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Abstract: Stroke prevention in elderly atrial fibrillation patients remains a challenge. There 

is a high risk of stroke and systemic thromboembolism but also a high risk of bleeding if 

anticoagulants are prescribed. The elderly have increased chronic kidney disease, coronary 

artery disease, polypharmacy, and overall frailty. For all these reasons, anticoagulant use is 

underutilized in the elderly. In this manuscript, the benefits of non-vitamin K antagonist oral 

anticoagulants compared with warfarin in the elderly patient population with multiple comorbid 

conditions are reviewed. 
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Introduction
Atrial fibrillation (AF) is the most common cardiac dysrhythmia seen in clinical 

practice and is associated with increased risk of morbidity and mortality from stroke 

and systemic thromboembolism.1,2 Oral anticoagulation therapy (OAC) with warfarin 

or one of the non-vitamin K antagonist oral anticoagulants (NOACs), including a direct 

thrombin inhibitor (dabigatran) and factor Xa inhibitors (rivaroxaban, apixaban, and 

edoxaban) are recommended for AF in patients with risk factors but is underutilized.3 

One of the reasons for this underutilization is the perceived unfavorable risk-benefit 

ratio in certain populations. This review will focus on the role of oral anticoagulation 

including warfarin and NOACs in populations with common comorbid conditions 

including age, chronic kidney disease (CKD), coronary artery disease (CAD), polyp-

harmacy, and frailty.

NOACs versus warfarin in patients with AF, aged 
$75 years
Aging is an important risk factor for patients with AF. The estimated prevalence of AF 

in patients aged $80 years is 9%–10% and is ,0.1% in patients aged #55 years.1,4,5 

AF is associated with a four- to fivefold increased risk of embolic stroke with an 

estimated increased stroke risk of 1.45-fold per decade in aging.6,7 Older age is also 

associated with an increased risk of major bleeding with OAC therapy. Despite the 

inherent risk of increased bleeding, OAC therapy lowers the risk of stroke, systemic 

thromboembolism, and mortality in AF.8

Although warfarin has been the mainstay treatment for prevention of stroke and 

systemic thromboembolism in AF, randomized controlled trials (RCTs) have demon-

strated either non-inferiority or superiority in the prevention of stroke and systemic 
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thromboembolism. In these trials the risk of major bleeding 

was comparable to or superior to warfarin.9–12 In pre-specified 

subgroup analyses in the elderly (aged $75 years) the four 

trials have shown, in general, similar findings. Stroke and 

systemic emboli rates are increased as is major bleeding com-

pared with patients ,75 years. NOACs do result in a reduction 

in stroke and systemic emboli and a reduction in major bleed-

ing compared with warfarin but with heterogeneity of results 

between the trials in terms of major bleeding (Table 1). 

The Randomized Evaluation of Long-Term Anticoagu-

lation Therapy (RE-LY) trial included patients with a mean 

CHADS2 (Congestive heart failure, Hypertension, Age $75 

years, Diabetes, Stroke or transient ischemic attack) score 

of 2.2 and a mean age of 71.5 years. RE-LY showed dab-

igatran 150 mg twice daily was associated with lower rates 

of stroke and systemic thromboembolism (1.1%/year vs 

1.7%/year, hazard ratio [HR], 0.66; 95% confidence interval 

[CI] [0.53–0.82]; P,0.001) and comparable rates of major 

bleeding with warfarin (3.1%/year vs 3.4%/year, HR, 0.93; 

95% CI [0.81–1.07]; P=0.31).9 In patients aged $75 years, 

dabigatran 150 mg twice daily resulted in a similar reduc-

tion in stroke and systemic thromboembolism compared 

with warfarin (1.4%/year vs 2.1%/year, HR, 0.67; 95% CI 

[0.49–0.9]; P=0.81). However, when compared with warfarin, 

dabigatran 150 mg twice daily was associated with a lower 

risk of major bleeding in patients ,75 years (2.1%/year vs 

3%/year, HR, 0.70; 95% CI [0.57–0.86]; P,0.001) but a trend 

toward more major bleeding in patients .75 years (5.1%/year 

vs 4.3%/year, HR, 1.18; 95% CI [0.98–1.42]; P,0.001).13 

The Rivaroxaban Once Daily Oral Direct Factor Xa 

Inhibition Compared with Vitamin K Antagonism for Pre-

vention of Stroke and Embolism Trial in Atrial Fibrillation 

(ROCKET-AF) included patients with a mean CHADS2 

score of 3.5 and a median age of 73 years. ROCKET-AF 

showed rivaroxaban was associated with lower rate of stroke 

and systemic thromboembolism (1.7%/year vs 2.2%/year, 

HR, 0.79; 95% CI [0.66–0.96]; P,0.001) with similar rates 

of major bleeding when compared with warfarin (3.6%/year 

vs 3.4%/year, HR 1.03; 95% CI, [0.96–1.11]; P=0.44).10 

On-treatment analysis further demonstrated lower rate of 

stroke and systemic thromboembolism with rivaroxaban vs 

warfarin (1.7%/year vs 2.2%/year; P=0.02).

In patients aged $75 years, rivaroxaban resulted in a 

similar reduction in stroke and systemic thromboembo-

lism compared with warfarin (2.3%/year vs 2.8%/year, 

HR 0.80; 95% CI [0.63–1.02]; P=0.3). Daily rivaroxaban 

was associated with a similar risk of major bleeding in 

patients ,75 years (2.7%/year vs 2.8%/year, HR 0.96; 

95% CI [0.78–1.19]; P=0.3) but a trend toward more major 

bleeding in patients .75 years (4.8%/year vs 4.4%/year, 

HR 1.1; 95% CI [0.92–1.34]; P=0.3).10,14 

The Reduction in Stroke and Other Thromboembolic 

Events in Atrial Fibrillation (ARISTOTLE) trial included 

patients with a mean CHADS2 score of 2.1 and a median age 

of 70 years. ARISTOTLE showed apixaban was associated 

with lower rate of stroke and systemic thromboembolism 

(1.3%/year vs 1.6%/year, HR 0.79; 95% CI [0.66–0.95]; 

P,0.001) with lower rates of major bleeding when compared 

Table 1 Summary of risk of stroke/thromboembolism and major bleeding comparing direct oral anticoagulants and warfarin in patients 
aged .75 years and ,75 years

