic deficits (NIHSS <4, except aphasia or hemianopia).
2) The patient has rapidly resolving neurological symptoms and the rate of improvement

is projected to give the patient an NIHSS score <4 at the time of treatment.

3) The patient has a pre-stroke mRS score of >1 (indicating previous disability).
4) The symptoms of stroke are suggestive of subarachnoid hemorrhage.
5) Evidence of infective endocarditis or septic embolism
6) The patient has a history or clinical presentation of ICH, subarachnoid hemorrhage,



or arterio-venous malformation.

7) Serious head trauma within 6 weeks

8) Prior ischemic stroke in previous 6 weeks (except small infarct)

9) Myocardial infarction in the previous 3 weeks

10) Gastrointestinal or urinary tract bleeding in previous 21 days

11) Major surgery in the previous 14 days

12) History of biopsy of a parenchymal organ, trauma with internal organ injury or
lumbar puncture within 14 days

13) Arterial puncture at a non-compressible site in the previous 7 days

14) Uncontrolled high blood pressure (systolic > 185 mmHg or diastolic > 110 mmHg on
3 separate occasions at least 10 min apart despite appropriate treatment)

15) Evidence of active bleeding or acute trauma (fracture) on examination

16) Current use of oral anticoagulants and a prolonged prothrombin time (INR >1.7)

17) The patient has been treated with heparin in the previous 48 hours with prolonged
activated partial thromboplastin time, except for low dose subcutaneous low-
molecular weight heparin with doses recommended for deep vein thrombosis
prophylaxis

18) Baseline platelet count < 100,000 mm®

19) Baseline hematocrit < 25%

20) Blood glucose concentration < 50 mg/dL (2.7 mmol/L) in case of CT screening

21) Seizure at onset with postictal residual neurological impairments in case of CT
screening

22) The patient has a terminal illness.

23) The patient is, in the opinion of the investigator, unlikely to comply with the clinical
study protocol or is unsuitable for any other reason.

MRI-specific exclusion criteria

24) The patient has extensive early infarction in any affected area defined as an infarcted
core involving > 1/3 of middle cerebral artery territory or the entire anterior cerebral
or posterior cerebral artery territory.

25) The patient has no DWI-FLAIR mismatch, which means well-developed
parenchymal hyperintensity on FLAIR in the corresponding area of acute DWI
lesions. (Subtle or negative FLAIR changes within acute DWI lesions are not
exclusion criterion.)

26) The patient has a contraindication to the imaging techniques. (This means
ferromagnetic objects for MRI, contraindications to contrast agent.)

27) The patient has imaging evidence of ICH, subarachnoid hemorrhage, arterio-venous
malformation, or brain tumor. (Incidental meningioma and microbleeds are not
exclusion criteria. Incidental unruptured aneurysm that is small (< Smm) is not an
exclusion criterion.)



Supplemental Results

In the comparison between wake-up and unwitnessed daytime stroke patients, the proportion
of female was significantly higher in unwitnessed daytime stroke group (p=0.03), while the
time from last known normal to arrival to emergency room was longer in wake-up stroke
patients (p=0.009).



Supplemental Table S1. Previous studies on reperfusion therapy for patients with wake-up
or unclear-onset strokes

Cho et al. Adamsetal. Barretoetal. Breueretal. Kim et al. Aoki et al.
(2008)* (2008) 2 (2009)° (2010)* (2011)° (2011)°
Study design Retrospective,  Substudy of  Retrospective, Retrospective, Retrospective, Prospective,
3 centers randomized single center  single center  single center  single center
controlled trial
N 32 22 46 10 29 10
Age (mean, 67.0 68.6 62.0 73 (median) 66.9 84 (median)
year)
NIHSS score 14.5 10 16 10.5 13 14
(median)
Screening DWI/PWI CT CT CT/MRI CT/DWI/PWI DWI/FLAIR
imaging /FLAIR
Time windows 6h 3h 3h 6h 3h 3h
Reperfusion IV-tPA, IV/IA 1V abciximab IV-tPA, IV-tPA IV-tPA, IV-tPA
methods or [A IV/IA or IA IV/IA
mRS 0-1 37.5% 10.0% 14.0% 30.0% 27.6% 30.0%
mRS 0-2 50.0% 33.0% 28.0% 50.0% 44.8% 40.0%
SICH 6.3% 13.6% 4.3% 0% 10.3% 0%

