Journal of the American Heart Association

ORIGINAL RESEARCH

Intravenous Thrombolysis With Alteplase at
0.6mg/kg in Patients With Ischemic Stroke
Taking Direct Oral Anticoagulants

Takashi Okada, MD; Takeshi Yoshimoto “*/, MD; Shinichi Wada, MD, PhD; Sohei Yoshimura “*, MD, PhD;
Tetsuya Chiba “/, MD; Shuhei Egashira ", MD; Shunsuke Kimura, MD; Masayuki Shiozawa "=, MD;
Manabu Inoue “*, MD, PhD; Masafumi Ihara ', MD, PhD; Kazunori Toyoda “=', MD, PhD; Hiroshi Takashima “*/, MD, PhD;

Masatoshi Koga “=/, MD, PhD
BACKGROUND: We elucidated the safety of treatment with alteplase at 0.6 mg/kg within 24 hours for patients on direct oral
anticoagulants (DOACs) before ischemic stroke onset.

METHODS AND RESULTS: Consecutive patients with acute ischemic stroke who underwent intravenous thrombolysis using
alteplase at 0.6 mg/kg from 2011 to 2021 were enrolled from our single-center prospective stroke registry. We compared out-
comes between patients taking DOACs and those not taking oral anticoagulants within 48hours of stroke onset. The primary
safety outcome was the rate of symptomatic intracranial hemorrhage with a >4-point increase on the National Institutes of
Health Stroke Scale score from baseline. The efficacy outcome was defined as 3-month modified Rankin Scale score of O to
2 after stroke onset. Of 915 patients with acute ischemic stroke who received intravenous thrombolysis (358 women; median
age, 76years; median National Institutes of Health Stroke Scale score, 10), 40 patients took DOACs (6 took dabigatran, 8
took rivaroxaban, 16 took apixaban, and 10 took edoxaban) within 24 hours of onset and 753 patients did not take any oral
anticoagulants. The rate of symptomatic intracranial hemorrhage was comparable between patients on DOACs and those not
on oral anticoagulants (2.5% versus 2.4%, P=0.95). The rate of favorable outcomes was comparable between the 2 groups
(59.4% versus 58.2%, P=0.46), although the admission National Institutes of Health Stroke Scale score was higher in patients
on DOACs. No significant differences showed in any intracranial hemorrhage within 36 hours or mortality at 3months.

CONCLUSIONS: Intravenous thrombolysis would be safely performed for patients on DOACs following the recommendations of
the Japanese guidelines.

REGISTRATION: URL: https:/www:.clinicaltrials.gov; Unique identifier: NCT02251665.
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travenous thrombolysis (IVT) with standard-dose
(0.9mg/kg) alteplase in patients with acute ischemic
stroke (AIS) who are taking direct oral anticoagulants
(DOACS) (direct thrombin inhibitors and factor Xa inhibitors)

Several guidelines recommend against the use of in-

because of the potential risk of hemorrhagic complica-
tions,"? including symptomatic intracerebral hemorrhage.®
However, a recent meta-analysis of observational cohort
studies suggested no increased risk of symptomatic in-
tracranial hemorrhage (ICH) following administration of
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CLINICAL PERSPECTIVE

What Is New?

e We investigated the outcomes of patients with
acute ischemic stroke treated with intravenous
low-dose (0.6mg/kg) alteplase within 24 hours
after taking direct oral anticoagulants (DOACS).

e The rate of symptomatic intracranial hemor-
rhage was comparable between patients on
DOACs and those not on oral anticoagulants.

e The rate of 3-month modified Rankin Scale
score of O to 2 was also comparable between
patients on DOACs and those not on oral
anticoagulants.

What Are the Clinical Implications?

e Ischemic stroke patients taking DOACs might
be safely treated with intravenous low dose al-
teplase for patients on DOACs within 24 hours
from the final dose of DOACs.

e Further investigations are needed to examine
the safety of intravenous thrombolysis based on
DOAC plasma levels.