Stroke/systemic thromboembolism (%/year) Major bleeding (%/year)

Age ,75 years* Age .75 years Age ,75 years* Age .75 years

Re-LY
Dabigatran 150 mg 0.9 1.4 2.1 5.1
Warfarin 1.4 2.1 3 4.4

ROCKeT-AF
Rivaroxaban 2 2.3 2.7 4.9
Warfarin 2.1 2.9 2.8 4.4

ARISTOTLe
Apixaban 1.2 1.6 2 3.3
Warfarin 1.7 2.2 2.8 5.2

eNGAGe-TIMI 48
Edoxaban – high intensity 1.7 1.9 2.5 4
Edoxaban – low intensity 2.6 2.6 1.6 2.3
Warfarin 1.8 2.3 3.3 4.8

Note: *Age ,75 years: includes patients between 65 and 74 years.
Abbreviations: RE-LY, Randomized Evaluation of Long-Term Anticoagulation Therapy; ROCKET-AF, Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared 
with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation; ARISTOTLE, Reduction in Stroke and Other Thromboembolic Events in Atrial 
Fibrillation trial; ENGAGE-TIMI 48, Effective Anticoagulation with Factor Xa Next Generation in Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48 trial.
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with warfarin (2.1%/year vs 3.1%/year, HR 0.69; 95% CI 

[0.60–0.80]; P,0.001).11 In patients aged $75 years, apixa-

ban resulted in a similar reduction in stroke and systemic 

thromboembolism compared with warfarin (1.6%/year vs 

2.2%/year, HR 0.71; 95% CI [0.53–0.95]; P=0.11). Apixaban 

was associated with a lower risk of major bleeding in both 

patients ,75 years (2%/year vs 2.8%/year, HR 0.71; 95% CI 

[0.56–0.89]; P=0.63) and in patients .75 years (3.3%/year 

vs 5.2%/year, HR 0.64; 95% CI [0.52–0.79]; P=0.63) when 

compared with warfarin.11,15,16 

The Effective Anticoagulation with Factor Xa Next 

Generation in Atrial Fibrillation-Thrombolysis in Myocardial 

Infarction (ENGAGE-TIMI) 48 trial included patients with 

a mean CHADS2 score of 2.8 and a median age of 72 years. 

ENGAGE-TIMI 48 showed oral edoxaban was associated 

with lower rate of stroke and systemic thromboembolism 

(1.2%/year vs 1.5%/year, HR, 0.79; 97.5% CI [0.63–0.99]; 

P,0.001) with lower rates of major bleeding when compared 

with warfarin (2.7%/year vs 3.4%/year, HR 0.80; 95% CI 

[0.71–0.91]; P,0.001).12 In patients aged $75 years, both 

edoxaban 60 mg daily and 30 mg daily resulted in a similar 

reduction in stroke and systemic thromboembolism compared 

with warfarin (edoxaban 60 mg; 1.9%/year vs 2.3%/year, HR 

0.83; P= non-significant) and edoxaban 30 mg; 2.6%/year 

vs 2.3%/year, HR 1.12; P= non-significant. Both edoxaban 

60 mg and 30 mg were associated with a lower risk of major 

bleeding in both patients ,75 years (edoxaban 60 mg; 

2.5%/year vs 3.3%/year, absolute risk reduction 0.8% and 

edoxaban 30 mg daily; 1.6%/year vs 3.3%/year, absolute 

risk reduction 1.7%) and in patients .75 years (edoxaban 

60 mg; 4%/year vs 4.8%/year, absolute risk reduction 0.8% 

and edoxaban 30 mg; 2.3%/year vs 4.8%/year, absolute risk 

reduction 2.6%) when compared with warfarin.17 

Overall, a favorable risk-benefit profile of all four 

NOACs when compared with warfarin was demonstrated 

by a meta-analysis including 71,683 subjects from the 

RE-LY, ROCKET-AF, ARISTOTLE, and ENGAGE AF-

TIMI 48 trials. The meta-analysis showed that DOACs 

reduced the risk of stroke and systemic thromboembolism 

by 19% (HR 0.81; 95% CI [0.73–0.91]; P,0.0001) with 

a 9% lower risk of major bleeding (P=0.02).18 In patients 

aged $75 years, DOACs resulted in a similar risk reduction 

in stroke and systemic thromboembolism (HR 0.78; 95% 

CI [0.68–0.88]; P=0.38) compared with warfarin. DOACs 

were also associated with a similar risk of major bleeding in 

patients ,75 years (HR 0.79; 95% CI [0.67–0.94]; P=0.28) 

and in patients .75 years (HR 0.93; 95% CI [0.74–1.17]; 

P=0.28) when compared with warfarin. 

In AF patients unsuitable for warfarin, aspirin demon-

strated a reduction of stroke and systemic thromboembolism 

by 20% when compared with placebo.19 The Apixaban Ver-

sus Acetylsalicylic Acid [ASA] to Prevent Stroke in Atrial 

Fibrillation Patients Who Have Failed or Are Unsuitable for 

Vitamin K Antagonist Treatment (AVERROES) trial was the 

only RCT comparing a DOAC (apixaban) with aspirin. The 

AVERROES trial included patients with a mean CHADS2 

score of 2.0 and a mean age of 70 years. AVERROES showed 

that oral apixaban was associated with lower rate of stroke 

and systemic thromboembolism (1.6%/year vs 3.7%/year, 

HR 0.45; 95% CI [0.32–0.62]; P,0.001) with similar rates 

of major bleeding when compared with aspirin (1.4%/year 

vs 1.2%/year, HR 1.13; 95% CI [0.74–1.75]; P=0.57).20 In 

patients aged $75 years, apixaban demonstrated a trend 

toward lower rate of stroke and systemic thromboembolism 

with apixaban compared with aspirin (2%/year vs 6.1%/

year, P=0.08). Apixaban was associated with a similar risk of 

major bleeding in patients ,75 years (0.9%/year vs 1%/year, 

P=0.85) and in patients .75 years (2.6%/year vs 2.2%/year, 

P=0.85) when compared with aspirin. 

These results suggest in age $75 years apixaban is a 

viable alternative in patients unsuitable for warfarin.

In conclusion, in age $75 years; NOACs have a favor-

able risk-benefit profile when compared with warfarin for 

prevention of stroke and systemic thromboembolism. Caution 

is recommended with dabigatran 150 mg twice daily due to 

higher risk of major bleeding. There are no studies comparing 

one NOAC to another so determination of the safest NOAC 

in the elderly is based on indirect comparisons from studies 

of different patient populations.

