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Abstract: Atrial fibrillation (AF) is associated with an increased incidence and severity of 

strokes. The burden of AF-related stroke is expected to increase in parallel with the aging of 

the population. Oral anticoagulation with warfarin has been the pharmacologic standard for 

stroke risk reduction in patients with AF. When used with close attention to dosing and moni-

toring, warfarin is effective prophylactic therapy against thromboembolic stroke. However, it 

is underused by physicians, in part because of the known risks of adverse events with warfarin. 

Consequently, many patients with AF live with an avoidably elevated risk of stroke. New options, 

ie, oral anticoagulants with novel mechanisms of action, have recently been approved to reduce 

the risk of stroke in AF, and others are in development. These newer agents may address some 

of the complexities of warfarin use while providing similar or better efficacy and safety.

Keywords: atrial fibrillation, stroke, oral anticoagulants

Introduction
Atrial fibrillation (AF), the most common type of sustained cardiac arrhythmia, is 

characterized on electrocardiography by rapid, irregular waves that vary in size, form, 

and timing.1 AF is associated with a high risk of thromboembolism and stroke. The 

thrombogenic effect is derived from a number of pathologic mechanisms, in particular, 

flow abnormalities resulting in stasis in the left atrium, as well as abnormal changes in 

the vessel walls and constituents of the blood.2 The frequency of AF, which is estimated 

to account for 15% of strokes in the US annually, is projected to more than double 

by mid-century as more Americans survive to the ninth decade and beyond.3,4 The 

2.6 million who experienced AF in 2010 will increase to about 12 million by 2050 as 

the population ages.4 The lifetime risk for AF is one in four for Americans older than 

40 years.5 Approximately 70% of patients with AF are aged 65–85 years.6

AF is associated with higher medical costs as well as an increased risk of disability 

and death from stroke.7 Stroke imposes a severe and growing burden on individuals 

and society, with the incidence of stroke continuing to rise as the population ages and 

risk-control initiatives are weakly implemented.7 The results of numerous studies 

have shown that therapeutic and behavioral approaches to management of risk factors 

can bring about marked reductions in most types of cardiovascular disease, including 

stroke, not only at the population level but also for individual patients at high risk.7,8 

As a leading risk factor for stroke, AF is an important target for prevention by phar-

macologic means.

The annual economic burden of stroke in the US was estimated at $54 billion in 2010. 

Direct costs of stroke are on track to grow by 238% over the 20-year period up to 2030, 
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a rate much higher than all other categories of cardiovascular 

disease.8 By 2030, direct costs of stroke will sap $95.6 billion 

from the US annual health care budget, and indirect costs, 

another $44.4 billion.8 It should be noted that indirect costs, 

based largely on productivity, grow more slowly than direct 

costs, mainly because relatively few older Americans, ie, 

those in the age group most vulnerable to strokes, are active 

in the workforce.8 It is also noteworthy that the US health care 

system spends less than $600 million a year on preventive 

care for patients at risk for thrombotic events.9

Incidence, prevalence, and risk 
factors
The costs and hazards of AF are exacerbated by comorbid 

conditions that are common in the older population and also 

increase the risk of stroke. A study of hospitalized Medicare 

patients found that the presence of AF plus a concomitant 

cardiovascular diagnosis increased the risk of stroke by 10% 

in men and 25% in women compared with patients who had 

AF in the absence of coronary artery disease.10 The odds 

of experiencing an AF-related stroke are also influenced 

by patient characteristics. For example, in the ATRIA 

(Anticoagulation and Risk Factors in Atrial Fibrillation) 

