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BACKGROUND: Previous clinical trials found improved outcome of thrombolytic treatment in patients with ischemic wake-up
stroke (WUS) selected by advanced imaging techniques. The authors assessed the effectiveness of thrombolytic treatment in
patients with WUS in a nationwide stroke registry.

METHODS AND RESULTS: Using propensity score matching, the authors assessed the effectiveness and safety of thrombolytic
treatment versus no thrombolytic treatment in 726 patients (363 matched pairs) with WUS in the Norwegian Stroke Registry in
2014 to 2019. Thrombolytic treatment in WUS versus known-onset stroke was compared in 730 patients (365 matched pairs).
Functional outcomes were assessed by the modified Rankin Scale (MRS) at 3months. A significant benefit of thrombolytic
treatment in WUS was seen in ordinal analysis (odds ratio [OR], 1.48 [95% ClI, 1.15-1.91]; P=0.003) and for mRS 0 to 2 (OR,
1.81 [95% Cl, 1.29-2.52]; P=0.001) but not for mRS 0 or 1 (OR, 1.32 [95% ClI, 1.00-1.74]; P=0.050). The proportion of patients
with mRS 0 or 1 was lower in patients with WUS who underwent thrombolysis versus those with known-onset stroke (50.4%
versus 59.5%; OR, 0.69 [95% ClI, 0.52—-0.93]; P=0.013), while outcomes were similar between groups for mRS 0 to 2 and or-
dinal analysis. Symptomatic intracranial hemorrhage after thrombolytic treatment occurred in 4.4% of patients with WUS and
3.9% of patients with known-onset stroke (OR, 1.14 [95% ClI, 0.54-2.41]; P=0.726).

CONCLUSIONS: Thrombolytic treatment in patients with WUS was associated with improved functional outcome compared with
patients with no thrombolytic treatment and was not associated with increased rates of symptomatic intracranial hemorrhage
compared with known-onset stroke. The results indicate that thrombolytic treatment is effective and safe in WUS in a real-life
setting.

Key Words: cerebrovascular disease/stroke m epidemiology ® ischemic stroke ® thrombolytic treatment ®m wake-up stroke

202 ‘62 AInc uo Aq Bio'sjeulno feye//:dny wouy papeojumoq

ake-up stroke (WUS) is known to occur in 1 in
W5 ischemic strokes.! These patients have tradi-
tionally represented an unprivileged subgroup
of patients with stroke as they have been considered
ineligible for intravenous thrombolysis (IVT) based on

uncertain time of symptom onset. Results from recent
randomized controlled trials have shown benefit of

IVT in patients with WUS who have ischemic lesions
on diffusion-weighted imaging and absence of visible
hyperintense signal in the corresponding region on
fluid-attenuated inversion recovery series on magnetic
resonance imaging (magnetic resonance imaging/
diffusion-weighted imaging/fluid-attenuated inversion
recovery mismatch) or signs of salvageable tissue on
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CLINICAL PERSPECTIVE

What Is New?

¢ In this study, based on data from a nationwide
stroke registry, intravenous thrombolysis for
wake-up stroke was associated with improved
functional outcome compared with no intrave-
nous thrombolysis.

e The proportions of symptomatic intracranial
hemorrhage after thrombolysis were similar in
patients with wake-up stroke and those with
known-onset stroke.

What Are the Clinical Implications?

e OQur findings from clinical practice support the
results from previous randomized trials showing
that thrombolysis is beneficial and safe in pa-
tients with wake-up stroke.

Nonstandard Abbreviations and Acronyms

IVT intravenous thrombolysis
mRS modified Rankin Scale

NIHSS National Institutes of Health Stroke
Scale

sICH symptomatic intracranial hemorrhage

computed tomography or magnetic resonance imaging
perfusion imaging.?® Consequently, IVT with alteplase
in patients with magnetic resonance imaging/diffusion-
weighted imaging/fluid-attenuated inversion recovery
mismatch was recommended in the American 2018
and 2019 Ischemic Stroke Clinical Practice Guidelines,
and, in 2021, European guidelines recommended IVT
in WUS with either diffusion-weighted imaging/fluid-
attenuated inversion recovery mismatch or presence
of salvageable tissue on magnetic resonance imaging
or computed tomography perfusion imaging.*®

Results from clinical trials with strictly controlled
settings may differ from those obtained in clinical prac-
tice. The aim of the present study was to assess ef-
fectiveness and safety of IVT in patients with WUS in a
real-world clinical setting using data from a high-quality
nationwide stroke registry.