NOACs in patients with AF and CKD
CKD is a major risk factor for AF and stroke with a two- to 

threefold increased risk with worsening kidney function.1,21,22 

CKD patients are also associated with a twofold increased 

risk of major bleeding.1,23–26 Despite this increased risk of 

stroke and systemic thromboembolism with CKD, it is not 

a part of the stroke stratifying risk score, CHA2DS2-VASc 

(Congestive heart failure, Hypertension, Age $65–74 years: 

1 point and $75 years: 2 points, Diabetes, Stroke or transient 

ischemic attack, female sex, Vascular disease including 

peripheral vascular disease, aortic and coronary disease).27

The efficacy of OAC therapy for stroke prevention in 

CKD patients is not based on randomized prospective trials 

but the risk-benefit ratio is based on sub-analysis of clinical 

trials.19 A sub-analysis from the Stroke Prevention in Atrial 

Fibrillation (SPAF) 3 trials in patients with CKD stage III 
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(eGFR [estimated glomerular filtration rate] 30–59 mL/min 

per 1.73 kg/m2) demonstrated that OAC therapy with warfarin 

(international normalized ratio [INR] 2–3) reduced the risk 

of stroke and systemic thromboembolism when compared 

with aspirin and low dose warfarin.23 

A net clinical benefit is defined as the difference between 

the perceived risk of stroke/systemic thromboembolism, 

mortality and major bleeding with OAC therapy. An analy-

sis from the Danish registry including 11,128 CKD patients 

not requiring dialysis, reported a net clinical benefit which 

was estimated including cardiovascular death, composite 

endpoint of hospitalization/death from stroke/bleeding; a 

composite endpoint of fatal stroke/fatal bleeding; and all-

cause death with warfarin when compared with placebo in 

AF with a CHA2DS2-VASc score $2.28 

However, observational studies in patients with severe 

renal impairment and hemodialysis have raised questions 

regarding usage of oral warfarin.29–31 A prospective cohort 

study including 631 patients reported that patients with severe 

CKD (eGFR ,30 mL/min per 1.73 kg/m2) spent less time 

in therapeutic range (TTR) (INR 2–3), had a higher risk 

of over-anticoagulation (INR .4, P=0.05), and required 

lower warfarin dosing when compared with patients with 

an eGFR .30 mL/min per 1.73 kg/m.2,32

The current ACC (American College of Cardiology)/

AHA (American Heart Association)/HRS (Heart Rhythm 

Society) guidelines on AF for stroke prevention suggests that 

adjusted dose warfarin (INR 2–3) may be used with severe 

CKD and hemodialysis.2 NOACs have also been approved 

by the US Food and Drug Administration (FDA) for stroke 

prevention from AF in CKD patients and in this section, the 

rationale for their use in CKD will be analyzed.

The ACC/AHA/HRS guidelines on AF for stroke preven-

tion recommend dabigatran 150 mg twice daily in patients 

with CrCl .30 mL/min, 75 mg twice daily in patients with 

a CrCl 15–30 mL/min, and is not recommended in patients 

with a CrCl ,15 mL/min or on hemodialysis. In the United 

States, dabigatran 110 mg twice daily, a dose used in 

RE-LY, is not approved for use.2 Rivaroxaban 20 mg daily 

is recommended in patients with a CrCl .50 mL/min and 

15 mg daily in patients with a CrCl 15–50 mL/min. It is not 

recommended in patients with a CrCl ,15 mL/min or on 

hemodialysis.2 Apixaban 5 mg twice daily and a reduced 

dose of 2.5 mg twice daily is recommended if two of the 

three criteria are present: serum creatinine $1.5 mg/dL, 

age $80 years, body weight #60 kg.2 Apixaban is cur-

rently not recommended by the guidelines in patients with 

a CrCl ,25 mL/min2 but has been approved by the FDA 

for patients on hemodialysis based on pharmacokinetic and 

pharmacodynamics studies.33

The ACC/AHA/HRS guidelines on AF for stroke pre-

vention have not been updated since the FDA has approved 

edoxaban 60 mg daily for patients with a CrCl .50 mL/min 

to #95 mL/min and a reduced dose of 30 mg daily for patients 

with a CrCl 15–50 mL/min.2,34

The recommendation for dabigatran was based on the 

subgroup analysis of the RE-LY trial9 which included 3,505 

patients with moderate CKD (CrCl 30–49 mL/min) and 

excluded patients with severe CKD (CrCl ,30 mL/min). 

The study reported that compared with warfarin, dabigatran 

150 mg twice daily significantly reduced the rate of stroke 

and systemic thromboembolism (1.5%/year vs 2.8%/year, 

P,0.01). In terms of safety endpoints, major bleeding 

(5.44%/year vs 5.51%/year, P=0.12) was similar with dabiga-

tran when compared with warfarin.9,24 The recommendation 

regarding the use of dabigatran 75 mg twice daily in CrCl 

15–30 mL/min was based on pharmacological modeling 

studies.2 

To assess the safety of dabigatran in patients not involved 

in clinical trials an audit was conducted in New Zealand. 

Forty-four patients were treated with dabigatran 150 mg 

twice daily for stroke prevention in AF. In this analysis 

78 episodes of bleeding occurred, including 12 episodes of 

major bleeding over a period of 2 months, emphasizing the 

need for caution with dabigatran in elderly patients with poor 

kidney function.35 

Of note 80%–85% of dabigatran is eliminated by the kid-

neys. With dabigatran, there is a 1.7-fold increase in exposure 

in patients with moderate CKD (CrCl of 30–50 mL/min), 

however no dose adjustment is recommended.36 Hence 

fluctuations in CrCl can increase dabigatran plasma drug 

concentration increasing predisposition to bleeding, espe-

cially in the elderly patient.37 It is also recommended that 

dabigatran should be discontinued in acute renal failure to 

avoid drug toxicity and bleeding risk.36

The recommendation for use of rivaroxaban in CKD 

was based on analysis of the ROCKET-AF10 which included 

2,950 patients with moderate CKD (CrCl 30–49 mL/min). 

