
EDUCATIONAL OBJECTIVE: Readers will weigh the possible benefit of antithrombotic therapy against the risk 
of bleeding in individual patients with atrial fibrillation

Selecting antithrombotic therapy 
for patients with atrial fibrillation
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A ntithrombotic therapy reduces the risk 
of systemic embolism in patients with 

atrial fibrillation, but one approach does not 
suit all patients. The decision whether to start 
this therapy—and which agent to use—must 
take into account the patient’s risk of throm-
boembolism as well as bleeding.
 Antithrombotic therapy encompasses anti-
platelet drugs such as aspirin and clopidogrel 
and anticoagulants such as warfarin and the 
target-specific oral anticoagulants (TSOACs). 
Oral anticoagulation is more effective than 
antiplatelet therapy and is preferred in all but 
those at lowest risk, in whom either antiplate-
let therapy or no therapy is deemed adequate. 
 Patients with valvular atrial fibrillation, 
specifically those who have rheumatic mitral 
stenosis or a prosthetic heart valve, are at sig-
nificantly higher risk of systemic embolization. 
Their overall risk-benefit profile is nearly al-
ways in favor of anticoagulation. But the same 
is not necessarily true for patients with non-
valvular atrial fibrillation. 
 The following discussion sets forth our ra-
tionale for clinical decision-making, based on 
recommendations in the 2014 guidelines from 
the American Heart Association, American 
College of Cardiology, and Heart Rhythm So-
ciety.1 The second half of this review outlines 
the oral anticoagulants currently available.

 ■ ONE IN FOUR PEOPLE

Atrial fibrillation is common, with an inci-
dence that increases with age. It affects more 
than 10% of people over age 80 and is often  
associated with cardiovascular disease.2 Based 
on Framingham Heart Study data, a person’s 
lifetime risk of developing it is about 25%.3 
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ABSTRACT
When considering anticoagulant therapy for patients with 
atrial fibrillation, one must balance the reduction in risk 
of thromboembolism that this therapy offers against the 
risk of bleeding that it poses. The American Heart Associa-
tion, American College of Cardiology, and Heart Rhythm 
Society updated their atrial fibrillation guidelines in 2014. 
This review outlines a rationale for clinical decision-
making based on the new guidelines and summarizes the 
currently approved drugs.

KEY POINTS
Valvular atrial fibrillation poses a high risk of systemic 
embolization, particularly  stroke, and nearly all patients 
who have valvular atrial fibrillation need anticoagulation 
therapy with warfarin. 

Nonvalvular atrial fibrillation poses a somewhat lower 
risk. The new guidelines propose a new risk-classification 
scheme, called CHA2DS2-VASc; patients at very low risk of 
stroke may be able to forgo anticoagulation. 

The new guidelines downplay the role of aspirin, al-
though it is still an option in some situations.

Several novel oral anticoagulants have been approved 
in the past few years for thromboprophylaxis in patients 
with nonvalvular atrial fibrillation.
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 ■ FIVEFOLD RISK OF STROKE

The most serious complication of atrial fibril-
lation is arterial thromboembolism, of which 
ischemic stroke is the most common and most 
feared manifestation. The risk of stroke is five 
times higher than normal in patients with 
atrial fibrillation.3 More than 15% of strokes 
may be attributable to atrial fibrillation, and 
the proportion increases with age.4

 The risk of thromboembolism appears to 
be similar in patients with clinically mani-
fest atrial fibrillation irrespective of the type 
(paroxysmal, persistent, or permanent). The 
Stroke Prevention in Atrial Fibrillation 
(SPAF) study5 and the Atrial Fibrillation 
Clopidogrel Trial With Irbesartan for Pre-
vention of Vascular Events (ACTIVE W)6 
showed that patients who had paroxysmal 
atrial fibrillation and at least one risk factor 
for thromboembolism had stroke rates compa-
rable to those of their counterparts who had 
persistent and permanent atrial fibrillation.
 Subclinical atrial fibrillation may be an 
important cause of stroke. Clinically silent 
episodes can be detected by implantable elec-
tronic devices, which record episodes of atrial 
tachyarrhythmia (atrial high-rate events).  
Subclinical episodes have been detected in 
10% to 28% of monitored patients who did 
not have a history of atrial fibrillation.7,8 Pa-

tients who have atrial high-rate events de-
tected by implantable devices have a higher 
risk of future clinically manifest atrial fibrilla-
tion, thromboembolic events, or both.7–9 Yet 
characteristics of atrial high-rate episodes that 
predict risk are not well defined and warrant 
further investigation.

 ■ CLINICAL RISK FACTORS FOR STROKE

To date, thousands of patients with nonvalvu-
lar atrial fibrillation have participated in ran-
domized clinical trials of stroke prevention. 
The placebo groups from these trials provide a 
sizable database for retrospectively identifying 
clinical characteristics associated with throm-
boembolism. The Atrial Fibrillation Investi-
gators10 pooled data from five large trials and 
found that risk factors consistently associated 
with stroke in multivariate analysis included 
diabetes mellitus, hypertension, prior systemic 
embolism, and advanced age. 
 Though the risk of stroke increases with 
age with no lower limit, most studies identify 
age 65 as a threshold, with further escalating 
risk after age 75. Moreover, women were ob-
served to be at higher risk in some but not all 
studies. These risk factors have become com-
ponents of commonly used risk-stratification 
schemes.
 Hypertrophic cardiomyopathy. Maron et 
al11 reported that atrial fibrillation in patients 
with hypertrophic cardiomyopathy was inde-
pendently associated with thromboembolism. 
In 900 patients with hypertrophic cardiomy-
opathy, the prevalence of systemic embolism 
was 6%. Patients with hypertrophic cardiomy-
opathy and a thromboembolic complication 
were seven times more likely to have atrial 
fibrillation than matched counterparts free 
of thromboembolism. A notable subset of pa-
tients experienced a stroke or embolic event 
before age 50, and the authors advised that 
the risk of thromboembolism should be con-
sidered in patients of any age with hypertro-
phic cardiomyopathy and atrial fibrillation. 
 Olivotto et al12 similarly found patients 
with hypertrophic cardiomyopathy and atrial 
fibrillation to be at significantly greater risk of 
stroke (odds ratio [OR] 17.7, 95% confidence 
interval [CI] 4.1–75.9, P < .001).
 Chronic kidney disease is also associated 
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Studies discussed in this paper

