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ABSTRACT

Intravenous thrombolysis is not recommended in
anticoagulated patients receiving direct oral anticoagulants
(DOACs) and a recent intake within the last 48 hours in US
and European guidelines. However, three observational
studies now suggest safety of thrombolysis in patients
with recent intake of DOACs, and thus support previous
experimental data. In this perspective, the current evidence
and practical consequences are discussed.

PERSPECTIVE
It is estimated that every sixth patient who
had an ischaemic stroke otherwise quali-
fying for intravenous thrombolysis (IVT)
has a prescription for direct oral anticoag-
ulants (DOACs).! Currently, US and Euro-
pean guidelines recommend against the use
of IVT in patients with ingestion of a DOAC
within the last 48 hours unless certain labo-
ratory tests are normal and regardless of
the DOAC dose,”® but a large heterogeneity
of recommendations exists among other
regions.* Determining DOAC plasma levels in
emergency situations is challenging and time-
consuming in most settings. Furthermore,
DOAC plasma level cutoffs below which
thrombolysis is deemed safe vary consider-
ably among institutions. Consequently, the
vast majority of patients with acute ischaemic
stroke and no further contraindications
despite oral anticoagulation are excluded
from acute medical reperfusion therapy.
Recently, a US stroke registry found no
increased risk of symptomatic intracranial
haemorrhage (sICH) among patients who
had taken DOACs within the preceding
7days, compared with patients who took no
anticoagulants (unadjusted sICH risk 3.7%
vs 3.2%; adjusted OR 0.88, 95%CI 0.7 to
1.1).” There were limitations in the analysis,
such as not knowing the precise timing of
the last DOAC dose for most patients, with
only a very small group of patients who had
confirmed ingestion within 48 hours before
experiencing a stroke. Additionally, infor-
mation on selection strategies including
plasma level measurements for these patients
was not provided. More recently, a global

2 Duncan Wilson,® Ying Xian,*

multicentre retrospective cohort study deter-
mined the risk of sICH associated with use
of IVT for acute ischaemic stroke in patients
with confirmed DOAC ingestion within 48
hours before admission.’ In a comparison of
832 DOAC patients and 32375 non-DOAC
controls, all treated with IVT, there was no
signal for harm in terms of sSICH (unadjusted
sICH risk 2.5% in the DOAC group vs 4.1%
in IVT controls; adjusted OR 0.57, 95% CI
0.36 to 0.92). There was also no difference
between factor Xa inhibitor (59%, 489 of
832) or factor Ila inhibitor-treated patients
(41%, 342 of 832) regarding the risk of
sICH. Importantly, the study included 355
patients who received IVT without reversal
treatment or DOAC concentration measure-
ment prior to IVI, with no safety concerns
either. Functional outcome did not differ
between IVT-treated patients with recent
DOAC ingestion and controls, suggesting no
otherwise increased risk of harm.® Data from
the Safe Implementation of Treatments in
Stroke registry (SITS) now show similar safety
data.” In a propensity score-matched analysis,
bleeding rates and outcome were compared
in N=739 patients with DOACs with 738 with
no oral anticoagulant prior to IVT. Baseline
differences remained after propensity score
matching with a larger onset to needle time
in the DOAC group, less concomitant anti-
platelet treatment but more endovascular
treatments. sSICH according to the European
Cooperative Acute Stroke Study II criteria was
3.6% vs 4.5%, a non-significant difference.” As
in the previous studies, no differences in func-
tional outcome at 3months were observed.
As a limitation of the SITS analysis, only 245
patients had a confirmed last intake within
24 hours before IVT, and in most of the other
patients, the time point seems unclear and
DOAC plasma concentrations are not avail-
able. A recent trial comparing intravenous
argatroban (an direct thrombin inhibitor) in
addition to IVT versus IVT alone reported no
increased sICH risk or risk of a parenchymal
haematoma type 2 (2.3% vs 2.5%), providing
additional safety data.®
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Ischemic stroke and recent DOAC intake (< 48 h)
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Intravenous off-label thrombolysis with individual benefit/risk analysis
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peripheral (M2, P2, A2,..) or eloquent perforator
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E.g. borderline IVT indication (only slightly disabling
neurological deficit), prox. M2-occlusion and MT
directly available, additional (dual) antiplatelets, late
or unclear time window and no MRI, high sICH risk
using prediction tools

