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IMPORTANCE Current guidelines recommend against use of intravenous alteplase in patients
with acute ischemic stroke who are taking non–vitamin K antagonist oral anticoagulants (NOACs).

OBJECTIVE To evaluate the safety and functional outcomes of intravenous alteplase among
patients who were taking NOACs prior to stroke and compare outcomes with patients who
were not taking long-term anticoagulants.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study of 163 038 patients with
acute ischemic stroke either taking NOACs or not taking anticoagulants prior to stroke and
treated with intravenous alteplase within 4.5 hours of symptom onset at 1752 US hospitals
participating in the Get With The Guidelines–Stroke program between April 2015 and March
2020, with complementary data from the Addressing Real-world Anticoagulant Management
Issues in Stroke registry.

EXPOSURES Prestroke treatment with NOACs within 7 days prior to alteplase treatment.

MAIN OUTCOMES AND MEASURES The primary outcome was symptomatic intracranial
hemorrhage occurring within 36 hours after intravenous alteplase administration. There were 4
secondary safety outcomes, including inpatient mortality, and 7 secondary functional outcomes
assessed at hospital discharge, including the proportion of patients discharged home.

RESULTS Of 163 038 patients treated with intravenous alteplase (median age, 70 [IQR, 59 to
81] years; 49.1% women), 2207 (1.4%) were taking NOACs and 160 831 (98.6%) were not
taking anticoagulants prior to their stroke. Patients taking NOACs were older (median age, 75
[IQR, 64 to 82] years vs 70 [IQR, 58 to 81] years for those not taking anticoagulants), had
a higher prevalence of cardiovascular comorbidities, and experienced more severe strokes
(median National Institutes of Health Stroke Scale score, 10 [IQR, 5 to 17] vs 7 [IQR, 4 to 14])
(all standardized differences >10). The unadjusted rate of symptomatic intracranial
hemorrhage was 3.7% (95% CI, 2.9% to 4.5%) for patients taking NOACs vs 3.2% (95% CI,
3.1% to 3.3%) for patients not taking anticoagulants. After adjusting for baseline clinical
factors, the risk of symptomatic intracranial hemorrhage was not significantly different
between groups (adjusted odds ratio [OR], 0.88 [95% CI, 0.70 to 1.10]; adjusted risk
difference [RD], −0.51% [95% CI, −1.36% to 0.34%]). There were no significant differences in
the secondary safety outcomes, including inpatient mortality (6.3% for patients taking
NOACs vs 4.9% for patients not taking anticoagulants; adjusted OR, 0.84 [95% CI, 0.69 to
1.01]; adjusted RD, −1.20% [95% CI, −2.39% to −0%]). Of the secondary functional
outcomes, 4 of 7 showed significant differences in favor of the NOAC group after adjustment,
including the proportion of patients discharged home (45.9% vs 53.6% for patients not
taking anticoagulants; adjusted OR, 1.17 [95% CI, 1.06 to 1.29]; adjusted RD, 3.84% [95% CI,
1.46% to 6.22%]).

CONCLUSIONS AND RELEVANCE Among patients with acute ischemic stroke treated with
intravenous alteplase, use of NOACs within the preceding 7 days, compared with no use of
anticoagulants, was not associated with a significantly increased risk of intracranial hemorrhage.
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N on–vitamin K antagonist oral anticoagulants (NOACs)
have become the first-line therapy for the prevention
of ischemic stroke associated with nonvalvular atrial

fibrillation.1 Despite their efficacy in preventing thromboem-
bolic events, approximately 1% to 2% of patients taking NOACs
are anticipated to experience an ischemic stroke each year.2-5

Intravenous alteplase is the standard medical reperfusion
therapy for acute ischemic stroke. It has been demonstrated to
improve clinical outcomes when given to patients meeting ap-
propriate criteria.6,7 However, with a perceived increased risk
of symptomatic intracranial hemorrhage or other serious bleed-
ing complications, current guidelines advise against the use of
alteplase in patients who are taking NOACs unless test results
from an appropriate coagulation measure (such as direct fac-
tor Xa activity) are normal or more than 48 hours have passed
since the last NOAC dose.8 Nonetheless, there are limited ro-
bust clinical data that have assessed the safety of alteplase use
in patients taking NOACs prior to their stroke.9-11 Treatment is
often withheld in this situation and patients receiving NOAC
therapy may be deprived of the potential beneficial effects of
reperfusion therapy due to an unclear safety profile.

The use of alteplase in patients taking NOACs between
October 2012 and March 2015 was preliminarily explored in
the American Heart Association and American Stroke Asso-
ciation Get With The Guidelines–Stroke (GWTG-Stroke) regis-
try, but data for only 251 patients were available.11 Because
NOAC therapy is being rapidly adopted in clinical practice, the
number of patients presenting with an acute ischemic stroke
while taking NOACs has increased.12-14 Using updated data from
the GWTG-Stroke registry and complementary data from the
Addressing Real-world Anticoagulant Management Issues in
Stroke (ARAMIS) registry, this study evaluated the use of in-
travenous alteplase in patients taking NOACs prior to their
strokes, and compared treatment-related complications and
in-hospital outcomes with patients who received alteplase and
had not been taking long-term anticoagulants.

Methods
Study Design and Data Source
This study was a prespecified retrospective analysis of data
from 2 interrelated registries of patients who had an acute is-
chemic stroke in the US. The primary data source was the
GWTG-Stroke registry, which is an ongoing, voluntary, na-
tional registry and performance improvement initiative de-
veloped by the American Heart Association and the American
Stroke Association. Details of the methods for data collection
in the GWTG-Stroke registry and the validity and reliability of
its data collection have been published.15,16 Briefly, trained hos-
pital personnel use a patient management tool to collect data
on consecutive patients with acute ischemic stroke admitted
to the hospital. Standardized data available in the registry in-
clude patient demographics, medical history, medications prior
to admission, diagnostic tests (including brain imaging), treat-
ment, and in-hospital outcomes.