Nonstandard Abbreviations and Acronyms

AIS acute ischemic stroke
APTT activated partial thromboplastin time

DOAC direct oral anticoagulant

HI hemorrhagic infarction

ICH intracranial hemorrhage

IVT intravenous thrombolysis

mRS modified Rankin Scale

NIHSS National Institutes of Health Stroke
Scale

OAC oral anticoagulant

PH parenchymal hematoma

PT-INR prothrombin time—international

normalized ratio

alteplase for patients within 48hours from the last intake
of DOACs compared with patients taking a vitamin K an-
tagonist or not taking oral anticoagulants (OACs) at stroke
onset.* Moreover, the hospital-based stroke registry in the
United States (Get With The Guidelines-Stroke) reported
that the rate of symptomatic ICH in patients within 7 days
from last DOAC intake was comparable with that in pa-
tients who did not take OACs by administering alteplase
0.9mg/kg.® Therefore, the safety and efficacy of IVT for
patients on DOACs remain controversial.

The approved dose of alteplase in Japan is 0.6
mg/kg based on the Japan Alteplase Clinical Trial.®
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A randomized controlled trial showed that VT with
alteplase at 0.6 mg/kg did not increase the rate of
death or disability compared with IVT with alteplase at
0.9mg/kg.” In addition to this dose issue, the Japanese
guidelines have a unigue recommendation on IVT for
patients taking DOACs: patients whose most recent
DOAC intake was >4hours previously can undergo
IVT if their prothrombin time—international normalized
ratio (PT-INR) and activated partial thromboplastin time
(APTT) are within the acceptable range for IVT in pa-
tients taking vitamin K antagonists.®® This recommen-
dation is mainly based on the pharmacokinetic theory
that DOACs reach their highest concentration =~ 4 hours
after dosing®'%; it has not been fully investigated in the
clinical practice. Therefore, we performed the present
study to elucidate the safety of IVT with alteplase at
0.6mg/kg for patients on DOACs before stroke onset
as recommended by Japanese guidelines.

METHODS

Anonymized data that support the findings of this study
are available from the corresponding author upon
reasonable request and after permission has been
granted by the ethics committee. The present study
conforms to the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidelines."
A completed STROBE checklist is included Data S1.

Study Population

All patients with AIS admitted to our institute within
7 days from symptom onset or the last known well time
were prospectively registered in the NCVC (National
Cerebral and Cardiovascular Center) Stroke Registry
(ClinicalTrials.gov identifier: NCT02251665).>7* Data
for the period from March 2011 to January 2021 were
retrospectively reviewed. The inclusion criteria were
administration of IVT (alteplase at 0.6mg/kg) and the
acquisition of clinical data at 3months after symp-
tom onset. Patients taking DOACs who developed
ischemic stroke within 48 hours after the last DOAC in-
take were included. This is because DOAC plasma lev-
els in patients with ischemic stroke are heterogeneous,
and high plasma levels of DOAC have been reported
beyond 24hours after the last intake of DOAC."® We
excluded patients who were treated with any antico-
agulants other than DOACs (vitamin K antagonist or
unfractionated heparin). Patients taking DOACs who
developed ischemic stroke >48hours after the last
DOAC intake were also excluded.

Among the patients who did not receive IVT, the
data of those patients with a duration of <24 hours from
the last DOAC intake to stroke onset were extracted,
and the reasons for not administering IVT were also
investigated.
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Data were prospectively collected in a database
and retrieved for retrospective analysis. The study was
conducted in accordance with the standards of the
Declaration of Helsinki and approved by the local eth-
ics committee of NCVC. Written informed consent for
IVT with alteplase was obtained from each patient (or
a relative if the patient had communication difficulties).

IVT and Endovascular Therapy

IVT was performed by using alteplase at 0.6mg/
kg for patients with AIS within 4.5hours from stroke
onset according to the Japanese guidelines.®'° Before
November 2017, IVT for patients on DOACs could be
considered if the PT-INR was <1.7 and the APTT was
<1.5 times the baseline value (>40 seconds as a guide)
regardless of the time since the last DOAC dose.® After
November 2017, IVT was not recommended if the time
since the last dose was <4 hours, even if the coagu-
lant markers met the above criteria.®® All endovascu-
lar therapy procedures were performed according
to the American Heart Association/American Stroke
Association Guideline' and the Japanese Guidelines
for Neuroendovascular Mechanical Thrombectomy.'®