ACTIVE W—Atrial Fibrillation Clopidogrel Trial With Irbesartan for 
Prevention of Vascular Events6

ARISTOTLE— Apixaban for Reduction in Stroke and Other Thrombo-
embolic Events in Atrial Fibrillation56

BRIDGE—Bridging Anticoagulation in Patients Who Require Tempo-
rary Interruption of Warfarin Therapy for an Elective Invasive Proce-
dure or Surgery

RE-ALIGN—Randomized, Phase II Study to Evaluate the Safety and 
Pharmacokinetics of Oral Dabigatran Etexilate in Patients After Heart 
Valve Replacement62

RE-LY—Randomized Evaluation of Long-Term Anticoagulation 
Therapy45,46

ROCKET-AF—Rivaroxaban Once Daily Oral Direct Factor Xa Inhibi-
tion Compared With Vitamin K Antagonism for Prevention of Stroke 
and Embolism Trial in Atrial Fibrillation53

SPAF—Stroke Prevention in Atrial Fibrillation5,16,17,29
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with a higher risk of thromboembolism in 
patients with atrial fibrillation. A glomerular 
filtration rate of 60 mL/min or less is indepen-
dently and inversely predictive of risk.13,14 
 While patients with end-stage renal dis-
ease have been largely excluded from stroke 
prevention trials, Vázquez et al15 prospectively 
followed 190 dialysis patients for 12 months. 
In multivariate analysis, compared with 
matched controls without documented atrial 
fibrillation, patients receiving renal replace-
ment therapy and having any form of atrial fi-
brillation were eight times more likely to have 
systemic embolization.

 ■ IMAGING-BASED RISK FACTORS

In addition to clinical factors, several imaging-
based factors have been associated with stroke 
risk in patients with atrial fibrillation.
 Complex aortic atheroma or markers of 
blood stasis within the left atrium, such as 
reduced left atrial appendage emptying flow 
(< 20 cm/second), dense spontaneous echo 
contrast, or left atrial appendage thrombus, 
seen on transesophageal echocardiography, 
were independently associated with increased 
systemic embolic risk in the third SPAF sub-
study.16 Moreover, multivariate analysis of 
SPAF data found both left ventricular dys-
function of any severity and increased left 
atrial size (diameter corrected for body surface 
area by M-mode > 2.5 cm/m2) to be indepen-
dent predictors of thromboembolism.17

 Although enlargement of the left atrium 
has not been incorporated into traditional risk 
stratification schemes, data from Osranek et 
al18 further implicate it as a marker of risk. The 
cohort was small (N = 46), but consisted of 
patients with lone atrial fibrillation followed 
for nearly 30 years. Patients with normal left 
atrial size enjoyed a benign course, while those 
with left atrial enlargement (> 32 mL/m2) at 
diagnosis or later during follow-up had signifi-
cantly worse event-free survival (hazard ratio 
[HR] 4.46, 95% CI 1.56–12.74, P < .01). All 
embolic strokes occurred in the group with 
left atrial enlargement.

 ■ RISK STRATIFICATION SCHEMES

Several models for predicting systemic embo-
lism risk in patients with nonvalvular atrial 

fibrillation have been proposed and validated. 
 The CHADS2 score has been the most 
widely applied, being simple to use.19,20 It as-
signs 1 point each for Congestive heart fail-
ure, Hypertension, Age 75 or older, and Dia-
betes, and 2 points for prior Stroke or systemic 
thromboembolism. 
 In patients with chronic nonvalvular atri-
al fibrillation, Gage et al19 reported that the 
stroke rate was lowest in those with a score of 
0, with an annual adjusted stroke rate of 1.9% 
per year, and highest in those with the maxi-
mal possible score (ie, 6), with a rate of 18.2%. 
The rate increased by a factor of 1.5 with each 
point in the CHADS2 score.
 CHA2DS2-VASc. Endorsed for use in both 
the American and European guidelines,1,21 

CHA2DS2-VASc is an extension of CHADS2. 
Points are assigned as follows:
• Congestive heart failure or left ventricular 

dysfunction (moderate to severe left ven-
tricular dysfunction or recent heart failure 
exacerbation requiring hospitalization ir-
respective of ejection fraction): 1 point

• Hypertension: 1 point
• Age ≥ 75: 2 points; age 65–74: 1 point
• Diabetes mellitus: 1 point
• Stroke, transient ischemic attack, or 

thromboembolism: 2 points
• Vascular disease (prior myocardial infarc-

tion, peripheral arterial disease, or aortic 
plaque): 1 point

• Sex, female: 1 point
• Maximum score: 9 points.
 Low risk is defined as a score of 0 for a man 
or, for a woman with no other risk factors, 1. 
A score of 1 for a man indicates moderate risk, 
and a score of 2 or more is high risk. Lip et al22 
found that, in untreated patients with nonval-
vular atrial fibrillation, rates of stroke ranged 
from 0 with a score of 0 to 15.2% per year with 
a score of 9 points.
 In a large cohort with over 11,000 patient-
years of follow-up, 98% of the thromboembolic 
events occurred in people with a CHA2DS2-
VASc score of 2 or more. Moreover, more than 
99% of patients with a score of less than 2 were 
free of stroke and thromboembolism.23 
 Compared with the CHADS2 score, 
CHA2DS2-VASc has superior negative pre-
dictive power. Of 1,084 patients from the Eu-
ropean Heart Survey for Atrial Fibrillation, 
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the newer scheme classified significantly fewer 
patients as being at either low risk (score of 
0; 9% vs 20%) or intermediate risk (score of 
1; 15% vs 35%).23 Though the overall rate of 
stroke was low, those categorized as being at 
low or intermediate risk by CHA2DS2-VASc 
had significantly fewer thromboembolic 
events than their counterparts according to 
CHADS2 (0.6% vs 3.3%). 
 Olesen et al24 similarly showed that in pa-
tients with a CHADS2 score of 0, reclassifi-
cation by CHA2DS2-VASc yielded a range of 
annual stroke rates from 0.84% with a score of 
0 up to 3.2% with a score of 3.

