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IMPORTANCE International guidelines recommend avoiding intravenous thrombolysis (IVT) in
patients with ischemic stroke who have a recent intake of a direct oral anticoagulant (DOAC).

OBJECTIVE To determine the risk of symptomatic intracranial hemorrhage (sICH) associated
with use of IVT in patients with recent DOAC ingestion.

DESIGN, SETTING, AND PARTICIPANTS This international, multicenter, retrospective cohort
study included 64 primary and comprehensive stroke centers across Europe, Asia, Australia,
and New Zealand. Consecutive adult patients with ischemic stroke who received IVT (both
with and without thrombectomy) were included. Patients whose last known DOAC ingestion
was more than 48 hours before stroke onset were excluded. A total of 832 patients with
recent DOAC use were compared with 32 375 controls without recent DOAC use. Data were
collected from January 2008 to December 2021.

EXPOSURES Prior DOAC therapy (confirmed last ingestion within 48 hours prior to IVT)
compared with no prior oral anticoagulation.

MAIN OUTCOMES AND MEASURES The main outcome was sICH within 36 hours after IVT,
defined as worsening of at least 4 points on the National Institutes of Health Stroke Scale
and attributed to radiologically evident intracranial hemorrhage. Outcomes were compared
according to different selection strategies (DOAC-level measurements, DOAC reversal
treatment, IVT with neither DOAC-level measurement nor idarucizumab). The association
of sICH with DOAC plasma levels and very recent ingestions was explored in sensitivity
analyses.

RESULTS Of 33 207 included patients, 14 458 (43.5%) were female, and the median (IQR) age
was 73 (62-80) years. The median (IQR) National Institutes of Health Stroke Scale score was
9 (5-16). Of the 832 patients taking DOAC, 252 (30.3%) received DOAC reversal before IVT
(all idarucizumab), 225 (27.0%) had DOAC-level measurements, and 355 (42.7%) received
IVT without measuring DOAC plasma levels or reversal treatment. The unadjusted rate of
sICH was 2.5% (95% CI, 1.6-3.8) in patients taking DOACs compared with 4.1% (95% CI,
3.9-4.4) in control patients using no anticoagulants. Recent DOAC ingestion was associated
with lower odds of sICH after IVT compared with no anticoagulation (adjusted odds ratio,
0.57; 95% CI, 0.36-0.92). This finding was consistent among the different selection strategies
and in sensitivity analyses of patients with detectable plasma levels or very recent ingestion.

CONCLUSIONS AND RELEVANCE In this study, there was insufficient evidence of excess
harm associated with off-label IVT in selected patients after ischemic stroke with recent
DOAC ingestion.
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U se of direct oral anticoagulants (DOACs), including
apixaban, dabigatran, edoxaban, and rivaroxaban, has
emerged as the primary stroke prevention option in

patients with nonvalvular atrial fibrillation (AF).1 Addition-
ally, new indications for DOACs are constantly being identi-
fied, such as for the treatment of vascular diseases (ie, ve-
nous thrombosis, pulmonary embolism, stable coronary heart
disease, and peripheral artery disease). It is estimated that since
the transition from vitamin K antagonists (VKA) to DOACs, ev-
ery sixth patient with stroke otherwise qualifying for intrave-
nous thrombolysis (IVT) has a prescription for DOACs.2,3 As for
VKA with an international normalized ratio (INR) greater than
1.7,4-6 guidelines recommend the exclusion of patients with
recent ingestion of DOACs (within 48 hours previously) from
receiving IVT should they have an ischemic stroke.5,6 This
recommendation is based on the presumption of an in-
creased risk of symptomatic intracranial hemorrhage (sICH),
but data to support or refute this presumption are lacking. Data
from studies on VKA cannot be translated to DOACs,7-14 which
have a 50% lower risk of intracranial hemorrhage compared
with warfarin.1 Furthermore, in experimental ischemic stroke,
DOACs did not increase the risk of hemorrhage after IVT,
whereas warfarin did.15-18 Different selection strategies, in-
cluding the use of DOAC reversal agents prior to IVT,8,9 selec-
tion of patients with low anticoagulant activity at DOAC plasma
level measurement,19 or point-of-care coagulation assays, have
been suggested,20-22 yet the available evidence originates
from comparably small case series7-14,23 with single-center
experience19,24-26 and measuring DOAC plasma levels is not
possible in many hospitals worldwide,3 questioning the fea-
sibility of this approach.