MATERIALS

Access to data from the Norwegian Stroke Registry
can be obtained by application to Helsedata (https:/
helsedata.no).

Atotal of 44 439 ischemic stroke cases (International
Classification of Diseases, Tenth Revision [ICD-10]
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code 163) were registered in the Norwegian Stroke
Registry from 2014 through 2019. Of these, only pa-
tients who presented with either new-onset symp-
toms on awakening (WUS) or with known time of
onset (known-onset stroke [KOS]) were included in the
study. Patients with unknown time of onset other than
on awakening (n=8055) or missing information about
mode of onset (n=1) were excluded, as were those with
recurrent stroke (n=8154) or missing information about
this variable (n=177). We further excluded patients
treated with thrombectomy (n=1178) or with missing
information about thrombectomy (n=73). Information
on functional outcome at 3months after stroke onset
was missing in 6452 patients, leaving 20350 patients
with first-ever ischemic stroke with either WUS or KOS
to be included in the study (Figure 1). Of these, 4967
patients had WUS and 15383 patients had KOS. The
registry is a nationwide quality registry to which it is
mandatory for all hospitals providing acute stroke care
in Norway to report data on all patients hospitalized
with acute stroke. The registry has excellent coverage
and has been found to be adequately complete and
correct to serve as a source of data for stroke research
with a high reliability.6=® The stroke diagnosis ((CD-10
code) is assigned by a treating physician, not a clini-
cal coder, and data are registered manually via a web-
based form by trained nurses and physicians. Details
on diagnostic criteria used in the registry are described
in Data S1. Information on date of death is collected
from the Norwegian National Population Register.

Propensity score matching was used to define 2
matched samples generated for comparison of func-
tional outcome at 3months: one sample of 726 pa-
tients (363 matched pairs) for comparison of IVT and
no IVT in patients with WUS, and one sample of 730
patients (365 matched pairs) for comparison of the ef-
fectiveness of IVT in patients with WUS and those with
KOS (details are described in the Statistical Analysis
section below).

Patient characteristics included were age, sex,
prestroke modified Rankin Scale (MRS), presence of
atrial fibrillation, prior myocardial infarction or transient
ischemic attack, use of antihypertensive medication
prior to admission, living arrangement, and National
Institutes of Health Stroke Scale (NIHSS) on admission.
In patients with WUS, the time of admission was de-
fined on a scale from O to 23, where 1 represents ad-
mission from 01:00 to 01:59a.m. and so on. The time
from symptom onset to IVT was calculated for patients
with KOS. Door-to-needle time was calculated as the
time from admission to the start of IVT.

Hospitals were analyzed by caseload, defined
by frequency of ischemic strokes admitted per year,
and grouped into high (>300cases per year), medium
(100-300cases per year), and low (<100cases per
year) volume centers.


https://helsedata.no
https://helsedata.no
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Ischemic stroke,
n=44 440

Unknown onset stroke,* n=8055

Missing information, n=1

Recurrent stroke, n=8154

v

Missing information, n=177

Thrombectomy, n=1178

Missing information, n=73

A4

Lost to follow-up, n=6452

Ischemic KOS or WUS,
n=20 350

\ v
KOS, WUS,
n=15 383 n=4967

A y y
KOS IVT, KOS no IVT, WUS IVT, WUS no IVT,
n=4218 n=11 165 n=403 n=4558

v v

KOS IVT, matched WUS IVT, matched WUS IVT, matched WUS no IVT, matched
sample, n=365 sample, n=365 sample, n=363 sample, n=363

Figure 1. Flow chart of study participation.