Figure 1 Algorithm for intravenous off-label thrombolysis in patients with acute ischaemic stroke on treatment with direct

oral anticoagulants (DOACs). *Optional: administration of idarucizumab (two times 2.5 g intravenously before IVT) if available
immediately. $Restrict IVT to patients in early time window (rationale: median time to IVT was 2.5 hours (1.8-3.5) in Meinel et
al; MRI might help to determine patients eligible for IVT in wake-up stroke or unknown time windows (DWI/FLAIR mismatch)).
Factor Xa inhibitors=apixaban, edoxaban, rivaroxaban. A2, segment of the anterior cerebral artery; BA, basilar artery;

DWI, diffusion-weighted imaging; FLAIR, fluid-attenuated inversion recovery; ICA, internal carotid artery; IVT, intravenous
thrombolysis; LVO, large vessel occlusion; M1, M2, segments of the middle cerebral artery; MT, mechanical thrombectomy; P2,
segment of the posterior cerebral artery; sICH, symptomatic intracranial haemorrhage.

Are these data now sufficient to modify guideline
recommendations? Despite the inherent limitations of
observational data from non-randomised studies, we do
now have data of similar quality as historically accepted
by the stroke community to allow IVT in patients with
preceding warfarin therapy (international normalised
ratio (INR) <1.7) or dual antiplatelet therapy.” The
number of patients with effective anticoagulation in the
DOAC studies is even larger than in the low-INR warfarin
studies. Given the established benefits of IVT, and no signs
of harm, neither in the observational data nor experi-
mentally, the evidence towards a more liberal approach is
better than the evidence to withhold the only established
medical reperfusion treatment for acute ischaemic stroke
in DOAC-treated patients.

Figure 1 shows an approach to IVIT despite DOAC
pretreatment based on the discussed evidence. An

individual risk/benefit assessment should be made,
including established bleeding predictors as well as avail-
ability of alternative treatment options (eg, direct mechan-
ical thrombectomy). This risk/benefit analysis should also
encompass the time window, as the majority of patients in
Meinel et al were treated in early time windows (median
time from onset to IVT 2.5 hours, IQR 1.8-3.5) ,6 and only
few patients were treated using multimodal imaging to
guide decision-making. Regarding dabigatran, prospec-
tive studies need to address the question, whether IVT
after reversal using idarucizumab is safer and of similar
efficacy compared with IVT without reversal, as suggested
by previous observational data.” Other than idaruci-
zumab, andexanet alfa for reversal of factor Xa inhibitors
is not licensed for emergency interventions, and there is
evidence of an increased risk of thromboembolic events
in patients with ICH receiving andexanet alfa. Due to this,
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as well as logistical obstacles and high cost, it is currently
not recommended before IVT on an expert consensus
level. The safety data are mainly based on outcomes of
individually selected patients treated at experienced
stroke centres. Prospective follow-up of any modified
approach is therefore recommended to both identify any
not-yet detected safety signals, as well as to establish more
information regarding a potential additional beneficial
effect of DOAC pretreatment on the efficacy and safety
of IVT.

Importantly, current data apply to IVT using recom-
binant tissue plasminogen activator, as data on tenect-
eplase in DOAC-receiving patients are scarce (in Meinel
et al,’ tenecteplase was used in n=51 patients with recent
DOAC intake, the majority of them on dabigatran, with
idarucizumab reversal before IVT). However, given the
generally similar safety profile of tenecteplase 0.25 mg/kg
compared with alteplase 0.9mg/kg," "' IVT with tenect-
eplase seems justified in individually selected patients
in the early time windows, relevant clinical deficit and
eloquent peripheral or perforator occlusions not acces-
sible by endovascular therapy. It is now time to tear down
the yet crackly wall in front of reperfusion treatment for
those who experience stroke despite oral anticoagulation

with DOAGCs.