We established an international, multicenter, retrospec-
tive cohort study including both published and unpublished
data to address this unanswered clinical question. We aimed
to compare (1) the risk of sICH in patients with recent inges-
tion of DOACs receiving IVT as treatment for acute ischemic
stroke with that in controls not taking DOACs and (2) the rela-
tive safety of different selection strategies for IVT in patients
with recent ingestion of DOACs, namely DOAC-level measure-
ments, DOAC reversal prior to IVT, and patients knowingly
thrombolyzed but without measurement of DOAC plasma lev-
els or reversal as well as inadvertent IVT with DOAC use sub-
sequently discovered. Our hypothesis was that with cur-
rently used selection strategies, the risk of sICH is not higher
in patients with recent ingestion of DOACs than in controls who
do not take anticoagulants.

Methods
Study Design and Data Source
In this investigator-initiated international, multicenter, retro-
spective analysis, we pooled individual patient data from
published and unpublished cohort studies following the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline. We identified
potential contributing centers by a systematic search of the
literature based on published studies on IVT in patients with

recent ingestion of DOACs or prospective IVT or all-stroke
registries (that may include patients with recent ingestion
of DOACs). To do so, we searched PubMed/EMBASE using
a predefined search strategy combining Medical Subject
Headings terms and keywords with the concepts of ischemic
stroke, DOAC and IVT (eTable 1 in Supplement 1). We used
additional references from articles if relevant information was
provided. We included publications in English up to July 31,
2021. The identified centers were contacted and invited to
participate. Where legally necessary, enrolled patients or next
of kin provided written informed consent, and the protocol was
approved by relevant local ethics committees.

Academic investigators undertook the design, data col-
lection, and analysis. The site investigators gathered the data,
and monitoring and central pooling were performed by the cen-
tral sites. The lead authors (T.R.M., D.W., T.Y.W., J.C.P., and
D.J.S.) had unrestricted data access, and the analysis was per-
formed by 2 independent clinician scientists (T.R.M. and D.W.).
Background and details of the study design have been depos-
ited previously (CRD42021277825), and the study is now closed
to participation.

Patients and Participating Centers
The study included patients from 64 centers worldwide re-
cruited between 2008 and 2021. Most were tertiary care cen-
ters that offer IVT and mechanical thrombectomy 24 hours a
day. Adult patients 18 years and older were eligible if they had
an acute ischemic stroke, had confirmed ingestion of a DOAC
within the last 48 hours, and underwent IVT (alteplase, dos-
age according to local guidelines, ie, 0.6 mg/kg bodyweight in
Japan and 0.9 mg/kg bodyweight for all other centers; tenect-
eplase, 0.25 mg/kg dose only27). There was no limit with re-
gard to time window for IVT. We excluded patients whose last
known DOAC ingestion was more than 48 hours before stroke
onset. No other exclusion criteria were applied, and centers
were encouraged to provide records of consecutive patients
over the study time frame. For the comparison group, we in-
cluded patients who had ischemic stroke treated with IVT but
received no prior anticoagulation therapy (ie, no VKA with INR
greater than 1.7 or DOAC) from the prospective Thrombolysis

Key Points
Question Is the recent use of direct oral anticoagulants
(confirmed ingestion within 48 hours) associated with increased
risk of symptomatic intracranial hemorrhage following intravenous
thrombolysis for ischemic stroke?

Findings In this cohort study including 33 207 patients with
ischemic stroke who received intravenous thrombolysis at 64
centers in Europe, Asia, Australia, and New Zealand, the risk of
symptomatic intracranial hemorrhage was lower among the 832
patients taking direct oral anticoagulant treatment compared
with controls with no anticoagulation. This result was consistent
among subgroups and different selection strategies.

Meaning This study found insufficient evidence of excess harm
associated with the use of off-label intravenous thrombolysis
in selected patients who had taken a direct oral anticoagulant
within the previous 48 hours.
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in Ischemic Stroke Patients (TRISP) collaboration data set as
well as participating centers.28 The control population was
hence generated partially in a different time frame and con-
tains data from few additional centers.

We divided patients into 2 mutually exclusive groups:
(1) patients with confirmed last ingestion within the last 48
hours of any DOAC at a dose recommended for prevention of
embolism in AF or treatment of pulmonary embolism or other
indications (DOAC group) and (2) patients who used no anti-
coagulants (control group). Local investigators of the partici-
pating sites extracted from the local electronic health record
information on the DOAC agent used before the event as well
as its dosage, whether the time of last ingestion was docu-
mented, the time of last ingestion (categorized into within
12 hours, 12 to 24 hours, and more than 24 hours) as well as
the exact time from last ingestion to admission in hours (if
documented in sufficient detail). In some patients, the exact
timing of DOAC therapy was unobtainable, but it was pos-
sible to assess the category (eg, a patient with aphasia present-
ing at noon unable to report the exact last ingestion time, but
his wife verified that the blister of this morning was empty).