The study reported that compared with warfarin, rivaroxa-

ban 15 mg daily significantly reduced the rate of stroke 

and systemic thromboembolism (1.7%/year vs 2.2%/year, 

P,0.001). In terms of safety endpoints, major bleeding 

(4.49%/year vs 4.70%/year, P=0.5) was similar with rivar-

oxaban when compared with warfarin.38 These results suggest 

a beneficial effect of rivaroxaban compared with warfarin in 

patients with CKD (CrCl 30–49 mL/min).
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The recommendation for the use of rivaroxaban 15 mg 

daily in patients with CrCl 15–30 mL/min was based on drug 

plasma concentration studies. There are no clinical trials 

supporting the use of rivaroxaban in CrCl ,30 mL/min and 

in hemodialysis.2,39 

Of note 66% of rivaroxaban is eliminated by the kidneys. 

With rivaroxaban, there is a 12% increase in exposure in 

patients with moderate CKD (CrCl of 30–49 mL/min) and a 

reduced dose of rivaroxaban 15 mg daily is recommended.39 

Fluctuations in CrCl can increase rivaroxaban plasma drug 

concentration increasing the predisposition to bleeding, 

especially in the elderly patient. It is also recommended that 

rivaroxaban be discontinued in acute renal failure to avoid 

drug toxicity and bleeding risk.39 

The recommendation for use of apixaban in patients with 

CKD is based on analyses of the AVERROES and ARIS-

TOTLE studies. AVERROES20 included 1,697 subjects with 

CrCl of 30–49 mL/min. The study reported that compared 

with aspirin, apixaban twice daily significantly reduced the 

rate of stroke and systemic thromboembolism (1.8%/year vs 

5.6%/year, P,0.001). In terms of safety endpoints, major 

bleeding was similar with apixaban (3.2%/year vs 2.5%/year, 

P=0.9) when compared with aspirin.24 AVERROES also 

included 70 patients with a CrCl 15–29 mL/min but no results 

have been published. 

The ARISTOTLE trial11,40 included 3,017 subjects with 

CrCl of 25–50 mL/min. The study reported that compared 

with warfarin, apixaban twice daily had a similar rate 

of stroke and systemic thromboembolism (1.3%/year vs 

2.1%/year, P=0.4). In terms of safety endpoints, major 

bleeding was lower with apixaban (3.2%/year vs 6.4%/year, 

P=0.03) when compared with warfarin. The ARISTOTLE 

trial also included 270 subjects with CrCl 15–29 mL/min 

but no results have been published. These results suggest 

that in CKD (CrCl 25–50 mL/min) apixaban is an attractive 

alternative to warfarin.

Of note, 27% of apixaban is eliminated by the kidneys.33 

Hence, fluctuations in CrCl in the absence of the other two 

characteristics (age $80 years, body weight #60 kg) do not 

require a dose reduction.33

The ACC/AHA/HRS guidelines on AF for stroke pre-

vention have not been updated since the FDA has approved 

edoxaban 60 mg daily for CrCl .50 mL/min to #95 mL/min 

and a reduced dose of 30 mg daily for CrCl 15–50 mL/min.2,34 

The ENGAGE-TIMI 48 trial12 compared a high intensity 

edoxaban therapy (60 mg once daily, 30 mg daily in patients 

with CrCl of 30–50 mL/min, body weight ,60 kg or co-

administration of verapamil or quinidine) and a low intensity 

edoxaban (30 mg once daily, 15 mg daily in patients with 

CrCl of 30–50 mL/min, body weight ,60 kg or concomitant 

use of verapamil or quinidine) to warfarin. 

According to the FDA briefing document, in patients 

with a CrCl $80 mL/min, there was a trend toward increased 

risk of stroke and systemic thromboembolism in the high 

intensity edoxaban group compared with warfarin (HR 1.1, 

95% CI [0.58–2.12]). The risk was substantially higher with 

edoxaban compared with warfarin in patients with a CrCl 

.95 mL/min (HR 2.16; 95% CI [1.17, 3.97]) in patients 

with CrCl $95 mL/min when compared with warfarin. In 

patients with a CrCl 50–80 mL/min, the rate of stroke and 

systemic thromboembolism was similar with edoxaban 

when compared with warfarin (1.49%/year vs 2.17%/

year). In patients with a CrCl 30–50 mL/min, the rate of 

stroke and systemic thromboembolism was similar in both 

edoxaban and warfarin groups (2.34%/year vs 2.70%/year). 

Patients with CrCl ,30 mL/min were excluded from the 

trial. The risk of major bleeding was substantially lower 

across all levels of CrCl with edoxaban than warfarin.41 

These results suggest that in patients with moderate CKD 

(CrCl 30–50 mL/min) edoxaban is an attractive alternative 

to warfarin. 

Of note, 50% of edoxaban is eliminated by the kidneys. 

In patients with moderate CKD (CrCl of 30–50 mL/min)34 

a reduced dose of edoxaban 30 mg daily is recommended. 

Fluctuations in CrCl can increase edoxaban plasma drug con-

centration increasing predisposition to bleeding, especially 

in the elderly patient.34 

In conclusion, in CKD NOACs have a similar risk-benefit 

profile in the prevention of stroke and systemic thromboem-

bolism when compared with warfarin (Table 2). However, 

appropriate dose adjustment and close monitoring of kidney 

function is recommended (Table 3). 

NOACs in patients with AF 
and CAD
CAD has a strong association with aging and also with AF 

due to overlapping cardiovascular risk factors. It is estimated 

that CAD occurs in 20%–45% of patients with concomitant 

AF.42 In this section we consider the use of anticoagulation 

in unstable and stable CAD.

Acute coronary syndromes (ACS) are usually due to 

plaque rupture and intracoronary thrombus formation. Treat-

ment for this is usually with dual-antiplatelet therapy and 

parenteral anticoagulation.43,44 In theory, the use of DOACs 

in addition to these agents might offer additional benefit in 

patients following ACS. 
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The ATLAS ACS-TIMI 46 (Anti-Xa Therapy to Lower 

Cardiovascular Events in Addition to Standard Therapy in 

Subjects with Acute Coronary Syndrome-Thrombolysis 

In Myocardial Infarction) trial45 examined rivaroxaban in 

addition to standard dual antiplatelet agents (DAPT) after 

ACS. When compared with standard care, the risk of myo-

cardial infarction (MI), cardiovascular death, and stroke was 

reduced by 31% (P=0.027). 