 ■ RISK-BASED ANTITHROMBOTIC THERAPY 
IN NONVALVULAR ATRIAL FIBRILLATION

The 2014 atrial fibrillation guidelines1 state 
that the decision to give antithrombotic ther-
apy for atrial fibrillation should be individual-
ized, based on the absolute and relative risks 
of stroke and bleeding, and ought to take into 
consideration the patient’s preferences. For 
patients with nonvalvular atrial fibrillation, se-
lection of antithrombotic therapy should take 
into account the risk of thromboembolism de-
termined by the CHA2DS2-VASc score and be 
irrespective of the pattern of atrial fibrillation 
(paroxysmal, persistent, or permanent). Anti-
thrombotic therapy is similarly recommended 
for patients with atrial flutter, according to the 
same risk profile used for atrial fibrillation.
 Studies have consistently shown24–27 that 
the risk of ischemic stroke without anticoagu-
lation exceeds the risk of intracranial bleeding 
with anticoagulation in nearly all patients ex-
cept those at lowest risk of thromboembolism. 
The CHA2DS2-VASc score better identified 
those at truly low risk, in whom treatment 
may offer more risk than benefit.24–27

 The HAS-BLED score28 assigns points as 
follows:
• Hypertension (systolic blood pressure > 

160 mm Hg): 1 point
• Abnormal renal function (dialysis, renal 

transplantation, or serum creatinine > 2.6 
mg/mL) or liver function (cirrhosis, biliru-
bin more than two times the upper limit, 
or aminotransferase levels more than three 
times the upper limit): 1 or 2 points

• Stroke: 1 point

• Bleeding (prior major bleeding event or 
predisposition to bleeding): 1 point

• Labile international normalized ratio 
(INR) (supratherapeutic or time in thera-
peutic range < 60%): 1 point

• Elderly (age > 65): 1 point
• Drugs (antiplatelet, nonsteroidal anti-in-

flammatory) or alcohol (more than eight 
drinks per week): 1 or 2 points 

• Maximum total: 9 points.
 HAS-BLED is a practical and validated 
approach for estimating bleeding risk and is 
mentioned in the guidelines, but it is not rec-
ommended for use in guiding decisions about 
antithrombotic therapy. Specifically, it should 
not be used to exclude patients, but rather to 
identify those at high risk (score ≥ 3) who may 
require closer observation and more attentive 
monitoring of the INR.

 ■ ANTITHROMBOTIC THERAPY

Antithrombotic agents available for use in the 
United States include antiplatelet drugs (eg, 
aspirin and clopidogrel) and anticoagulants 
(unfractionated heparin and low-molecular-
weight heparin, vitamin K antagonists such as 
warfarin, and direct thrombin and factor Xa 
inhibitors). Anticoagulation has been shown 
in randomized controlled trials to be superior 
to both placebo and antiplatelet agents used 
either alone or in combination.29

Aspirin has been downgraded
Aspirin has been compared with placebo in 
seven randomized controlled trials. Only the 
original SPAF study, in which aspirin 325 mg/
day was used, found that it was beneficial. This 
result alone accounted for the 19% reduction 
in relative risk (95% CI 1%–35%, P < .05) 
in a meta-analysis performed by Hart et al.29 
Even when combined with clopidogrel 75 mg/
day, aspirin 75 to 100 mg/day is still inferior 
to warfarin.5 While dual antiplatelet therapy 
resulted in a 28% relative reduction in throm-
boembolism (95% CI 17%–38%, P < .01) 
compared with aspirin alone, major bleeding 
significantly increased by 57% (95% CI 29%–
92%, P < .01). 
 Although aspirin may be beneficial, dif-
ferences among patients may influence its ef-
ficacy. It may be more effective in preventing 
noncardioembolic stroke, particularly in dia-
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betic and hypertensive patients.30,31 To date, 
aspirin has not been shown to be beneficial in 
low-risk populations. 
 The 2014 guidelines downgraded the rec-
ommendation for aspirin therapy. For patients 
at low risk and for some at intermediate risk, it 
is permissible to forgo therapy altogether, in-
cluding aspirin.1

 ■ ORAL ANTICOAGULANTS

The rest of this paper reviews the oral anti-
coagulants that are approved for reducing the 
risk of thromboembolism in atrial fibrillation, 
focusing on each agent’s mechanism of action, 
pharmacokinetics, clinical efficacy, and safety.

 ■ WARFARIN, A VITAMIN K ANTAGONIST

Warfarin inhibits synthesis of vitamin K-depen-
dent clotting factors (ie, factors II, VII, IX, and 
X) and proteins C and S by inhibiting the C1 
subunit of vitamin K epoxide reductase, thereby 
interfering with production of vitamin K1 epox-
ide and consequent regeneration of vitamin K. 
 Pharmacokinetics. Warfarin is nearly 
completely absorbed after oral administration. 
Its anticoagulant effect can be seen within 24 
hours of administration, but its peak effect is 
typically apparent only after 72 hours. Elimi-
nation occurs predominantly through metabo-
lism by cytochrome P450 enzymes, principally 
CYP2C9. Its effective half-life ranges from 20 
to 60 hours, with a mean of 40 hours.32 
 Warfarin’s effect, dosage, and bleeding risk 
are influenced by multiple factors, including 
vitamin K-containing foods such as green 
leafy vegetables, medications that either in-
hibit or induce hepatic cytochrome P450 en-
zymes, and polymorphisms in the VKORC1 
and CYP2C9 genes.32

 Reversal. Warfarin’s anticoagulant effect is 
reversed with vitamin K, but this reversal may 
not become apparent for 6 to 24 hours. In con-
trast, fresh-frozen plasma and prothrombin pro-
tein concentrate, which contain clotting fac-
tors, reverse warfarin immediately. Currently, a 
three-factor prothrombin protein concentrate 
(factors II, IX, and X) and a four-factor con-
centrate (factors II, VII, IX, and X plus proteins 
C and S) are available in the United States. 
Although prothrombin protein concentrate 
works rapidly and has a lower volume of ad-

ministration, available data do not indicate it 
is clinically superior to fresh-frozen plasma.33,34 
The ongoing randomized PROTECT trial 
(NCT00618098), comparing fresh-frozen plas-
ma and four-factor prothrombin protein con-
centrate for reversal of vitamin K antagonist 
therapy, may provide further insight.
 Efficacy and safety. Randomized con-
trolled trials in patients with nonvalvular 
atrial fibrillation have shown that warfarin 
(in doses adjusted to maintain an INR greater 
than 2) is highly efficacious in preventing sys-
temic embolism, with a relative risk reduction 
of 61% (95% CI 47%–71%, P < .05) com-
pared with placebo.29,35 An INR of 2 to 3 is 
recommended for patients with nonvalvular 
atrial fibrillation, and those with atrial fibrilla-
tion and either a bioprosthetic valve or rheu-
matic heart disease. In contrast, an INR of 2.5 
to 3.5 is recommended for patients with atrial 
fibrillation and mechanical valves in the aor-
tic or mitral positions.1,36