study, among patients who did not receive anticoagulant 

therapies, women had a 1.6-fold higher annual incidence of 

ischemic stroke and peripheral thromboembolism than men;11 

however, female gender has inconsistently been found to be 

a risk factor in other studies.7

The risk of stroke increases along with AF as patients 

grow older, even when no other stroke risk factors are 

 present.12 However, generally, the age-related increase in 

stroke risk is attributable to a higher prevalence of AF-related 

predisposing conditions, as well as conditions that are associ-

ated with increased stroke risk but independent of AF.7

The CHADS
2
 score is a risk assessment scheme widely 

used to identify patients with AF who are likely to benefit from 

anticoagulant prophylaxis against stroke. CHADS
2
 assigns 

one point each to four of five critical risk factors, ie, congestive 

heart failure (C), hypertension (H), age $ 75 years (A), and 

diabetes mellitus (D), and two points to the fifth, ie, previous 

stroke (S) or transient ischemic attack.13

The original CHADS
2
 had relatively modest predictive 

value for stroke, especially for patients at intermediate risk.13 

Therefore, the CHA
2
DS

2
-Vasc scheme was developed to 

address the deficiencies of CHADS
2
 by incorporating one 

point each for additional risk factors, including vascular 

disease (V: prior myocardial infarction, peripheral arterial 

disease or aortic plaque) and female gender (S
2
), as well as 

by stratifying patients into age groups (A
2
) of 65–74 years 

(1 point) or $ 75 years (2 points).13 CHA
2
DS

2
-Vasc has 

better predictive value for thromboembolism than CHADS
2
, 

particularly for patients at lower and intermediate stroke risk 

levels. When CHA
2
DS

2
-Vasc was compared with CHADS

2
 

in a real-world cohort of 1084 AF patients who did not 

receive anticoagulation at baseline, the schemes identified 

9.2% and 20.4% of patients as having low risk (a score of 0), 

 respectively.13 Thromboembolic events occurred in 0% of 

low-risk CHA
2
DS

2
-Vasc patients compared with 1.4% of 

low-risk CHADS
2
 patients.13 Thus, CHA

2
DS

2
-Vasc recog-

nizes a higher risk level for many patients considered at low 

risk according to CHADS
2
. The advantages of CHA

2
DS

2
-

Vasc must be weighed against its greater complexity as a 

means for nonspecialists to assess stroke risk.13

Framingham Heart Study investigators developed a score 

to predict the 5-year risk of stroke alone and stroke or death 

in patients with new onset AF.14 Overlapping somewhat with 

CHADS
2
 and CHAsDS2-Vasc, the Framingham scheme 

scores advancing age, female gender, increasing systolic 

blood pressure, prior stroke/transient ischemic attack, and 

diabetes, and clinical evaluation also takes account of smok-

ing history. Using the system, the investigators developed 

risk scores for stroke and stroke or death at the time of war-

farin initiation for 705 of 868 patients with new-onset AF and 

examined event rates in low-risk individuals, as defined by the 

Framingham risk score and four earlier risk schemes, during 

a mean follow-up of 4 years. According to the Framingham 

risk score, 14.3% of the cohort had a predicted 5-year stroke 

rate # 7.5% (average annual rate # 1.5%) and 30.6% had a 

predicted 5-year stroke rate # 10% (average annual rate # 

2.0%). Actual stroke rates in these low-risk groups were 

1.1 and 1.5 per 100 person-years, respectively.  According 

to the earlier risk schemes, 6.4%–17.3% of patients were 

classified as low-risk, with actual stroke rates ranging from 

0.9 to 2.3 per 100 person-years. The investigators noted that 

the flexible Framingham score provides for use of different 

thresholds of risk, which is important when tolerability may 

vary according to the clinical situation. They suggested that 

the score, which allows stratification at the time of diagnosis, 

may be helpful both in counseling patients and in making 

treatment decisions.14

In addition to risk stratification scores that offer a 

means of identifying patients likely to benefit from anti-

coagulation, other schemes, which calculate the risk of 

major hemorrhage during anticoagulant therapy, may 

add further precision to the selection of medication. 