However in ATLAS ACS-TIMI 46 there was a dose-

dependent increased risk of bleeding compared with standard 

care (HR 2.21; 95% CI [1.25–3.91] with 5 mg, 3.3; 95% CI 

[2.31–4.87] with 10 mg, 3.6; 95% CI [2.32–5.58] with 15 mg, 

and 5.0; 95% CI [3.45–7.42] with 20 mg; P,0.0001). 

The ATLAS ACS-2 TIMI 51 trial examined rivaroxaban 

5 mg and 2.5 mg daily in recent ACS patients. The results 

supported the earlier findings. Both doses of rivaroxa-

ban reduced the risk of MI and cardiovascular mortality 

(8.9%/year vs 10.7%/year, P=0.008) with an increased rate 

of major bleeding (2.1%/year vs 0.6%/year, P,0.001).46

A subgroup analysis including ST-elevation MI (STEMI) 

patients also showed similar reduction in endpoint of car-

diovascular death, MI, or stroke, compared with placebo 

(8.4%/year vs 10.6%/year, P=0.019) but a reduction in 

cardiovascular death was only seen with rivaroxaban 2.5 mg 

(2.2%/year vs 3.9%/year, P=0.006), and not with rivar-

oxaban 5 mg. Both doses of rivaroxaban were associated 

with increased major bleeding (2.2%/year vs 0.6%/year, 

P,0.001).47 Rivaroxaban 2.5 mg twice daily in combination 

with standard DAPT is currently approved in Europe for ACS 

but not in the United States.48

Table 2 Summary of risk of stroke/thromboembolism and major bleeding comparing direct oral anticoagulants and warfarin in patients 
with a CrCl ,50 mL/min and .50 mL/min

Stroke/systemic thromboembolism (%/year) Major bleeding (%/year)

CrCl 30–49 mL/min CrCl $50–80 mL/min CrCl 30–49 mL/min CrCl $50–80 mL/min

Re-LY
Dabigatran 150 mg 1.5 1.2 5.4 3.3
Warfarin 2.8 1.8 5.5 3.8

ROCKeT-AF
Rivaroxaban 1.7 1.6 4.5 3.2
Warfarin 2.1 2 4.7 3.4

ARISTOTLe
Apixaban 2.1* 1.2 3.2* 2.4
Warfarin 2.7* 1.7 6.4* 3.2

eNGAGe-TIMI 48
Edoxaban 2.3 1.5 3.8 3.1
Warfarin 2.7 2.1 5.1 3.5

Note: *CrCl 25–50 mL/min.
Abbreviations: CrCl, creatinine clearance; RE-LY, Randomized Evaluation of Long-Term Anticoagulation Therapy; ROCKET-AF, Rivaroxaban Once Daily Oral Direct 
Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation; ARISTOTLE, Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation trial; ENGAGE-TIMI 48, Effective Anticoagulation with Factor Xa Next Generation in Atrial Fibrillation-Thrombolysis in 
Myocardial Infarction 48 trial.

Table 3 Dosing of direct oral anticoagulants in atrial fibrillation based on creatinine clearance

Dabigatran Rivaroxaban Apixaban Edoxaban

Normal renal function
(CrCl .80 mL/min)

150 mg twice daily 20 mg daily 5 mg twice daily or  
2.5 mg twice daily*

60 mg daily
Avoid if CrCl $95 mL/min

Mild renal impairment
(CrCl 50–80 mL/min)

150 mg twice daily 20 mg daily 5 mg twice daily or  
2.5 mg twice daily*

60 mg daily

Moderate renal impairment
(CrCl 30–50 mL/min)

150 mg twice daily 20 mg daily**
15 mg daily

5 mg twice daily or  
2.5 mg twice daily*

60 mg daily** or 
30 mg daily!

Severe renal impairment+ 
(CrCl ,30 mL/min)

75 mg twice daily 15 mg daily Avoid 30 mg daily!

Severe renal impairment 
on hemodialysis+

Avoid Avoid 5 mg twice daily or 
2.5 mg twice daily*

Avoid

Notes: *Apixaban 2.5 mg daily if two patient characteristics including serum creatinine $1.5 mg/dL, $80 years, #60 kg are present; !CrCl 15–50 mL/min; **in CrCl .50 mL/min; 
+no evidence from RCTs in CrCl ,30 mL/min and hemodialysis with dabigatran, rivaroxaban and edoxaban and ,25 mL/min with apixaban.
Abbreviations: CrCl, creatinine clearance; RCTs, randomized controlled trials.
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The results of other NOACs in ACS have not been as 

favorable as rivaroxaban. Studies examining apixaban in 

ACS consistently reported increased risk of major bleed-

ing with no significant reduction in MI or cardiovascular 

mortality.49,50 Apixaban, with oral dosing of 2.5 mg twice 

daily, 10 mg daily, 10 mg twice daily, and 20 mg daily, was 

compared to placebo in recent STEMI and non-ST eleva-

tion MI patients on background DAPT in the Apixaban for 

Prevention of Acute Ischemic Events (APPRAISE) and 

APPRAISE-2 trials.49,50 

The APPRAISE50 trial included 1,715 patients and 

reported a dose-dependent increased risk of major bleeding 

with oral apixaban 2.5 mg twice daily (HR 1.78; 95% CI, 

0.91–3.48; P=0.09) and 10 mg once daily (HR 2.45; 95% CI, 

1.31–4.61; P=0.005) when compared with placebo. A non-

significant trend toward reduction in ischemic outcomes 

was observed with apixaban 2.5 mg twice daily (HR 0.73; 

95% [CI 0.44–1.19]; P=0.09) and 10 mg daily groups (HR 

0.61; 95% CI [0.35–1.04]; P=0.007) when compared with 

placebo. 