If the data were not already available from previously pub-
lished data, local investigators at the participating centers con-
ducted retrospective medical record reviews and local data-
bank queries to collect standardized and prespecified variables
using electronic case report forms. According to the availabil-
ity at the specific site, this was done for both groups or for pa-
tients in the DOAC group only if there was no possibility to re-
liably identify controls. Data included patient demographic
characteristics, medical history, antiplatelet treatment, clini-
cal information, laboratory values, and information on recana-
lization treatments, including the use of IVT and mechanical
thrombectomy as well as details on dose and workflow met-
rics. For patients with recent ingestion of DOACs treated with
IVT, site investigators collected information on selection strat-
egies, including DOAC-level measurements, specific DOAC re-
versal (idarucizumab or andexanet alfa) before IVT, receiving
IVT but no measurement of DOAC plasma levels available
or reversal, and receiving IVT inadvertently as the center did
not know at the time that the patient was taking a DOAC. We
collected information on availability of institutional guide-
lines or standard operating procedures (eTable 2 in Supple-
ment 1) for IVT in patients with recent ingestion of DOACs and
classified centers accordingly. In patients who received DOAC
reversal, we assumed that this was the selection strategy, even
if measurement of DOAC plasma level was available. Other-
wise, if measurement of the DOAC plasma level was avail-
able, it was assumed that the decision for IVT included con-
sideration of this information.

Outcome Measures
The primary binary outcome was sICH defined as any intra-
cranial hemorrhage as reported by the site investigators until
36 hours after IVT with associated neurological worsening of
at least 4 points on the National Institutes of Health Stroke Scale
(NIHSS) score compared with immediately before deteriora-
tion, attributed to the radiologically evident intracranial
hemorrhage.29 Secondary outcomes included any radiologi-

cal ICH as reported by the site investigators until 36 hours
after IVT (whether accompanied by neurological worsening
or not) and functional independence, defined as a modified
Rankin Scale (mRS) score of 2 or less at 90 days and an ordi-
nal regression analysis of the mRS. The mRS is a 7-point scale
of global disability ranging from 0 (no symptoms) to 6 (death).30

It was assessed by site investigators during a clinical visit or
a structured telephone interview.

Statistical Analysis
The analysis followed a predefined analysis plan. We used me-
dians with IQRs and means with SDs together with percent-
ages to present the distribution of ordinal, continuous, and
categorical variables. We compared baseline characteristics
across groups using the Pearson χ2 test for categorical vari-
ables and t test or the Kruskal-Wallis test, as appropriate, for
continuous and ordinal variables.

For the primary analysis, we used multilevel mixed-
effects logistic regression analysis to compare odds of sICH be-
tween patients with recent ingestion of DOACs and controls
with the geographic region included as a random effect. The
rationale of the prespecified model was to adjust for known
predictors of sICH.31 Those included age (continuous), arte-
rial hypertension (yes or no), baseline NIHSS score (continu-
ous), premorbid functional independence defined as a mRS
score of 0 to 2 (yes or no), admission blood pressure (continu-
ous), and admission glucose plasma level (continuous). To ac-
count for differences in local practices, we prespecified indi-
vidual centers as a random effect in our models. However,
because many centers had no sICH cases (which would ex-
clude them from the model), we adjusted for geographic lo-
cation as a random effect. We included recent DOAC inges-
tion as the independent variable, with controls as the reference
group. We calculated adjusted odds ratios (ORs) and their
corresponding 95% CIs. Because of missing data on this
topic, no formal sample size calculation was possible; hence,
a maximum of centers and patients was aimed for to ensure
maximal precision.

To compare the different selection strategies (DOAC-
level measurements, DOAC reversal before IVT, patients know-
ingly thrombolyzed but without measurement of DOAC plasma
levels or reversal as well as inadvertent IVT with DOAC use sub-
sequently discovered), the selection strategy was added to the
model as a factor variable. We performed sensitivity analyses
according to (1) geographic location (Asia, Europe, Australia,
and New Zealand), (2) availability of institutional standard op-
erating procedures, (3) patients with DOAC plasma levels
greater than 100 ng/mL24,32,33 or proven ingestion within 12
hours before IVT, and (4) patients whose exact time of last
DOAC ingestion was documented.

For the secondary outcomes, multilevel mixed-effects
logistic and ordinal regression analysis were used to assess the
association of recent DOAC ingestion with any ICH and func-
tional outcome with the adjustments specified above. All analy-
ses were performed by 2 clinician scientists (T.R.M. and D.W.)
using Stata version 16 (StataCorp). All P values are 2-sided, with
P < .05 considered statistically significant without adjust-
ments for multiple testing. Complete case analysis was per-
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formed without imputations. Exploratory post hoc analyses
are described as such.