Clinical Data Collection

The following clinical data were collected: age, sex,
prestroke modified Rankin Scale (mRS) score, baseline
systolic blood pressure, baseline National Institutes
of Health Stroke Scale (NIHSS) score, and antiplate-
let drugs before index stroke. The ischemic core
was graded with the Alberta Stroke Program Early
Computed Tomography Score on diffusion-weighted
magnetic resonance imaging or noncontrast computed
tomography."'® Time metrics included the duration
from the last known well time to IVT and the duration
from the last DOAC intake to IVT. Medical history in-
cluded current smoking, atrial fibrillation, congestive
heart failure, hypertension, diabetes, dyslipidemia,
chronic kidney disease, ischemic stroke, or transient
ischemic attack before index stroke, and ischemic
heart disease (history of myocardial infarction, angina,
or coronary revascularization treatment). Large vessel
occlusion was defined as occlusion of the internal ca-
rotid artery (either intracranial or extracranial), M1 or M2
segment of the middle cerebral artery, or basilar artery.
Occluded sites were determined using digital subtrac-
tion angiography, magnetic resonance angiography,
or computed tomography angiography on admission.
Laboratory data at admission included the platelet
count, serum glucose concentration, serum creatinine
concentration, PT-INR, and APTT. Noncontrast com-
puted tomography was performed around 24 hours
after IVT in all patients, and an additional computed
tomography examination was performed if neurologi-
cal deterioration was observed. The stroke subtype
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was determined by board-certified stroke neurologists
according to the Trial of ORG 10172 in Acute Stroke
Treatment criteria.'

DOACs before the index stroke included dabiga-
tran, rivaroxaban, apixaban, and edoxaban. The ap-
proved doses of rivaroxaban in Japan (15 mg once
daily in patients with a creatinine clearance rate of
>50mL/min and 10 mg once daily in those with a cre-
atinine clearance rate pf 30-49 mL/min) are lower than
the global dose based on the unique pharmacokinet-
ics of rivaroxaban in Japanese patients®® and the re-
sults of a Japanese phase |l trial." Approved doses of
apixaban, edoxaban, and dabigatran in Japan are the
same as global doses.

Outcomes

The primary safety outcome was symptomatic ICH
within 36hours after symptom onset. The definition
of symptomatic ICH was based on the European
Cooperative Acute Stroke Studly Ill criteria.??> The sec-
ondary safety outcomes were any ICH within 36 hours
after symptom onset, major hemorrhagic events that
fulfiled the International Society on Thrombosis and
Hemostasis criteria®® within 36hours, and mortality
at 3months. Hemorrhagic transformation was classi-
fied into the following categories as described by the
Heidelberg Bleeding Classification: hemorrhagic in-
farction (HI) 1, HI 2, parenchymal hematoma (PH) 1,
PH 2, PH remote from infarcted brain tissue (remote
PH), intraventricular hemorrhage, subarachnoid hem-
orrhage, and subdural hemorrhage.?* The efficacy out-
comes were the mRS score and a favorable outcome
(MRS score of 0-2).

Statistical Analysis

The data are summarized as median (interquartile
range) for continuous variables and as frequency and
percentage for categorical variables. The enrolled
patients were divided based on OACs before the
index stroke: patients who were taking DOACs within
24 hours before the index stroke and those not on
any OACs. Differences between the 2 cohorts were
assessed for significance using the Mann-Whitney
U test or the 2-sided Fisher exact test, as appropri-
ate. Baseline characteristics and outcomes were
compared by univariate analysis. Logistic regression
models were constructed for each binary outcome,
and odds ratios (ORs) with 95% Cls for patients not
on OACs were calculated. Since it is well known that
the maximum likelihood estimation of the logistic re-
gression model may be biased by small numbers of
events, the Firth penalized likelihood estimation model
was used to reduce the bias.?® The following prespeci-
fied variables were included: age, sex, baseline NIHSS
score, and Alberta Stroke Program Early Computed
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Tomography Score, each of which is reportedly asso-
ciated with safety outcomes.?62” A comparison of the
overall distribution of the mRS score at 3 months and a
comparison of the baseline PT-INR or APTT according
to the duration from last DOAC intake to administration
of alteplase were performed, and the PT-INR or APTT
before administration of alteplase was compared be-
tween the 2 cohorts.

