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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

wasmore 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 ANDMEASURES Themain outcomewas sICHwithin 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 sICHwith 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 themedian (IQR) age

was 73 (62-80) years. Themedian (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

sICHwas 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, pulmonaryembolism, stable coronaryheart

disease,andperipheralarterydisease). It isestimatedthat since

the transition fromvitaminKantagonists (VKA) toDOACs, ev-

ery sixth patientwith stroke otherwise qualifying for intrave-

nous thrombolysis (IVT)has aprescription forDOACs.2,3As for

VKAwith 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),

butdata to supportor refute thispresumptionare lacking.Data

fromstudies onVKAcannot be translated toDOACs,7-14which

have a 50% lower risk of intracranial hemorrhage compared

withwarfarin.1Furthermore, 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-

tionofpatientswith lowanticoagulantactivityatDOACplasma

levelmeasurement,19orpoint-of-carecoagulationassays,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

strokewith that in controls not takingDOACs and (2) the rela-

tive safety of different selection strategies for IVT in patients

with recent ingestionofDOACs, namelyDOAC-levelmeasure-

ments, DOAC reversal prior to IVT, and patients knowingly

thrombolyzedbutwithoutmeasurementofDOACplasma 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

inpatientswith recent ingestionofDOACs than incontrolswho

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 fromarticles if relevant informationwas

provided. We included publications in English up to July 31,

2021. The identified centers were contacted and invited to

participate.Where legally necessary, enrolledpatients or next

ofkinprovidedwritten informedconsent, andtheprotocolwas

approved by relevant local ethics committees.

Academic investigators undertook the design, data col-

lection, and analysis. The site investigators gathered thedata,

andmonitoringandcentralpoolingwereperformedbythecen-

tral sites. The lead authors (T.R.M., D.W., T.Y.W., J.C.P., and

D.J.S.) hadunrestricted data access, and the analysiswas per-

formedby2 independent clinicianscientists (T.R.M.andD.W.).

Background and details of the study design have been depos-

itedpreviously (CRD42021277825), andthestudy isnowclosed

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 andmechanical thrombectomy 24 hours a

day. Adult patients 18 years andolderwere eligible if theyhad

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, 0.6mg/kgbodyweight in

Japan and0.9mg/kg bodyweight for all other centers; tenect-

eplase, 0.25 mg/kg dose only27). There was no limit with re-

gard to timewindow for IVT.Weexcludedpatientswhose last

knownDOAC ingestionwasmore than48hours 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-

cludedpatientswhohad ischemic stroke treatedwith IVTbut

receivednoprior anticoagulation therapy (ie, noVKAwith 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 inAFor treatment of pulmonary embolismorother

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, apatientwith aphasiapresent-

ing at noon unable to report the exact last ingestion time, but

his wife verified that the blister of this morning was empty).

If thedatawerenot alreadyavailable frompreviouslypub-

lisheddata, local investigators at theparticipating centers con-

ducted retrospective medical record reviews and local data-

bankqueries tocollect standardizedandprespecifiedvariables

using electronic case report forms. According to the availabil-

ity at the specific site, thiswas done for both groups or for pa-

tients in theDOACgrouponly if therewas nopossibility to re-

liably identify controls. Data included patient demographic

characteristics, medical history, antiplatelet treatment, clini-

cal information, laboratoryvalues, and informationon recana-

lization treatments, including the use of IVT andmechanical

thrombectomy as well as details on dose and workflow met-

rics. For patientswith recent ingestion of DOACs treatedwith

IVT, site investigators collected informationonselection strat-

egies, includingDOAC-levelmeasurements, specificDOAC 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 inpatientswith recent ingestionofDOACs and

classified centers accordingly. In patientswho receivedDOAC

reversal,weassumed that thiswas 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.

OutcomeMeasures

The primary binary outcome was sICH defined as any intra-

cranial hemorrhage as reported by the site investigators until

36 hours after IVTwith associated neurological worsening of

at least4pointsontheNational InstitutesofHealthStrokeScale

(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 themRS. ThemRS is a 7-point scale

ofglobaldisability rangingfrom0(nosymptoms) to6(death).30

It was assessed by site investigators during a clinical visit or

a structured telephone interview.

Statistical Analysis

Theanalysis followedapredefinedanalysis plan.Weusedme-

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 regressionanalysis to compareoddsof sICHbe-

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 glucoseplasma 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-

tionas the independentvariable,withcontrols 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-

levelmeasurements,DOACreversal before IVT,patientsknow-

ingly thrombolyzedbutwithoutmeasurementofDOACplasma

levelsor reversal aswell as inadvertent IVTwithDOACusesub-

sequentlydiscovered), the selection strategywas added to the

model as a factor variable.We performed sensitivity analyses

according to (1) geographic location (Asia, Europe, Australia,

andNewZealand), (2) availability of institutional standardop-

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 andordinal regressionanalysiswereused to assess the

association of recent DOAC ingestion with any ICH and func-

tionaloutcomewiththeadjustmentsspecifiedabove.All analy-

seswere performed by 2 clinician scientists (T.R.M. andD.W.)

usingStataversion16 (StataCorp).AllPvaluesare2-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(832whohadtakenaDOACand32375controlswho

did not take DOAC). Demographic and clinical characteristics

of the patients at baseline are shown in Table 1. Of 33 207 in-

cluded patients, 14458 (43.5%) were female, and themedian

(IQR) age was 73 (62-80) years. The median (IQR) National

Institutes of Health Stroke Scale score was 9 (5-16).

Comparedwith controls, patientswith recent ingestionof

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 tommol/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.

bScore on themodified Rankin Scale
range from0 (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 themedical
history of the patient.
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ment, experienced more severe stroke, and were more likely

tohavea largevessel occlusion.Antiplatelet therapywasmore

frequent in controls. In patients receiving anticoagulation,AF

was themost common indication. In selectedcenters thatpro-

videddataonpatients takingDOACnot receiving IVT (eTable2

in Supplement 1), 19% (95%CI, 17-20) of IVT-eligible patients

takingDOACs received IVT. The baseline comparison showed

that those not receiving IVT were older, had a higher preva-

lenceof vascular risk factors except smoking, had ahigher de-

gree of prestroke disability, had a longer time from symptom

onset to admission, experienced less severe stroke, andwere

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 onMedication, LaboratoryWorkup, 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

Informationon sICHwas available for all 832patientswith re-

cent ingestion of DOACs (100%) and 32035 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 rateof sICHwas2.5%(95%CI, 1.6-3.8) inpatients 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). Therewasnodifference between thediffering selec-

tion strategies (Table 3), and results were consistent in differ-

ent sensitivity analyses (Table 4; eTable 6 in Supplement 1).