In an effort to monitor racial and ethnic inequities in stroke
care, data on race and ethnicity were recorded by hospital staff

from various sources, including patient self-designation, by ad-
ministrative personnel during the registration process, or on
nursing intake forms.17 The patient management tool sup-
ports a multiple selection option functionality that includes
single racial, multiple racial, and ethnic categories, and a sepa-
rate data element for Hispanic ethnicity (yes, no, or not docu-
mented). The ARAMIS registry, a multicenter cohort of pa-
tients who had an acute ischemic stroke while receiving
long-term anticoagulation therapy, expands on the GWTG-
Stroke registry with the collection of additional data on pa-
tients in common, including more information about the pre-
cise time of the last NOAC dose. Details of the design and
conduct of the ARAMIS registry also have been published.18

Participating hospitals in the GWTG-Stroke registry re-
ceived either human research approval to enroll patients with-
out individual consent under the Common Rule,19 or a waiver
of authorization and exemption from subsequent review by
their institutional review boards. This study was approved
by the Duke University Health System institutional review
board. IQVIA served as the data collection and coordination
center. The Duke Clinical Research Institute served as the data
analysis center and has an agreement to analyze the aggre-
gate deidentified data for research purposes.

Study Population
The study population included patients with acute ischemic
stroke who were treated with intravenous alteplase within
4.5 hours of symptom onset at GWTG-Stroke hospitals
between April 1, 2015, and March 31, 2020. Patients were
either taking NOAC medications or not taking any anticoagu-
lant medications prior to their admission. According to
GWTG-Stroke coding instructions, use of NOACs was defined
as documentation that the patient was taking dabigatran,
rivaroxaban, apixaban, or edoxaban within the 7 days before
hospital arrival.

Patients were excluded if they were taking warfarin or
any anticoagulant other than a NOAC, or taking multiple anti-
coagulants. Patients also were excluded if they received
intravenous alteplase outside standard treatment guidelines
(with the exception of NOAC use), had in-hospital strokes,
received intravenous alteplase at an outside hospital, were

Key Points
Question Is the recent use of non–vitamin K antagonist oral
anticoagulants (NOACs) associated with increased risk of
intracranial hemorrhage among patients with acute ischemic
stroke treated with intravenous alteplase?

Findings This US retrospective cohort study included 163 038
patients with acute ischemic stroke treated with alteplase.
Among patients with use of NOACs within 7 days of hospital arrival
vs patients with no use of anticoagulants, intracranial hemorrhage
occurred in 3.7% vs 3.2%, respectively, a difference that was not
statistically significant after multivariable adjustment.

Meaning Recent use of NOACs was not significantly associated
with increased risk of intracranial hemorrhage among patients
with acute ischemic stroke treated with alteplase.
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transferred to another hospital, or had missing discharge
information (Figure). The same inclusion and exclusion crite-
ria were then applied to the ARAMIS cohort (eFigure in the
Supplement).

Outcome Measures
The primary outcome analysis focused on patients in the
GWTG-Stroke registry who were taking NOACs vs those who
were not taking any anticoagulants. The primary outcome was
symptomatic intracranial hemorrhage occurring within 36
hours after intravenous alteplase administration. Sympto-
matic intracranial hemorrhage was defined as any intracra-
nial hemorrhage documented by either computed tomogra-
phy or magnetic resonance imaging, with a corresponding
treating physician’s note indicating clinical deterioration from
that hemorrhage.

There were 4 secondary safety outcomes: (1) inpatient
mortality, (2) life-threatening or serious systemic hemor-
rhage within 36 hours, (3) any alteplase-related complica-
tion (symptomatic intracranial hemorrhage within 36 hours,
life-threatening or serious systemic hemorrhage within 36
hours, or other serious complications [those that require
additional medical interventions or prolonged length of
stay]), and (4) combined in-hospital mortality or discharged
to hospice.

There were 7 secondary functional outcomes assessed
at hospital discharge, including independent ambulation,
discharge location (home, hospice, inpatient rehabilitation
facility, skilled nursing facility), free of disabilities (modified
Rankin Scale score of 0-1), and functionally independent
(modified Rankin Scale score of 0-2). The modified Rankin
Scale is a measure of global disability ranging from a score
of 0 (no symptoms) to 6 (death). A descriptive outcome was
hospital length of stay. Patients with imaging evidence of an
intracranial hemorrhage were classified by the type of hem-
orrhage (parenchymal hematoma type 2 [hematoma occu-
pying ≥30% of the infarcted tissue with obvious mass
effect], subarachnoid hemorrhage, intraventricular hemor-

rhage, hemorrhage outside area of infarction, or other posi-
tive finding).

Statistical Analysis
Baseline patient demographics and comorbidities, along with
the characteristics of the treating hospitals, are described using
proportions for categorical variables and medians with IQRs
for continuous variables. The between-group comparisons of
the characteristics are made using the absolute standardized
difference, which was calculated as the difference in means
or proportions divided by a pooled estimate of the SD and mul-
tiplied by 100. An absolute standardized difference value
greater than 25 was considered a meaningful imbalance of the
covariate between the 2 groups and a value between 10 and
25 was considered a potentially meaningful imbalance. In ad-
dition, the Pearson χ2 test or the Fisher exact test was used to
compare binary outcomes with 95% CIs.