In the additional analysis, we divided patients taking
DOACs within 24 hours before the index stroke into 3
groups according to the duration from the last DOAC
intake to IVT (<4 hours, 4-12hours, and 12-24 hours).
This is because the second edition of the guideline
published in 2012 indicated special care to perform IVT
within 12 hours from the last intake of DOACs because
of the half-life of DOACs,'® and the third edition in 2019
contraindicated IVT within 4 hours from the last intake.®

All reported P values were 2-tailed, with the level
of statistical significance set at P<0.05. All analyses
were performed using STATA 17 (StataCorp, College
Station, TX).

RESULTS

Patients’ Characteristics

A flowchart of patient selection is shown in Figure S1.
Of all 6033 patients with AIS registered during the ob-
servational period, 915 patients received IVT. We fur-
ther excluded 104 patients who were taking vitamin
K antagonists; 15 patients treated with intravenous
anticoagulant agents, including those for dialysis,
before stroke onset; and 3 patients who received
IVT >48hours from the last intake of DOACs. Of the
remaining 793 patients (women, 290 [36.6%]; me-
dian age, 76years [interquartile range, 68-84 years]),
40 patients took DOACs (6 took dabigatran, 8 took

n=40
47.5%
m<4h "4-12h 12-24 h Unknown
Figure 1. Time from last direct oral anticoagulant intake to

administration of alteplase.
DOAC indicates direct oral anticoagulant.
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rivaroxaban, 16 took apixaban, and 10 took edoxaban)
within 24 hours of onset (Table S1), and 753 patients
took no OACs. The time from last DOAC intake to ad-
ministration of alteplase is shown in Figure 1. There
were no patients with last intake 24 to 48 hours in this
study. Idarucizumab was given to reverse dabigatran in
2 of 6 patients on dabigatran; 1 of these patients was
previously reported.?®

The baseline characteristics of patients receiving
IVT are shown in Table 1. Patients on DOACs were
older (80years versus 76years, P=0.03); had a higher
median baseline NIHSS score (15 versus 9, P=0.03),
and more frequently had atrial fibrillation (90.0% ver-
sus 31.3%, P<0.01), congestive heart failure (22.5%
vs. 9.7%, P=0.02), and ischemic stroke or transient
ischemic attack before the index stroke (47.8% versus
16.1%, P<0.01) than patients not on OACs.

Clinical Outcomes

Table 2 shows the primary and secondary outcomes
in both groups. The primary safety outcome of symp-
tomatic ICH was found in 1 patient on a DOAC and
18 patients not on OACs; the rate was comparable
between the 2 groups (2.5% versus 2.4%; adjusted
OR, 0.95 [95% CI, 0.17-5.28]). For the secondary
safety outcomes, the rate of any ICH within 36hours
was comparable between patients on DOACs and
those not on OACs (12.5% versus 16.2%; adjusted
OR, 0.61 [95% CI, 0.24-1.59]). There was no signifi-
cant difference in the rate of major hemorrhagic events
fulfilling the International Society on Thrombosis and
Hemostasis criteria (2.5% versus 1.1%, respectively) or
mortality at 3months (5.0% versus 5.7%, respectively)
between the groups (Table 2).