Contributors Original draft made by JCP. All authors contributed to
conceptualisation, review and editing and visualisation.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests JCP has received consultation fees and travel expenses
from Akcea, Bayer, Boehringer Ingelheim, Daiichi Sankyo and BMS/Pfizer, outside
the submitted work. TRM reports grants from Bangerter-Rhyner Foundation. YX
has received a research grant from the National Institute on Aging, American Heart
Association and Genentech, and honorarium from Boehringer Ingelheim. DJS is on
the advisory board of Bayer Switzerland and Portola/Alexion. He reports research
funding from the Swiss National Science Foundation, Swiss Heart Foundation,
Bangerter-Rhyner Foundation, Bayer Foundation and Portola/Alexion. All other
authors report no competing interests.

Patient consent for publication Not required.

Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Jan C. Purrucker http://orcid.org/0000-0003-2978-4972
Thomas R. Meinel http://orcid.org/0000-0002-0647-9273
Teddy Y. Wu http://orcid.org/0000-0003-1845-1769
David J. Seiffge http://orcid.org/0000-0003-3890-3849

REFERENCES

1 Meinel TR, Branca M, De Marchis GM, et al. Prior anticoagulation
in patients with ischemic stroke and atrial fibrillation. Ann Neurol
2021;89:42-53.

2 Powers WJ, 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:e344-418.

3 Berge E, Whiteley W, Audebert H, et al. European stroke organisation
(ESO) guidelines on intravenous thrombolysis for acute ischaemic
stroke. Eur Stroke J 2021;6:1-LXII.

4 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;92:534-41.

5 Kam W, 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;327:760-71.

6 Meinel TR, Wilson D, Gensicke H, et al. Intravenous thrombolysis
in patients with ischemic stroke and recent ingestion of direct oral
anticoagulants. JAMA Neurol 2023;80:233-43.

7 Saflund M, Balestrino M, Cappellari M, et al. IV Thrombolysis in
Patients Taking Direct Oral Anticoagulation Treatment Prior to Stroke
Onset: Results From SITS-International Stroke Registry. Munich:
ESOC, 2023.

8 Chen H-S, Cui Y, Zhou Z-H, et al. Effect of argatroban plus
intravenous alteplase vs intravenous alteplase alone on neurologic
function in patients with acute ischemic stroke: the ARAIS
randomized clinical trial. JAMA 2023;329:640-50.

9 Romoli M, Matteo E, Migliaccio L, et al. Thrombolysis after
dabigatran reversal: a nation-wide Italian multicentre study,
systematic review and meta-analysis. Eur Stroke J 2023;8:117-24.

10 Wang, Li S, Pan'Y, et al. Tenecteplase versus alteplase in acute
ischaemic cerebrovascular events (TRACE-2): a phase 3, multicentre,
open-label, randomised controlled, non-inferiority trial. Lancet
2023;401:645-54.

11 Alamowitch S, Turc G, Palaiodimou L, et al. European stroke
organisation (ESO) expedited recommendation on tenecteplase for
acute ischaemic stroke. Eur Stroke J 2023;8:8-54.

Purrucker JC, et al. Stroke & Vascular Neurology 2024;0. doi:10.1136/svn-2023-002727

1ybuAdoo
Ag paosloid “uiag 3aylol|qigsiaeNsIanun e #20g ‘T Arenigad uo /wod fwg uas//:dny woly papeojumod +z0z Arenuer T€ U0 /2/Z00-€202-UAS/9ETT 0T Se paysiignd 1s1l :[0INSN JSeA 840oNns


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2978-4972
http://orcid.org/0000-0002-0647-9273
http://orcid.org/0000-0003-1845-1769
http://orcid.org/0000-0003-3890-3849
http://dx.doi.org/10.1002/ana.25917
http://dx.doi.org/10.1161/STR.0000000000000211
http://dx.doi.org/10.1177/2396987321989865
http://dx.doi.org/10.1136/jnnp-2020-325456
http://dx.doi.org/10.1136/jnnp-2020-325456
http://dx.doi.org/10.1001/jama.2022.0948
http://dx.doi.org/10.1001/jamaneurol.2022.4782
http://dx.doi.org/10.1001/jama.2023.0550
http://dx.doi.org/10.1177/23969873221131635
http://dx.doi.org/10.1016/S0140-6736(22)02600-9
http://dx.doi.org/10.1177/23969873221150022
http://svn.bmj.com/

	Thrombolysis for ischaemic stroke despite direct oral anticoagulation
	ABSTRACT
	Perspective
	References