HAS-BLED (Hypertension, Abnormal renal/liver function, 
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Stroke,  Bleeding history/disposition, Labile international 

 normalized ratio [INR], Elderly [.65 years], Drugs/alcohol 

concomitantly) is one bleeding risk score.15 Another is 

HEMORR
2
HAGES (Hepatic or renal disease, Ethanol abuse, 

Malignancy, Older [age . 75 years], Reduced platelet count 

or function, Hypertension [uncontrolled], Anemia, Genetic 

factors, Excessive fall risk, Stroke), based on data from qual-

ity improvement organizations in seven states and comprising 

a registry of 3791 Medicare beneficiaries with AF.16 The 

predictive schemes in current use do not equip physicians to 

achieve the goal of identifying the restricted but significant 

group of patients with AF who will experience stroke and thus 

limiting anticoagulation to such patients.13,15 The considerable 

overlap between risk factors for stroke and bleeding may 

present a confounding challenge. However, investigators 

suggest that physicians combine use of a bleeding risk score, 

such as HEMORR
2
HAGES, with a clinical prediction rule for 

stroke, and thus “trade off the risks and benefits” of prescrib-

ing anticoagulants versus antiplatelet therapy to select the 

most appropriate therapies for individual patients.16

Anticoagulant therapy
Anticoagulation is an established therapeutic strategy to 

reduce the risk of stroke in AF patients.17 Anticoagulants 

are prescribed to mitigate hypercoagulable states and reduce 

the risk of cardioembolic stroke as well as to prevent or treat 

postoperative deep vein thrombosis and pulmonary embolism 

(Table 1).17,18

Stroke risk reduction with warfarin
Physicians and patients alike prefer oral medications because 

they are convenient to administer outside the hospital  setting.18 

Oral anticoagulants (often warfarin, a vitamin K epoxide 

reductase inhibitor, commonly referred to as a  vitamin K 

antagonist) are recommended for long-term stroke risk reduc-

tion in AF patients. A meta-analysis of 29 trials evaluated 

more than 28,000 elderly patients with nonvalvular AF over 

a mean follow-up of 1.5 years.19 With adjusted-dose warfarin, 

stroke was reduced by 64%, compared with 22% for anti-

platelet therapy (relative risk reduction 39%; 95% confidence 

interval [CI] 22–52; 12 trials, 12,963 patients).19 While the 

methodology and quality of reporting varied among trials 

in this analysis, warfarin anticoagulation was substantially 

more effective than antiplatelet therapy in reducing stroke 

risk; however, other randomized comparisons, including 

those for adverse events, were inconclusive.19

Despite its acknowledged efficacy over more than half a 

century, warfarin is associated with a number of challenges 

that may make clinicians reluctant to prescribe it. Most 

importantly, the blood concentration must be maintained 

within a narrow therapeutic window to balance antithrom-

botic benefit against the risk of bleeding, a process that is 

complicated by substantial heterogeneity of response.20 

Between 30% and 50% of variability in the response to 

warfarin is attributable to variants in two genes, CYP2C9 and 

VKORC1.20 Routine genotyping to determine sensitivity to 

warfarin is not recommended at present, but the US Food and 

Table 1 Oral agents to reduce the risk of stroke in atrial fibrillation

Drug Absolute risk of SSE Major bleeding Side effects US availability

warfarin •  1.71%43 •  3.57%43

•  3.4%46

•  Major or fatal bleeding24,25

•  Necrosis of skin and other tissues
•  Generic

Dabigatran  
etexilate

•  1.54% (110 mg dose; P , 0.001  
for noninferiority versus warfarin,  
NS for superiority)43

•  1.11% (150 mg dose; P , 0.001  
for superiority versus warfarin)43

•  2.87%43 (P = 0.003  
versus warfarin)

•  3.32%43 (P = 0.32  
versus warfarin)

•  Serious and sometimes fatal bleeding,  
gastrointestinal bleeding, dyspepsia37

•  FDA-approved to 
reduce SSE risk in 
patients with NvAF37

Rivaroxaban •  ITT analysis: 2.1% (P , 0.001 for 
noninferiority, NS for superiority)46

•  On-treatment analysis: 1.7%  
(P , 0.001 for noninferiority  
versus warfarin)46

•  3.6%46 •  Bleeding38 •  FDA-approved to 
reduce SSE risk in 
patients with NvAF38

