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Direct Oral Anticoagulants for 
Secondary Stroke Prevention
Optimal secondary stroke prevention includes reducing modifiable risk factors 
and providing anticoagulation for specific indications. 

Daniel Cristancho, MD, MBE and Donna K. George, MD

Stroke affects an estimated 
7.2 million Americans >20 years 
of age and is the 5th leading 
cause of death in the United 
States. With an overall preva-
lence around 2.7%, stroke care 

accounted for an estimated $17.9 billion of direct medical 
costs in 2012 and 2013 and was among the top 18 diseases 
contributing to years lived with disability in 2010.1 Recurrent 
strokes account for about a quarter of all stroke events annu-
ally and are associated with 38% higher costs per patient 1 year 
after hospital discharge compared to new stroke patients; 
these estimates are expected to increase with the projected 
increase in stroke prevalence due to the gaining US population 
and prevalence’s association with increasing age in both men 
and women.1 With ischemic stroke accounting for 87% of all 
strokes in the US, it is imperative that strategies for ischemic 
stroke prevention, especially secondary stroke prevention 
given the higher financial and functional burden associated 
with recurrent events, are evidence-based and address the 
most common and expected underlying causes of stroke. 
Prevention regimens must also consider the patient experience 
as this largely impacts the level of adherence.

The main objective of primary stroke prevention is opti-
mization of modifiable risk factors for cardiovascular disease: 
hypertension, diabetes mellitus, dyslipidemia, smoking, 
unhealthy diet, overweight/obesity, and physical inactivity.1 
Secondary stroke prevention further focuses on atrial fibril-
lation (Afib) and carotid artery stenosis. Anticoagulation has 
a crucial role for indications beyond atrial fibrillation and has 
broadened as safety and ease of administration has improved. 

Direct oral anticoagulants (DOACs) provide an alternative 
to vitamin K antagonists (VKAs) such as warfarin for systemic 
anticoagulation because of fixed-dose regimens, fewer drug-
drug interactions, and no requirement for drug monitoring 
(Table 1). Because the anticoagulant effect of DOACs begins 
within hours of first dose, these are also easier to initiate.2

Cardioembolism
Atrial Fibrillation

Whether paroxysmal, persistent, or permanent, Afib is a 
significant risk factor for ischemic stroke, increasing risk at least 
fivefold, likely an underestimate because of asymptomatic 
and undetected cases. There is greater risk of recurrent stroke 
with thromboembolism from Afib. Every patient with Afib 
requires an evaluation for the need of anticoagulation, typically 
patients at a moderate to high risk of thromboembolic events 
as defined by a CHA2DS2-Vasc >2, and careful consideration 
of bleeding risk.3 Valvular Afib, especially if requiring mechani-
cal prosthesis, is associated with a high risk of systemic throm-
boembolism. These patients were excluded from the major 
DOAC trials; therefore VKAs remain the standard of therapy. 
Here we focus our discussion instead on nonvalvular Afib.

Similar to valvular Afib, VKAs have been the standard 
therapy for nonvalvular Afib until recently and have shown 
a significant reduction in stroke, reducing ischemic stroke 
by two-thirds compared to placebo.4 Due to the advantages 
of DOACs discussed above, several studies have sought to 
characterize the safety and efficacy profiles of DOACs com-
pared to warfarin. Results of these studies are summarized 
in Table 2. Overall, DOACs demonstrated noninferiority to 
warfarin with a favorable safety profile, largely attributable 
to decreased intracranial hemorrhage rates. Apixaban and 
dabigatran are superior to warfarin in the setting of nonval-
vular Afib.5,6 DOACs did have higher rates of gastrointestinal 
bleeding with dabigatran having the highest rate, although still 
demonstrating risk reduction of major bleeding compared to 
warfarin.7 Low-dose DOAC regimens had similar efficacy to 
warfarin for protection against all stroke or systemic embolic 
events, although not specifically ischemic stroke suggesting low 
dose regimens may be effective for patients requiring therapy 
though are at high risk of bleeding on full anticoagulation.4