*Unknown onset other than wake-up stroke (WUS). IVT indicates intravenous thrombolysis; and KOS, known-onset stroke.

Information on criteria used for selection of patients
to IVT, such as imaging modality, is not available in the
Norwegian Stroke Registry. Information about type or
dose of thrombolytic agent used is only available for
2019 and was therefore not included in the study.

J Am Heart Assoc. 2024;13:032309. DOI: 10.1161/JAHA.123.032309

Outcome Measures

The effect of IVT was assessed by mRS at 3 months.
The mRS ranges from O to 6, with a score of O rep-
resenting no disability, 1 to 5 increasing degree of
disability, and 6 death. The primary outcome was
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Table 1. Baseline Characteristics in Matched and Unmatched Populations
Unmatched samples Matched samples Unmatched samples Matched samples
WUS, WUS, no WUS, WUS, no WUS, KOS, WUS, KOS,
thrombolysis, | thrombolysis, | thrombolysis, | thrombolysis, |thrombolysis, |thrombolysis, |thrombolysis, | thrombolysis,
n=403 n=4558 n=363 n=363 n=403 n=4218 n=365 n=365
Age, y 70.3 (14.3) 731 (13.3) 69.9 (13.6) 70.0 (14.1) 70.3 (14.3) 72.3 (13.9) 70.0 (14.1) 70.5 (13.9)
Women 375 43.7 391 39.7 375 451 39.5 414
Atrial fibrillation 15.4 22.8 16.0 16.3 15.4 21.2 16.2 15.6
Prior myocardial 13.0 13.6 141 13.8 13.0 12.8 13.7 14.0
infarction
Prior TIA 9.3 8.2 9.6 9.6 9.3 9.4 9.6 11.2
Diabetes 13.2 17.7 12.7 17.4 13.2 13.5 12.6 11.5
Use of medication
Antihypertensive 47.5 51.5 45.5 45.7 47.5 49.4 45.5 46.3
drugs
Platelet inhibitors | 31.8 327 31.0 30.9 31.8 35.5 31.1 35.3
Oral 3.8 1.7 3.6 7.5 3.8 4.0 3.6 3.0
anticoagulants
Living alone 271 36.5 29.8 27.3 271 31.1 271 271
Living in 2.5 3.0 14 0.8 2.5 4.0 14 1.6
institution
Prestroke mRS score
0 76.0 65.3 75.5 s 76.0 68.8 77.8 79.7
1 11.9 15.9 11.9 11.9 11.9 13.9 11.8 11.5
2 5.9 9.4 7.2 5.0 5.9 7.9 4.9 5.5
3 47 6.4 4.4 441 4.7 6.3 44 2.5
4 1.3 2.5 11 11 1.3 29 1.1 0.6
5 0.2 0.4 0.0 0.3 0.2 0.3 0.3 0.3
NIHSS on 5(3-9) 2 (1-5) 4 (2-10) 5(3-9) 5(3-9) 5 (3-10) 5(3-9) 5 (2-9)
admission
Hour of admission* | 8 (6-11) 12 (9-15) 9 (7-11) 8 (6-11) 8 (6-11) 14 (11-18) 8 (6-11) 14 (10-17)
Door-to-needle 40 (26-60) 40 (26-60) 40 (26-60) 32 (22-49) 40 (26-60) 33 (22-50)
time, min
Hospital stroke volume
>300cases/y 511 39.5 56.2 54.3 51.1 4241 54.5 53.2
100-300 cases/y |42.3 45.3 39.9 41.3 42.3 44.2 411 41.9
<100cases/y 6.6 15.2 3.9 4.4 6.6 137 4.4 4.9

Age is presented as mean (SD) and prestroke modified Rankin Scale (mRS), National Institutes of Health Stroke Scale (NIHSS) on admission, hour of
admission, and door-to-needle time as median (interquartile range). All other values are percentages. KOS indicates known-onset stroke; TIA, transient

ischemic attack; and WUS, wake-up stroke.
*Values for hour of admission indicate times according to a 24-hour clock

functional improvement in mRS by at least 1 point,
assessed by ordinal logistic regression analysis.
Secondary outcome measures were excellent func-
tional outcome defined as an mRS score 0 or 1 and
good functional outcome as an mRS 0 to 2.