 Stroke prevention with warfarin is most ef-
fective when the achieved mean time in the 
therapeutic range is at least 70%. The risk of 
intracranial hemorrhage increases significant-
ly at INRs higher than 3. An INR of 2 to 3 of-
fers maximum protection with minimal risk of 
bleeding.37,38 Systematic follow-up of patients 
through anticoagulation clinics produces bet-
ter compliance and control and is encouraged.

 ■ TARGET-SPECIFIC ORAL  
ANTICOAGULANTS 

Although effective, warfarin requires frequent 
monitoring and dosage adjustment, has a de-
layed onset and protracted offset, and inter-
acts with commonly consumed vitamin K–
containing foods and frequently used drugs. 
These drawbacks prompted evaluation of ex-
isting antiplatelet agents, in combination or 
in conjunction with lower adjusted or fixed-
dose warfarin. These regimens proved inferi-
or,39–42 spurring interest in developing alterna-
tive oral anticoagulants. 
 TSOACs act by directly inhibiting throm-
bin (factor IIa) or by reducing thrombin pro-
duction indirectly by inhibiting factor Xa. 
Three TSOACs are approved. Each was com-
pared with adjusted-dose warfarin in random-
ized controlled trials. 
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Dabigatran
Dabigatran etexilate was the first TSOAC ap-
proved in the United States. 
 Pharmacokinetics. Dabigatran etexilate has 
a bioavailability of 3% to 7% after oral adminis-
tration. Its absorption is enhanced in an acidic 
gastric environment and is limited by P-glyco-
protein-facilitated transport out of enterocytes. 
Dabigatran etexilate is hydrolyzed to its active 
metabolite dabigatran, which directly inhibits 
thrombin. Maximal plasma drug concentra-
tion and peak anticoagulant effect are achieved 
within 0.5 to 2 hours after administration. 
 Dabigatran is predominantly excreted by 
the kidneys, and has a half-life of 12 to 17 
hours in patients with normal renal function. 
The half-life extends to 27 hours in those with 
moderately severe renal impairment (creati-
nine clearance 15–30 mL/min). The recom-
mended dose of 150 mg twice daily should be 
reduced to 75 mg twice daily in patients with a 
creatinine clearance of 15 to 30 mL/min. This 
drug is contraindicated in patients with a cre-
atinine clearance less than 15 mL/min.43,44

 Efficacy. The Randomized Evaluation of 
Long-term Anticoagulation Therapy (RE-
LY) trial45 randomly assigned 18,113 patients 
with nonvalvular atrial fibrillation at risk of 
thromboembolism (mean CHADS2 score 2.1) 
to receive either dabigatran (either 150 mg 
twice daily or 110 mg twice daily) or warfarin 
(adjusted to an INR of 2.0 to 3.0). Of note, 
the lower approved dose of dabigatran (75 mg 
twice daily) was not tested in RE-LY. 
 At 2 years, higher-dose dabigatran was 
significantly more effective than both war-
farin (RR 0.65, 95% CI 0.52–0.81, P < .05) 
and lower-dose dabigatran (RR 0.73, 95% CI 
0.58–0.91, P < .05) in reducing the rate of sys-
temic embolic events. 
 The risk of combined major bleeding 
events was no different with higher-dose dabi-
gatran than with warfarin (RR 0.93, 95% CI 
0.81–1.07, P < .05), but the rate of hemor-
rhagic stroke was significantly less with dabi-
gatran than with warfarin (RR 0.26, 95% CI 
0.14–0.49, P < .05). Higher rates of major gas-
trointestinal bleeding and dyspepsia occurred 
with dabigatran. 
 Concern about the safety of dabigatran 
was raised when post hoc evaluation of RE-LY 
found a higher incidence of myocardial infarc-

tion with dabigatran than with warfarin (RR 
1.38, 95% CI 1–1.91, P = .048).46 Corroborat-
ing data were reported by Uchino and Her-
nandez,47 comparing dabigatran with either 
warfarin or low-molecular-weight heparin. 
However, without directly comparing dabi-
gatran and placebo, it is unclear whether the 
small increase in myocardial infarction reflects 
a direct effect of dabigatran or absence of a 
protective effect of warfarin or low-molecular-
weight heparin.

Rivaroxaban
Rivaroxaban is a direct factor Xa inhibitor 
that blocks the amplified burst of thrombin 
production and in turn inhibits platelet aggre-
gation and thrombus formation. 
 Pharmacokinetics. Rivaroxaban’s oral bio-
availability is 80% to 100% after a single 15- or 
20-mg dose taken with food. Its maximal an-
ticoagulant effect is achieved within 2 hours. 
Two-thirds of the active drug is metabolized by 
either CYP450-dependent (CYP3A4, 2J2) or 
CYP-independent mechanisms; the inactive 
drug is then excreted in the urine and feces. 
The remaining, active drug is removed by the 
kidneys using the P-glycoprotein transporter. 
 The half-life of rivaroxaban is 5 to 9 hours. 
The recommended dosage of 20 mg daily 
should be reduced to 15 mg daily if the creati-
nine clearance rate is 30 to 50 mL/min, or to 
10 mg if the creatinine clearance rate is 15 to 
30 mL/min. Rivaroxaban is contraindicated in 
patients whose creatinine clearance rate is less 
than 15 mL/min.48–52

 Efficacy and safety. In the Rivaroxaban 
Once Daily Oral Direct Factor Xa Inhibition 
Compared With Vitamin K Antagonism for 
Prevention of Stroke and Embolism Trial in 
Atrial Fibrillation (ROCKET-AF),53 14,264 
at-risk patients with nonvalvular atrial fibrilla-
tion (mean CHADS2 score 3.5) were randomly 
assigned to receive either rivaroxaban 20 mg 
daily (or 15 mg daily if their creatinine clear-
ance was 30–49 mL/min; the lowest dose of ri-
varoxaban, 10 mg, was not studied in this trial) 
or warfarin (target INR 2.0–3.0). Outcomes 
with rivaroxaban compared with warfarin:
• Systemic embolism:  

HR 0.79, 95% CI 0.66–0.96, P < .01, 
noninferiority

• Total bleeding: no difference
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• Intracranial bleeding:  
HR 0.67, 95% CI 0.47–0.93, P = .02

• Fatal bleeding:  
HR 0.50, 95% CI 0.31–0.79, P = .003 

• Major gastrointestinal bleeding: 
3.2% vs 2.2%, P < .001. 