A study examining edoxaban in ACS patients was planned 

and then delayed. Studies examining dabigatran in ACS 

reported increased bleeding risk and have raised concerns 

regarding an increased risk of MI. The Dabigatran vs placebo 

in patients with ACS on dual-antiplatelet therapy: a ran-

domized, double-blind, Phase II trial (RE-DEEM) included 

patients after STEMI and non-ST elevation MI randomized 

to dabigatran vs placebo. The study demonstrated a dose-

dependent increased risk of major bleeding – HR 1.77; 95% 

CI (0.7–4.5), HR 2.17; 95% CI (0.88–5.3), HR 3.9; 95% CI 

(1.7–8.9) and HR 4.2; 95% CI. At weeks 1 and 4, the coagula-

tion activity measured by blood d-dimer levels were signifi-

cantly decreased with all dabigatran doses by an average of 

37 and 45% respectively (P,0.001). Dabigatran 110 mg (3%) 

and 150 mg (3.5%) were also associated with fewer death, 

MI or stroke when compared with placebo (3.8%).51 

Studies reporting risk of MI with both ximelagatran and 

dabigatran have observed a numerically higher but not sta-

tistically increased risk of MI raising the suspicion of a class 

effect noted with direct thrombin inhibition.9,52–54 A lower 

risk of MI with both dabigatran 150 mg (HR: 0.40, 95% 

CI: 0.21–0.70) and dabigatran 110 mg (HR: 0.30, 95% CI: 

0.18–0.49) was also reported from a Danish registry including 

13,914 AF patients when compared with warfarin.55 Another 

large “real-world” study including 134,414 Medicare patients 

showed no increased risk of MI with dabigatran when com-

pared with warfarin (15.7%/year vs 16.9%/year; HR 0.92; 

95% CI [0.78–1.08]; P=0.29).56 

Factor Xa inhibitors (rivaroxaban and apixaban) on the 

other hand did not show increased risk of major cardiovas-

cular events when compared with placebo.57–59 

Observational studies have noted an increased risk of 

bleeding when ACS patients are treated with antiplatelet 

agents in addition to OAC therapy.60,61 Combination of 

NOACs with aspirin reduced major adverse cardiovascular 

events by 30%, but resulted in a 79% increase in major 

bleeding. Similarly, combination of DOACs with aspirin and 

clopidogrel decreased major adverse cardiovascular events by 

13% but increased major bleeding by 134%.61 A sub-analysis 

of the ENGAGE-TIMI 46 trial showed that edoxaban 30 mg 

daily with aspirin was associated with a reduction in the 

net clinical outcome of cardiovascular death, stroke, and 

systemic thromboembolism or major bleeding (6.9%/year 

vs 9.5%/year, P=0.02) when compared with warfarin.62 The 

role of prasugrel and ticagrelor in the future and their bleeding 

risk when used in combination with DOACs for prevention of 

stroke and systemic thromboembolism and coronary events 

remains to be determined.

Warfarin is an effective agent to prevent MI. The 

Warfarin-Aspirin Reinfarction Study (WARIS II) included 

3,630 patients after MI and demonstrated that warfarin was 

superior to aspirin in decreasing ischemic events following 

MI (16.7%/year vs 20%/year, P=0.03) but was associated 

with an increased rate of major bleeding (0.62%/year vs 

0.17%/year, P,0.001).63 

Consequently for patients with stable CAD who remain 

free of ischemic events for $12 months and AF and with 

CHA2DS2-VASc score $2, warfarin may be reasonable. 

The rate of MI was similar with rivaroxaban (0.9%/year 

vs 1.1%/year; P=0.12), apixaban (0.5% vs 0.6%, P=0.4), 

and edoxaban (60 mg [0.7% vs 0.75%, P=0.13]; 30 mg dose 

[0.9% vs 0.75%, P=0.13]) when compared with warfarin 

in the ROCKET-AF,10 ARISTOTLE,11 and ENAGAGE 

TIMI-48 trials.12 This is where the use of DOACs, especially 

factor Xa inhibitors without aspirin seems favorable in stable 

CAD. The use of dabigatran in patients with CAD is contro-

versial and must take into account the favorable effects of 

stroke prevention with a possible increased incidence of MI. 

The concomitant use of aspirin, other P2Y12 inhibitors or 

combination therapy with NOACs may substantially increase 

risk of bleeding.

NOACs and polypharmacy
The term “polypharmacy” is defined as increased usage 

of prescription and non-prescription medications. Polyp-

harmacy can be appropriate, especially in the elderly with 
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chronic cardiovascular disease. However, polypharmacy 

can lead to various drug and dietary interactions leading to 

adverse or undesirable outcomes in patients, especially the 

elderly with AF.64 

A recent analysis of the ROCKET-AF reported that 36% 

of the patients were on 0–4 concomitant medications, 51% 

were on 5–9 concomitant medications, and 13% were on $10 

concomitant medications. Those who used .10 medications 

were older compared with those who used 0–4 medications 

(median age 75 years vs 71 years). Concomitant use of a 

higher number of medications (.10 medications) showed 

a trend toward increased risk of major and minor bleeding 

(HR 1.46, 95% CI [1.29–1.64], P=0.81) but not stroke and 

systemic thromboembolism when compared to use of 0–4 

medications.65 Another cross-sectional study from the Danish 

anticoagulation clinic reported that 53% of patients used $5 

prescription medications.66 

Hence, it is important for the prescribing physician to be 

aware of the various drug interactions that may increase or 

decrease drug plasma concentration of any OAC therapy as a 

decrease in drug plasma concentration decreases efficacy for 

prevention of stroke and systemic thromboembolism while 

an increase in drug plasma concentration may increase the 

risk of major bleeding (Table 4). 

Historically, warfarin has been the oral anticoagulant 

of choice for stroke prevention in AF. However, warfarin 

has several limitations especially in the elderly with polyp-

harmacy due to its complex pharmacokinetics and phar-

macodynamic properties, narrow therapeutic window, and 

several drug interactions. The interactions between warfarin 

and other drugs have been reviewed extensively by other 

manuscripts and are beyond the scope of this paper. NOACs 

on the other hand appear to have a more stable pharmaco-

dynamic profile and fewer drug interactions than warfarin 

making them more favorable in the setting of polypharmacy. 

However, certain groups of drugs can cause significant drug 

interaction with DOACs, thereby altering drug plasma con-

centration and must be avoided. 

All the NOACs are substrates of the P-gp transport sys-

tem. P-gp functions as a transmembrane efflux pump which 

moves the substrates from inside to outside the cell. Drugs 

which induce or inhibit the P-gp system have a significant 

therapeutic effect on the DOACs. 