Secondary Outcomes

Overall, 3724patients (17.5%;95%CI, 17.0-18.0)developedany

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 comparedwith 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-

tweenthegroups (adjustedOR, 1.18;95%CI,0.95-1.45;P = .14).

Functional outcome at 90 days was known for 664 pa-

tientswith recent ingestionofDOACs (79.8%) and29026con-

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 PatientsWith Acute Ischemic Stroke TreatedWith 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 independencewas45%(95%CI,41-49) inpatients 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

comparedwith13.2%(95%CI, 12.8-13.6) incontrolpatientswho

used no anticoagulants. After adjustment, patients with re-

cent ingestion of DOACs who underwent IVT had numeri-

cally higher oddsof 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).

Therewasnosignificant associationofDOACtherapywithdis-

ability categories in the ordinal regression shift analysis (ad-

justedOR,0.96; 95%CI,0.84-1.11;P = .62), although thepoint

estimate favored patients with recent ingestion of DOACs.

Exploratory Post Hoc Analyses

The association of DOAC therapy with lower odds of sICH re-

mainedconsistentwhenmechanical thrombectomy, largeves-

selocclusion,or concomitantantiplatelet therapywasaddedto

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 rateof sICHamongpatients taking

a VKAwith an INR of 1.7 or less was 5.0% (95% CI, 3.5-6.9).

Regarding functionaloutcome, therewasnodifferencebe-

tween groupswhenmechanical thrombectomywas added to

the models for the dichotomized functional independence

(adjustedOR, 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-

tweenthe2groups (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 sICHwas 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

DOACsappearednot to increase the riskof sICH in selectedpa-

tients with ischemic stroke treated with IVT. Consistent with

this observation, a 2022 analysis of theUS-basedGetWith the

Guidelines–StrokeRegistry2 foundnoassociationofDOAC 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.5,35TheGetWith

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, includingplasma levelmeasurements, 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 inpatientswith ischemicstroke,accompaniedbyme-

chanical thrombectomy, if indicated.35,37,38Basedon 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 isnownotacontraindication inpatientswhohave

recently had VKA treatment if their INR is less than 1.74,40).

Given the reduced risk of sICH in patients takingDOACs com-

pared with VKA in the primary and secondary prophylaxis

setting1 and supporting experimental data,15-18 it is therefore

plausible that DOACsmay 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 assumptionof a similarmag-

nitude of benefit of IVT in patients taking DOACs.

We found a reduced risk of sICH in selected patients with

recent ingestionofDOACstreatedwith IVTcomparedwithcon-

trols, which is perhaps contrary to the perceived risk in this

situation. In fact, the point estimates for all 3 selection strat-

egies indicated loweroddsofsICHcomparedwithcontrols.One

potential explanation for the low incidence of sICH in pa-

tientswith recent ingestion ofDOACsmight be selection bias.

Thismeans that cliniciansmight only have offered IVT to pa-

tientswith recent ingestionofDOACswhohada lowprobabil-

ityof sICH, ie,earlier treatmentwindowornoseverewhitemat-

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

confoundingmight 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, eitherdirectlyorvia the coagulationcas-

cade,might beprotective against occurrenceof sICH.This hy-

pothesis is supported by a study that found no increased risk

of sICH when IVT was combined with argatroban42 and is

currentlybeing tested inaclinical trial.43Thepathophysiologi-

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

pretreatmentmight 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.Onepossibilitywould

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 DOACswould 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. Wewould

also expect a strong inclusion bias, as patients qualifying for

direct endovascular therapywould probably not be included.

With regard to systemic thrombolysis for other indica-

tions, physicians use fibrinolysis for acutemyocardial infarc-

tion andpulmonary embolism, evenusinghighdoses in com-

binationwith intravenousheparinand listoral anticoagulation,

includingDOACtherapy,onlyasarelativecontraindication.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

Themain strength of this study is that it specifically addresses

patients taking DOACswith verified compliance and ingestion

within48hoursprior tohospital admission.Ontheotherhand,

the exact timepoint of ingestionwas 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, thereare inherent limitationsof theobserva-

tionalcohortdesign, includingtheriskofselectionbias.Because

ofthenonrandomizedsetting,therewereimportantbaselinedif-

ferences betweenpatientswith recent ingestion of DOACs and

controls andpotentially unmeasured confounding. Themulti-

levelmixed-effect logistic regressionmighthencenothavefully

eliminated residual bias. Furthermore, the likely selectionbias

towardpatientswitha lowprobability forsICHseemsespecially

relevant in the subgroupof patientswhounderwent IVTwith-

outmeasurementofDOACplasmalevelsbeingknownnor idaru-

cizumabusedpriortoIVT.Thecontrolpopulationwasgenerated

partially inadifferent timeframeandwithsomeadditionalcen-

terscomparedwiththeDOACgroup,andthedataquality forpa-

tientstakingDOACsnotreceivingIVTwaslow.TheIVTdosegiven

was somewhatheterogeneous sincebothAsian (reduceddose)

andothercentersworldwidecontributeddata.Therewereonly

51patients takingDOACsreceivingtenecteplase (all51 fromNew

Zealand;46received idarucizumab);hence,moredataonIVTin

patients taking tenecteplaseareneeded.However, therewasno

signal of heterogeneitypresent according to thegeographic re-

gion. Although no formal power calculation was possible, the

study was probably underpowered to analyze multiple sub-

groups, includingselectionstrategies, andtheconfidence inter-

vals should hence be interpretedwith caution. In the data set,

information on systemic bleedings was not available, but the

functionaloutcomedatadoesnotshowevidenceforharmover-

all.Thebaselineandfollow-up imagingmodality toassesshem-

orrhagic eventswas unavailable.

Conclusions

In this international cohort study, we found insufficient evi-

dence of excess harmassociatedwith IVT in selected patients

with ischemicstrokewith recentDOACingestion.Thiswas true

regardlessof the selectionstrategyand is likely consistentwith

net benefit of IVT in those patients.

ARTICLE INFORMATION

Accepted for Publication:October 21, 2022.

Published Online: January 3, 2023.
doi:10.1001/jamaneurol.2022.4782

Correction: This article was corrected on February
6, 2023, to fix the spelling of Shinichi Wada’s name,
add themiddle initial to Espen S. Kristoffersen’s
name, correct the affiliations of Macha and
Kallmünzer as well as Salerno andMichel, and
correct the number of patients in the vitamin K
antagonists row in Table 1.