Results
Study Enrollment and Characteristics of the Patients
We included 33 207 patients with acute ischemic stroke re-
ceiving IVT (832 who had taken a DOAC and 32 375 controls who

did not take DOAC). Demographic and clinical characteristics
of the patients at baseline are shown in Table 1. Of 33 207 in-
cluded patients, 14 458 (43.5%) were female, and the median
(IQR) age was 73 (62-80) years. The median (IQR) National
Institutes of Health Stroke Scale score was 9 (5-16).

Compared with controls, patients with recent ingestion of
DOACs were older, had a higher prevalence of hypertension,
had a higher degree of prestroke disability, were less likely to
be smokers, had a longer time from symptom onset to treat-

Table 1. Patient Baseline Characteristics

Characteristic
Total,
No.

No. (%)

P
value

All patients
(N = 33 207)

Controls
(n = 32 375)

Patients with recent
ingestion of DOACs
(n = 832)

Age, median (IQR), y 33 198 73 (62-80) 72 (62-80) 79 (71-85) <.001

Sex

Female
33 199

14 458 (43.5) 14 103 (43.6) 355 (42.7)
.60

Male 18 741 (56.5) 18 264 (56.4) 477 (57.3)

Geographical region

Europe

33 207

21 266 (64.0) 20 792 (64.2) 474 (57.0)

<.001Asia 6698 (20.2) 6489 (20.0) 209 (25.1)

Australia and New Zealand 5243 (15.8) 5094 (15.7) 149 (17.9)

NIHSS score, median (IQR)a 32 928 9 (5-16) 9 (5-16) 11 (6-17) <.001

Prestroke modified Rankin
Scale score, median (IQR)b

29 059 0 (0-0) 0 (0-0) 0 (0-1) <.001

Systolic blood pressure,
mean (SD), mm Hg

29 178 154 (28) 154 (28) 154 (27) .67

Time from symptom onset
to hospital admission,
median (SD), h

12 179 1.3 (0.8-2.3) 1.3 (0.8-2.3) 1.7 (1.0-2.6) <.001

Blood glucose level, mean
(SD), mg/dL

28 711 133 (48) 133 (48) 133 (45) .77

International normalized
ratio, median (IQR)

17 471 1 (1-1.1) 1 (1-1.1) 1.1 (1.02-1.2) <.001

Risk factors and medicationc

Arterial hypertension 33 000 20 637 (62.5) 20 072 (62.2) 565 (75.1) <.001

Current smoking 30 337 5891 (19.4) 5796 (19.6) 95 (12.8) <.001

History of
hypercholesterolemia

32 941 12 413 (37.7) 12 091 (37.6) 322 (43.2) .002

Diabetes 32 978 6484 (19.7) 6311 (19.6) 173 (23.2) .01

Antiplatelet therapy 29 884 10 471 (35.0) 10 383 (35.7) 88 (11.2) <.001

AF 16 629 4616 (27.8) 4008 (25.1) 608 (90.1) <.001

If taking anticoagulation,
AF as reason for
anticoagulation

1248 1171 (93.8) 609 (90.2) 562 (98.1)

<.001

Type of anticoagulation
used

Dabigatran

33 207

0 0 342 (41)

Rivaroxaban 0 0 258 (31)

Apixaban 0 0 163 (20)

Edoxaban 0 0 68 (8)

DOAC, not specified
which agent

0 0 1 (<1)

Vitamin K antagonists 0 689 (2.1) 0

Presence of large vessel
occlusion

33 069 10 970 (33.2) 10 516 (32.6) 454 (59.0) <.001

Mechanical thrombectomy 32 833 6391 (19.5) 6106 (19.1) 285 (34.3) <.001

Tenecteplase used (instead
of alteplase)

33 199 1276 (3.8) 1225 (3.8) 51 (6.1) <.001

Time from symptom onset
to intravenous thrombolysis,
median (IQR), min

29 717 138 (98-190) 138 (98-190) 153 (110-210) <.001

Abbreviations: AF, atrial fibrillation;
DOAC, direct oral anticoagulant;
NIHSS, National Institutes of Health
Stroke Scale.

SI conversion factor: To convert
glucose to mmol/L, multiply
by 0.0555.
a Scores on the NIHSS range from

0 to 42, with 0 indicating no deficits
and a higher score indicating more
severe neurological deficits.

b Score on the modified Rankin Scale
range from 0 (no symptoms) to
6 (death). Prestroke disability was
assessed by site investigators using
information provided by the
patient, health care records, and/or
family members.

c Risk factors denote known risk
factors according to the medical
history of the patient.
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ment, experienced more severe stroke, and were more likely
to have a large vessel occlusion. Antiplatelet therapy was more
frequent in controls. In patients receiving anticoagulation, AF
was the most common indication. In selected centers that pro-
vided data on patients taking DOAC not receiving IVT (eTable 2
in Supplement 1), 19% (95% CI, 17-20) of IVT-eligible patients
taking DOACs received IVT. The baseline comparison showed
that those not receiving IVT were older, had a higher preva-
lence of vascular risk factors except smoking, had a higher de-
gree of prestroke disability, had a longer time from symptom
onset to admission, experienced less severe stroke, and were

less likely to be treated with mechanical thrombectomy
(eTable 3 in Supplement 1).