Multivariable logistic regression modeling was then
performed to evaluate the relationship between anti-
coagulation therapy status (taking NOACs vs not taking
anticoagulants) prior to stroke and in-hospital outcomes
after thrombolytic therapy. To account for differences in
baseline characteristics between the 2 groups, the analyses
were conducted on a propensity-weighted population with
propensity scores calculated using an overlap-weighting
method20,21 (eMethods in the Supplement). The adjusted
model controlled for baseline patient demographics, clin-
ical variables, and hospital-level factors that are expected to
be predictive of outcomes and have been used in prior
GWTG-Stroke analyses.11,22-25 The patient-level variables
included age, sex, race and ethnicity, history of atrial fibril-
lation or flutter, coronary artery disease or prior myocardial
infarction, hypertension, dyslipidemia, diabetes, smoking,
heart failure, prosthetic heart valve, previous stroke, previ-
ous transient ischemic attack, carotid stenosis, peripheral
vascular disease, chronic kidney disease, medications prior
to admission (including antiplatelets, antihypertensives,
cholesterol reducers, and medications for diabetes), systolic

Figure. Study Population in the Get With The Guidelines–Stroke (GWTG-Stroke) Registry

180 033 Patients with acute ischemic stroke taking non–vitamin K antagonist oral
anticoagulants or not taking anticoagulants who received intravenous
alteplase at GWTG-Stroke hospitals between April 1, 2015, and March 31, 2020

163 038 From 1752 hospitals
160 831 No use of anticoagulants before stroke

2207 Taking non–vitamin K antagonist oral anticoagulants
2160 Last use ≤7 d agoa

25 Last use within 0-48 h (includes 8 patients with
last use within 0-24 h)b

22 Last use 48 h to 7 d agob

16 995 Excluded
8097 Experienced stroke while in the hospital
4936 Transferred out of the hospital
3258 Had contraindications to intravenous alteplase other than

taking non–vitamin K antagonist oral anticoagulants
517 Received intravenous alteplase at an outside hospital
187 Discharge destination missing or unable to determine

a Patients had taken non–vitamin K
antagonist oral anticoagulants
within 7 days before hospital arrival
but the exact timing of the last dose
was not captured in the
GWTG-Stroke registry.

b Obtained from 47 patients in the
Addressing Real-world
Anticoagulant Management Issues
in Stroke (ARAMIS) registry. The
reported date and time that the
patient last took their anticoagulant
medication was used to generate
the time epochs; however, if the
exact date or time was not available,
the response to the question
“Did patient stop anticoagulant
medication >2 days prior to stroke
onset?” was alternatively used to
define the time epochs of less than
48 hours and greater than 48 hours.
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blood pressure, blood glucose level, initial National Insti-
tutes of Health Stroke Scale (NIHSS) score (a measure of stroke
severity with scores ranging from 0-42; a higher score indi-
cates greater stroke severity), time from last known feeling well
to alteplase initiation, receipt of endovascular therapy, insur-
ance status, arrival by emergency medical services, and ar-
rival time during regular working hours (7 AM-6 PM Monday-
Friday). The hospital-level variables included stroke center
status, academic status, annual ischemic stroke volume, an-
nual thrombolytic volume, number of hospital beds, geo-
graphic region, and rural or urban location.

In addition to adjusted odds ratios (ORs), adjusted risk dif-
ferences (RDs) were calculated from the regression model by
assuming an identity link function. Interaction analyses also
were performed to determine whether associations between
NOAC treatment and outcomes varied by receipt of endovas-
cular therapy. A generalized estimating equations approach was
used within the regression model to account for within-
hospital clustering.

Patient-level data were either complete or had small
missing rates (<3%). However, 6.5% of the data were missing
for health insurance status. Hospital-level data were com-
plete for stroke center status, academic status, annual ische-
mic stroke volume, annual thrombolytic volume, geographic
region, and rural or urban location. Regarding the number of
hospital beds, data were missing for less than 2% of the hos-
pitals. For the patient-level variables with missing data, mul-
tiple imputations with 10 data sets were performed; imputed
values were obtained using the fully conditional specification
method.26 Estimates were combined using the rules of Rubin
to appropriately reflect the added variability from imputing
data. Imputed values were not obtained for patients with
missing data on hospital-level variables, outcomes, or both,
and these patients were excluded from the model.

Among the ARAMIS study population, exploratory
analyses were conducted to evaluate the relationship be-
tween the time of last NOAC dose (0-24 hours, 0-48 hours,
and >48 hours prior to admission) and thrombolytic
therapy–related outcomes. The reported dates and times
that patients last took their anticoagulant medications were
used to generate the time epochs; however, if the exact date
and time was not available, the response to the question
“Did patient stop anticoagulant medication >2 days prior to
stroke onset?” was alternatively used to define the time
epochs of less than 48 hours (including 0-24 hours) and
greater than 48 hours. The occurrence of the outcomes was
reported as absolute counts and percentages for each time
epoch. Adjusted analyses were not performed due to the
small number of events for each outcome.

To determine whether potential selection bias existed re-
garding the use of thrombolytic therapy in patients taking
NOACs, a separate group of patients with ischemic stroke in
the GWTG-Stroke registry was identified who had arrived
within 3.5 hours after symptom onset (ie, potentially eligible
for a 4.5-hour treatment window), who did not have contra-
indications to thrombolytic therapy other than use of NOACs,
and who did not receive alteplase. Their baseline characteris-
tics were compared with those treated with alteplase.

All statistical analyses were performed using SAS version
9.4 (SAS Institute Inc). All P values are 2-sided, with values less
than .05 considered statistically significant. Because of the po-
tential for type I error due to multiple comparisons, the find-
ings for the analyses of the secondary outcomes should be in-
terpreted as exploratory.