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2023Meinel TR et al. JAMA Neurology.

Author Affiliations: Stroke Research Center Bern,
Department of Neurology, Inselspital, Bern
University Hospital, University of Bern, Switzerland
(Meinel, Arnold, Fischer, Seiffge); Department of
Neurology, Christchurch Hospital, Christchurch,
New Zealand (Wilson, Wu); New Zealand Brain
Research Institute, Christchurch, New Zealand
(Wilson, Wu); Stroke Center, Department of
Neurology, University Hospital Basel, Basel,

Switzerland (Gensicke, Altersberger, Fischer);
Neurology and Neurorehabilitation, University
Department of Geriatric Medicine Felix Platter,
University of Basel, Basel, Switzerland (Gensicke);
Department of Neurology, Berlin Institute of
Health, Charité–Universitätsmedizin Berlin,
Berlin, Germany (Scheitz); German Center for
Cardiovascular Research Partner Site Berlin,
Germany (Scheitz); Center for Stroke Research
Berlin, Charité–Universitätsmedizin Berlin, Berlin,
Germany (Scheitz); Department of Neurology,
Heidelberg University Hospital, Heidelberg,
Germany (Ringleb, Goganau, Veltkamp, Purrucker);
Institute of Diagnostic and Interventional
Neuroradiology, Stroke Research Center Bern,
Inselspital, Bern University Hospital, University of
Bern, Switzerland (Kaesmacher); Department of
Neurology, Cerebrovascular Disease Center,
Seoul National University Bundang Hospital,
Seoul National University College of Medicine,
Seongnam-si, South Korea (Bae, Kim); Department
of Neurology, Friesland Kliniken, Sande, Germany
(Kermer); Department of Neurology, University
Medicine Göttingen, Göttingen, Germany (Kermer);

Department of Neurology, NipponMedical School,
Tokyo, Japan (Suzuki, Kimura); Department of
Neurology, Universitätsklinikum Erlangen,
Friedrich-Alexander-Universität
Erlangen-Nürnberg, Erlangen, Germany (Macha);
Department of Cerebrovascular Medicine, National
Cerebral and Cardiovascular Center, Osaka, Japan
(Koga, Wada); Stroke Center, Neurology Service,
Department of Clinical Neurosciences, Lausanne
University Hospital and University of Lausanne,
Lausanne, Switzerland (Salerno); Department of
Neurology, Royal Adelaide Hospital, Adelaide,
Australia (Palanikumar); IRCCS Istituto Delle
Scienze Neurologiche Di Bologna, Department of
Neurology and Stroke Center, Maggiore Hospital,
Bologna, Italy (Zini, Forlivesi); Department of
Neurology, University Hospital, LMUMunich,
Munich, Germany (Kellert, Wischmann);
Department of Neurology, Akershus University
Hospital, Lørenskog, Norway (Kristoffersen);
Department of General Practice, Institute of
Health and Society (HELSAM), University of Oslo,
Oslo, Norway (Kristoffersen); Department of
Medicine and Neurology, Melbourne Brain Centre

Research Original Investigation Intravenous Thrombolysis in Patients With Ischemic Stroke and Recent Ingestion of Direct Oral Anticoagulants

240 JAMANeurology March 2023 Volume 80, Number 3 (Reprinted) jamaneurology.com

Downloaded from jamanetwork.com by UZH Hauptbibliothek / Zentralbibliothek Zuerich user on 01/16/2024



at The Royal Melbourne Hospital, University of
Melbourne, Parkville, Australia (Beharry);
Department of Medicine, Auckland University,
Auckland, New Zealand (Barber, Hong); Stroke
Center and Department of Neurology, Neurocenter
of Southern Switzerland, Lugano, Switzerland
(Cereda); Klinik und Poliklinik Für Neurologie, Kopf,
und Neurozentrum, Universitätsklinikum
Hamburg-Eppendorf, Hamburg, Germany
(Schlemm); Department of Neurology Kansai
Medical University, Hirakata, Japan (Yakushiji);
Department of Neurology and Stroke, University of
Tübingen, Tübingen, Germany (Poli);
Hertie-Institute for Clinical Brain Research,
University of Tübingen, Tübingen, Germany (Poli);
Department of Neurology, Hadassah-Hebrew
University Medical Center, Jerusalem, Israel (Leker);
Neurology and Stroke Unit, Department of
Neuroscience, Bufalini Hospital, Cesena, Italy
(Romoli); Neurology Unit, Stroke Unit, Azienda
Unità Sanitaria Locale-IRCCS di Reggio Emilia,
Reggio Emilia, Italy (Zedde); Neurology, University
of Helsinki and Helsinki University Hospital,
Helsinki, Finland (Curtze); Department of
Neurology, School of Medicine, Klinikum rechts der
Isar, Technical University of Munich, Munich,
Germany (Ikenberg); Department of Neurology,
University Medical Center of the Johannes
Gutenberg University Mainz, Germany (Uphaus);
Division of Neurology and Stroke Unit, Department
of Neurology, Gubbio and Città di Castello Hospital,
Perugia, Italy (Giannandrea); Department of
Neurology, Stroke Unit, Hospital Universitari
Bellvitge, Barcelona, Spain (Portela); Klinik für
Neurologie, Alfried Krupp Krankenhaus, Essen,
Germany (Veltkamp); Department of Brain
Sciences, Imperial College London, London,
United Kingdom (Veltkamp); Department of
Medicine, University of Otago, Wellington,
New Zealand (Ranta); Department of Neurology,
Capital and Coast District Health Board,
Wellington, New Zealand (Ranta); Department of
Neurology, Dong-A University Hospital, Busan,
South Korea (Cha).

TheDOAC-IVTWriting Group:Georg Kägi, MD;
Stefan Engelter, MD; Christian H. Nolte, MD; Bernd
Kallmünzer, MD; Patrik Michel, MD; Timothy J.
Kleinig, PhD; John Fink, MD; Ole Morten Rønning,
MD, PhD; Bruce Campbell, PhD; Paul J. Nederkoorn,
MD; Götz Thomalla, MD; Takenobu Kunieda, MD;
Khouloud Poli, MD; Yannick Béjot, MD; Yannie Soo,
MD; Carlos Garcia-Esperon, MD; Georges Ntaios,
MD; Charlotte Cordonnier, MD; João PedroMarto,
MD; Guido Bigliardi, MD; François Lun, MD; Philip
M. C. Choi, MD; Thorsten Steiner, MD, MME; Xavier
Ustrell, MD; DavidWerring, PhD; SusanneWegener,
MD; Alessandro Pezzini, MD; Houwei Du, MD; Joan
Martí-Fàbregas, MD; David Cánovas-Vergé, MD;
Daniel Strbian, MD; Visnja Padjen, MD; Shadi Yaghi,
MD; Christoph Stretz, MD; Joon-Tae Kim, MD.