Of the patients taking DOACs, 355 (42.7%) were treated
with IVT without measurement of DOAC plasma levels or
administration of DOAC reversal, 252 (30.3%) received DOAC
reversal prior to IVT (all idarucizumab among patients taking
dabigatran), and for 225 (27.0%) of those selected, measure-
ment of DOAC plasma levels was available. Information on
latest ingestion, laboratory values, and details of acute
recanalization treatment according to the selection strate-
gies are presented in Table 2. Patients who had sICH differed

Table 2. Details on Medication, Laboratory Workup, and Acute Recanalization Therapy
According to the Selection Strategy Used

Measure
Total,
No.

No. (%)

P
value

DOAC plasma
levels measured
(n = 225)

Neither known
levels nor
idarucizumab
(n = 355)

Idarucizumab
(n = 252)

Age, median (IQR), y 832 80 (73-87) 79 (72-84) 77 (71-83) .005

Sex

Female
832

111 (49.3) 160 (45.1) 84 (33.3)
<.001

Male 114 (50.7) 195 (54.9) 168 (66.7)

NIHSS score, median (IQR) 828 10 (6-16) 13 (7-18) 10 (6-16) .006

Type of anticoagulation used

Dabigatran

832

15 (6.7) 75 (21.1) 252 (100)

<.001

Rivaroxaban 119 (52.9) 139 (39.2) 0

Apixaban 73 (32.4) 90 (25.4) 0

Edoxaban 18 (8.0) 50 (14.1) 0

DOAC agent not specified 0 1 (0.3) 0

Time from last ingestion to
admission

<12 h

832

39 (17.3) 73 (20.6) 130 (51.6)

<.001
12-24 h 48 (21.3) 78 (22.0) 32 (12.7)

24-48 h 43 (19.1) 59 (16.6) 1 (0.4)

Exact time point unknown
but <48 h

95 (42.2) 145 (40.8) 89 (35.3)

Time from last ingestion to
admission, median (IQR), h

503 14.4 (9-24) 14 (9.51667-25) 7 (4.75-11) <.001

International normalized
ratio, median (IQR)

674 1.1 (1-1.2) 1.1 (1.02-1.2) 1.13 (1.1-1.2) .001

Activated partial thrombin
time, median (IQR), s

664 29 (26-33) 30 (27-34) 37 (29-46) <.001

Thrombin time, median
(IQR), s

260 16.6 (15.2-18.3) 14.6 (11.4-17.4) 81.4 (43.9-120.0) <.001

DOAC plasma level, median
(IQR), ng/mL

244 21 (4.6-46) NA 83 (27-134) NA

Type of intravenous
thrombolysis used

Alteplase
831

223 (99.1) 351 (99.2) 206 (81.7)
<.001

Tenecteplase 2 (0.9) 3 (0.8) 46 (18.3)

Time from symptom onset
to intravenous thrombolysis,
median (IQR), h

632 155 (105-230) 145 (97-190) 159 (120-202) .03

Mechanical thrombectomy 832 79 (35.1) 139 (39.2) 67 (26.6) .005

Time from symptom onset
to groin puncture, median
(IQR), h

199 188 (100-274) 182 (148-225) 296 (205-367) <.001

Symptomatic intracranial
hemorrhage within 36 h

832 7 (3.1) 11 (3.1) 3 (1.2) .27

Any hemorrhagic
transformation within 36 h

784 46 (20.5) 79 (22.3) 16 (7.8) <.001

Abbreviations: DOAC, direct oral
anticoagulant; NA, not applicable;
NIHSS, National Institutes of Health
Stroke Scale.
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significantly from those who did not (eTables 4 and 5 in
Supplement 1).

Primary Outcome
Information on sICH was available for all 832 patients with re-
cent ingestion of DOACs (100%) and 32 035 of 32 375 controls
(98.9%). Overall, 1345 patients (4.1%; 95% CI, 3.9-4.3) devel-
oped sICH within 36 hours after IVT administration. The un-
adjusted rate of sICH was 2.5% (95% CI, 1.6-3.8) in patients tak-
ing DOACs compared with 4.1% (95% CI, 3.9-4.4) in control
patients using no anticoagulants. After adjustment for stroke
severity and other baseline sICH predictors, patients with re-
cent ingestion of DOACs who received IVT had lower odds of
developing sICH (adjusted OR, 0.57; 95% CI, 0.36-0.92;
P = .02). There was no difference between the differing selec-

tion strategies (Table 3), and results were consistent in differ-
ent sensitivity analyses (Table 4; eTable 6 in Supplement 1).