The details of patients on DOACs who developed
hemorrhagic events after IVT are shown in Table S2.
A patient receiving IVT about 8hours from the last
DOAC intake had symptomatic ICH with an extensive
infarct due to occlusion of the internal carotid artery.
His baseline NIHSS score was 32. He had a history of
diabetes and chronic kidney disease at baseline and
died of cerebral herniation with PH 2 on the second
hospital day (Case 1 in Table S2). With respect to sec-
ondary safety outcomes, 5 patients on DOACs devel-
oped any ICH within 36 hours, including 1 symptomatic
ICH (HI 1, n=3; HI 2, n=1; PH1, n=1; and subarachnoid
hemorrhage, n=2), 4 ICHs occurring between 12 and
24 hours from the last DOAC intake, and the remaining
ICH occurring between 4 and 12hours (Figure 2). On
admission, all 5 of these patients showed a normal PT-
INR and APTT under the upper 25th percentile of the
levels for patients on DOACs (1.22 and 32 seconds,
respectively). The remaining patient had a major endo-
vascular therapy-related hemorrhagic event fulfilling the
International Society on Thrombosis and Hemostasis
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Table 1. Baseline Characteristics of Patients Who
Received IVT According to Prior OACs
Patients on Patients not on
DOACSs (n=40) | OACs (n=753) Pvalue
Women 11 (27.5) 279 (37.1) 0.24
Age, y 80 [74-87] 76 [68-84] 0.03
Premorbid mRS 0[0-2] 0 [0-1] 0.03
score
Baseline systolic BP, 157 [143-180] 160 [141-180] 0.70
mmHg
Baseline NIHSS score | 15 [6-24] 9 [4-17] 0.03
Antiplatelet drugs 7 (17.5) 206 (27.3) 0.20
prior to index stroke
ASPECTS* 8 [7-10] 9 [8-10] 0.24
Time from LKW to 148 [103-190] 122 [90-173] 0.12
administration of
alteplase, min
Endovascular therapy | 16 (40.0) 194 (25.8) 0.06
Medical history
Current smoker 11 (27.5) 197 (26.2) 0.85
Atrial fibrillation 36 (90.0) 236 (31.3) <0.01
Congestive heart 9 (22.5) 73(9.7) 0.02
failure
Hypertension 33 (82.5) 537 (71.3) 0.15
Diabetes 8 (20.0) 154 (20.5) 1.00
Dyslipidemia 21 (52.5) 398 (52.9) 1.00
Chronic kidney 11 (27.5) 156 (20.8) 0.32
disease
Ischemic stroke or 11 (47.8) 108 (16.1) <0.01
TIA before index
stroke
Ischemic heart 8 (20.0) 96 (12.8) 0.22
disease
Occluded vessel site
Internal carotid 1(2.5) 80 (10.6) 0.11
artery
M1 segment of 12 (30.0) 136 (18.1) 0.09
middle cerebral
artery
M2 segment of 11 (27.5) 133 (17.7) 0.14
middle cerebral
artery
Basilar artery 3(7.5) 21(2.8) 0.12
Laboratory data
Platelet count, 185 [148-224] 194 [162-234] 0.28
x10%/ul
Serum glucose, 128 [111-153] 123 [105-149] 0.59
mg/dL
Serum creatinine, 0.99[0.89-1.12] |0.84 [0.70-1.03] | <0.01
mg/dL
PT-INR 115[1.04-1.21] |1.01[0.96-1.06] | <0.01
APTT, 29 [28-32] 28 [26-30] 0.02
seconds
Stroke subtype
Large-artery 3(7.5) 128 (17.0) <0.01
atherosclerosis
(Continued)
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Table 1. Continued
Patients on Patients not on
DOACSs (n=40) | OACs (n=753) Pvalue
Cardioembolism 34 (85.0) 314 (41.7)
Small-vessel 0 65 (8.6)
occlusion
Stroke of other 1(2.5) 141 (18.7)
determined
pathogenesis
Stroke of 2 (5.0 102 (13.6)
undetermined
pathogenesis

Data are presented as median [interquartile range] or n (%).

APTT indicates activated partial thromboplastin time; ASPECTS, Alberta
Stroke Program Early Computed Tomography Score; BP, blood pressure;
DOAGC, direct oral anticoagulant; IVT, intravenous thrombolysis; LKW, last
known well; mRS, modified Rankin Scale; NIHSS, National Institutes of
Health Stroke Scale; OAC, oral anticoagulant; PT-INR, prothrombin time—
international normalized ratio; and TIA, transient ischemic attack.

*ASPECTS was measured on non-contrast computed tomography (n=13)
or diffusion-weighted imaging (n=653).

criteria at the site of vascular access; this patient’s
PT-INR on admission was 1.45.