Affiliations of TheDOAC-IVTWriting Group:

Stroke Research Center Bern, Department of
Neurology, Inselspital, Bern University Hospital,
University of Bern, Switzerland (Kägi); Stroke
Center, Department of Neurology, University
Hospital Basel, Basel, Switzerland (Engelter);
Neurology and Neurorehabilitation, University
Department of Geriatric Medicine Felix Platter,
University of Basel, Basel, Switzerland (Engelter);
Department of Neurology, Berlin Institute of
Health, Charité–Universitätsmedizin Berlin, Berlin,
Germany (Nolte); Center for Stroke Research Berlin,
Charité–Universitätsmedizin Berlin, Berlin,

Germany (Nolte); Department of Neurology,
Universitätsklinikum Erlangen,
Friedrich-Alexander-Universität
Erlangen-Nürnberg, Erlangen, Germany
(Kallmünzer); Stroke Center, Neurology Service,
Department of Clinical Neurosciences, Lausanne
University Hospital and University of Lausanne,
Lausanne, Switzerland (Michel); Department of
Neurology, Royal Adelaide Hospital, Adelaide,
Australia (Kleinig); Department of Neurology,
Akershus University Hospital, Lørenskog, Norway
(Rønning); Department of Medicine and Neurology,
Melbourne Brain Centre at The Royal Melbourne
Hospital, University of Melbourne, Parkville,
Australia (Campbell); Klinik und Poliklinik Für
Neurologie, Kopf, und Neurozentrum,
UniversitätsklinikumHamburg-Eppendorf,
Hamburg, Germany (Thomalla); Department of
Neurology Kansai Medical University, Hirakata,
Japan (Kunieda); Department of Neurology and
Stroke, University of Tübingen, Tübingen, Germany
(Poli); Hertie-Institute for Clinical Brain Research,
University of Tübingen, Tübingen, Germany (Poli);
Department of Neurology, Cantonal Hospital,
St Gallen, Switzerland (Kägi); Berlin Institute of
Health at Charité–Universitätsmedizin Berlin,
Berlin, Germany (Nolte); German Center for
Cardiovascular Research Partner Site Berlin,
Berlin, Germany (Nolte); German Center for
Neurodegenerative Diseases Partner Site Berlin,
Berlin, Germany (Nolte); Department of Neurology,
Canterbury District Health Board, Christchurch,
New Zealand (Fink); Department of Neurology,
AmsterdamUMC, Location AMC, University of
Amsterdam, Amsterdam, the Netherlands
(Nederkoorn); Department of Neurology, University
Hospital Dijon, Dijon, France (Béjot); Division of
Neurology, Department of Medicine and
Therapeutics Faculty of Medicine, The Chinese
University of Hong Kong, Hong Kong Special
Administrative Region, China (Soo); John Hunter
Hospital, Newcastle, Australia (Garcia-Esperon);
Hunter Medical Research Institute, University of
Newcastle, Newcastle, Australia (Garcia-Esperon);
Department of Internal Medicine, Faculty of
Medicine, School of Health Sciences, University of
Thessaly, Larissa, Greece (Ntaios); Lille
Neuroscience and Cognition Research Center,
INSERM, CHU Lille, Lille, France (Cordonnier);
Department of Neurology, Hospital de Egas Moniz,
Centro Hospitalar Lisboa Ocidental, Lisbon,
Portugal (Marto); Department of Neurology,
University Hospital Modena, Modena, Italy
(Bigliardi); Department of Neurology, GHU Paris
Psychiatrie et Neurosciences, Université de Paris,
Paris, France (Lun); Department of Neuroscience,
Eastern Health, Eastern Health Clinical School,
Monash University, Melbourne, Australia (Choi);
Department of Neurology, Klinikum Frankfurt
Höchst, Frankfurt amMain, Germany (Steiner);
Department of Neurology, Universität Heidelberg,
Heidelberg, Germany (Steiner); Stroke Unit,
Neurology Department, Hospital Universitari Joan
XXIII, Tarragona, Spain (Ustrell); Stroke Research
Centre, UCL Queen Square Institute of Neurology,
University College London, London, United
Kingdom (Werring); Department of Neurology,
University Hospital Zurich, University of Zurich,
Zurich, Switzerland (Wegener); Department of
Clinical and Experimental Sciences, Neurology
Clinic, University of Brescia, Neurology Unit,
ASST Spedali Civili, Brescia, Italy (Pezzini);
Department of Neurology, Fujian Medical University

Union Hospital, Fuzhou, China (Du); Institute of
Clinical Neurology, Fujian Medical University,
Fuzhou, China (Du); Stroke Unit, Department of
Neurology, Institute of Biomedical Research Sant
Pau, Hospital de la Santa Creu i Sant Pau, Barcelona,
Spain (Martí-Fàbregas); Neurology Department,
Hospital Parc Tauli, Sabadell, Spain
(Cánovas-Vergé); Department of Neurology,
Helsinki University Hospital, University of Helsinki,
Helsinki, Finland (Strbian); Neurology Clinic,
Clinical Centre of Serbia, Faculty of Medicine,
University of Belgrade, Belgrade, Serbia (Padjen);
Department of Neurology, TheWarren Alpert
Medical School of Brown University, Providence,
Rhode Island (Yaghi, Stretz); Department of
Neurology, ChonnamNational University Hospital,
Gwangju, South Korea (Kim).