Apixaban
Apixaban is also a direct factor Xa inhibitor. 
 Pharmacokinetics. Apixaban’s oral bio-
availability is 50%, with maximal blood con-
centration achieved at 3 to 4 hours. One-quar-
ter of the drug is metabolized via CYP3A4. 

TABLE 1

Drug interactions with dabigatran 

Mechanism of interaction Specific agents Effect Recommendation

P-glycoprotein-1 inducers Rifampin Decrease  
dabigatran’s 
action

Consider alternative anticoagulant

P-glycoprotein-1 inhibitors 
(creatinine clearance 30–50 
mL/min)

Ketoconazole, dronedarone Increase  
dabigatran’s 
action

Reduce dose to 75 mg twice daily or 
consider alternative anticoagulant 

P-glycoprotein-1 inhibitors 
(creatinine clearance 15–30 
mL/min)

Ketoconazole, dronedarone, 
amiodarone, verapamil, 
diltiazem, clarithromycin 

Increase  
dabigatran’s 
action

Consider alternative anticoagulant

TABLE 2

Drug interactions with rivaroxaban

Mechanism of interaction Specific agents Effect Recommendation

Strong dual cytochrome P450 
3A4 (CYP3A4) and  
P-glycoprotein-1 inducers

Rifampin, carbamazepine, 
phenytoin, St. John’s wort

Decrease  
rivaroxaban’s 
action

Consider alternative anticoagulant

Strong dual CYP3A4 and  
P-glycoprotein-1 inhibitors

Ketoconazole, itraconazole, hu-
man immunodeficiency virus (HIV) 
protease inhibitors, conivaptan

Increase  
rivaroxaban’s 
action

Consider alternative anticoagulant

Weak or moderate dual 
CYP3A4 and P-glycoprotein-1 
inhibitors and creatinine clear-
ance 15–50 mL/min

Amiodarone, verapamil,  
diltiazem, erythromycin,  
chloramphenicol, cimetidine 

Increase  
rivaroxaban’s 
action

Consider alternative anticoagulant

TABLE 3

Drug interactions with apixaban

Mechanism of interaction Specific agents Effect Recommendation

Strong dual cytochrome P450 
3A4 (CYP3A4) and  
P-glycoprotein-1 inducers

Rifampin, carbamazepine, 
phenytoin, St. John’s wort

Decrease  
apixaban’s 
action

Consider alternative anticoagulant

Strong dual CYP3A4 and  
P-glycoprotein-1 inhibitors

Ketoconazole, itraconazole,  
HIV protease inhibitors,  
clarithromycin

Increase  
apixaban’s 
action

Reduce dosage to 2.5 mg twice daily 
or consider alternative anticoagulant
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The remaining active drug is excreted by the 
kidneys and biliary/intestinal system via the 
P-glycoprotein transporter. Apixaban’s half-
life is 9 to 14 hours. 
 The recommended dosage is 5 mg twice 
daily, but it should be reduced to 2.5 mg twice 
daily if at least two of the following character-
istics are present: age 80 or older, weight 60 
kg or less, and serum creatinine 1.5 mg/dL or 
more.54,55

 Efficacy and safety. The Apixaban for 
Reduction in Stroke and Other Thrombo-
embolic Events in Atrial Fibrillation (ARIS-
TOTLE) trial56 enrolled 18,201 patients with 
nonvalvular atrial fibrillation (mean CHADS2 
score 2.1) randomly assigned to receive either 
apixaban (5 mg twice daily with dosage reduc-
tion to 2.5 mg twice daily as noted above) or 
warfarin (target INR 2.0–3.0). 
 Compared with warfarin, apixaban was as-
sociated with lower risk of:
• Systemic embolism  

(HR 0.79, 95% CI 0.66–0.95, P = .01)
• Major bleeding  

(HR 0.69, 95% CI 0.60–0.80, P < .001)
• Intracranial hemorrhage  

(HR 0.42, 95% CI 0.30–0.58, P < .001) 
• All-cause mortality  

(HR 0.89 95% CI 0.80–0.99, P = .047).

Drug interactions  
with the novel oral anticoagulants
TSOACs were developed with the intent to 
avoid many of the shortcomings of warfarin. 
Each has a broader therapeutic window and 
a rapid onset of action, enabling fixed dosing 
without need for serial monitoring. Compared 
with warfarin, they have significantly fewer 
dietary and drug interactions.
 Nonetheless, drug interactions do exist 
and are important to recognize (TABLES 1–3). 
These primarily result from inhibition or 
induction of cytochrome P450 enzyme ac-
tivity or P-glycoprotein transporter action, 
involved in metabolism and elimination of 
active drug.

Reversibility of the target-specific  
oral anticoagulants
While the anticoagulant effects of warfarin 
can be reversed by vitamin K, fresh-frozen 
plasma, and prothrombin complex concen-
trate, TSOACs have no currently approved 

antidotes. Management of bleeding due to 
these agents was recently reviewed in this 
journal by Fawole et al.57 
 Several nonspecific hemostatic agents 
have been suggested, including recombinant 
factor VIIa or prothrombin complex concen-
trates. The anticoagulant effect of rivaroxaban 
has been shown to be reversed by prothrombin 
complex concentrate in vitro; clinical effect 
has not been demonstrated.58 PRT06445 (an-
dexanet alfa), a recombinant protein antidote 
specific for factor Xa inhibitors, has entered 
clinical studies, with a phase 2 trial reporting 
high reversing capability for apixaban.59

 Unlike rivaroxaban and apixaban, which 
are highly bound to plasma protein, dabiga-
tran can be effectively removed with hemodi-
alysis. Liesenfeld et al60 showed that longer di-
alysis duration was the most relevant variable 
for reducing dabigatran plasma levels. Current 
clinical experience is limited, and standard 
recommendations and formal guidance are 
lacking.