The distribution of the mRS score at 3 months is
shown in Figure 3. The rate of favorable outcome was
comparable between patients on DOACs and those
not on OACs (59.4% versus 58.2%, P=0.46) (Table 2).

Reasons for Not Administering Alteplase
in Patients on DOACs

Of 5118 patients with AIS who did not receive IVT in
the NCVC Stroke Registry, 302 patients took DOACs
before stroke onset (Figure S1). Of these, 204 patients
(67.5%) arrived at our hospital >4.5hours from stroke
onset or the last known well time, 58 (19.2%) patients
had a mild neurological symptom or rapid symptom
improvement, 17 (5.6%) had a large early ischemic
change on admission imaging, 9 (3.0%) had a PT-INR
of >1.7 or APTT of >40seconds, and the remaining
4 (1.3%) developed stroke immediately after taking
DOACs (Table S3).

DISCUSSION

The major finding of the present study was that rate
of symptomatic ICH in patients on DOACs before AIS
onset was comparable with that in patients not on
OAGCs after IVT. This treatment also achieved a compa-
rably favorable outcome between patients on DOACs
and those not on OACs. These results suggested IVT
with alteplase at 0.6 mg/kg might be safely performed
for patients on DOACs, which supported the results
with alteplase with 0.9 mg/kg.*®

Hemorrhagic complications are a major problem
when administering alteplase.?® In particular, patients
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Table 2. Primary and Secondary Outcomes

Intravenous Low-Dose Alteplase in Patients Taking DOAC

Patients on DOACs Patients not on OACs
(n=40) (n=753) Adjusted OR* (95% CI) Pvalue
Primary outcome
Symptomatic ICH' 1(2.5) 18 (2.4) 0.95 (0.17-5.28) 0.95
Secondary outcomes
Safety outcomes
Any ICH within 36h* 5 (12.5) 122 (16.2) 0.61 (0.24-1.59) 0.32
Major hemorrhagic event 1(2.5) 8(1.1) 2.70 (0.45-16.20) 0.28
Mortality at 3 mo 2 (5.0) 43 (5.7) 0.56 (0.10-3.14) 0.51
Efficacy outcomes’
mRS score at 3 mo** 2 [0-4] 2 [1-4] 0.59 (0.26-1.39) 0.23
mRS score of 0-2 at 3 mo 19 (59.4) 375 (58.2) 1.33(0.62-2.82) 0.46

Data are presented as n (%) or median [interquartile range].

*Models for clinical outcomes adjusted by age, sex, baseline National Institutes of Health Stroke Scale score, and ASPECTS as reference for patients not on

oral anticoagulants.

fSymptomatic intracranial hemorrhage as the predominant cause of a >4-point increase in the National Institutes of Health Stroke Scale score from baseline.

*Any intracranial hemorrhage with a total National Institutes of Health Stroke Scale score of >4 points at the time of diagnosis compared with immediately
before neurological worsening, or >2 points in one National Institutes of Health Stroke Scale category.

SPatients with a premorbid modified Rankin Scale score of >3 (117 patients) were excluded.

**Adjusted odds ratio per 1-point increase in modified Rankin Scale score.

ASPECTS indicates Alberta Stroke Program Early Computed Tomography Score; DOAC, direct oral anticoagulant; ICH, intracranial hemorrhage; NIHSS,
National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; OAC, oral anticoagulant; and OR, odds ratio.