Selection of an anticoagulant should be a shared decision 
based on concomitant risk factors, patient preference and tol-
erability, cost, and drug-drug interactions. In patients tolerating 
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VKAs with demonstrated stability in therapeutic INR ranges, 
continuing this regimen is reasonable. However, in patients 
unable to continue VKAs, switching to DOACs for prevention 
of thromboembolism from nonvalvular Afib in patients with 
prior stroke, transient ischemic attack (TIA), or CHA2DS2-Vasc 
score >2 is supported by a growing body of evidence includ-
ing a Class I recommendation from the American College of 
Cardiology and American Heart Association.3

Left Ventricular Thrombus
Left ventricular thrombi (LVT) are a consequence of regional 

cardiac wall hypo- and akinesis commonly seen following 
anteroapical myocardial infarction (MI). Even after percutane-

ous coronary intervention, risk of developing LVT within 3 to 6 
months in patients with anterior-MI remains at 5-15%.8 If left 
untreated (i.e., no anticoagulation) the greatest risk of emboli-
zation from LVT occurs in the period immediately following an 
acute myocardial infarction. However, even at 2 years following 
echocardiographic detection of thrombus, risk of embolization 
is 14% representing a significant risk to primary and secondary 
stroke.9 The 2013 American College of Cardiology Foundation/
American Heart Association STEMI guidelines state that anti-
coagulation therapy with VKA may be considered for patients 
with STEMI and anterior apical akinesis or dyskinesis (Class IIb 
recommendation, level of evidence: C), though little work has 
specifically compared the efficacy and safety of different antico-

TABLE 1. SUMMARY OF CURRENTLY AVAILABLE DIRECT ORAL ANTICOAGULANTS

Drug 
and FDA 
Approval 

Target FDA-approved indica-
tions

Available 
Strengthsa 

Half-
lifeb

Dosing 
Freq- 
uency

Renal Dosing 
Adjustments

Drug 
Interactions

Reversal 
Agent

Dabigatran 
Approved 
Oct 2010

Thrombin NVAF, treatment 
Secondary prevention 

of DVT and PE
VTE prevention after 

hip replacement

75 mg  
100 mg 
150 mg

12-17 hr Twice 
Daily

Contraindicated if 
CrCl < 30 mL/min

PPI, antacids, 
dronedar-
one, P-gp 
inhibitors

Praxabind

Rivaroxaban 
Approved 
July 2011

Factor Xa NVAF, treatment and 
secondary prevention 
of DVT and PE, VTE 
prevention after hip 
and knee replacement

10 mg 
15 mg 
20 mg

9 hr Once 
Dailyc

Avoid use if  
CrCl < 30 mL/min

CYP3A4 
inhibitors, 
P-gp inhibi-
tors

AndexXa

Apixaban 
Approved 
Dec 2012

Factor Xa NVAF, treatment and 
secondary prevention 
of DVT and PE, VTE 
prevention after hip 
and knee replacement

2.5 mg 
5 mg

12 hr Twice 
Dailyc 

Limited data for 
serum creatinine  
> 2.5 mg/dL and 
CrCl < 25 mL/min

CYP3A4 
inhibitors, 

P-gp inhibi-
tors

AndexXa

Edoxaban
Approved 
Jan 2015

Factor Xa NVAF, treatment of 
DVT and PE

15 mg 
30 mg 
60 mg

10-14 hr Once 
Daily

CrCl < 15-50mL/min: 
30 mg once daily 

CrCl < 15 mL/min: 
not recommended

CYP3A4 
inhibitors, 

P-gp inhibi-
tors

Under 
develop-
ment. 

PCC for 
emergen-
cies

Betrixaban 
June 2017

Factor Xa Prevention of DVT and 
PE in hospitalized, 
medically-ill patients

40 mg 
80 mg

20 hr Once 
Dailyc

Not reported Not reported Under 
develop-
ment. 