Switching oral anticoagulants
Suggested approaches for switching between 
anticoagulants are listed in TABLE 4.61

 ■ CHOOSING ANTITHROMBOTIC THERAPY

In valvular atrial fibrillation: warfarin
Anticoagulation with warfarin is advised for 
valvular atrial fibrillation. Patients with bio-
prosthetic heart valves or rheumatic valvu-
lar disease were not evaluated in randomized 
controlled trials of TSOACs. Dabigatran in 
particular is contraindicated in patients with 
mechanical heart valves, as the Randomized, 
Phase II Study to Evaluate the Safety and Phar-
macokinetics of Oral Dabigatran Etexilate in 
Patients After Heart Valve Replacement (RE-
ALIGN)62 found higher rates of stroke, valve-
related thrombosis, and myocardial infarction 
in patients receiving dabigatran.

In nonvalvular atrial fibrillation
According to the 2014 guidelines,1 oral an-
ticoagulation is preferred in all patients with 
nonvalvular atrial fibrillation but those at 
lowest risk (CHA2DS2-VASc = 0). 
 Experience with TSOACs is lacking in 
patients with end-stage kidney disease (creati-
nine clearance < 15 mL/min), and warfarin is 

Target-specific 
oral 
anticoagulants 
have no  
approved  
antidotes,  
but several 
have been  
suggested
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TABLE 4

Suggested anticoagulant dosing conversions
                                                            Current drug

Target drug Warfarin Heparin Dabigatran Rivaroxaban Apixaban

Warfarin Start warfarin and 
stop LMWH or UFH 
when target INR 
achieved

If CrCl > 50, start 
warfarin 72 h before 
stopping dabigatran

If CrCl 30–50, start 
warfarin 48 h before 
stopping dabigatran

If CrCl 15–30, start 
warfarin 24 h before 
stopping dabigatran

Stop rivaroxaban 
and start warfarin 
with LMWH/UFH at 
next scheduled dose 
of rivaroxaban; stop 
LMWH/UFH when 
target INR achieved 

Stop apixaban 
and start warfarin 
with LMWH/UFH 
at next scheduled 
dose of apixaban;  
stop LMWH/UFH 
when target INR 
achieved

Heparin  
(LMWH or UFH)

Start LMWH 
or UFH when 
target INR < 2

If CrCl > 30, start 
LMWH/UFH 12 h after 
last dose of dabigatran

If CrCl < 30, start 
LMWH/UFH 24 h after 
last dose of dabigatran 

Stop rivaroxaban and 
start LMWH/UFH at 
next scheduled dose 
of rivaroxaban

Stop apixaban 
and start LMWH/
UFH at next 
scheduled dose of 
apixaban

Dabigatran Start dabigatran 
when INR < 2

Stop LMWH and 
start dabigatran 
at time of next 
scheduled dose of 
LMWH

Stop UFH and start 
dabigatran

Stop rivaroxaban and 
start dabigatran at 
next scheduled dose 
of rivaroxaban

Stop apixaban 
and start dabi-
gatran at next 
scheduled dose of 
apixaban

Rivaroxaban Start rivaroxaban 
when INR < 3

Stop LMWH and 
start rivaroxaban 
at time of next 
scheduled dose of 
LMWH

Stop UFH and start 
rivaroxaban

If CrCl > 30, start riva-
roxaban 12 h after last 
dose of dabigatran

If CrCl < 30, start riva-
roxiban 24 h after last 
dose of dabigatran

Stop apixaban 
and start rivar-
oxaban at next 
scheduled dose of 
apixaban

Apixaban Start apixaban 
when INR < 2

Stop LMWH and 
start apixaban at 
time of next sched-
uled dose of LMWH

Stop UFH and start 
apixaban

If CrCl > 30, start 
apixaban 12 h after 
last dose of dabiga-
tran

If CrCl < 30, start 
apixaban 24 h after 
last dose of dabigatran

Stop rivaroxaban and 
start apixaban at next 
scheduled dose of 
rivaroxaban

CrCl = creatinine clearance (mL/min); INR = international normalized ratio; LMWH = low-molecular-weight heparin (LMWH); UFH = unfractionated heparin 

INFORMATION ADAPTED FROM MPR (MONTHLY PRESCRIBING REFERENCE), ANTICOAGULANT DOSING CONVERSIONS. AUGUST 18, 2014.  WWW.EMPR.COM/ANTICOAGULANT-
DOSING-CONVERSIONS/ARTICLE/194271/. ACCESSED DECEMBER 9, 2014.
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advised in this group. 
 TSOACs are recommended in patients 
with nonvalvular atrial fibrillation in whom 
therapeutic INR levels cannot be maintained 
with warfarin. For most patients with nonval-
vular atrial fibrillation, TSOACs are an option 
equivalent to warfarin. Anticoagulant choice 
is largely driven by dosing convenience, out-
of-pocket cost for treatment with a TSOAC, 
and ready availability of antidotes for warfarin 
in case of bleeding (TABLES 5 AND 6). 
 In patients with nonvalvular atrial fibrilla-
tion, TSOACs are as effective as warfarin in 
preventing systemic thromboembolism, and 
some of them have been shown to be superior 
in terms of lower rates of ischemic stroke (dab-
igatran), systemic embolism (apixaban), and 
mortality (apixaban; trend for dabigatran). 