Author Contributions:Drs Meinel and Seiffge had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Meinel andWilson
are co–first authors. Drs Wu, Purrucker, and Seiffge
are co–last authors.
Study concept and design: Meinel, Wilson, Kimura,
Fink, Kristoffersen, Choi, Strbian, Padjen, Engelter,
Wu, Purrucker, Seiffge.
Acquisition, analysis, or interpretation of data:
Meinel, Wilson, Gensicke, Scheitz, Nolte, Ringleb,
Goganau, Kaesmacher, Bae, D. Kim, Kermer, Suzuki,
Kallmünzer, Macha, Koga, Wada, Altersberger,
Michel, Salerno, Kleinig, Palanikumar, Fink, Kägi,
Zini, Forlivesi, Kellert, Wischmann, Kristoffersen,
Rønning, Campbell, Beharry, Nederkoorn, Barber,
Hong, Cereda, Thomalla, Schlemm, Yakushiji,
Kunieda, S. Poli, K. Poli, Leker, Romoli, Zedde,
Curtze, Ikenberg, Béjot, Soo, Garcia-Esperon,
Ntaios, Cordonnier, Marto, Bigliardi, Lun, Uphaus,
Steiner, Ustrell, Werring, Wegener, Pezzini, Du,
Giannandrea, Portela, Martí-Fàbregas,
Cánovas-Vergé, Veltkamp, Strbian, Ranta, Arnold,
Fischer, Yaghi, Stretz, Cha, J. Kim, Wu, Seiffge.
Drafting of the manuscript: Meinel, Wilson,
Kimura, Wada, Palanikumar, K. Poli, Choi, Wu,
Purrucker, Seiffge.
Critical revision of the manuscript for important

intellectual content: Wilson, Gensicke, Scheitz,
Nolte, Ringleb, Goganau, Kaesmacher, Bae, D. Kim,
Kermer, Suzuki, Kallmünzer, Macha, Koga,
Altersberger, Michel, Salerno, Kleinig, Fink, Kägi,
Zini, Forlivesi, Kellert, Wischmann, Kristoffersen,
Rønning, Campbell, Beharry, Nederkoorn, Barber,
Hong, Cereda, Thomalla, Schlemm, Yakushiji,
Kunieda, S. Poli, Leker, Romoli, Zedde, Curtze,
Ikenberg, Béjot, Soo, Garcia-Esperon, Ntaios,
Cordonnier, Marto, Bigliardi, Lun, Uphaus, Steiner,
Ustrell, Werring, Wegener, Pezzini, Du,
Giannandrea, Portela, Martí-Fàbregas,
Cánovas-Vergé, Veltkamp, Strbian, Ranta, Arnold,
Fischer, Padjen, Yaghi, Stretz, Cha, J. Kim, Engelter,
Wu, Purrucker, Seiffge.
Statistical analysis: Meinel, Wilson, Wada, Wu,
Seiffge.
Obtained funding: Meinel, Strbian, Wu, Seiffge.
Administrative, technical, or material support:
Meinel, Gensicke, Nolte, Bae, D. Kim, Suzuki,
Kimura, Kallmünzer, Palanikumar, Kristoffersen,
Rønning, Beharry, Thomalla, Kunieda, Leker,
Ikenberg, Béjot, Garcia-Esperon, Cordonnier, Lun,
Choi, Uphaus, Ustrell, Wegener, Giannandrea,
Portela, Strbian, Ranta, Wu, Purrucker, Seiffge.
Study supervision: Meinel, Nolte, D. Kim, Koga,
Michel, Kleinig, Kägi, Kellert, Cereda, Yakushiji,
Cordonnier, Bigliardi, Ustrell, Martí-Fàbregas,

Intravenous Thrombolysis in Patients With Ischemic Stroke and Recent Ingestion of Direct Oral Anticoagulants Original Investigation Research

jamaneurology.com (Reprinted) JAMANeurology March 2023 Volume 80, Number 3 241

Downloaded from jamanetwork.com by UZH Hauptbibliothek / Zentralbibliothek Zuerich user on 01/16/2024



Strbian, Arnold, Padjen, J. Kim, Engelter, Wu,
Purrucker, Seiffge.

Conflict of Interest Disclosures:DrMeinel
reported grants from Bangerter-Rhyner Foundation
during the conduct of the study. Dr Gensicke
reported personal fees from Daiichi Sankyo,
Bristol Myers Squibb/Pfizer, and AbbVie and grants
from Swiss National Science Foundation outside the
submitted work. Dr Scheitz reported personal fees
from AstraZeneca outside the submitted work.
Dr Nolte reported grants from the GermanMinistry
of Research and Education, German Center for
Neurodegenerative Diseases, and German Center
for Cardiovascular Research as well as personal
fees from Abbott, Boehringer Ingelheim, Alexion,
Bayer Pharma, Bristol Myers Squibb, Daiichi Sankyo,
and Pfizer Pharma outside the submitted work.
Dr Ringleb reported personal fees from Boehringer
Ingelheim, Bayer, Pfizer, and Daiichi Sankyo outside
the submitted work. Dr Kaesmacher reported
grants from Swiss National Science Foundation,
Inselspital, Swiss Academy of Medical Sciences,
and Swiss Stroke Society outside the submitted
work. Dr Bae reported grants from AstraZeneca,
AstraZeneca Korea, Bayer Korea, Boehringer
Ingelheim Korea, Bristol Myers Squibb, Chong Gun
Dang Pharmaceutical, Daiichi Sankyo, Dong-A ST,
GNT Pharma, Jeil Pharmaceutical, Korean Drug Co,
Samjin Pharm, Shinpoong Pharm Co, Takeda
Pharmaceuticals Korea, and Yuhan Corporation as
well as personal fees from Amgen Korea, Hanmi
Pharmaceutical, Otsuka Korea, SK Chemicals,
and Viatris Korea outside the submitted work.
Dr Kermer reported personal fees from Boehringer
Ingelheim, Bayer, Daiichi Sankyo, and Bristol Myers
Squibb outside the submitted work. Dr Kimura
reported personal fees from Bristol Myers Squibb,
Bayer Healthcare, and Daiichi Sankyo, grants from
Nippon Boehringer Ingelheim, Daiichi Sankyo, and
Pfizer Japan during the conduct of the study, and
grants fromMedtronic and Teijin Pharma outside
the submitted work. Dr Kallmuenzer reported
personal fees from Daiichi Sankyo, Pfizer, Bayer,
Boehringer Ingelheim, andMedtronic outside the
submitted work. Dr Koga reported personal fees
from Daiichi Sankyo as well as grants from Daiichi
Sankyo, Nippon Boehringer Ingelheim, and
Shionogi outside the submitted work. Dr Michel
reported grants from Swiss Heart Foundation and
Swiss National Science Foundation outside the
submitted work. Dr Kleinig reported nonfinancial
support from Boehringer Ingelheim outside the
submitted work. Dr Zini reported personal fees
from Boehringer Ingelheim, Alexion, and CLS
Behring as well as grants from Italian Health
Ministry. Dr Kellert reported grants from Boehringer
Ingelheim as well as personal fees from Alexion,
Bayer Vital, Boehringer Ingelheim, Bristol Myers
Squibb, Daiichi Sankyo, Pfizer, and AstraZeneca
outside the submitted work. Dr Barber reported
personal fees from Boehringer Ingelheim outside
the submitted work. Dr Thomalla reported personal
fees from Acandis, Alexion, Amarin, Bayer,
Boehringer Ingelheim, Bristol Myers Squibb/Pfizer,
Daiichi Sankyo, Stryker, and Portola outside the
submitted work. Dr S. Poli reported grants from
Bristol Myers Squibb/Pfizer, Daiichi Sankyo,
European Union, German Federal Joint Committee
Innovation Fund, and German Federal Ministry of
Education and Research; nonfinancial support from
Boehringer Ingelheim, Helena Laboratories, and
Werfen; and personal fees from Alexion,
AstraZeneca, Bayer, Boehringer Ingelheim, Bristol