Secondary Outcomes
Overall, 3724 patients (17.5%; 95% CI, 17.0-18.0) developed any
ICH within 36 hours after IVT administration. The unad-
justed rate of any ICH was 18.0% (95% CI, 15.4-20.9) in pa-
tients taking DOACs compared with 17.4% (95% CI, 16.9-18.0)
in control patients who used no anticoagulants. After adjust-
ment, there was no difference in the odds for any ICH be-
tween the groups (adjusted OR, 1.18; 95% CI, 0.95-1.45; P = .14).

Functional outcome at 90 days was known for 664 pa-
tients with recent ingestion of DOACs (79.8%) and 29 026 con-
trols (87.4%) (eTables 7 and 8 in Supplement 1). Patients with
missing outcome data had a similar prognostic profile. Over-

Table 3. Outcomes of Patients With Acute Ischemic Stroke Treated With Intravenous Thrombolysis by Selection Strategy

Outcome
Controls
(n = 32 035)

All patients with
recent ingestion
of DOACs
(n = 832)

DOAC plasma
levels measured
(n = 225)

Idarucizumab
(n = 252)

Neither known levels
nor idarucizumab
(n = 355)

Primary outcome

Symptomatic intracranial hemorrhage
within 36 h, % (95% CI)

4.1 (3.9-4.4) 2.5 (1.6-3.8) 3.1 (1.3-6.3) 1.2 (0.2-3.4) 3.1 (1.6-5.5)

Unadjusted OR (95% CI) NA 0.62 (0.40-0.96) 0.66 (0.31-1.40) 0.30 (0.09-0.92) 0.84 (0.46-1.53)

P value NA .03 .28 .04 .56

Adjusted OR (95% CI) NA 0.57 (0.36-0.92) 0.56 (0.26-1.21) 0.36 (0.09-1.48) 0.66 (0.35-1.25)

P value NA .02 .14 .16 .20

Secondary outcomes

Any hemorrhagic transformation on follow-up
imaging within 36 h, % (95% CI)

17.4 (16.9-18.0) 18.0 (15.4-20.9) 20.5 (15.4-26.4) 7.8 (4.5-12.4) 22.2 (18.0-26.9)

Unadjusted OR (95% CI) NA 1.03 (0.85-1.24) 1.23 (0.89-1.71) 0.38 (0.23-0.63) 1.40 (1.07-1.83)

P value NA .78 .21 <.001 .02

Adjusted OR (95% CI) NA 1.18 (0.95-1.45) 1.13 (0.80-1.59) 0.57 (0.32-1.01) 1.58 (1.16-2.14)

P value NA .14 .49 .06 .003

Functional independence at 90 d, % (95% CI) 57 (56-57) 45 (41-49) 40 (33-47) 54 (46-62) 44 (38-50)

Unadjusted OR (95% CI) NA 0.62 (0.53-0.73) 0.50 (0.37-0.67) 0.91 (0.66-1.25) 0.60 (0.48-0.74)

P value NA <.001 <.001 .55 <.001

Adjusted OR (95% CI) NA 1.13 (0.94-1.36) 0.85 (0.61-1.19) 1.27 (0.84-1.91) 1.29 (0.99-1.68)

P value NA .20 .34 .26 .06

Abbreviations: DOAC, direct oral anticoagulant; NA, not applicable; OR, odds ratio.

Table 4. Prespecified Sensitivity Analyses

Subgroup
Total,
No.

Association of DOAC intake
with sICH <36 h,
adjusted OR (95% CI) P value

Geographical region

Europe 474 0.60 (0.35-1.03) .07

Asia 209 0.63 (0.23-1.74) .37

Australia and New Zealand 149 0.34 (0.04-2.67) .31

Standard Operating Procedure available
at the study center

Yes 729 0.54 (0.32-0.93) .03

No 103 1.19 (0.37-3.83) .77

Documented DOAC plasma levels >100 ng/mL
or proven ingestion <12 h before IVT

Yes 252 0.57 (0.23-1.42) .23

No 580 0.57 (0.33-0.98) .04

Abbreviations: DOAC, direct oral
anticoagulant; IVT, intravenous
thrombolysis; OR, odds ratio;
sICH, symptomatic intracranial
hemorrhage.
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all, 16 765 patients (56.5%; 95% CI, 55.9-57.0) were function-
ally independent at 90 days. The unadjusted rate of func-
tional independence was 45% (95% CI, 41-49) in patients taking
DOACs compared with 57% (95% CI, 56-57) in control pa-
tients who used no anticoagulants. The unadjusted rate of
death was 17.9% (95% CI, 15.1-21.1) in patients taking DOACs
compared with 13.2% (95% CI, 12.8-13.6) in control patients who
used no anticoagulants. After adjustment, patients with re-
cent ingestion of DOACs who underwent IVT had numeri-
cally higher odds of being functionally independent than con-
trols, although this difference did not reach statistical
significance (adjusted OR, 1.13; 95% CI, 0.94-1.36; P = .20).
There was no significant association of DOAC therapy with dis-
ability categories in the ordinal regression shift analysis (ad-
justed OR, 0.96; 95% CI, 0.84-1.11; P = .62), although the point
estimate favored patients with recent ingestion of DOACs.