Safety outcomes included death within 28days and
within 3months after stroke, as well as symptomatic intra-
cranial hemorrhage (sICH). The definition of sICH is a clini-
cal deterioration corresponding to an increase of >4 points
on the NIHSS and a radiologically confirmed intracranial
hemorrhage within 36hours of treatment, perceived to

J Am Heart Assoc. 2024;13:032309. DOI: 10.1161/JAHA.123.032309

be associated with the clinical deterioration. Information
on intracranial hemorrhage after the index stroke was not
available for patients who did not receive IVT.

The study was approved by the Regional Committee
for Medical and Health Research Ethics as well as by
the data protection officials at the Hospital of Southern
Norway. The Norwegian Stroke Registry is a manda-
tory register, thus individual patient consent is not re-
quired. The study is reported in accordance with the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement.
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Table 2. Effectiveness and Safety of Thrombolysis Versus No Thrombolysis in Propensity Score-Matched Samples of

Patients With WUS

Thrombolytic Treatment in Wake-Up Stroke

Thrombolysis, n=363 No thrombolysis, n=363 OR (95% ClI) P value

Effectiveness outcomes

Improved functional outcome 1.48 (1.15-1.91) 0.003

Excellent functional outcome 184 (50.7) 159 (43.8) 1.32 (1.00-1.74) 0.050

Good functional outcome 282 (77.7) 239 (65.8) 1.81 (1.29-2.52) 0.001
Safety outcomes

Death within 28d 19(6.2) 27 (7.4) 0.69 (0.37-1.27) 0.230

Death within 3mo 24 (6.6) 36 (9.9) 0.64 (0.37-1.12) 0117

Symptomatic intracranial hemorrhage 16 (4.4)

Results are presented as number (percentage). OR indicates odds ratio; and WUS, wake-up stroke. Improved functional outcome represents a shift in
modified Rankin Scale (mMRS) score in the direction of improved outcome. Excellent functional outcome was defined as an mRS score 0 or 1 after 3months, and

good functional outcome as an mRS score O to 2 after 3months.

Statistical Analysis

We used propensity score matching to generate 2
comparable groups for assessing functional out-
come at 3months. Groups were generated within
WUS to compare patients receiving IVT with those
not treated, and within thrombolyzed cases to
compare patients with WUS and those with KOS.
To generate the matched groups we used the ps-
match2 command in Stata (StataCorp LLC) with
1:1 matching, using the nearest neighbor with cali-
per 0.2 and no replacement. The covariates used
for matching were age, sex, prestroke mRS, NIHSS
on admission, atrial fibrillation, prior myocardial in-
farction or transient ischemic attack, use of blood
pressure medication, living arrangement, and hospi-
tal caseload. For WUS, 2-hour categories of hour of
admission were included as a matching criterion for
the comparison of IVT versus no IVT. Standardized
difference was used to compare distribution of
baseline characteristics between groups. Adequate

balance was defined as a standardized difference
of <0.1. The matching was adequate for all covari-
ates, except for a small imbalance for the covariates
prestroke MRS and time of admission in the analysis
of IVT vs no IVT in WUS, where the standardized dif-
ference was 0.12 and 0.2, respectively, and for the
analysis of thrombolyzed WUS versus thrombolyzed
KOS, where the standardized difference for pre-
stroke mRS was 0.11.

Baseline characteristics are presented for both
matched and unmatched cases. Results are shown
with total number of cases for all characteristics, av-
erage and SD for age, median and interquartile range
(IQR) for NIHSS on admission, time of admission and
door-to-needle time, and percentages for the remain-
ing variables. The nonparametric Mann—-Whitney U test
was used to compare door-to-needle time in WUS and
KOS due to nonnormal distribution.