Myers Squibb/Pfizer, Daiichi Sankyo, Portola, and
Werfen outside the submitted work. Dr Béjot
reported personal fees from Boehringer Ingelheim,
Bristol Myers Squibb, Pfizer, Amgen, Servier,
Medtronic, and Novo Nordisk outside the
submitted work. Dr Garcia-Esperon reported
personal fees from Boehringer Ingelheim and Bayer.
Dr Cordonnier reported grants from French
Ministry of Health and personal fees from Bristol
Myers Squibb outside the submitted work.
Dr Uphaus reported personal fees fromMerck
Serono, Pfizer, and Bristol Myers Squibb as well as
grants from Else Kröner-Fresenius Stiftung and
the German Research Foundation outside the
submitted work. Dr Steiner has received personal
fees from Bayer, Boehringer Ingelheim,
AstraZeneca/Alexion, Daiichi Sankyo, and Pfizer.
Dr Werring reported personal fees from Bayer,
Novo Nordisk, and Alexion outside the submitted
work. DrWegener reported grants from Swiss
National Science Foundation, UZH Clinical Research
Priority Program Stroke, and Baugarten Foundation
during the conduct of the study; grants from Zurich
Neuroscience Center; and personal fees from
Amgen, Springer, Teva Pharma, Bayer, and Novartis
outside the submitted work. Dr Martí-Fàbregas
reported personal fees from Pfizer and Daichii
Sankyo outside the submitted work. Dr Veltkamp
reported grants from the NIHR Imperial Biomedical
Research Centre, European Union Horizon 2020,
Boehringer Ingelheim, Bayer, Daiichi Sankyo, Bristol
Myers Squibb, Pfizer, Medtronic, and Biogen as
well as personal fees from AstraZeneca, Bayer,
Boehringer Ingelheim, Bristol Myers Squibb, Pfizer,
Daichi Sankyo, Portola, Biogen, Medtronic,
Morphosys, and Amgen outside the submitted
work. Dr Strbian reported grants from Boehringer
Ingelheim. Dr Ranta reported grants fromHealth
Research Council of New Zealand andWhatu Ora
Health NZ outside the submitted work. Dr Arnold
reported AstraZeneca, Amgen, Bayer, Boehringer
Ingelheim, Bristol Myers Squibb, Covidien, Daiichi
Sankyo, Medtronic, Pfizer, Sanofi, and Novartis as
well as grants from Swiss Heart Foundation and
Swiss National Science Foundation outside the
submitted work. Dr Fischer reported grants from
the Swiss National Science Foundation, Swiss Heart
Foundation, andMedtronic as well as personal
fees from CSL Behring, Boehringer Ingelheim,
Medtronic, Styker, and Portola/Alexion outside the
submitted work. Dr Padjen reported grants from
Pfizer, Stago, Daiichi Sankyo, University Hospital
Basel, University Hospital for Geratric Medicine
Felix Platter, Swiss Heart Foundation, and Swiss
National Science Foundation; personal fees from
Boehringer Ingelheim, Pfizer, Medtronic, Bayer,
Daiichi Sankyo, Bristol Myers Squibb, and
MindMaze outside the submitted work; and serves
on the editorial board of Stroke. Dr Engelter
reported grants from Daiichi Sankyo outside the
submitted work. Dr Purrucker reported personal
fees from Pfizer, Boehringer Ingelheim, Akcea,
Abbott, Daiichi Sankyo, and Bayer outside the
submitted work. Dr Seiffge reported grants from
Bangerter Rhyner Foundation during the conduct
of the study; personal fees from Bayer, Alexion,
and VarmX outside the submitted work. No other
disclosures were reported.

Funding/Support: The study was supported by
a grant from the Bangerter-Rhyner Foundation.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and

interpretation of the data; preparation, review, or
approval of themanuscript; and decision to submit
themanuscript for publication.

Group Information:Members of the International
DOAC-IVT, TRISP, and CRCS-K-NIH Collaboration
appear in Supplement 2.

Data Sharing Statement: See Supplement 3.

Additional Contributions: English language and
editing support was provided by Susan Kaplan,
MSc, University Hospital Bern, Bern, Switzerland.
She was not compensated for her contribution.

REFERENCES

1. Ruff CT, Giugliano RP, Braunwald E, et al.
Comparison of the efficacy and safety of new oral
anticoagulants with warfarin in patients with atrial
fibrillation: a meta-analysis of randomised trials.
Lancet. 2014;383(9921):955-962. doi:10.1016/S0140-
6736(13)62343-0

2. KamW, Holmes DN, Hernandez AF, et al.
Association of recent use of non–vitamin K
antagonist oral anticoagulants with intracranial
hemorrhage among patients with acute ischemic
stroke treated with alteplase. JAMA. 2022;327(8):
760-771. doi:10.1001/jama.2022.0948

3. Meinel TR, Branca M, DeMarchis GM, et al;
Investigators of the Swiss Stroke Registry. Prior
anticoagulation in patients with ischemic stroke
and atrial fibrillation. Ann Neurol. 2021;89(1):42-53.
doi:10.1002/ana.25917

4. Xian Y, Liang L, Smith EE, et al. Risks of
intracranial hemorrhage among patients with acute
ischemic stroke receiving warfarin and treated with
intravenous tissue plasminogen activator. JAMA.
2012;307(24):2600-2608. doi:10.1001/jama.2012.
6756

5. PowersWJ, Rabinstein AA, Ackerson T, et al.
Guidelines for the early management of patients
with acute ischemic stroke: 2019 update to the
2018 guidelines for the early management of
acute ischemic stroke: a guideline for healthcare
professionals from the American Heart
Association/American Stroke Association. Stroke.
2019;50(12):e344-e418. doi:10.1161/STR.
0000000000000211

6. Berge E, WhiteleyW, Audebert H, et al.
European Stroke Organisation (ESO) guidelines
on intravenous thrombolysis for acute ischaemic
stroke. Eur Stroke J. 2021;6(1):I-LXII. doi:10.1177/
2396987321989865