Strong P-gp inducers such as phenytoin and carbamazepine 

which are typically used as anti-seizure medications in elderly 

can reduce dabigatran drug plasma concentration and hence 

must be avoided. Rifampin, an anti-infective medication, also a 

strong P-gp inducer must be avoided due to similar reasons.36 T
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such as all “azoles”, ritonavir, amiodarone, dronedarone, 

ranolazine, felodipine, and conivaptan must be avoided with 

rivaroxaban in CrCl ,50 mL/min.39 

All “azoles”, ritonavir, clarithromycin, and conivaptan 

must be avoided with apixaban in patients in whom a reduced 

dose of apixaban is recommended. A dose reduction to apixa-

ban 2.5 mg is recommended in whom a dose of apixaban 

5 mg twice daily is recommended.33 It is also recommended 

to avoid concomitant use of rivaroxaban and apixaban with 

drugs that are combined P-gp and strong CYP3A4 inducers 

which may be used in elderly as anti-seizure medications 

(carbamazepine, phenytoin), antidepressants (St John’s 

wort), and anti-infective (rifampin) agents. The edoxaban 

package insert reports that edoxaban does not inhibit the 

major cytochrome 450 enzymes; although it should not be 

used with rifampin. Diltiazem, which is commonly used 

as a rate control strategy in elderly with AF is a moderate 

CYP3A4 and P-gp inhibitor and can increase the mean 

drug plasma concentration of rivaroxaban in patients with a 

CrCl ,50 mL/min and apixaban in CrCl ,30 mL/min and 

must be used with caution.33 

Agents such as aspirin and clopidogrel have demonstrated 

prolonged bleeding time and should be avoided if possible.72,73 

Excess bleeding was observed during the administration of 

rivaroxaban with NSAIDs.74 Edoxaban AUC increased with 

co-administration of P-gp inhibitors such as verapamil, 

dronedarone, amiodarone, and quinidine by 29%, 84%, 

40%, and 76%. Edoxaban also increased mean drug plasma 

concentration when concomitantly administered with digoxin 

by 28%; however, the AUC was not affected.75 The edoxaban 

package insert does not currently recommend a dose adjust-

ment with concomitant use of the above P-gp inhibitors.34 

Co-administration of anticoagulants, antiplatelet drugs, and 

thrombolytics with all three factor Xa inhibitors increases the 

risk of bleeding and must be used with caution.76 

Overall, in elderly patients with polypharmacy NOACs 

appear to be more favorable than warfarin for stroke pre-

vention in AF. However, each of these NOACs has their 

own set of drug interactions and must be customized by the 

prescribing physician based on other patient prescription 

medications to maximize benefit. 

NOACs and frailty
Frailty is defined as a decline in functional and physiological 

reserve associated with aging, in the presence of concomitant 

chronic medical problems; it is characterized by cognitive 

impairment, restricted mobility, fall risk, low bodyweight 

(LBW), malnutrition, and inability to cope with various 

Certain antiarrhythmic medications such as dronedarone 

and rate controlling agents like verapamil which are used in 

patients with AF can increase dabigatran drug plasma con-

centration and mean area under the curve (AUC). It is recom-

mended that dabigatran is administered 2 hours apart from 

these agents.36 Ketoconazole is a commonly used antifungal 

medication in the elderly which is also a strong P-gp inhibitor 

and must be spaced 2 hours apart with dabigatran.36 A dose 

reduction of dabigatran 75 mg twice daily is recommended 

with concomitant use of dronedarone or ketoconazole in 

patients with a CrCl ,50 mL/min. 

Dose adjustment of dabigatran is not necessary in the 

elderly with commonly used drugs such as amiodarone, vera-

pamil, quinidine, digoxin, clarithromycin, diclofenac, proton 

pump inhibitors, and H2 antagonists in patients with normal 

kidney function. However, it is recommended to avoid usage 

of dabigatran with CrCl ,30 mL/min.36,37 

Elderly patients may be treated with aspirin and clopi-

dogrel for secondary prevention of cardiovascular events. 

Clopidogrel loading 300 mg or 600 mg demonstrated a 

40% increase in mean dabigatran drug plasma concentration 

and a 30% increase in mean dabigatran AUC. However, no 

change in dosing regimen is recommended.36,67 Administra-

tion of 180 mg loading dose of ticagrelor demonstrated a 

65% increase in mean drug plasma concentration and a 49% 

increase in mean dabigatran AUC. The packet insert recom-

mends that ticagrelor be given 2 hours apart from dabigatran 

to decrease drug plasma concentration, AUC, and bleeding 

risk from similar reasons. Due to lack of sufficient data and 

because of increased platelet inhibition with prasugrel and 

ticagrelor with increased risk of bleeding, it may be reason-

able to avoid prasugrel and ticagrelor with DOACs due to 

increased risk of bleeding. 

Non-steroidal anti-inflammatory drugs (NSAIDs) are 

commonly used in elderly patients for a variety of reasons. No 

change in dosing is recommended with dabigatran. However, 

NSAIDs must be used with caution with all NOACs as they 

are reported to increase risk of major bleeding and stroke 

and systemic thromboembolism with AF.68 

Rivaroxaban is metabolized by CYP3A4, CYP3A5, and 

CYP2J2 as well as CYP independent hepatic mechanisms.69 

Apixaban is metabolized by CYP3A4 with minor involve-

ment of CYP1A2, CYP2C8, CYP2C9, and CYP2J2.70 

Edoxaban is metabolized by CYP3A4.71 The possibility of 

interaction with other drugs that are substrates or inducers 

of CYP including antihypertensives, anti-arrhythmics, anti-

ischemic, and anti-infective agents must be entertained, par-

ticularly in the elderly. Strong CYP 3A4 and P-gp inhibitors 
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Figure 1 Summary of choice of oral anticoagulants in elderly with various comorbidities.
Abbreviations: CHA2DS2-VASc, Congestive heart failure, Hypertension, Age $65–74 years: 1 point and $75 years: 2 points, Diabetes, Stroke or transient ischemic attack, 
female sex, Vascular disease including peripheral vascular disease, aortic and coronary disease; CrCl, creatinine clearance; CAD, coronary artery disease; PCI, percutaneous 
coronary intervention; INR, international normalized ratio.

stressors in life.77 The American Society of Geriatrics rec-

ommends a scoring index to stratify frailty in elderly based 

on unintentional .10 lb weight loss in 1 year, slow walking 

speed, low physical activity, weakness, and exhaustion.78 

Recent studies have demonstrated that AF may be a risk 

factor for frailty in the elderly population.79–81 

The association between frailty, stroke, and cognitive 

impairment was demonstrated by a 7-year prospective study 

including 5,480 individuals aged between 65 and 95 years, 

which reported that frailty was associated with vascular 

dementia but not with other types of dementia.82 Despite 

the increased stroke risk frailty is one of the most common 

reasons to withhold OAC therapy.83–85 A prospective cohort 

study including 220 elderly AF patients aged $70 years 

reported that frail patients were less likely to receive OAC 

therapy during hospitalization and were also at a higher risk 
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of stroke (HR 3.5, 95% CI 1.0–12.0) and mortality (HR 