Apixaban • N/A49,50 •  Bleeding •  FDA approval for 
SPAF

ASA •  Inferior to warfarin •  Coagulation abnormalities
•  Gastrointestinal side effects

•  Generic

Clopidogrel  
plus ASA

•  Inferior to warfarin32,34,35 As for ASA plus:
•  Bleeding
•  Thrombotic thrombocytopenic purpura

•  Approved by the FDA 
for other indications

Abbreviations: ASA, acetylsalicylic acid; FDA, Food and Drug Administration; ITT, intention-to-treat; PE, pulmonary embolism; SPAF, stroke prevention in atrial fibrillation; 
SSE, stroke and systemic embolism.
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Drug Administration (FDA) has revised the label, advising 

clinicians to select one of three initial dose ranges, based 

on the results of clinical trials, when a patient’s CYP2C9/

VKORC1 genotype is known.20 Patients’ responses to warfarin 

are influenced by dietary vitamin K.21 Warfarin also competes 

with dietary flavonoids.21

Tight INR control is necessary if stroke is to be pre-

vented effectively and the risk of bleeding reduced, but tight 

control is sometimes difficult to achieve with warfarin. In a 

retrospective study of 488 Medicare patients with a history 

of AF before hospitalization, only 38% (117/304) of those 

eligible for anticoagulation had been prescribed warfarin, and 

patients admitted with a stroke were likely to be significantly 

undercoagulated, with INR , 1.5 (43.5% compared with 

20.9% of those without stroke; P , 0.005).22 In this sample, 

60% of AF patients who were candidates for anticoagula-

tion were not prescribed warfarin, while those who received 

warfarin were undertreated according to clinical guidelines.22 

Conversely, nearly 9% of the patients on anticoagulation 

had INR that exceeded the upper limit of the therapeutic 

range.22 In a survey of 309 warfarin-treated patients with 

AF admitted with stroke to six US tertiary care institutions, 

40%–70% had an INR outside the therapeutic range.23 The 

level of anticoagulation is inversely associated with stroke 

and especially with the risk for intracranial hemorrhage, and 

stroke risk increases dramatically when the INR is ,2.24 

Bleeding risk rises when the INR exceeds 3.0, and rises 

steeply at INR values . 4.0.25

Interpreting and applying clinical 
trial data
The efficacy of warfarin demonstrated in controlled conditions 

