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Important Disclosures

• I am not an expert on this topic

• I am a Vascular Neurologist who deals with this issue on a daily basis

• I may have strong opinions/bias







• Readily available coagulation tests (PT, PTT and INR) have poor sensitivity 
and specificity for determining DOACs’ anticoagulation effect

• High values may help to exclude patients on DOACs
• Normal results are not helpful

 

• Plasma levels of DOACs or Anti-Xa assays are better, but processing takes a 
long time and they are not available in most hospitals in the US 

 



• It is estimated that over 6 million patients in the United States are treated with 
anticoagulants

• Of Medicare fee-for-service beneficiaries enrolled in parts A, B and D who used 
oral anticoagulants, DOAC use increased steadily from 4.7% to 47.9%, while 
warfarin use declined from 52.4% to 17.7% in 2022. 

• About 3.5 million Part D enrollees filled prescriptions for apixaban

• Indications for DOACs are increasing and the use of DOACs is rapidly rising



• AFib is the most common type of cardiac arrhythmia. It has a significant 
global impact, affecting nearly 40 million individuals worldwide and 6 
million in the United States alone.

• Incidence and prevalence of atrial fibrillation (AF) have been increasing 
over time

• AFib is a frequent cause of ischemic stroke particularly in the elderly

• Up to 28% of patients presenting with IS who are “taking” DOACs are 
potentially eligible for IVT

• In a German study, 6% of patients on DOACs, who are otherwise, 
eligible for IVT received it. Being on DOACs was the most cited reason 
for withholding IVT 

The mainstay 
treatment for acute 

ischemic stroke is IVT 
and EVT



Patients with AFib & ischemic stroke are at increased risk for 
recurrent ischemic stroke despite being on OAC





• Are patients on DOACs who present with 
acute ischemic stroke and receive IVT at 
increased risk for hemorrhagic 
transformation?

• Do patients taking DOACs who present 
with AIS and are treated with IVT have 
worse outcomes/increased mortality?  



  Do patients taking DOACs who present 
with AIS and are treated with IVT benefit 

from IVT? 



Why are these 
questions being 
asked?

• Lower risks of ICH with DOACs compared 
to warfarin

• DOACs do not affect FVII or FVIIa while 
warfarin blocks FVII synthesis, which reduces 
extrinsic coagulation pathways

• Compared to warfarin, DOACs have little 
impact on post-ischemic disruption of BBB 
permeability

• DOACs lessen the activation of matrix 
metalloproteinase

• Is it possible the DOACs may enhance the 
therapeutic benefits from thrombolysis in 
achieving recanalization without increasing 
bleeding risk?



Does IVT with       
rt-PA increase HT in 
DOAC-treated 
experimental 
stroke models? 





• Increased thrombin generation during AIS has toxic effects on 
endothelial cells resulting in BBB leakage and predisposition to HT

• DOACs act as either direct thrombin inhibitors (Dabigatran) or 
inhibitors of thrombin generation from prothrombin by inhibiting 
activated Factor Xa

• By inhibiting thrombin (which acts on PAR1 receptor of neurons, 
astrocytes & endothelial cells resulting in their death), DOACs use 
may lead to cell and BBB protection and reduced risk of HT  

• Warfarin, on the other hand, reduces the amount of Factor VII 
available for interaction with tissue factor (the key initiator of 
coagulation) and reduces extrinsic coagulation pathways and fibrin 
formation



Direct translation of animal data to 
patients requires caution!



• Retrospective cohort  study
• 33,207 patients
• 832 (2.5) taking DOCAs

• 30% received idarucizumab 
before IVT 

• 20% had DOAC-level measured
• 43% received IVT w/o DOAC 

reversal or level measurement





Functional outcome at 90 days was known for 664 DOAC-treated patients (~ 80%) and 29,026 controls (~ 88%)
Unadjusted mRS scores.



• 6 studies - 254,742 patients
• DOACs (mostly rivaroxaban & apixaban) = 

3,499 (1.4%)
• Controls = 251,243

• Retrospective or prospective cohorts assessing the 
outcomes following IVT in patients with ischemic 
stroke and recent use of DOACs and comparing it 
with non-DOAC user controls.







Summary
• Good functional outcome defined as mRS 0–2 was 

significantly lower in patients who received DOACs

• In subgroup analysis of 90-day mRS 0–2, there was no 
significant difference between groups

• All-cause mortality was not different between the 
groups

• Previous DOAC use was not associated with an increased 
risk of symptomatic ICH or any ICH

IVT could be considered as a treatment option in ischemic 
stroke patients with recent use of DOACs since it was not 

associated with an increased risk of sICH

Is safety the only factor?