All TSOACs demonstrate modestly favorable 
bleeding risk profiles compared with warfarin, 
with lower risk of intracranial hemorrhage. 
Potential differences in efficacy and safety 
among TSOACs are unknown since there 
have been no randomized direct comparisons 
between them. A summary of landmark trial 
results and assessment of the advantages and 
disadvantages of each are listed in TABLE 7.
 Two groups of patients with nonvalvular 
atrial fibrillation warrant special consider-
ation:  
 Patients with hypertrophic cardiomyopa-
thy. There are no randomized controlled tri-
als of anticoagulation therapy in patients with 
hypertrophic cardiomyopathy; however, be-
cause of their high risk of thromboembolism, 
anticoagulation is indicated irrespective of the  

TABLE 5

Recommended antithrombotic therapy for patients with atrial fibrillation

Condition Recommended therapy Target INR (range) a

Nonvalvular atrial fibrillation

    With CHA2DS2-VASc score of 0 or 1b May omit antithrombotic therapy c

    With CHA2DS2-VASc score = 1 Aspirin 81 mg/day, warfarin, target-specific oral 
anticoagulant d (TSOAC), or no therapy c

2.5 (2.0–3.0)

    With CHA2DS2-VASc score ≥ 2 Warfarin or TSOAC c 2.5 (2.0–3.0)

Hypertrophic cardiomyopathy Warfarin or TSOAC c 2.5 (2.0–3.0)

Native valve diseasee Warfarin f 2.5 (2.0–3.0)

    With systemic embolism with international  
    normalized ratio (INR) 2–3

Warfarin or 
warfarin + aspirin 81 mg daily f 

3.0 (2.5–3.5) 
2.5 (2.0–3.0)

Bioprosthetic valveg Warfarin f  2.5 (2.0–3.0)

    With systemic embolism with INR 2–3 Warfarin or 
warfarin + aspirin 81 mg/day f

3.0 (2.5–3.5) 
2.5 (2.0–3.0)

Mechanical valve h Warfarin c,f 3.0 (2.5–3.5)

    With systemic embolism with INR 2.5–3.5 Warfarin with or without aspirin 81 mg/day f 3.5 (3.0–4.0)
a For patients taking warfarin. 

b Female patients with sex alone being the only risk factor. 
c Based on reference 1. 
d Apixaban, dabigatran, rivaroxaban. 
e Includes hemodynamically significant rheumatic mitral stenosis or mitral valve prolapse. 
f Based on reference 36. 
g Includes tissue prosthesis in the mitral, tricuspid, aortic pulmonic positions. 
h Includes mechanical prosthesis in the mitral, tricuspid, aortic pulmonic positions.
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CHA2DS2-VASc score. TSOACs are an op-
tion as an alternative to warfarin. 
 Patients with coronary artery disease and 
an indication for antiplatelet therapy. In this 
group the decision for concurrent anticoagula-
tion is guided by the CHA2DS2-VASc score. 
For patients who have intracoronary stents, 
dual antiplatelet therapy is the standard of 
care for reducing risk of cardiovascular events 
after stent implantation.63 When triple thera-
py (ie, two antiplatelet drugs and an anticoag-
ulant) is indicated, such as after intracoronary 
stent placement, the guidelines suggest trying 
to minimize the duration of triple therapy. For 
instance, a bare-metal stent may be preferred. 
Alternatively, after coronary revasculariza-
tion, it may be reasonable to use clopidogrel 
75 mg daily with an oral anticoagulant and to 
omit aspirin.

Interrupting and bridging anticoagulation
Patients with atrial fibrillation often require 
suspension of anticoagulation, most common-
ly before an elective invasive procedure. The 
duration of interruption, timing of resump-

tion, and need for bridging anticoagulation 
are guided by clinical judgment, which con-
siders risk of thromboembolism and severity of 
procedure-related bleeding risk. 
 In general, if therapy needs to be inter-
rupted, it should be restarted as soon as pos-
sible. Short-term interruption does not seem 
to be associated with clinically significant risk 
of thromboembolic events, whereas postop-
erative heparin bridging therapy increases the 
risk of hematoma with implantation of a car-
diac electronic device.64,65 
 To date, evidence is lacking to advise upon 
periprocedure bridging anticoagulation. The 
Bridging Anticoagulation in Patients Who 
Require Temporary Interruption of Warfarin 
Therapy for an Elective Invasive Procedure or 
Surgery (BRIDGE) study (NCT00786474)— 
enrolling chronically anticoagulated patients 
undergoing an invasive procedure to random-
ly receive placebo or bridging low-molecular-
weight heparin—may provide guidance. 
 Currently, it is common practice in low-
risk patients undergoing an invasive proce-

In general,  
if therapy  
needs to be 
interrupted,  
it should be  
restarted as  
soon as possible

TABLE 6

Anticoagulant choice for special populations

Condition Warfarin Dabigatran Rivaroxaban     Apixaban

Valvular atrial fibrillation a X 

Labile international normalized ratio X X X

Mild to moderate renal insufficiency 
(creatinine clearance > 15 mL/min) b

 X  X X X

Severe renal insufficiency  
(creatinine clearance < 15 mL/min) c

 X

Risk of active bleeding X

Propensity for gastrointestinal bleeding d X

Hypertrophic cardiomyopathy e X X X X

Acute myocardial infarction 
with CHA2DS2

-VASc score ≥ 2 e
X X X X

a Prosthetic valves or hemodynamically significant native mitral valvular heart disease; no evidence of risk or benefit with a target-specific oral anticoagulant 
  except dabigatran with mechanical valves (harm). 
b Dosage adjustment of target-specific oral anticoagulant needed. 
c No evidence of risk or benefit with a target-specific oral anticoagulant. 
d Apixaban may be preferred. 
e No data available with target-specific oral anticoagulants.
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dure with significant bleeding risk to inter-
rupt anticoagulation for up to 1 week without 
bridging. Warfarin is typically held 3 to 5 days, 
while TSOACs are held for 24 hours if renal 

function is preserved or up to 2 to 3 days if re-
nal function is severely impaired (creatinine 
clearance 15–30 mL/min). If complete hemo-
stasis is necessary, it could be confirmed by a 

TABLE 7

Comparison of target-specific oral anticoagulants

Dabigatran Rivaroxaban Apixaban

Mechanism Direct thrombin inhibitor Factor Xa inhibitor Factor Xa inhibitor

Metabolism Renal 80% a Hepatic 60%b  
Renal 30% a

Hepatic 25%b 
Biliary and renal 75% a

Plasma half-life 12–17 hours 5–9 hours 9–14 hours

Pivotal trial RE-LY c ROCKET-AF d ARISTOTLE e

  Dose 150, 110 mg twice a day 20 mg daily;  
15 mg daily if chronic kidney 
disease

5 mg twice a day;  
2.5 mg twice a day if 2 of 3  
factors (creatinine ≥ 1.5 mg/dL, 
age ≥ 80, weight ≤ 60 kg)