7. Beharry J, Waters MJ, Drew R, et al. Dabigatran
reversal before intravenous tenecteplase in acute
ischemic stroke. Stroke. 2020;51(5):1616-1619.
doi:10.1161/STROKEAHA.119.028327

8. Barber PA, Wu TY, Ranta A. Stroke reperfusion
therapy following dabigatran reversal with
idarucizumab in a national cohort. Neurology.
2020;94(19):e1968-e1972. doi:10.1212/WNL.
0000000000009155

9. Kermer P, Eschenfelder CC, Diener HC, et al.
Antagonizing dabigatran by idarucizumab in cases
of ischemic stroke or intracranial hemorrhage in
Germany: a national case collection. Int J Stroke.
2017;12(4):383-391. doi:10.1177/1747493017701944

10. Küpper C, Feil K, Klein M, et al. Idarucizumab
administration in emergency situations: the Munich
Registry of Reversal of Pradaxa in Clinical Routine
(MR REPAIR). J Neurol. 2019;266(11):2807-2811.
doi:10.1007/s00415-019-09492-w

11. Pretnar Oblak J, Sabovic M, Frol S. Intravenous
thrombolysis after idarucizumab application in
acute stroke patients: a potentially increased

Research Original Investigation Intravenous Thrombolysis in Patients With Ischemic Stroke and Recent Ingestion of Direct Oral Anticoagulants

242 JAMANeurology March 2023 Volume 80, Number 3 (Reprinted) jamaneurology.com

Downloaded from jamanetwork.com by UZH Hauptbibliothek / Zentralbibliothek Zuerich user on 01/16/2024



sensitivity of thrombi to lysis? J Stroke Cerebrovasc
Dis. 2019;28(3):768-773. doi:10.1016/j.
jstrokecerebrovasdis.2018.11.019

12. Giannandrea D, Caponi C, Mengoni A, et al.
Intravenous thrombolysis in stroke after dabigatran
reversal with idarucizumab: case series and
systematic review. J Neurol Neurosurg Psychiatry.
2019;90(5):619-623. doi:10.1136/jnnp-2018-318658

13. Šaňák D, Jakubíček S, Černík D, et al.
Intravenous thrombolysis in patients with acute
ischemic stroke after a reversal of dabigatran
anticoagulation with idarucizumab: a real-world
clinical experience. J Stroke Cerebrovasc Dis. 2018;
27(9):2479-2483. doi:10.1016/j.jstrokecerebrovasdis.
2018.05.004

14. Fang CW, Tsai YT, Chou PC, et al. Intravenous
thrombolysis in acute ischemic stroke after
idarucizumab reversal of dabigatran effect: analysis
of the cases from Taiwan. J Stroke Cerebrovasc Dis.
2019;28(3):815-820. doi:10.1016/j.
jstrokecerebrovasdis.2018.11.029

15. Ploen R, Sun L, ZhouW, et al. Rivaroxaban does
not increase hemorrhage after thrombolysis in
experimental ischemic stroke. J Cereb Blood Flow
Metab. 2014;34(3):495-501. doi:10.1038/jcbfm.
2013.226

16. Sun L, ZhouW, Ploen R, ZornM, Veltkamp R.
Anticoagulation with dabigatran does not increase
secondary intracerebral haemorrhage after
thrombolysis in experimental cerebral ischaemia.
Thromb Haemost. 2013;110(1):153-161. doi:10.1160/
TH12-12-0942

17. Pfeilschifter W, Bohmann F, Baumgarten P, et al.
Thrombolysis with recombinant tissue plasminogen
activator under dabigatran anticoagulation in
experimental stroke.AnnNeurol. 2012;71(5):624-633.
doi:10.1002/ana.23558

18. Pfeilschifter W, Spitzer D, Czech-Zechmeister B,
Steinmetz H, Foerch C. Increased risk of
hemorrhagic transformation in ischemic stroke
occurring during warfarin anticoagulation: an
experimental study in mice. Stroke. 2011;42(4):1116-
1121. doi:10.1161/STROKEAHA.110.604652

19. Seiffge DJ, Traenka C, Polymeris AA, et al.
Intravenous thrombolysis in patients with stroke
taking rivaroxaban using drug specific plasma
levels: experience with a standard operation
procedure in clinical practice. J Stroke. 2017;19(3):
347-355. doi:10.5853/jos.2017.00395

20. Seiffge DJ, Meinel T, Purrucker JC, et al.
Recanalisation therapies for acute ischaemic stroke
in patients on direct oral anticoagulants. J Neurol
Neurosurg Psychiatry. 2021;92(5):534-541.
doi:10.1136/jnnp-2020-325456

21. Härtig F, Birschmann I, Peter A, et al.
Point-of-care testing of coagulation in patients
treated with edoxaban. J Thromb Thrombolysis.
2020;50(3):632-639. doi:10.1007/s11239-020-
02143-2

22. Härtig F, Birschmann I, Peter A, et al.
Point-of-care testing for emergency assessment of
coagulation in patients treated with direct oral
anticoagulants including edoxaban.Neurol Res Pract.
2021;3(1):9. doi:10.1186/s42466-021-00105-4

23. Xian Y, Federspiel JJ, Hernandez AF, et al. Use
of intravenous recombinant tissue plasminogen
activator in patients with acute ischemic stroke who
take non-vitamin K antagonist oral anticoagulants

before stroke. Circulation. 2017;135(11):1024-1035.
doi:10.1161/CIRCULATIONAHA.116.023940

24. Seiffge DJ, Hooff RJ, Nolte CH, et al; NOACISP
Study Group. Recanalization therapies in acute
ischemic stroke patients: impact of prior treatment
with novel oral anticoagulants on bleeding
complications and outcome. Circulation. 2015;132
(13):1261-1269. doi:10.1161/CIRCULATIONAHA.115.
015484

25. Dias FA, Pontes-Neto OM, Seiffge DJ.
Idarucizumab before reperfusion therapy in stroke
patients on dabigatran: nomore cold sweat.
Neurology. 2020;94(19):811-812. doi:10.1212/WNL.
0000000000009156

26. Marsch A, Macha K, Siedler G, et al. Direct oral
anticoagulant plasma levels for themanagement
of acute ischemic stroke. Cerebrovasc Dis. 2019;48
(1-2):17-25. doi:10.1159/000502335

27. Zhong CS, Beharry J, Salazar D, et al. Routine
use of tenecteplase for thrombolysis in acute
ischemic stroke. Stroke. 2021;52(3):1087-1090.
doi:10.1161/STROKEAHA.120.030859