Results
Baseline Characteristics of the Study Population
Of the 163 038 patients with ischemic stroke treated with al-
teplase (median age, 70 [IQR, 59-81] years; 49.1% women)
across 1752 hospitals, 2207 (1.4%) were taking NOACs and
160 831 (98.6%) were not taking any anticoagulants prior to
their stroke. Demographic and clinical characteristics appear
in Table 1. Thrombolytic therapy metrics and hospital charac-
teristics appear in Table 2.

Patients taking NOACs were older (median age, 75 years
[IQR, 64-82 years]) compared with those not taking antico-
agulants (median age, 70 years [IQR, 58-81 years]) and had a
higher prevalence of coexistent medical conditions, such as
atrial fibrillation or flutter, coronary artery disease or prior myo-
cardial infarction, hypertension, heart failure, and prior stroke
(Table 1; all absolute standardized differences >10). Further-
more, patients taking NOACs experienced more severe strokes
(median NIHSS score, 10 [IQR, 5-17] vs 7 [IQR, 4-14] for those
not taking anticoagulants; absolute standardized difference,
25.7) and were more likely to undergo subsequent endovas-
cular therapy (18.8% vs 11.5%, respectively; absolute standard-
ized difference, 20.4). However, 2 measures of time to throm-
bolytic treatment initiation were not notably different between
the 2 groups; there was a median onset-to-needle time of 122
minutes (IQR, 89-168 minutes) for patients taking NOACs vs
123 minutes (IQR, 91-168 minutes) for those not taking anti-
coagulants and a median door-to-needle time of 51 minutes
(IQR, 37-69 minutes) vs 49 minutes (IQR, 36-66 minutes), re-
spectively (Table 2).

Primary Outcome
Overall, 5210 patients (3.2%; 95% CI, 3.1% to 3.3%) developed
symptomatic intracranial hemorrhage within 36 hours after in-
travenous alteplase administration. The unadjusted rate of
symptomatic intracranial hemorrhage was 3.7% (95% CI, 2.9%
to 4.5%) in patients taking NOACs vs 3.2% (95% CI, 3.1% to
3.3%) in patients not taking anticoagulants (Table 3). After ad-
justment for NIHSS score and other baseline clinical factors,
the risk of symptomatic intracranial hemorrhage was not sig-
nificantly different between the 2 groups (adjusted OR, 0.88
[95% CI, 0.70 to 1.10]; adjusted RD, −0.51% [95% CI, −1.36%
to 0.34%]).

Secondary Outcomes
The unadjusted rate for life-threatening or serious systemic
hemorrhage was 0.7% (95% CI, 0.4% to 1.2%) in patients tak-
ing NOACs vs 0.6% (95% CI, 0.5% to 0.6%) in patients not tak-
ing anticoagulants and the rate for any alteplase-related com-
plication was 6.9% (95% CI, 5.9% to 8.0%) vs 6.0% (95% CI,
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Table 1. Patient Characteristics by Anticoagulant Therapy Status Prior to Stroke

Taking NOACs
(n = 2207)

Not taking anticoagulants
(n = 160 831)

Absolute standardized
differencea

Demographic characteristics

Age, median (IQR), y 75 (64-82) 70 (58-81) 26.8

Sex, No. (%)

Male 1186 (53.7) 81 857 (50.9)
5.7

Female 1021 (46.3) 78 974 (49.1)

Race and ethnicity, No. (%) (n = 160 803)

Asian 76 (3.4) 4777 (3.0) 2.7

Hispanic 196 (8.9) 12 935 (8.0) 3.0

Non-Hispanic Black 342 (15.5) 25 980 (16.2) 1.8

Non-Hispanic White 1488 (67.4) 110 265 (68.6) 2.5

Otherb 105 (4.8) 6846 (4.3) 2.4

Health insurance status, No. (%) (n = 2100) (n = 150 348)

Medicare 1082 (51.5) 65 907 (43.8) 15.4

Private 745 (35.5) 61 535 (40.9) 11.2

Medicaid 222 (10.6) 15 274 (10.2) 1.4

Self-pay or no insurance 43 (2.0) 6977 (4.6) 14.5

Not documented 8 (0.4) 655 (0.4) 0.9

Clinical characteristics

Year of stroke admission, No. (%)

2015 201 (9.1) 19 244 (12.0) 9.3

2016 340 (15.4) 29 574 (18.4) 8.0

2017 419 (19.0) 32 903 (20.5) 3.7

2018 547 (24.8) 35 642 (22.2) 6.2

2019 617 (28.0) 38 205 (23.8) 9.6

2020 83 (3.8) 5263 (3.3) 2.7

Medical history, No. (%)

Atrial fibrillation or flutter 1614 (73.1) 23 458 (14.6) 146.1

Coronary artery disease or prior MI 624 (28.3) 34 823 (21.7) 15.4

Heart failure 421 (19.1) 13 801 (8.6) 30.8

Prior stroke 628 (28.5) 32 825 (20.4) 18.8

Prior transient ischemic attack 214 (9.7) 14 525 (9.0) 2.3

Prosthetic heart valve 21 (1.0) 1231 (0.8) 2.0

Carotid stenosis 58 (2.6) 4385 (2.7) 0.6

Diabetes 719 (32.6) 46 926 (29.2) 7.4

Peripheral vascular disease 75 (3.4) 5128 (3.2) 1.2

Hypertension 1753 (79.4) 115 623 (71.9) 17.6

Smoker 242 (11.0) 29 045 (18.1) 20.2

Dyslipidemia 1099 (49.8) 72 112 (44.8) 10.0

Chronic kidney disease 169 (7.7) 11 830 (7.4) 1.2

Medication history, No. (%)