Logistic regression analyses were used to compare
functional outcome at 3months between IVT and no

Modified Rankin Scale

WUS, IVT (n=363) 26

25

WUS, no IVT (n=363) 20 24

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Proportion of patients

0 1] m2 m3 m4 m5 m6

Figure2. Distribution of modified Rankin Scale (mRS)scoresat3monthsinpatients
with wake-up stroke (WUS) treated with or without intravenous thrombolysis (IVT;

propensity score-matched sample).

Percentages are not equal to 100% because of rounding.

J Am Heart Assoc. 2024;13:032309. DOI: 10.1161/JAHA.123.032309
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Modified Rankin Scale

0 1 m2 m3 m4 m5 m6

WUS, IVT (n=365) 26 24

KOS, IVT (n=365) 31

27

0%  10% 20% 30% 40% 50% 60% 70% 80%  90%
Proportion of patients

100%

Figure 3. Distribution of modified Rankin Scale (mRS) at 3months in patients with
wake-up stroke (WUS) or known-onset stroke (KOS; propensity score-matched
samples) who underwent intravenous thrombolysis (IVT).

Percentages are not equal to 100% because of rounding.

IVT within WUS, as well as between patients who un-
derwent thrombolysis with WUS and those with KOS.
Ordinal logistic regression analyses were used to as-
sess change across the full MRS scale (0—6) and results
are presented as ORs with 95% Cls for a change in
the direction of improved outcome on the mRS score.
Standard logistic regression analyses were used for the
dichotomized mRS outcomes. Analyses on propensity
score—matched data were performed with robust stan-
dard error for clustered data to account for the matched
nature of the data. Since the proportional odds assump-
tion, assessed by use of the omodel command in Stata,
was not met for ordinal regression analysis comparing
thrombolysis in WUS with KOS (matched samples), we
used generalized OR analysis for this comparison. One
hundred bootstrapped samples were selected to esti-
mate 95% Cl for the generalized OR.

Sensitivity analyses were performed for the com-
parison of thrombolyzed WUS and KOS where time

of admission to hospital was included in the selec-
tion of patients. For these analyses, only patients
with WUS admitted before 12:00p.m. and patients
with KOS within 4.5hours of symptom onset were
included.

To test for hidden bias and unmeasured covariates,
we performed sensitivity analyses for the effect out-
comes by use of the Rosenbaum bounds approach
(rbounds command in Stata).®

The safety of IVT was assessed as the OR for death
within 3months for both comparisons, and as the OR
for sICH in thrombolysis of WUS versus KOS.

There was <2% missing data for all variables except
for prestroke MRS, NIHSS on admission, and sICH in
included patients (Table S1).

Statistical analyses were conducted using Stata/SE
version 17.0 (StataCorp LLC). Generalized ORs with
bootstrapped 95% Cls were calculated in SAS version
9.4 (SAS Institute Inc).

Table 3. Comparison of Effectiveness and Safety of Thrombolysis in Propensity Score-Matched Samples of Patients With

WUS and Patients With KOS

WUS, n=365 KOS, n=365 OR (95% ClI) P value

Effectiveness outcomes

Improved functional outcome 0.85 (0.66-1.10) 0.215

Excellent functional outcome 184 (50.4) 217 (59.5) 0.69 (0.52-0.93) 0.013

Good functional outcome 283 (77.5) 276 (75.6) 111 (0.81-1.53) 0.507
Safety outcomes

Death within 28d 19 (5.2 22 (6.0) 0.86 (0.45-1.62) 0.632

Death within 3mo 24 (6.6) 28 (7.7) 0.85 (0.48-1.51) 0.572

Symptomatic intracranial hemorrhage 16 (4.4) 14 (3.9) 1.14 (0.54-2.41) 0.726

Results are presented as number (percentage). OR indicates odds ratio; KOS, known-onset stroke; and WUS, wake-up stroke. Improved functional outcome
represents a shift in modified Rankin Scale (mRS) score in the direction of improved outcome. Excellent functional outcome was defined as an mRS score 0 or
1 after 3months, and good functional outcome as an mRS score 0 to 2 after 3months.