Exploratory Post Hoc Analyses
The association of DOAC therapy with lower odds of sICH re-
mained consistent when mechanical thrombectomy, large ves-
sel occlusion, or concomitant antiplatelet therapy was added to
the model (eTable 6 in Supplement 1). There was no clear dif-
ference in the primary outcome according to time from last
DOAC ingestion or time window of IVT (eTables 9 and 10 in
Supplement 1). There were no differences regarding the asso-
ciation of Xa inhibitors (adjusted OR, 0.59; 95% CI, 0.34-1.01;
P = .06) and IIa inhibitors (adjusted OR, 0.54; 95% CI, 0.21-
1.32; P = .18) with sICH. The rate of sICH among patients taking
a VKA with an INR of 1.7 or less was 5.0% (95% CI, 3.5-6.9).

Regarding functional outcome, there was no difference be-
tween groups when mechanical thrombectomy was added to
the models for the dichotomized functional independence
(adjusted OR, 1.09; 95% CI, 0.90-1.32; P = .37) and the ordinal
shift analysis (adjusted OR, 1.00; 95% CI, 0.86-1.15; P = .96).
The odds of returning to the baseline mRS were similar be-
tween the 2 groups (OR, 1.02; 95% CI, 0.84-1.24; P = .84). There
was no association of DOAC therapy and death at 3 months
(adjusted OR, 0.97; 95% CI, 0.77-1.23; P = .82).

Discussion
In this international, multicenter, retrospective cohort study
of patients with acute ischemic stroke treated with IVT, the
unadjusted rate of sICH was 2.5% (95% CI, 1.6-3.8) in patients
taking DOACs compared with 4.1% (95% CI, 3.9-4.4) in con-
trol patients using no anticoagulants. After adjustment, re-
cent use of DOACs (within 48 hours) was not associated with
increased risk of sICH, regardless of whether patients were
selected based on DOAC plasma levels, reversal with idaruci-
zumab, or neither of those selection strategies.

A 2020 meta-analysis34 found that prior ingestion of
DOACs appeared not to increase the risk of sICH in selected pa-
tients with ischemic stroke treated with IVT. Consistent with
this observation, a 2022 analysis of the US-based Get With the
Guidelines–Stroke Registry2 found no association of DOAC in-
gestion within the last 7 days before stroke onset and sICH.
However, the major weakness in these studies was inclusion

of only a small proportion of patients with verified ingestion
within the past 48 hours, the time frame within which inter-
national guidelines recommend against IVT.5,35 The Get With
the Guidelines report found that only 2 of 25 patients (8%)
whose last DOAC ingestion was within 48 hours and none of
8 patients with last DOAC ingestion within 24 hours prior to
hospital admission developed sICH.2 Additionally, details on
selection strategies, including plasma level measurements, for
these patients were not provided.36

Therefore, our study specifically addressed the patient
population with documented last DOAC ingestion within the
last 48 hours. IVT remains the cornerstone of recanalization
therapies in patients with ischemic stroke, accompanied by me-
chanical thrombectomy, if indicated.35,37,38 Based on large ret-
rospective observational studies like the current one, several
of the former contraindications, including dual antiplatelet
therapy,39 have been eliminated or have become less strin-
gent (eg, IVT is now not a contraindication in patients who have
recently had VKA treatment if their INR is less than 1.74,40).
Given the reduced risk of sICH in patients taking DOACs com-
pared with VKA in the primary and secondary prophylaxis
setting1 and supporting experimental data,15-18 it is therefore
plausible that DOACs may not truly represent a contraindica-
tion to IVT after all. Given the established benefits of IVT re-
garding functional outcome, this analysis focused on safety,
namely, the risk of sICH, a disabling and feared complication
of IVT. However, this implies the assumption of a similar mag-
nitude of benefit of IVT in patients taking DOACs.