Any antiplatelets 769 (34.8) 73 319 (45.6) 22.0

Single antiplatelet 707 (32.0) 61 602 (38.3) 13.2

Aspirin 691 (31.3) 65 007 (40.4) 19.1

Clopidogrel 132 (6.0) 17 750 (11.0) 18.2

Ticagrelor 2 (0.1) 442 (0.3) 4.3

Prasugrel 3 (0.1) 170 (0.1) 0.9

Aspirin with dipyridamole 1 (<0.1) 835 (0.5) 8.9

Dual antiplatelet 61 (2.8) 11 590 (7.2) 20.5

Antihypertensives 1560 (70.7) 83 665 (52.0) 39.1

Cholesterol reducers 1362 (61.7) 68 844 (42.8) 38.6

Any diabetes medication 471 (21.3) 28 717 (17.9) 8.8

(continued)
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5.9% to 6.2%), respectively. There were no significant differ-
ences noted after risk adjustment for these outcomes (Table 3).
Among patients with imaging evidence of an intracranial hem-
orrhage, there were no significant differences in the type of in-
tracranial hemorrhage seen on imaging between patients tak-
ing NOACs and those not taking anticoagulants (eTable 1 in the
Supplement).

The unadjusted rates for inpatient mortality were higher
in patients taking NOACs (6.3% [95% CI, 5.3% to 7.4%]) than
in those not taking anticoagulants (4.9% [95% CI, 4.8% to
5.0%]); however, there was no significant difference after
risk adjustment (adjusted OR, 0.84 [95% CI, 0.69 to 1.01];
adjusted RD, −1.20% [95% CI, −2.39% to −0%]). The unad-
justed rates were higher for the combined outcome of
in-hospital mortality or discharge to hospice (12.4% [95% CI,
11.0% to 13.8%] for patients taking NOACs vs 9.4% [95% CI,
9.3% to 9.5%] for those not taking anticoagulants). How-
ever, the adjusted combined outcome of in-hospital mortal-
ity or discharge to hospice reversed directionality, with an
adjusted OR of 0.87 (95% CI, 0.76 to 1.00) and an adjusted
RD of −1.63% (95% CI, −3.20% to −0.06%), suggesting that
the higher unadjusted rates seen in the NOAC group may be
due to the greater risk profile of those patients such as older
age, greater stroke severity (higher NIHSS score), and pres-
ence of existing comorbidities (Table 3).

After risk adjustment, patients taking NOACs were sig-
nificantly more likely to ambulate independently at hospital
discharge (51.7%) compared with patients not taking antico-
agulants (57.9%) (adjusted OR, 1.25 [95% CI, 1.12 to 1.40];
adjusted RD, 5.65% [95% CI, 2.91% to 8.40%]), be dis-
charged home (45.9% vs 53.6%, respectively; adjusted OR,
1.17 [95% CI, 1.06 to 1.29]; adjusted RD, 3.84% [95% CI,
1.46% to 6.22%]), be free of disabilities (modified Rankin
scale score of 0-1) at hospital discharge (26.9% vs 34.0%;
adjusted OR, 1.22 [95% CI, 1.06 to 1.42]; adjusted RD, 3.71%
[95% CI, 0.91% to 6.52%]), and be functionally independent
(modified Rankin scale score of 0-2) at hospital discharge
(37.1% vs 44.5%; adjusted OR, 1.27 [95% CI, 1.11 to 1.45];
adjusted RD, 5.28% [95% CI, 2.15% to 8.41%]).

There were no significant differences in the proportion of
patients who were discharged to hospice, an inpatient reha-
bilitation facility, or a skilled nursing facility between the 2
groups (Table 3). For hospital length of stay longer than 4 days,
the proportion of patients was 47.0% for patients taking NO-
ACs vs 38.8% for patients not taking anticoagulants (adjusted
OR, 0.93 [95% CI, 0.84 to 1.03]; adjusted RD, −1.73% [95% CI,
−4.22% to 0.76%]). The associations between NOAC treat-
ment and outcomes after thrombolytic therapy did not sig-
nificantly differ by receipt of endovascular therapy (eTable 2
in the Supplement).

Table 1. Patient Characteristics by Anticoagulant Therapy Status Prior to Stroke (continued)

Taking NOACs
(n = 2207)

Not taking anticoagulants
(n = 160 831)

Absolute standardized
differencea

National Institutes of Health Stroke Scale
score, median (IQR)c

10 (5-17) 7 (4-14) 25.7

Ambulatory status prior to hospital
admission, No. (%)

(n = 1598) (n = 115 953)

Able to ambulate independently 1490 (93.2) 108 891 (93.9) 2.7

Requires assistance from person 66 (4.1) 4392 (3.8) 1.8

Unable to ambulate 42 (2.6) 2670 (2.3) 2.1

Ambulatory status at admission, No. (%) (n = 1244) (n = 83 025)

Able to ambulate independently 336 (27.0) 26 740 (32.2) 11.4

Requires assistance from person 335 (26.9) 23 635 (28.5) 3.4

Unable to ambulate 573 (46.1) 32 650 (39.3) 13.7

Hospital arrival, No. (%)

By emergency medical services 1746 (79.1) 120 840 (75.1) 9.5

During off-hours 1185 (53.7) 85 406 (53.1) 1.2

Body mass index, median (IQR)d 28.1 (24.3-33.3) 28.0 (24.3-32.4) 9.0

Blood pressure, median (IQR), mm Hg

Systolic 154 (136-173) 156 (138-176) 7.0

Diastolic 88 (75-100) 85 (74-97) 8.2

Heart rate, median (IQR), /min 82 (70-96) 80 (70-92) 11.7

Blood glucose, median (IQR), mg/dL 122 (103-153) 119 (102-151) 0.4

International normalized ratio, median (IQR) 1.1 (1.0-1.2) 1.0 (1.0-1.1) 47.6

Serum creatinine, median (IQR), mg/dL 1.0 (0.8-1.3) 1.0 (0.8-1.2) 0.7

Abbreviations: MI, myocardial infarction; NOACs, non–vitamin K antagonist oral
anticoagulants.