• Nationwide Taiwan-based cohort study
• 7483 patients treated with IV alteplase (? dose) 

• DOAC (1.2%) vs. Warfarin (2.4%) or no AC (96.4%)

• + Meta-analysis incorporating this study with 
previous studies (9 studies including 257389 
patients) 







Summary

• Compared to patients who were not treated with AC, 
those treated with DOACs did not have significantly 
higher risks of ICH, major bleeding, or mortality during 
hospitalization.

 Treatment with DOACs may be considered safe in Asian 
patients with acute ischemic stroke receiving intravenous 

alteplase 



• 14 studies – 247079 patients
• 3610 (1.46%) DOAC
• 243469 non-DOAC





Summary

• No significant difference in rates of sICH, serious systemic 
bleeding, any ICH, or 90-day mRS 0-2 between patients with 
recent DOAC use and those not taking DOAC following the 
administration of IVT. 

• No significant difference in sICH rate among those groups 
based on reception of idarucizumab before IVT (received 
versus not), as well as NIHSS score (>10 versus ≤10). 

• Significantly higher rates of mortality in the DOAC patients 
who were treated with IVT as compared with the controls. 
However, this effect was mainly due to one study and the 
estimated effect became nonsignificant after omitting this study 
from the analysis! 

In the absence of prospective trials to provide a more 
rigorous assessment of the risk/ benefits in this specific 

population, the use of IVT may be justified in cases where 
the recent use of DOAC is unclear. 





• Limitations of available literature:
• Retrospective 
• Case reports/series subject to publication bias
• Non-randomized and prone to selection bias
• Small number of DOACs-treated patients
• Differences in characteristics, comorbidities, stroke subtype and severity 

between studied groups and heterogeneity between studies 
• Most studies use rt-PA. Nowadays, the use of TNK is rapidly rising
• The doses of alteplase and TNK varied depending or regional 

guidelines/practice.
• Some studies lumped all non-DOAC-treated patients, i.e. warfarin + no 

AC, together. Thus, potentially decreasing risk difference in HT between 
groups

• The DOAC and control groups were non-concurrent, i.e. enrolled at 
different time periods

• What is the appropriate control group?
• The studies are likely underpowered to analyze subgroups including 

selection strategies and IVT + EVT use





Example: Statins increase cardiovascular mortality!





• Time since last intake may not always correlate with DOAC level/activity

• Age, kidney function, drug interactions, and/or genetic polymorphism 
may all lead to inter-person variability

Selection 
based on 
time

Time since last 
dose >48h



Reversal of 
coagulopathy





• Would be ideal

• BUT, lack of availability and/or delayed reporting (sent-out) are 
problematic in the vast majority of US hospitals

• ? TEG (under investigations)

• Perhaps, we should advocate for point-of-care testing as a requirement 
for CSC certification process!  

Selection 
based on DOAC 
plasma level
Or 
Calibrated anti-
Xa level <30 
ng/ml

Or normal TT, if Dabigatran



Mechanical 
thrombectomy



DOAC-treated patients also
had increased 90-day mortality 
compared to controls, reflecting 
the overall worse prognostic 
profile of patients on AC!







• The DOAC - International Thrombolysis (DO-IT) randomized controlled trial 
and registry

• Swiss National Science Foundation
• Thomas Meinel, Luciana Catanese, David Seiffge
• 800 patients (IVT rt-PA or TNK vs SOC)
• PROBE design
• The randomized trial is accompanied by a prospective, international, multi-center, 

observational cohort study using a target trial design, where patients with recent 
DOAC intake not receiving thrombolysis as well as patients receiving IVT but without 
recent DOAC intake, meeting all inclusion and exclusion criteria will be prospectively 
enrolled and serve as controls. 

• ESTER-DOAC
• StrokeNet
• Shadi Yaghi, Eva Mistry, Ope Adeoye
• In planning

• ACT-GLOBAL Thrombolysis Platform
• Bijoy Mundak
• Lower dose TNK (0.12.5 mg/kg) vs. normal dose (0.25 mg/kg) vs. no TNK

Enrollment 
in clinical 
trials



LVO
Amenable to thrombectomy 

YES NO

Thrombectomy* 
NIHSS
≤5

NIHSS
>5

Disabling Deficits

No IVT
ASA or DAPT

No Vessel 
Occlusion

Any Vessel 
Occlusion

No IVT
? IVT 

(Research)

My suggestions

We need more data before changing practice

*We need more data here too!





mselim@bidmc.harvard.edu                                           
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