NIHSS = National Institutes of Health Stroke Scale; mRS = modified Rankin Scale; SICH =
symptomatic intracranial hemorrhage; DWI = diffusion-weighted imaging; PWI = perfusion-
weighted imaging; FLAIR = fluid-attenuated inversion recovery; [V-tPA = intravenous tissue

plasminogen activator; [A = intra-arterial



Supplemental Table S2. Comparison between wake-up and unwitnessed daytime stroke

patients.
Wake-up stroke (n=63)  Unwitnessed daytime
stroke (n=20)

Age (years) 67.4+10.8 679 £9.2
Sex (female) 17 (27.0%) 11 (55.0%)
Baseline NIHSS 14 (10-17) 14.5 (9.25-18.75)
Risk factors

Hypertension 40 (63.5%) 14 (70.0%)

Diabetes 18 (28.6%) 5(25.0%)

Hypercholesterolemia 20 (31.7%) 4 (20.0%)

Smoking (current) 23 (36.5%) 7 (35.0%)

Previous history of stroke 17 (27.0%) 2 (10.0%)
Stroke subtypes

Large artery atherosclerosis 38 (60.3%) 8 (40.0%)

Cardioembolism 20 (31.7%) 11 (55.0%)

Small vessel occlusion 0 (0%) 0 (0%)

Other or undetermined etiology 5(7.9%) 1 (5.0%)
Times

Last known normal-to-door (hr) 9.0 (6.2-12) 5.4 (3.3-9.1)

First found abnormal-to-door (hr) 1.6 (0.75-2.8) 1.9 (1.1-2.6)

Door-to-MR imaging (min) 58 (39-79) 54 (35.5-69.75)

Door-to-treatment (min) 155 (104-190) 156 (82.25-199.25)

First found abnormal-to-treatment (hr) 4.5 (2.9-6.0) 4.9 (2.8-6.0)
SICH with any neurologic decline 3 (4.8%) 2 (10.0%)
SICH with increase of 4 or more 2 (3.2%) 1 (5.0%)
mRS 0-1 18 (28.6%) 6 (30.0%)
mRS 0-2 29 (46.0%) 8 (40.0%)

Numbers in parentheses are median (interquartile range) or number (%).



Supplemental Table S3. Comparison between this study and previous benchmark thrombolysis trials

RESTORE NINDS- STARS® CASES’ SITS- IMS™ PROACT-  ECASS-

tPA’ MOSTY 1112 Hn*
n 83 312 389 1135 6483 80 121 418
Age (mean) 68 68 69 70 68 64 64 65
NIHSS (median) 14 14 13 14 12 18 17 9
Time window <6h <3h <3h <3h <3h <3h <6h <4.5h
Methods IV, IA, IV/IA v v I\% I\% IV/IA IA v
SICH with any decline 6.0% 6.4% 3.3% 4.6% 7.3% 6.3% - 7.9%
SICH with >4 NIHSS 3.6% - - - - - 10% 2.4%
mRS 0-2 44.6% 50.4% 43.2% 46% 55% 42.5% 39.7% 66.5%
mRS 0-1 28.9% 42.7% 34.6% 31.8% 39% 30% 26% 52.4%

NIHSS = National Institutes of Health Stroke Scale; IV = intravenous; IA = intra-arterial; SICH = symptomatic intracranial hemorrhage; mRS
= modified Rankin Scale
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