SI conversion factors: To convert creatinine to μmol/L, multiply by 88.4; glucose
to mmol/L, multiply by 0.0555.
a Calculated as the difference in means or proportions divided by a pooled

estimate of the SD and multiplied by 100.

b Includes American Indian or Alaska Native, Native Hawaiian or Pacific Islander,
multiracial, or any other non-Black or non-White racial categories.

c A measure of stroke severity with scores ranging from 0-42; a higher score
indicates greater stroke severity.

d Calculated as weight in kilograms divided by height in meters squared.
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Exploratory Analysis
Baseline characteristics of patients taking NOACs who
were treated with alteplase and included in the ARAMIS reg-
istry were similar to those in the GWTG-Stroke registry
(eTable 3 in the Supplement). Of the 47 patients prescribed
NOACs who had a time of last NOAC dose reported or had a
recorded response to the question of whether they had
stopped their anticoagulant medication more than 2 days
prior to stroke onset, 8 (17.0%) took their last dose between
0 and 24 hours ago, 25 (53.2%) took their last dose between
0 and 48 hours ago, and 22 (46.8%) took their last dose more
than 48 hours prior to hospital admission. Of the 25 patients
who took their last NOAC dose between 0 and 48 hours ago,
2 (8.0% [95% CI, 1.0% to 26.0%]) developed symptomatic
intracranial hemorrhage after receiving thrombolytic
therapy (Table 4). There were no reported alteplase-related
complications among patients who had their last NOAC dose
between 0 and 24 hours (0/8) or more than 48 hours (0/22)
prior to hospital admission.

Potential Treatment Selection
From the same period in the GWTG-Stroke registry, there were
22 977 patients taking NOACs who arrived within 3.5 hours af-
ter stroke symptom onset, who did not have any other con-
traindications to thrombolytic therapy, and who did not re-
ceive alteplase (eTable 4 in the Supplement). The patients who
received treatment with alteplase were younger (median age,
75 years vs 77 years for eligible patients not treated with al-
teplase), had fewer comorbidities, and presented with more
severe strokes (median NIHSS score of 10 vs 5, respectively).

Furthermore, a greater proportion of patients taking
NOACs and treated with alteplase arrived at the hospital
by emergency medical services and were more likely to arrive
earlier (median time from symptom onset to arrival of 62 min-
utes vs 78 minutes for patients who were not treated with al-
teplase). Patients treated with alteplase were also more likely
to have a large vessel occlusion (43.8% vs 33.6% for patients
who were not treated with alteplase) and undergo subse-
quent endovascular therapy treatment (18.8% vs 12.7%,

Table 2. Thrombolytic Therapy Metrics and Hospital Characteristics by Anticoagulant Therapy Status Prior to Stroke

Taking NOACs
(n = 2207)

Not taking anticoagulants
(n = 160 831)

Absolute standardized
differencea

Thrombolytic therapy metrics

Time, median (IQR), min

Onset-to-needle 122 (89-168) 123 (91-168) 1.9

Door-to-needle 51 (37-69) 49 (36-66) 7.7

Onset-to-arrival 62 (40-102) 64 (42-106) 6.5

Received endovascular therapy, No. (%) 415 (18.8) 18 526 (11.5) 20.4

Presence of large vessel occlusion, No./total (%)b 532/1214 (43.8) 25 291/76 322 (33.1) 22.1

Site of occlusion, No. (%)b (n = 532) (n = 25 276)

Middle cerebral artery 442 (83.1) 19 022 (75.3) 19.4

Internal carotid artery 69 (13.0) 4737 (18.7) 15.9

Other cerebral artery branch 41 (7.7) 2359 (9.3) 5.8

Basilar artery 16 (3.0) 904 (3.6) 3.2

Vertebral artery 9 (1.7) 1054 (4.2) 14.7

Hospital characteristics

No. of beds, median (IQR) 411 (278-620) 384 (255-585) 6.8

Annual ischemic stroke volume, median (IQR) 368 (232-563) 331 (211-530) 8.8

Annual intravenous thrombolytic therapy cases,
median (IQR)

51 (30-82) 46 (26-73) 13.5

Academic hospital, No. (%) 1663 (75.4) 122 631 (76.2) 2.1

Stroke center status, No. (%)

Comprehensive 278 (12.6) 19 577 (12.2) 1.3

Primary 1162 (52.7) 88 717 (55.2) 5.0

Neither comprehensive nor primary 767 (34.8) 52 537 (32.7) 4.4

Geographic region, No. (%)

South 1010 (45.8) 66 393 (41.3) 9.1

West 503 (22.8) 34 935 (21.7) 2.6

Northeast 373 (16.9) 29 647 (18.4) 4.0

Midwest 321 (14.5) 29 856 (18.6) 10.8

Rural location, No. (%) 41 (1.9) 3800 (2.4) 3.5

Abbreviation: NOACs, non–vitamin K antagonist oral anticoagulants.
a Calculated as the difference in means or proportions divided by a pooled estimate of the SD and multiplied by 100.
b Not available in the registry until 2019.
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respectively). In addition, patients who received thrombo-
lytic therapy were more likely to have received their care at cen-
ters with more thrombolytic therapy experience than pa-
tients who did not receive thrombolytic therapy (median of 51
annual cases vs 40 cases). For the abovementioned variables,
all absolute standardized differences were greater than 10.