28. Scheitz JF, Gensicke H, Zinkstok SM, et al;
TRISP collaboration. Cohort profile: Thrombolysis
in Ischemic Stroke Patients (TRISP): a multicentre
research collaboration. BMJ Open. 2018;8(9):
e023265. doi:10.1136/bmjopen-2018-023265

29. HackeW, Kaste M, Fieschi C, et al; Second
European-Australasian Acute Stroke Study
Investigators. Randomised double-blind
placebo-controlled trial of thrombolytic therapy
with intravenous alteplase in acute ischaemic
stroke (ECASS II). Lancet. 1998;352(9136):1245-1251.
doi:10.1016/S0140-6736(98)08020-9

30. Rankin J. Cerebral vascular accidents in
patients over the age of 60. II. prognosis. Scott Med

J. 1957;2(5):200-215. doi:10.1177/
003693305700200504

31. Van Hooff RJ, Nieboer K, De Smedt A, et al.
Validation assessment of risk tools to predict
outcome after thrombolytic therapy for acute
ischemic stroke. Clin Neurol Neurosurg. 2014;125:
189-193. doi:10.1016/j.clineuro.2014.08.011

32. Macha K, Marsch A, Siedler G, et al. Cerebral
ischemia in patients on direct oral anticoagulants.
Stroke. 2019;50(4):873-879. doi:10.1161/
STROKEAHA.118.023877

33. Steiner T, BöhmM, Dichgans M, et al.
Recommendations for the emergencymanagement
of complications associated with the new direct oral
anticoagulants (DOACs), apixaban, dabigatran and
rivaroxaban. Clin Res Cardiol. 2013;102(6):399-412.
doi:10.1007/s00392-013-0560-7

34. Shahjouei S, Tsivgoulis G, Goyal N, et al. Safety
of intravenous thrombolysis among patients taking
direct oral anticoagulants: a systematic review and
meta-analysis. Stroke. 2020;51(2):533-541.
doi:10.1161/STROKEAHA.119.026426

35. Turc G, Tsivgoulis G, Audebert HJ, et al.
European Stroke Organisation–European Society
for Minimally Invasive Neurological Therapy
expedited recommendation on indication for
intravenous thrombolysis before mechanical
thrombectomy in patients with acute ischaemic
stroke and anterior circulation large vessel
occlusion. Eur Stroke J. 2022;7(1):I-XXVI.
doi:10.1177/23969873221076968

36. Seiffge DJ. Intravenous thrombolytic therapy
for treatment of acute ischemic stroke in patients

taking non–vitamin K antagonist oral
anticoagulants. JAMA. 2022;327(8):725-726.
doi:10.1001/jama.2022.0068

37. Zi W, Qiu Z, Li F, et al; DEVT Trial Investigators.
Effect of endovascular treatment alone vs
intravenous alteplase plus endovascular treatment
on functional independence in patients with acute
ischemic stroke: the DEVT randomized clinical trial.
JAMA. 2021;325(3):234-243. doi:10.1001/jama.2020.
23523

38. LeCouffe NE, Kappelhof M, Treurniet KM, et al;
MR CLEAN–NO IV Investigators. A randomized trial
of intravenous alteplase before endovascular
treatment for stroke. N Engl J Med. 2021;385(20):
1833-1844. doi:10.1056/NEJMoa2107727

39. Malhotra K, Katsanos AH, Goyal N, et al.
Safety and efficacy of dual antiplatelet
pretreatment in patients with ischemic stroke
treated with IV thrombolysis: a systematic review
andmeta-analysis. Neurology. 2020;94(7):e657-
e666. doi:10.1212/WNL.0000000000008961

40. MazyaMV, Lees KR, Markus R, et al;
Safe Implementation of Thrombolysis in Stroke
Investigators. Safety of intravenous thrombolysis
for ischemic stroke in patients treated with
warfarin. Ann Neurol. 2013;74(2):266-274.
doi:10.1002/ana.23924

41. Kono S, Yamashita T, Deguchi K, et al.
Rivaroxaban and apixaban reduce hemorrhagic
transformation after thrombolysis by protection of
neurovascular unit in rat. Stroke. 2014;45(8):2404-
2410. doi:10.1161/STROKEAHA.114.005316

42. Barreto AD, Ford GA, Shen L, et al; ARTSS-2
Investigators. Randomized, multicenter trial of
ARTSS-2 (ArgatrobanWith Recombinant Tissue
Plasminogen Activator for Acute Stroke). Stroke.
2017;48(6):1608-1616. doi:10.1161/STROKEAHA.117.
016720

43. Multi-arm Optimization of Stroke Thrombolysis
(MOST). ClinicalTrials.gov identifier: NCT03735979.
Updated June 7, 2022. Accessed January 12, 2022.
https://clinicaltrials.gov/ct2/show/NCT03735979

44. Liu DZ, Ander BP, Xu H, et al. Blood-brain
barrier breakdown and repair by Src after
thrombin-induced injury. Ann Neurol. 2010;67(4):
526-533. doi:10.1002/ana.21924

45. Sakamoto Y, Okubo S, Sekine T, et al.
Prior direct oral anticoagulant therapy is related to
small infarct volume and nomajor artery occlusion
in patients with stroke and non-valvular atrial
fibrillation. J AmHeart Assoc. 2018;7(17):e009507.
doi:10.1161/JAHA.118.009507

46. Ibanez B, James S, Agewall S, et al; ESC
Scientific Document Group. 2017 ESC guidelines for
themanagement of acute myocardial infarction in
patients presenting with ST-segment elevation:
the Task Force for theManagement of Acute
Myocardial Infarction in Patients PresentingWith
ST-Segment Elevation of the European Society of
Cardiology (ESC). Eur Heart J. 2018;39(2):119-177.
doi:10.1093/eurheartj/ehx393

47. Konstantinides SV, Meyer G, Becattini C, et al;
ESC Scientific Document Group. 2019 ESC
guidelines for the diagnosis andmanagement
of acute pulmonary embolism developed in
collaboration with the European Respiratory
Society (ERS). Eur Heart J. 2020;41(4):543-603.
doi:10.1093/eurheartj/ehz405

Intravenous Thrombolysis in Patients With Ischemic Stroke and Recent Ingestion of Direct Oral Anticoagulants Original Investigation Research

jamaneurology.com (Reprinted) JAMANeurology March 2023 Volume 80, Number 3 243

Downloaded from jamanetwork.com by UZH Hauptbibliothek / Zentralbibliothek Zuerich user on 01/16/2024