PCC for 
emergen-
cies

a Recommended strength varies on indication, b Assuming normal renal function, c May require higher, more frequency dosing at initiation 
based on indication. 
Abbreviations: CrCl, creatinine clearance calculated by the Cockcroft-Gault formula; CYP, cytochrome P450; DVT, deep vein thrombosis; 
NVAF: nonvalvular atrial fibrillation; PCC, prothrombin complex concentrate; PE, pulmonary embolism, P-gp, P-Glycoprotein; PPI, proton 
pump inhibitors; VTE: venous thromboembolism.
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agulants for this indication.10 It stands to reason that data from 
Afib are applicable to LVT given their shared mechanism of 
intracardiac hemostasis.

A retrospective analysis of 98 patients with LVT treated with 
warfarin, a DOAC (apixaban > rivaroxaban > dabigatran), or 
another anticoagulant demonstrated no difference in survival 
free of stroke or systemic embolism at 1 year between warfa-
rin and DOAC-treated groups, suggesting DOACs may be a 
reasonable alternative to LVT treatment, especially given the 
decreased bleeding risk.11 Given the well establish efficacy of 
VKAs it would again be acceptable to continue such a regimen 
in stable patients tolerating the drug. A risk benefit discus-
sion would be required in patients considering a switch away 
from VKA acknowledging data supporting a switch is limited. 
Duration of anticoagulant therapy would be limited to echo-
cardiographic evidence or LVT presence or resolution.

Hypercoagulable States
Hypercoagulable states due to inherited or acquired sys-

temic conditions (eg,autoimmune or malignancy) by definition 
predispose patients to arterial and venous thromboembolism, 
and are an ongoing risk for ischemic stroke that warrants 
indefinite anticoagulation. Unlike cardiac indications discussed, 
the evidence guiding suitable anticoagulation therapy is vari-
able because of the varying pathophysiologic mechanisms 
for the spectrum of clinical presentations. This variability led 
to VKAs remaining as the default therapy for longer than the 
cardiac conditions with low-molecular weight hepranoids 
(LWMH) also playing a prominent role.

Inherited Thrombophilias
The variability in how the coagulation system is altered 

across conditions led to uncertainty regarding the reliability 
of the otherwise predictable pharmacokinetic and pharma-
codynamic properties of DOACs. In their 2012 guidelines on 
antithrombotic therapy for venous thromboembolism (VTE) 
the American College of Chest Physicians recommended 
VKA therapy but only commented on antiphospholipid 
syndrome.12 Their 2016 guidelines however endorsed use of 
DOACs for VTE therapy without mention of any specific dis-
ease process.12,13 There have been no formal recommendations 
on prevention of arterial thromboembolism/ischemic stroke 
most likely due to the limited available data.

Post hoc subgroup analysis showed noninferiority of dabi-
gatran when compared to warfarin in patients with thrombo-
philia for recurrent venous thromboembolism though there 
was a lack of statistical power. Close to one-fifth of patient in 
each arm of that study had a thrombophilia with Factor V 
Leiden mutation being the most common disease.12 Further 
work, including prospective randomized trials, is needed to 
further characterize the safety and efficacy of DOACs for dif-
ferent inherited thrombophilias—especially as it applies to 

primary and secondary stroke prevention. At present, the sub-
group analysis taken with extrapolated cardiac data suggests 
that DOACs may be reasonably safe and effective options for 
patients with inherited thrombophilias, except in the situa-
tion of antiphospholipid antibody syndrome. A recent article 
comparing warfarin to rivaroxaban in the setting of high-risk 
patients with thrombotic antiphospholipid syndrome revealed 
that use of rivaroxaban was associated with an increased rate 
of events compared with warfarin, thus showing no benefit 
and excess risk.14 There are ongoing trials assessing the effec-
tiveness of apixaban in the setting of antiphospholipid anti-
body syndrome in comparison to warfarin. 

Decisions to switch from VKAs should be done with cau-
tion and with close discussion with a hematologist given the 
heterogeneity of disease processes and depending on the 
underlying pathophysiology. In the absence of available data, 
hypercoagulability from systemic processes likely follow a simi-
lar treatment algorithm as the inherited thrombophilias due to 
similar affected points within the coagulation cascade.