Discussion
In this retrospective, registry-based study of patients with acute
ischemic stroke treated with intravenous alteplase at hospi-
tals in the US, recent use of NOACs before stroke was not in-
dependently associated with increased rates of symptomatic
intracranial hemorrhage, life-threatening or serious systemic
hemorrhage, any alteplase-related complication, or inpatient
mortality. Compared with patients not taking anticoagulants,
prior use of NOACs was significantly associated with better ad-
justed outcomes in terms of patients being discharged home,
their ambulatory status, their freedom from disability, and their
functional independence at hospital discharge.

To our knowledge, this study represents the largest report
on the safety and outcomes of thrombolytic therapy in the set-
ting of recent NOAC use. Compared with a previous report using
the GWTG-Stroke registry and a multicenter observational
pilot study in Europe,10,11 the current study population is an

order of magnitude larger. Accordingly, the confirmation of the
absence of increased symptomatic intracranial hemorrhage, life-
threatening or serious systemic hemorrhage, and inpatient mor-
tality in the present study provides evidence that may poten-
tially support the safety of intravenous alteplase in patients with
acute ischemic stroke who have recently used NOACs within the
past 7 days. In addition, even though the prior GWTG-Stroke
study also found that NOAC use was associated with higher rates
of discharge home and independent ambulation at discharge,
it showed only nominally, not statistically significant, higher
rates of freedom from disability and functional independence
at discharge.

It is possible that some of the patients in the GWTG-Stroke
registry experienced a stroke because of nonadherence or in-
terruption of their NOAC intake, whereas the ischemic stroke
for others may have been a breakthrough event that occurred
despite not missing an anticoagulant dose. By including data
from the more detailed, affiliated ARAMIS cohort, the current
investigation provided additional insight into the timing of most
recent NOAC use that was unavailable in earlier studies. Among
the ARAMIS study patients, 25 of 47 patients (53.2%) reported
taking their last dose of NOAC less than 48 hours prior to al-
teplase therapy. Among these patients, 8 of 25 (32.0%) re-
ported taking their last dose within the prior 24 hours.

Because patients in the ARAMIS cohort were similar in pa-
tient and hospital characteristics to patients in the overall

Table 4. Outcomes of Patients Taking a NOAC Who Had an Acute Ischemic Stroke and Received Intravenous Alteplase in the ARAMIS Registry

No. (%) of patients who had an acute ischemic stroke by timing of last NOAC dose prior to strokea

Overall (n = 47) 0-24 h ago (n = 8) 0-48 h ago (n = 25) >48 h ago (n = 22)
Primary outcome

Symptomatic intracranial hemorrhage within 36 h 2 (4.3) 0 2 (8.0) 0

Secondary outcomes

Life-threatening or serious systemic hemorrhage
within 36 h

0 0 0 0

Any alteplase complicationb 3 (6.4) 0 3 (12.0) 0

Inpatient mortality 2 (4.3) 0 1 (4.0) 1 (4.6)

In-hospital mortality or discharged to hospice 4 (8.5) 0 2 (8.0) 2 (9.1)

Able to ambulate independently at hospital dischargec 28/45 (62.2) 5/8 (62.5) 12/24 (50.0) 16/21 (76.2)

Free of disabilities (modified Rankin Scale
score of 0-1 at hospital discharge)d

14/40 (35.0) 1/7 (14.3) 4/21 (19.0) 10/19 (52.6)

Functionally independent (modified Rankin Scale
score of 0-2 at hospital discharge)d

17/40 (42.5) 2/7 (28.6) 6/21 (28.6) 11/19 (57.9)

Discharge location

Home 26 (55.3) 5 (62.5) 10 (40.0) 16 (72.7)

Hospice 2 (4.3) 0 1 (4.0) 1 (4.5)

Inpatient rehabilitation facility 11 (23.4) 2 (25.0) 7 (28.0) 4 (18.2)

Skilled nursing facility 6 (12.8) 1 (12.5) 6 (24.0) 0

Hospital length of stay >4 d 19 (40.4) 3 (37.5) 14 (56.0) 5 (22.7)

Abbreviations: ARAMIS, Addressing Real-world Anticoagulant Management
Issues in Stroke; NOAC, non–vitamin K antagonist oral anticoagulant.
a These data are from a subset of patients participating in the ARAMIS registry.

The reported date and time that the patient last took their anticoagulant
medication was used to generate the time epochs; however, if the exact date
and time was not available, the response to the question “Did patient stop
anticoagulant medication >2 days prior to stroke onset?” was alternatively used
to define the time epochs of less than 48 hours and greater than 48 hours.

b Includes symptomatic intracranial hemorrhage within 36 hours,

life-threatening or serious systemic hemorrhage within 36 hours, or other
serious complications (those that required additional medical interventions or
prolonged length of stay).

c Data are expressed as No./total (%).
d Data are expressed as No./total (%). The modified Rankin Scale has a score

range of 0 to 6 with 0 being no symptoms; 1, no significant disability; 2, slight
disability; 3, moderate disability; 4, moderately severe disability; 5, severe
disability; and 6, death.
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GWTG-Stroke cohort, it may be that similar frequencies are pre-
sent in the broader GWTG-Stroke population in terms of tim-
ing of the last NOAC dose. Of the 25 patients who took their
last dose of NOAC within 48 hours prior to hospital admis-
sion, 2 (8.0%) developed symptomatic intracranial hemor-
rhage after receiving thrombolytic therapy. Of the 8 patients
who took their last NOAC dose within 24 hours prior to hos-
pital admission, no cases of symptomatic intracranial hemor-
rhage were reported. The rates of symptomatic intracranial
hemorrhage in these subsets seem notably different from the
rate for the overall GTWG-Stroke population (3.7%). How-
ever, due to the small number of patients in the ARAMIS co-
hort, the differences should be interpreted with caution.