2.8, 95% CI 1.2–6.5) at 6 months follow-up than non-frail 

patients.85 Currently the ACC/AHA/HRS AF guidelines do 

not provide specific recommendations on usage of OAC 

therapy in frail elderly patients.2 

Although warfarin is a very effective medication for 

stroke prevention in AF, there may be several challenges in 

administering and monitoring the medication. The TTR, an 

important measure of the quality of anticoagulation, is lower 

in patients with cognitive dysfunction. An analysis from The 

Atrial Fibrillation Clopidogrel Trial With Irbesartan for Pre-

vention of Vascular Events (ACTIVE) investigators reported 

that a mini mental status exam (MMSE) score ,26 was 

associated with higher vascular events (6.7% vs 3.6%/100 

patient-years) and bleeding risk (9.6% vs 7%/100 patient-

years) in comparison to MMSE score .26.86 Decreased TTR 

with warfarin was also associated with a low MMSE (TTE 

of ,25%: HR 5.34; TTR of 26%–50%: HR 4.10; and TTR 

of 51%–75%: HR =2.57).87 

All the NOACs may be favorable options in elderly frail 

individuals with cognitive decline as they overcome some of 

the limitations of warfarin such as fixed dosing, steady phar-

macokinetics, and lack of coagulation monitoring. However, 

it is important to assess patient compliance and adherence 

with all the DOACs, since if a patient misses several doses 

due to cognitive dysfunction they will no longer be protected 

due to the short half-life of the drug. Rivaroxaban and edoxa-

ban have the advantage of being a once a day medication 

when compared to dabigatran and apixaban. 

Mobility and fall risk are important factors which are 

commonly cited reasons for withholding OAC therapy in frail 

elderly patients. However, it has been difficult to correlate 

major bleeding with high risk of falls and is often overstated 

in elderly frail patients.88–90 Fall risk can be assessed by tools 

such as Identification of Seniors at Risk score, Get Up and 

Go Test, Activities of Daily Living, and Instrumental Activi-

ties of Daily Living by the prescribing physician prior to 

initiation of OAC therapy and thereafter on each subsequent 

clinic visit.91 OAC therapy should not be withheld in elderly 

patients with risk of stroke and systemic thromboembolism. 

Both warfarin and NOACs are effective and the choice must 

be dictated by careful risk-benefit analysis. 

Intracranial bleed remains the most feared complication 

in an elderly patient on OAC therapy with fall risk. A recent 

pooled analysis of RCTs including 57,491 AF patients 

reported that NOACs reduced risk of intracranial bleed 

by 41% when compared to traditional therapy (warfarin 

and aspirin).92 All the four RCTs (RE-LY, ROCKET-AF, 

ARISTOTLE, ENGAGE-TIMI 46) involving NOACs have 

also demonstrated significantly lower rate of major bleeding, 

especially intracranial bleeding.9–12 The lack of antidote in the 

event of a fall resulting in major bleeding remains a drawback 

with all NOACs of which the prescribing physician must be 

cautious. Overall, the benefits of DOACs appear to outweigh 

the risks when compared to warfarin for stroke prevention 

in AF in elderly frail patients at risk of fall. 

LBW and low body mass index are common characteris-

tics of frailty in elderly patients with multiple comorbidities.93 

Pharmacokinetic studies have demonstrated no variation in 

peak dabigatran drug plasma concentration in underweight 

patients (#50 kg)94 while rivaroxaban drug plasma concen-

tration increased by 24% with no change in AUC. Hence 

no change in dosing is recommended.95 Weight #60 kg 

was one of the criteria for reduced edoxaban (30 mg daily) 

dosing and one of the two criteria for reduced apixaban 

(2.5 mg twice daily) dosing.9,11,12 Furthermore, DOACs have 

minimal dietary interactions when compared with warfarin 

and may be preferred in a frail elderly patient with several 

dietary restrictions. NOACs may remain the drug of choice 

in patients with LBW but caution is recommended due to 

limited clinical data regarding the safety and efficacy of 

NOACs in underweight patients as only a small proportion 

of such patients are enrolled in RCTs.

Limited life expectancy is another important consid-

eration at the time of initiation of OAC therapy for stroke 

prevention in AF in an elderly frail patient. Unfortunately, 

there are no studies to guide clinicians regarding appropriate 

therapy for stroke prevention in patients with limited life 

expectancy (#6 months) and must be based on an informed 

decision between the physicians, patient, and caregiver. 

A multidimensional prognostic index derived from the 

comprehensive geriatric assessment can be a useful tool to 

stratify patients both for 6-month and 1-year mortality in 

addition to the other stroke and bleeding risk tools prior to 

starting OAC therapy.96 NOACs have the advantage of fixed 

dosing and lack of coagulation monitoring avoiding the 

need for unnecessary blood draws and frequent visits to the 

coagulation clinic in a patient with limited life expectancy. 

Rivaroxaban and edoxaban appear favorable due to once a 

day dosing.

In conclusion, the management of elderly AF patients 

with frailty requires a multidisciplinary approach. NOACs 

appear promising and help overcome some if not all of the 

warfarin deficiencies. However, further research is necessary 

to establish the safety and efficacy of NOACs for stroke 

prevention in this vulnerable population. 
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Conclusion
Stroke prevention in elderly (age $75 years) AF patients 

remains a challenge due to high risk of stroke, systemic 

thromboembolism, and bleeding. Despite several important 

advantages with NOACs, its use in an elderly patient with 

multiple comorbidities is limited (Figure 1). Prior to consid-

ering OAC therapy in an elderly frail patient, a comprehen-

sive assessment including the risks and benefits, stroke risk 

(CHA2DS2-VASc score), baseline kidney function (CrCl), 

cognitive status (MMSE), mobility (Activities of Daily Liv-

ing) and fall risk (Identification of Seniors at Risk score), 

polypharmacy, body weight/body mass index, nutritional 

status assessment, and life expectancy (multidimensional 

prognostic index) should be determined. 
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