  CHADS2, mean 2.1 3.5 2.1

  Time in therapeutic 
  range (INR ≥ 2)

64% 55% 62%

  Stroke, systemic  
  embolism, relative  
  risk (95% confi- 
  dence interval)

150 mg: 0.65 (0.52–0.81) 
P (noninferiority) < .001  
P (superiority) < .001

0.88 (0.74–1.03) 
P (noninferiority) < .001  
P (superiority) = .12

0.79 (0.66–0.95)  
P (noninferiority) < .001  
P (superiority) = .01

  Death, relative risk 150 mg: 0.88, P = .051 
110 mg: 0.91, P = .13

0.85, P = .07 0.89, P = .047

  Adverse effects Dyspepsia, gastrointestinal 
bleeding, risk of myocardial 
infarction, 150 mg: relative 
risk 1.38, P = .048

Gastrointestinal bleeding; 
possible increase in thrombo-
embolism when held 

Advantages Compared with warfarin:  
reduction in risk of ischemic 
stroke, trend toward reduction 
in mortality risk

Once-daily dosing Compared with warfarin:  
reduction in risk of stroke and 
systemic embolism, reduction in 
mortality risk

Disadvantages Dyspepsia; possible risk of 
myocardial infarction; twice-
daily dosing; no readily avail-
able reversing agent, but 60% 
removed by dialysis

Possible  risk of thromboem-
bolism when held; no readily 
available reversing agent; 
possible use of prothrombin 
complex concentrate

Possible risk of thromboembolism 
when held; twice-daily dosing; no 
readily available reversing agent; 
possible use of prothrombin 
complex concentrate

a Active drug excreted. 
b Drug metabolized to inactive moiety. 
c RE-LY = Randomized Evaluation of Long-term Anticoagulation Therapy (see references 45 and 46). 
d 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 (see reference 53). 
e ARISTOTLE = Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (see reference 56).
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normalized INR (for warfarin), activated par-
tial thromboplastin time (dabigatran), or pro-
thrombin time (apixaban or rivaroxaban).
 For patients at high risk (valvular atrial fi-
brillation or CHA2DS2-VASc ≥ 2), bridging 
with unfractionated heparin or low-molecu-
lar-weight heparin during periods of subthera-
peutic anticoagulation is common. Alterna-
tively, it is becoming increasingly common to 
perform cardiac electronic device implanta-
tion, catheter ablation, and coronary angiog-
raphy and intervention without interrupting 
anticoagulation.66–72

 Recently, concern has been raised over a 
possible increase in thromboembolism upon 
discontinuation of rivaroxaban and apixaban. 
ROCKET-AF reported a spike in thrombotic 
events in the rivaroxaban-treated group at the 
end of the trial (HR 1.50, 95% CI 1.05–2.15, 
P = .026). This raised concern for a possible 
“rebound” effect upon drug cessation. Yet a 
post hoc analysis of ROCKET-AF demon-
strated that events clustered in the rivaroxa-
ban-treated cohort who completed the study 
and were transitioning to open-label warfarin, 
and this alone accounted for the rise in stroke 
occurrence. In contrast, there was no increase 
in the cohort of patients treated with rivar-
oxaban who either temporarily interrupted or 
permanently discontinued the drug.73 The au-
thors concluded that increased stroke was the 
consequence of transiently interrupted anti-
coagulation, rather than a rebound prothrom-
botic effect. Similar results were reported in 
ARISTOTLE. 
 Another possibility is that, during the 
transition to warfarin therapy, transient hy-
percoagulability could be a function of warfa-
rin. Azoulay et al74 observed in a large cohort 
that warfarin was associated with a 71% in-
creased risk of stroke in the first 30 days af-
ter initiation, compared with decreased risk 
thereafter. Nevertheless, there is now a black- 
box warning recommendation for all three 
TSOACs that if discontinuation is required 
for a reason other than pathological bleeding, 
bridging with another anticoagulant should  
at least be considered.
 The perioperative management of the 
TSOACs was recently reviewed in this jour-
nal by Anderson et al.75

 ■ WEIGHING THE RISKS  
OF STROKE AND BLEEDING

Stroke is the most feared complication in pa-
tients with atrial fibrillation. Risk reduction is 
an important goal in management, yet deci-
sions for individuals must take into account 
both stroke and bleeding risks related to anti-
thrombotic therapy. 
 The 2014 guidelines1 differ from past ver-
sions. First, they endorse the use of CHA2DS2-
VASc for categorizing stroke risk in patients 
with nonvalvular atrial fibrillation. This in 
turn guides antithrombotic therapy. This 
scheme effectively identifies patients at very 
low risk of stroke (men with a score of 0, 
women with a score of 0 or 1), in whom it 
is reasonable to omit antithrombotic therapy. 
For all patients with valvular heart disease or 
hypertrophic cardiomyopathy, unless bleed-
ing risk is prohibitive, anticoagulation is 
recommended irrespective of the CHA2DS2-
VASc score. Second, they incorporate the 
TSOACs, which offer convenience and im-
proved safety in select patients.
 While the guidelines mention the poten-
tial relevance of subclinical atrial tachyar-
rhythmias as they pertain to stroke risk, there 
is no specific recommendation as to their 
management. We do take into consideration 
the finding of atrial high-rate events (≥ 180 
bpm, ≥ 6 minutes in duration) diagnostically 
confirmed by cardiac implantable electronic 
devices or telemetric monitoring, particular-
ly in patients with a clinical profile of high 
stroke risk. In addition, atriopathy with in-
creased left atrial size and renal insufficiency, 
as discussed in this review, appear to corre-
late with greater risk of thromboembolism, 
yet neither is a component of the stroke risk 
scheme endorsed by the guidelines.
 Other risk factors, some unknown to us, 
undoubtedly exist. Again, our empiric judg-
ment is to at least consider these nontradi-
tional risk factors while guided primarily by 
the CHA2DS2-VASc score when assessing 
stroke risk in patients with atrial fibrillation. 
 The goal in managing patients with atrial 
fibrillation is to balance thromboembolic risk 
reduction with the risk of bleeding associated 
with antithrombotic therapy.	 ■

In deciding  
whether 
to start  
anticoagulation,  
weigh the risk 
of both stroke  
and bleeding
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