who receive alteplase within 4 hours from the last dose
of DOACs might have a high risk of hemorrhagic com-
plications because the plasma levels of DOACs peak
~2 1o 4 hours after oral DOAC intake, and hemorrhagic
events are reportedly associated with high-peak levels
of DOACs.?*® |n a questionnaire survey in Japan be-
fore the revision of the recommendation in 2017, the
frequency of asymptomatic ICH increased in patients
with AIS within 4hours after the last DOAC intake.®!
Another important timepoint after the last DOAC in-
take is 12hours, which is the approximate half-life of
DOAGQCs. In the present study, nearly half of patients with
AIS on DOACs received alteplase within 12 hours from
the last DOAC intake; however, the rate of symptomatic
ICH in patients on DOACs was comparable with that
in patients not on OACs. These results indicate that
hemorrhagic events were not excessively caused by
alteplase complying with the Japanese guidelines for
patients within 12 hours from the last DOAC intake.
Among 6 patients on DOACs who developed all
hemorrhagic events after IVT, 5 patients developed
ICH. These 5 patients had large vessel occlusion on
admission, which is known as a high-risk factor for
HI.%2 Twenty-three patients (57.5%) in the DOAC group,
including these 5 patients, received the lower dosages
of DOACs and it may have affected outcomes in those
cases. Moreover, 1 elderly patient with symptomatic
ICH had diabetes and chronic kidney disease, which
are risk factors for ICH after administering alteplase.®3:34
Clinicians should be mindful for the development of HI
in patients with AIS on DOACs who have risk factors for
ICH during treatment with alteplase. Although the pa-
tient with a hemorrhagic event fulfilling the International
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Society on Thrombosis and Hemostasis criteria®® had
a relatively prolonged PT-INR on admission, his hemor-
rhagic event was endovascular therapy-related bleed-
ing at the vascular access site. Therefore, no major
hemorrhagic event attributable to intrinsic disease was
observed in this study.

The functional outcome with the mRS score at
3months has not been fully clarified in patients on
DOACs with alteplase at 0.6mg/kg. In our study, the
rate of an mRS score of 0 to 2 at 3months was com-
parable between patients on DOACs and those not on
OACs, although the admission NIHSS score was much
higher in patients on DOACs. The distribution of the
mRS score in both groups was similar to that in a previ-
ous report including patients administered alteplase at
0.9mg/kg (rate of MRS score of 0-2 at 3months in the
previous report: patients on DOACs, 31.2%; patients
not on OACs, 39.1%).%5

One of the limitations of this study is its single-
center design with a relatively small sample size.
Second, it might be difficult to extrapolate our results
to patients using alteplase at 0.9mg/kg because al-
teplase at 0.6mg/kg is currently used only in Japan
and some Asian countries. Third, we did not measure
DOACs plasma levels in this study. In several stud-
ies and national guidelines,"23%-3% |VT is considered
based on the blood concentration of DOACSs, but non-
specific coagulation assays (PT-INR <1.7 and APTT
<1.5 times the baseline value) are used for judgment
in Japanese guidelines. Low correlations between PT-
INR/APTT and DOAC plasma levels were reported in
several studies,**-*2 while we reported the positive cor-
relation between them in the patients who treated with
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Figure 2. Baseline prothrombin time-international normalized ratio/ activated partial
thromboplastin time according to time from last direct oral anticoagulant intake to administration
of alteplase.

Distribution of (A) prothrombin time—international normalized ratio and (B) activated partial thromboplastin
time according to time from last direct oral anticoagulant intake to administration of alteplase. Red
symbols indicate symptomatic intracranial hemorrhage. Orange symbols indicate any intracranial
hemorrhage within 36hours from administration of alteplase. Green symbols indicate hemorrhagic
event fulfilling International Society on Thrombosis and Hemostasis criteria. White symbols indicate no
hemorrhagic events. Blue symbols indicate use of idarucizumab before thrombolysis. APTT indicates
activated partial thromboplastin time; DOAC, direct oral anticoagulant; and PT-INR, prothrombin time—
international normalized ratio.
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Figure 3. Distribution of modified Rankin Scale score at 3 months according to prior oral
anticoagulants.

Patients with a prestroke modified Rankin Scale score of >3 (117 patients) were excluded. DOAC indicates
direct oral anticoagulant; and OAC, oral anticoagulant.
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rivaroxaban was reported in a single-center study.*®
Therefore, further investigations are needed to exam-
ine the safety of IVT based on DOAC plasma levels.

CONCLUSIONS

In this study, we examined the safety outcomes of IVT
with alteplase at 0.6 mg/kg in patients taking DOACs
in a real clinical practice setting. IVT would be safely
performed for patients on DOACs since symptomatic
ICH or major bleeding events appear to be compa-
rable with those not taking DOACs. Further research
involving multicenter studies with large sample sizes is
warranted to confirm our results.
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Table S1. Regimens of direct oral anticoagulants before stroke onset

Oral anticoagulants
Dabigatran 150 mg BID
Dabigatran 110 mg BID
Rivaroxaban 10 mg QD
Apixaban 10 mg BID
Apixaban 5 mg BID
Edoxaban 60 mg QD
Edoxaban 30 mg QD
Edoxaban 15 mg QD 2

~N PN O 00 W w | S

Data are presented as number of patients. BID, bis in die (twice a day); QD, quaque die (once

a day).