Hypercoagulability of Malignancy
The relationship between malignancy and thromboem-

bolism is complicated. Although malignancy leads to a pro-
thrombotic state (a four- to sevenfold increased risk), therapies 
aimed at malignancy treatment create conditions that lead to 
thromboembolism.15,16 Because it is more effective than VKA 
with a similar safety profile, LMWH is the standard therapy for 
hypercoagulability secondary to malignancy. Although LWMH 
has several advantages (eg,no monitoring and fewer drug-drug 
interactions), daily injections are burdensome to patients. Like 
inherited thrombophilias, the focus of current literature is 
venous thromboembolism and data remains limited. In their 
most recent update to the guidelines for VTE prophylaxis and 
treatment in patients with cancer, the American Society of 
Clinical Oncology Clinical Practice do not recommend DOACs 
for patients with malignancy and VTE.17 However, several net-
work meta-analysis suggests DOACs are more effective with a 
good safety profile in patients with cancer and VTE.15,16 

Direct head-to-head clinical trials are currently underway to 
study the safety and efficacy of DOACs compared to LMWH 
and VKAs in patients with malignancy for both primary and 
secondary prophylaxis. However, uncertainty will remain 
regarding their use in stroke prevention. For now, use of 
DOACs remains provider dependent following a risk benefit 
discussion with patients. 

Cerebral Sinus Venous Thrombosis
Cerebral venous thrombosis occurs due to thrombosis of 

the dural venous sinuses and/or cerebral veins, which can lead 
to venous congestion, ischemia and intracerebral hemorrhage. 
The treatment of patients with cerebral sinus venous throm-
bosis is with anticoagulation, typically with IV heparin initially 
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TABLE 2. SUMMARY OF MAJOR TRIALS COMPARING DOACS TO WARFARIN

Trial Type Trial Design Participants Primary 
Outcome

Median 
Follow-up

Conclusions

RE-LY6 Noninferiority, 
dabigatran vs. 
warfarin

Randomized 
blinded fixed 
dose (110 mg 
or 150 mg 
twice daily) 
vs. unblinded 
adjusted-dose 
warfarin

Total: 18,113
Mean Age (SD) 

110mg: 71.4 (8.6) 
150mg: 71.5 (8.8) 
Warfarin: 71.6 (8.6)

Women 
110mg: 36% 
150mg: 37% 
Warfarin 37%

SSE 2.0 years 110 mg: rates of SSE were 
similar to those associated 
with warfarin. There were 
also lower rates of major 
hemorrhage
150mg: rates of SSE were 
lower compared to warfa-
rin. There were similar rates 
of major hemorrhage.

ROCKET-
AF21

Noninferiority, 
rivaroxaban vs. 
warfarin

Randomized 
double-
blinded: 20 mg 
once daily vs. 
adjusted-dose 
warfarin

Total: 14,264
Median Age (IQR) 

Rivaroxaban: 73 
(65-78) 
Warfarin: 73 (75-78)

Women 
Rivaroxaban: 40% 
Warfarin: 40%

SSE 1.94 years Rivaroxaban was nonin-
ferior to warfarin for pre-
venting SSE. No significant 
between-group difference 
in risk of major bleeding; 
ICH and fatal bleeding 
occurred less frequently in 
rivaroxaban group.

ARISTOTLE5 Noninferiority: 
apixaban vs. 
warfarin

Randomized, 
double-
blinded: 5 mg 
twice daily vs. 
adjusted-dose 
warfarin

Total: 18,201
Median Age (IQR) 

Apixaban: 70 (63-76) 
Warfarin: 70 (63-76

Women 
Apixaban 36% 
Warfarin: 35%

Ischemic or 
hemorrhag-
ic stroke 
or SE

1.8 years Apixaban was superior to 
warfarin for the preven-
tion of SSE. There was less 
bleeding and lower mortal-
ity in the apixaban group.