J Am Heart Assoc. 2024;13:032309. DOI: 10.1161/JAHA.123.032309
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RESULTS

The proportion of patients treated with IVT was 8.1% (403
of 4961) among patients with WUS, and 27.4% (4218 of
15375) among patients with KOS in the unmatched pop-
ulation. The proportion of patients with WUS receiving IVT
in Norway increased from 5.0% in 2014 to 11.8% in 2019,
equivalent to a >2-fold increase over time.

Patients with WUS who underwent thrombolysis
were slightly younger, less frequently female, and living
alone, and the proportion with atrial fibrillation and use
of oral anticoagulant drugs was lower compared with
both patients with WUS who did not undergo throm-
bolysis and patients with KOS who underwent throm-
bolysis (Table 1). The median door-to-needle time was
generally longer in patients with WUS compared with
those with KOS (40 minutes [IQR, 26-60 minutes] ver-
sus 33minutes [IQR, 22-50 minutes]; P<0.001).

Effectiveness of Thrombolytic Treatment
In ordinal analysis of matched samples, VT was as-
sociated with better functional outcome at 3 months
compared with no IVT (common OR, 1.48 [95% CI,
1.15-1.91]; P=0.003; Table 2, Figure 2). The propor-
tion who attained an excellent outcome was 50.7% in
patients with WUS who received IVT versus 43.8% in
patients who did not receive IVT (OR, 1.32 [95% ClI,
1.00-1.74]; P=0.050), while the corresponding figures
for good functional outcome was 78% versus 66%,
respectively (OR, 1.81 [95% CI, 1.29-2.52]; P=0.001).
Results from the unmatched samples revealed similar
findings (Table S2).

Patients with WUS who underwent thrombolysis
were less likely to have an excellent outcome com-
pared with patients with KOS who underwent throm-
bolysis (OR, 0.69 [95% CI, 0.52-0.93]; P=0.013),
while no significant differences were found in ordinal
analysis (OR, 0.85 [95% CI, 0.66-1.10]; P=0.215) or
for a good outcome (OR, 0.90 [95% ClI, 0.77-1.05];
P=0.507) (Figure 3). Sensitivity analyses including only
patients with WUS admitted before 12:00 and patients
with KOS treated within 4.5hours of symptom onset
(n=5688, 294 in each group) yielded similar results
(Table S3). Analyses on the unmatched samples also
produced similar results (Table S4).

Sensitivity analyses for the comparison of IVT vs no
IVT in patients with WUS using the Rosenbaum bound-
ing approach revealed I'=1.2 for the ordinal analysis,
I'=1.05 for the excellent outcome analysis, and I'=1.35
for the good outcome analysis.

Safety of Thrombolytic Treatment

There was no significant difference in the proportion
of patients who died within 28 days or within 3months
in patients with thrombolyzed compared with non-
thrombolyzed WUS: 5.2% versus 7.4% (OR, 0.69 [Cl,

J Am Heart Assoc. 2024;13:032309. DOI: 10.1161/JAHA.123.032309
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0.37-1.27]; P=0.230) and 6.6% versus 9.9% (OR, 0.64
[CI, 0.37-1.12]; P=0.117), respectively.

Likewise, in patients with thrombolyzed WUS and
those with thrombolyzed KOS, there was no significant
difference in either the proportion of patients who died
within 28days (5.2% versus 6.0%; OR, 0.86 [Cl, 0.45-
1.62]; P=0.632) or within 3months (6.6% versus 7.7%;
OR, 0.85 [95% ClI, 0.48-1.51]; P=0.572).

Symptomatic intracranial hemorrhage was seen in
4.4% of patients with WUS and 3.9% of patients with
KOS (OR, 1.14 [Cl, 0.54-2.41]; P=0.726; Table 3). The
corresponding numbers for the unmatched population
was 4.6% and 4.3%, respectively (Table S4).

DISCUSSION

In this nationwide registry—based study, IVT in WUS
was associated with improved functional outcome
compared with no IVT. The benefit from IVT was
smaller in patients with WUS than in those with KOS
when measuring excellent functional outcome (MRS 0
or 1), but similar when assessing good functional out-
come (MRS 0-2) and in ordinal analysis. There was no
increased risk of death within 28days or 3months in
patients with WUS who underwent thrombolysis. The
risk of sICH was similar in patients with WUS and those
with KOS.