Compared with patients not taking any anticoagulants, pa-
tients taking NOACs were significantly more likely to be dis-
charged home, ambulate independently, and have less global
disability at discharge. There are several potential mechanisms
thatmayhelpexplainthebetterfunctionaloutcomesseenamong
patients taking NOACs. One possibility is that patients who had
recently taken NOACs may have low, rather than absent, serum
NOAC concentrations at the time of alteplase treatment either
because of slow metabolism in some of the patients who took
their last dose more than 48 hours before hospital admission or
ineffective dosing in other patients who took their last dose
within 48 hours and had breakthrough ischemic strokes. As such,
low concentrations of NOACs could potentiate beneficial ef-
fects of alteplase in recanalizing the target occlusion without un-
duly increasing bleeding adverse effects.

Another possibility may stem from differences in the com-
position of the target occlusions between patient groups. In
the NOAC population in which atrial fibrillation predomi-
nated as a stroke cause, the target occlusion typically would
be an embolism from a detached thrombus originating from
the heart. In the non-NOAC population, the composition of the
target occlusion may be more variable, and sometimes in-
clude admixed atherosclerosis and supervening thrombosis.
Recanalization after alteplase may be more enduring in rela-
tively normal recipient vessels from which thrombi have been
cleared than in the vessels with residual atherosclerosis prone
to reocclusion. Furthermore, it is also possible that these re-
sults may reflect residual or unmeasured confounding.

Patients who present with an ischemic stroke and are sub-
sequently found to have a large vessel occlusion pose an-
other clinical dilemma. The decision to proceed with a me-
chanical thrombectomy (ie, catheter-based removal of a
proximal intracranial arterial clot) is typically made indepen-
dent of whether the patient received intravenous alteplase or
not. Previous studies have not examined the outcomes of pa-
tients taking NOACs who were treated with intravenous al-
teplase prior to undergoing mechanical thrombectomy.11 The
complication of greatest concern is risk of symptomatic intra-
cranial hemorrhage from reperfusion. In this study, interac-
tion analyses were performed to determine whether ad-
justed associations between NOAC treatment and outcomes
after thrombolytic therapy varied by receipt of endovascular
therapy. In these analyses, none of the outcomes, including
rate of symptomatic intracranial hemorrhage, was influ-
enced by receipt of endovascular therapy, suggesting endo-

vascular therapy is probably safe for select patients with acute
ischemic stroke with recent exposure to NOACs within the pre-
ceding 7 days and treated with alteplase.

Limitations
This study has several limitations. First, this was an observa-
tional cohort analysis and not a randomized clinical trial. There
were several important differences in baseline characteris-
tics between patients taking NOACs and those who were not
taking any anticoagulants. Although a propensity-weighted
analysis was performed to adjust for these confounding vari-
ables, the presence of any residual or unmeasured confound-
ing may bias comparisons and outcomes.

Second, there is strong potential for selection bias related
to which patients taking NOACs received alteplase. By com-
paring patients prescribed NOACs who were treated vs not
treated with alteplase, it appears that patients who were treated
with alteplase had more severe strokes, arrived at the hospi-
tal earlier, and received care at centers with more experience
with thrombolytic administration. Despite not meeting the
standard eligibility criteria, these patients may have been given
alteplase for other reasons not fully captured in the GWTG-
Stroke registry. In addition, nearly 5000 patients who were
transferred to another hospital were excluded because out-
comes after transfer were not captured in the registry, which
could have biased the study population.

Third, more precise information on the time of last NOAC
dose was available in only a small number of patients from the
ARAMIS cohort, which makes the delineation of a clear rela-
tionship between bleeding risk and the timing of the last NOAC
dose challenging. Although 53.2% of patients in the ARAMIS
registry had their last NOAC dose within 48 hours, it is pos-
sible that a substantial portion of patients taking NOACs within
the GWTG-Stroke cohort may have had an interruption in their
NOAC intake for more than 48 hours. Therefore, the general-
izability of the findings to all patients taking NOACs who ex-
perience acute ischemic stroke is not possible. Further re-
search is needed to determine whether intravenous alteplase
is safe in an unselected population of patients taking NOACs
and especially in the subset of the population with more re-
cent exposure to NOACs within 24 hours or within 24 to 48
hours of hospital admission.

Fourth, some patients may have received reduced dosing of
alteplase either because of their history of NOAC use or be-
cause of a plan to subsequently receive mechanical thrombec-
tomy. However, alteplase dosing information was not captured
in the registry during this study period. The current guidelines
continue to recommend a standard dose of alteplase after pub-
lication of the Enhanced Control of Hypertension and Throm-
bolysis Stroke Study (ENCHANTED), which did not find nonin-
feriority for the lower dose.8,27 Therefore, use of reduced dose
alteplase is probably uncommon in US clinical practice because
it goes against US Food and Drug Administration labeling and
against guidelines from the American Stroke Association.

Fifth, levels of drug-specific coagulation assays were nei-
ther available in the data set nor widely available in a timely
manner in general US clinical practice during the study pe-
riod. Wider availability and use of these assays in the future
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may help inform thrombolytic treatment decision-making
among patients taking NOAC therapy.

Sixth, GWTG-Stroke and ARAMIS are both voluntary reg-
istries of enrolled hospitals that have the capacity to meet cer-
tain program requirements. As such, these results may not be
generalizable to patients treated at nonregistry hospitals or in
other countries.

Conclusions

Among patients with acute ischemic stroke treated with intra-
venous alteplase, use of NOACs within the preceding 7 days,
compared with no use of anticoagulants, was not associated with
a significantly increased risk of intracranial hemorrhage.
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