Table S2. Baseline characteristics of patients on DOACs who developed hemorrhagic events after administration of intravenous

alteplase
Duration from
Dose Baseline Combination of
last intake to Age BW CCr APTT Hemorrhagic mRS at 3
Cases DOACs (mg/ Sex PT-INR NIHSS LVO EVT antiplatelet
stroke IVT (years) (kg)  (MmL/min) (seconds) events months
day) score agents
(hours)
Any ICH
Symptomatic ICH
1 Rivaroxaban 10 About 8 88 M 55 31.0 1.20 29 32 ICA - - PH 2 6
Other ICH
2 Apixaban 5 12-24 87 M 57 28.9 1.19 32 28 MCA M1 - - HI 1 5
3 Edoxaban 30 12-24 91 F 44 22.7 1.12 30 17 MCA M2 + Clopidogrel HI 1 4
4 Rivaroxaban 10 12-24 87 61 38.1 1.19 31 5 MCA M1 + - HI 1, SAH 0
5 Rivaroxaban 10 12-24 75 60 52.6 1.03 29 28 MCA M2 + - HI 2, SAH 4
Hemorrhagic events fulfilling ISTH criteria
6 Rivaroxaban 10 12-24 83 M 68 79.2 1.45 23 14 MCA M1 + - Bleeding at 3
vascular
access site

APTT, activated partial thromboplastin time; BW, body weight; CCr, creatinine clearance (calculated by Cockcroft-Gault equation); DOAC,

direct oral anticoagulant; EVT, endovascular therapy; F, female; HI, hemorrhagic infarction; ICA, internal carotid artery; ICH, intracranial

hemorrhage; ISTH, International Society on Thrombosis and Haemostasis; IVT, intravenous thrombolysis; LVO, large vessel occlusion; mRS,



modified Rankin Scale; M, male; MCA, middle cerebral artery; NIHSS, National Institutes of Health Stroke Scale; PH, parenchymal hematoma;
PT-INR, prothrombin time—international normalized ratio; SAH, subarachnoid hemorrhage.



Table S3. Reasons for non-administration of alteplase for patients on DOACs

Reasons n
Total 302
Outside the time window for IVT* 204
Reason other than outside of the time window 98
Mild neurological symptom or rapid symptom improvement 58
Extensive infarct on baseline imaging 17
PT-INR of >1.7 or APTT of >40 seconds 9
Previous intracranial hemorrhage 8
Recent ischemic stroke 8
Onset immediately after DOAC intake 4
Consent not obtained for religious reasons 2
Suspicious of other disease on admission 2
Recent surgery 1
History of gastrointestinal bleeding (remote) or genitourinary bleeding 1
Severe liver damage 1

APTT, activated partial thromboplastin time; DOAC, direct oral anticoagulant; IVT,
intravenous thrombolysis; PT-INR, prothrombin time—international normalized ratio.
* “Outside the time window for IVT” indicated patients who arrived at our hospital more

than 4.5 hours from stroke onset or the last known well time.

TMuItipIe reasons per patient allowed.



Figure S1. Flow chart of patient selection in the present study

Acute ischemic stroke patients within 7
days from March 2011 to January 2021 in
the NCVC Stroke Registry (n = 6033)

Not administered alteplase (n = 5118)

v

v

Administered alteplase (n = 915)

Prior anticoagulants other
than DOACs
(n=119)

A 4

Prior DOAC intake (n = 302)

Administered alteplase
more than 48 hours from
the last intake of DOACs

(n=3)

A A A A

DOACs (n = 40) No-OAC (n = 753)

DOAC, direct oral anticoagulant; IVT, intravenous thrombolysis; OAC, oral anticoagulant; NCVC, National Cerebral and Cardiovascular

Center; VKA, vitamin K antagonist
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