ENGAGE 
AF-TIMI4822

Noninferiority: 
edoxaban vs. 
warfarin

Randomized, 
double-blinded, 
double-dummy: 
30 mg daily or 
60 mg daily vs. 
adjusted-dose 
warfarin

Total: 21,105
Median Age (IQR) 

30mg: 72 (64-78) 
60mg: 72 (64-68) 
Warfarin: 72 (64-78)

Women 
30 mg: 39% 
60 mg: 39% 
Warfarin: 38%

SSE 2.8 years Demonstrated nonin-
feriority of both once-
daily regimens of edoxaban 
compared to warfarin in 
preventing SSE. There were 
also significantly lower 
rates of bleeding and death 
from cardiovascular causes.

Age in years. SD: standard deviation, IQR: interquartile range, SSE: stroke or systemic embolism, SE: systemic embolism
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and followed traditionally with long-term anticoagulation with 
VKAs such as coumadin. During the acute treatment of sinus 
venous thrombosis with associated intraparenchymal hemor-
rhages, there often needs to be a balance between preventing 
ongoing thrombosis and monitoring for hemorrhage expan-
sion.  Historically, heparin provides a rapid onset of action as 
well as reversibility in its anticoagulant effect. DOACs have 
been found to be an effective alternative to VKAs for the treat-
ment of deep vein thrombosis. Case reports with dabigatran, 
rivaroxaban, and apixaban have shown favorable results.18,19 
RE-SPECT CVT was a recent small study of 120 patients that 
examined the use of dabigatran in patients with cerebral 
venous thrombosis. Dabigatran was compared to warfarin 
adjusted to a target INR of 2 to 3. The primary composite 
outcome was major bleeding or a venous thrombotic event. 
There were no thrombotic events observed in either arm, and 
only three patients, one in the dabigatran arm and two in the 
warfarin arm, had major bleeds.  Although small, this study 
certainly reinforces the safety of dabigatran in cerebral venous 
thrombosis.20 These results are not yet published, but were 
announced at the 2018 World Stroke Congress.

Many patients with cerebral venous thrombosis present with 
concomitant intracerebral hemorrhage, thus medications with 
a lower risk of intracerebral bleeding are appealing. Although 
there are no formal guidelines about use of DOACs in cerebral 
venous thrombosis, these are likely safe and effective.

Conclusion
Recurrent ischemic stroke represents a significant finan-

cial and functional burden to patients and their caregivers. 
The risk of recurrent events is multifactorial with conditions 
necessitating anticoagulation being a significant contributor. 
DOACs give patients and providers alternatives to traditional 
VKA therapies, which can be difficulty to maintain or tolerate 
given other comorbidities. Data for these drugs have become 
increasable available allowing for more evidence-based guid-
ance in deciding best therapy regimen. 

There is ample evidence to support the use of DOACs in 
nonvalvular Afib, even in patients with renal dysfunction. In 
patients with a history of gastrointestinal bleeding, apixaban is 
preferred. Regarding prevention from LVT, data is limited but 
suggestive of favoring DOACs over VKAs. Recommendations 
in hypercoagulable states are more varied with data addressing 
the acute and secondary treatment of venous thromboembo-
lism rather than ischemic stroke. Although inherited throm-
bophilias have early data to support use of DOACs in the pre-
vention of venous thromboembolism, and therefore possibly 
may also prevent against ischemic stroke, use of DOACs in 
antiphospholipid antibody syndrome is not currently recom-
mended. Regardless of the indication, anticoagulant decisions 
need to be a shared decision after thoughtful discussion of the 
risks and benefits of the chosen therapy. n

1. Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and stroke statistics - 2018 update: a report from the American 
Heart Association. Circulation. 2018;137(12):e67-e492. 

2. Barr D, Epps QJ. Direct oral anticoagulants: a review of common medication errors. J Thromb Thrombolysis 2018 Oct 8. doi: 
10.1007/s11239-018-1752-9.

3. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guideline for the management of patients with atrial fibrillation. J 
Am Coll Cardiol. 2014;64(21):2305-2307.

4. 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.

5. Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus warfarin in patients with atrial fibrillation. N Engl J Med. 
2011;365:981-992.

6. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients with atrial fibrillation. N Engl J Med. 
2009;361:1139-1151.

7. Cohen AT, Hill NR, Luo X, et al. A systematic review of network meta-analyses among patients with nonvalvular atrial fibrilla-
tion: a comparison of efficacy and safety following treatment with direct oral anticoagulants. Int J Cardiol. 2018;269:174-181.

8. Bastiany A, Grenier ME, Matteau A, et al. Prevention of left ventricular thrombus formation and systemic embolism after 
anterior myocardial infarction: a systematic literature review. Can J Cardiol. 2017 Oct;33(10):1229-1236.

9. Stratton JR, Resnick, AD. Increased embolic risk in patients with left ventricular thrombi. Circulation. 1987 May;75(5):1004-11.
10. Goff DC Jr, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a report 

of the American College of Cardiology/American heart association task force on practice guidelines. J Am Coll Cardiol. 
2014;63(25 Pt B):2935-2959.

11. Robinson, A., Ruth, B. & Dent, J. Direct oral anticoagulants compared to warfarin for left ventricular thrombi: a single center 
experience. J Am Coll Cardiol. 2018;71:A981.

12. Skelley JW, White CW, Thomason AR. The use of direct oral anticoagulants in inherited thrombophilia. J Thromb 
Thrombolysis. 2017 Jan;43(1):24-30.

13. Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for VTE disease: CHEST guideline and expert panel report. Chest. 
2016;149(2):315-352.

14. Pengo V, Denas G, Zoppellaro G, et al. Rivaroxaban vs warfarin in high-risk patients with antiphospholipid syndrome. Blood. 
2018;132(13):1365-1371.

15. Vedovati MC, Giustozzi M, Bonitta G, Agnelli G, Becattini C. Efficacy and safety of anticoagulant agents in patients with 
venous thromboembolism and cancer: a network meta-analysis. Thromb. Res. 2018;170:175-180.

16. Sobieraj DM, Baker WL, Smith E, et al. Anticoagulation for the treatment of cancer-associated thrombosis: a systematic 
review and network meta-analysis of randomized trials. Clin Appl Thromb Hemost. 2018:1076029618800792. 
doi:10.1177/1076029618800792

17. Lyman, G. H. et al. Venous thromboembolism prophylaxis and treatment in patients with cancer: American Society of 
Clinical Oncology clinical practice guideline update 2014. J Clin Oncol. 2015;33(6):654-656.

18. Rao SK, Ibrahim M, Hanni CM, et al. Apixaban for the treatment of cerebral venous thrombosis: A case series. J Neurol Sci. 
2017;381:318-320.

19. Hon SF, Li HL, Cheng PW. Use of direct thrombin inhibitor for treatment of cerebral venous thrombosis. J Stroke Cerebrovasc 
Dis. 2012;21(8):915.e11-5.

20. Bausinger, M. Results from Pradaxa RE-SPECT ESUS and RE-SPECT CVT trials to be presented at the 11th World Stroke 
Congress. Boehringer Ingelheim (2018). Available at: https://www.boehringer-ingelheim.com/press-release/Results-from-
two-Pradaxa-trials-to-be-presented-at-WSC. (Accessed: 25th October 2018)

21. Patel, M. R. et al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med. 2011;365(10):883-891.
22. Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients with atrial tibrillation. N Engl J Med. 

2013;369:2093-2104

Daniel Cristancho, MD, MBE
Neurology Resident
Department of Neurology
Hospital of the University of Pennsylvania
Philadelphia, PA

Donna K. George, MD
Assistant Professor of Clinical Neurology
Stroke Division
Department of Neurology
University of Pennsylvania
Philadelphia, PA

Disclosures
The authors have no financial or other relationships rel-
evant to this content to disclose. 