Our results are in line with results from an individual
participant meta-analysis of 4 previous trials of IVT in
unknown-onset stroke (89% WUS), although the ben-
efit of thrombolysis in our real-life data tended to be
somewhat weaker. In the meta-analysis, 47% of pa-
tients who underwent thrombolysis and 39% of pa-
tients who did not undergo thrombolysis achieved an
mRS score of 0 or 1 (OR, 1.49 [95% CI, 1.10-2.03];
P=0.01)," compared with 50.7% versus 44% in the
current study (OR, 1.32 [95% ClI, 1.00-1.74]; P=0.05). A
previous study from the Austrian Stroke Unit Registry
found more frequent improvement in NIHSS from ad-
mission to discharge in patients with WUS who under-
went thrombolysis compared with patients who did not
undergo thrombolysis (38.7% versus 16.3%), while the
proportion of patients who attained an mRS score of
0 to 1 after 3months was lower in patients with WUS
who underwent thrombolysis compared with those
who did not (42.1% versus 48.5%)."" After exclusion of
endovascular treatment from the analysis, IVT was sig-
nificantly associated with mRS score 0 to 1 at 3months
(adjusted OR, 1.3 [95% Cl, 1.04-1.5))."

The current study supports the growing knowledge
on the safety of IVT in WUS. There was no significant
difference between the proportions of sICH in patients
with WUS who underwent thrombolysis and those
with KOS (4.4% versus 3.9%). Similar results were
found in the Austrian Stroke Unit Registry (4.1% versus
4%)."" Also, the rate of sICH in patients with WUS who
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underwent thrombolysis found in our study is similar
to those reported in randomized controlled trials.!%?
While the proportions of deaths at 3 months in patients
who underwent thrombolysis were similar in the meta-
analysis and in our study (6.6% and 6%, respectively),
the proportion of deaths in patients who did not un-
dergo thrombolysis was higher in our study than in the
meta-analysis (9.9% versus 3%), probably reflecting
the stricter selection criteria of the randomized con-
trolled trials.

The strengths in our study include the large sam-
ple size, the nationwide real-life quality of the data,
and the use of propensity score matching, which
balances baseline characteristics between com-
pared groups for the purpose of reducing bias due
to confounding variables. A challenge, however, is
the reduction in sample size, which this method
causes. We have therefore presented analyses on
the unmatched population samples for comparison,
and found similar results in matched and unmatched
cases.

There are several limitations to our study. The re-
sults of the sensitivity analyses to check for hidden
bias or unmeasured covariates showed that an un-
measured covariate would need to increase the odds
of treatment by more than a factor of 1.2 to explain
away the effect of thrombolysis on improved functional
outcome (ordinal analysis). The effect size needed to
influence good functional outcome was 1.35 but for
the excellent outcome the effect size needed was
only 1.05. Information on imaging modality and cri-
teria used for selection of patients to IVT, which is
not available in the Norwegian Stroke Registry, may
have influenced selection to treatment and the effect
outcome. With the majority of the cases being from
the time prior to guideline recommendations for IVT
in WUS we primarily looked at off-label use, which
may also contribute to selection bias. Furthermore,
20% of patients registered with ischemic stroke in the
national registry were lost to follow-up at 3months.
Patients lost to follow-up were slightly older, more
likely to live in a nursing home and to have a pre-
stroke mRS score of 2 to 4, and less likely to receive
IVT than those with available information at 3months
(Table S5). Another important limitation is the lack of
information on sICH in the patients with WUS who
did not undergo thrombolysis, making direct compar-
ison of sICH risk between treatment groups of WUS
impossible.

CONCLUSIONS

In conclusion, IVT for WUS in routine clinical practice
was associated with improved functional outcome
compared with no IVT. Furthermore, the proportions
of sICH after IVT were similar in patients with WUS
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and those with KOS; thus, the results from the current
study indicate that IVT is safe and improves functional
outcome in patients with WUS.
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