We found a reduced risk of sICH in selected patients with
recent ingestion of DOACs treated with IVT compared with con-
trols, which is perhaps contrary to the perceived risk in this
situation. In fact, the point estimates for all 3 selection strat-
egies indicated lower odds of sICH compared with controls. One
potential explanation for the low incidence of sICH in pa-
tients with recent ingestion of DOACs might be selection bias.
This means that clinicians might only have offered IVT to pa-
tients with recent ingestion of DOACs who had a low probabil-
ity of sICH, ie, earlier treatment window or no severe white mat-
ter hyperintensities. However, the time from symptom onset
to treatment and patient characteristics (eg, older age) do not
support this assumption. Second, residual and unmeasured
confounding might explain the results observed. Although the
lower risk of sICH seen in patients with recent ingestion of
DOACs seems counterintuitive at first glance, there could be
a pathophysiological explanation for this finding. In preclini-
cal experimental stroke, no increased or even a purportedly
lower risk of hemorrhage was found in animal models.15,16,41

Thrombin inhibition, either directly or via the coagulation cas-
cade, might be protective against occurrence of sICH. This hy-
pothesis is supported by a study that found no increased risk
of sICH when IVT was combined with argatroban42 and is
currently being tested in a clinical trial.43 The pathophysiologi-
cal explanation for this might be that (low) DOAC concentra-
tions could potentiate recanalization of the vessel occlusion
and that thrombin inhibition could minimize disruption of
the blood-brain barrier.44 Another explanation is that DOAC
pretreatment might lead to smaller infarcts with lower risk of
hemorrhagic transformation.45
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This raises the question of how to proceed in the face of
this dilemma in which a contraindication has been based on
the eligibility criteria of the IVT trials but without sound pre-
clinical or clinical evidence to support it. One possibility would
be to perform a prospective randomized clinical trial to de-
finitively assess the safety of IVT in patients with recent in-
gestion of DOACs, randomizing patients to receive IVT vs no
IVT. In such a trial with a primary end point of sICH, deter-
mining a predefined upper limit of safety that is accepted by
a large proportion of physicians, patients, and ethics commit-
tees would be challenging since such a trial in patients with
recent ingestion of DOACs would have to enroll several thou-
sand participants to ensure such precision. It is unlikely that
such a trial will take place or be financed, and even if com-
pleted, it would not provide data for several years. We would
also expect a strong inclusion bias, as patients qualifying for
direct endovascular therapy would probably not be included.

With regard to systemic thrombolysis for other indica-
tions, physicians use fibrinolysis for acute myocardial infarc-
tion and pulmonary embolism, even using high doses in com-
bination with intravenous heparin and list oral anticoagulation,
including DOAC therapy, only as a relative contraindication.46,47

Given the established benefits of IVT and the absence of any
signal for harm in our study or in other clinical studies or pre-
clinical investigations, future guideline updates need to re-
consider recent DOAC ingestion as a contraindication to IVT
for acute ischemic stroke.

Strengths and Limitations
The main strength of this study is that it specifically addresses
patients taking DOACs with verified compliance and ingestion
within 48 hours prior to hospital admission. On the other hand,
the exact time point of ingestion was not known for a substan-
tial portion of patients, and there were few patients with very
recent ingestion. Further strengths are the perfect data com-
pleteness for the primary outcome in the DOAC group as well
as almost perfect data quality for the control group.

Nevertheless, there are inherent limitations of the observa-
tional cohort design, including the risk of selection bias. Because
of the nonrandomized setting, there were important baseline dif-
ferences between patients with recent ingestion of DOACs and
controls and potentially unmeasured confounding. The multi-
level mixed-effect logistic regression might hence not have fully
eliminated residual bias. Furthermore, the likely selection bias
toward patients with a low probability for sICH seems especially
relevant in the subgroup of patients who underwent IVT with-
out measurement of DOAC plasma levels being known nor idaru-
cizumab used prior to IVT. The control population was generated
partially in a different time frame and with some additional cen-
ters compared with the DOAC group, and the data quality for pa-
tientstakingDOACsnotreceivingIVTwaslow.TheIVTdosegiven
was somewhat heterogeneous since both Asian (reduced dose)
and other centers worldwide contributed data. There were only
51 patients taking DOACs receiving tenecteplase (all 51 from New
Zealand; 46 received idarucizumab); hence, more data on IVT in
patients taking tenecteplase are needed. However, there was no
signal of heterogeneity present according to the geographic re-
gion. Although no formal power calculation was possible, the
study was probably underpowered to analyze multiple sub-
groups, including selection strategies, and the confidence inter-
vals should hence be interpreted with caution. In the data set,
information on systemic bleedings was not available, but the
functional outcome data does not show evidence for harm over-
all. The baseline and follow-up imaging modality to assess hem-
orrhagic events was unavailable.

Conclusions
In this international cohort study, we found insufficient evi-
dence of excess harm associated with IVT in selected patients
with ischemic stroke with recent DOAC ingestion. This was true
regardless of the selection strategy and is likely consistent with
net benefit of IVT in those patients.
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