during clinical trials has not always been translated sufficiently 

to the real-world conditions of clinical practice. A retrospective 

analysis of health care claims stratified patients with nonval-

vular AF into new-to-warfarin (n = 4895) and non-warfarin-

treated (n = 7644) cohorts.26 For warfarin-treated patients, 

risks for ischemic stroke and thromboembolism were reduced 

by 22% (hazards ratio 0.78; 95% CI 0.65–0.93) and 34% 

(hazards ratio 0.66; 95% CI 0.59–0.75), respectively, over a 

follow-up of #720 days, with no increase in the risk for hem-

orrhage. Results were adjusted for age, gender, and other risk 

factors. The observed reductions for stroke and thromboem-

bolism, while considerable, were lower than others reported in 

clinical trials, leading the authors to infer that “warfarin was 

used conservatively and dosed cautiously”.26

One possible explanation for the gap between evidence 

and practice is that INR monitoring, provided reliably and 

consistently in a clinical trial, may not be used optimally in 

the real-world setting. In a survey of 2587 residents of a long-

term care facility in Connecticut, 83 were identified as ideal 

candidates for stroke prevention with warfarin.27 However, 

only about half the patients received warfarin and their INR 

values were maintained in the therapeutic range only about 

half of the time.27 A record-linkage retrospective study in 

the United Kingdom of 2223 patients with AF showed that 

warfarin-treated patients were outside the target INR range 

one third of the time, and that the quartile with poorest 

control was out of target range almost three quarters of the 

time.28 Interestingly, time outside target range decreased with 

duration of INR monitoring, from 52% in the first 3 months, 

which corresponds to the initial period of warfarin dose 

adjustment, to 30% after 2 years.28 Results of a multivariate 

logistic regression analysis showed that a 10% increase in 

time out of range was associated with an increased risk of 

death (P , 0.001) and/or ischemic stroke (P , 0.006) and 

other thromboembolic events (P , 0.001).28

Use of point-of-care INR testing devices and atten-

dance at anticoagulation clinics that provide INR testing as 

part of coordinated care have been associated with better 

outcomes from warfarin therapy.29 Several studies have 

indicated a positive cost benefit of anticoagulation clinics 

versus usual care, as reflected in lower rates of adverse 

events and recourse to hospital services.29 However, costs 

of coordinated care at anticoagulation clinics vary widely; 

in a review of 29 studies, the cost of a single INR monitor-

ing test ranged from $6.19 to $145.70 (2006 US dollars).30 

Although elderly patients are those most in need of chronic 

oral anticoagulant therapy, they were often the least likely 

to receive it, partly because there was until recently a dearth 

of evidence from controlled clinical trials to support the 

positive risk-benefit of thromboprophylaxis in the elderly. 

In the BAFTA (Birmingham Atrial Fibrillation Treatment 

of the Aged) trial, dose-adjusted warfarin with a target INR 

of 2.5 was compared with acetylsalicylic acid 75 mg/day 

in patients aged . 75 years in the primary care setting.31 

Warfarin was associated with a significant reduction in the 

occurrence of fatal or nonfatal disabling stroke (ischemic 

or hemorrhagic, or significant arterial embolism; odds 

ratio 0.48; 95% CI 0.28–0.80; number needed to treat, 80) 

with no difference between the warfarin-treated and ace-

tylsalicylic acid-treated groups in the risk of intracerebral 

hemorrhage and all other major hemorrhages.31 These 

persuasive f indings may have contributed to positive 

changes in clinical management of elderly patients at risk 

for thrombotic events.
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Antiplatelet therapy to reduce 
stroke risk in AF
Numerous studies have demonstrated that acetylsalicylic 

acid provides only modest stroke prevention compared with 

the effect achievable when warfarin is administered with 

meticulous attention to dosing and monitoring. In 2011, the 

American College of Cardiology/American Heart Associa-

tion/American Stroke Association updated their joint practice 

guidelines to suggest that, as an alternative to acetylsalicylic 

acid monotherapy, acetylsalicylic acid may be combined 

with the thienopyridine antiplatelet agent, clopidogrel, to 

prevent stroke in patients who are not candidates for war-

farin, whether because of patient preference or the physi-

cian’s clinical assessment.32 The American College of Chest 

Physicians recommends acetylsalicylic acid monotherapy 

75 mg to 325 mg per day in AF patients with a CHADS
2
 

score of 0, or combined with clopidogrel as an alternative 

to warfarin in patients with a CHADS
2
 score of 1.33 The 

American College of Chest Physicians recommends use of 

warfarin or acetylsalicylic acid combined with clopidogrel 

for patients with a CHADS
2
 score $ 2.33 The physician’s 

choice of acetylsalicylic acid in patients at low or moderate 

risk must take into account patient preference, the likely 

bleeding risk if warfarin is the concurrent anticoagulant, 

and the availability of access to high-quality monitoring of 

anticoagulation.33 For many patients considered to be at high 

or moderate risk, adjusted-dose warfarin to a target INR in the 

2.0–3.0 range is recommended.32,33 For high-risk patients who 

prefer not to be treated with warfarin or for whom warfarin 

is unsuitable, the ACC/AHA/ASA guidelines suggest that 

dual antiplatelet therapy with clopidogrel and acetylsalicylic 

acid is reasonable.32 However, the risk of hemorrhage is not 

lower with dual antiplatelet therapy than with warfarin, and 

dual antiplatelet therapy provides greater protection against 

stroke than acetylsalicylic acid alone at the price of a higher 

risk of major bleeding.32

Prevention of major vascular events with acetylsalicylic 

acid alone and with acetylsalicylic acid plus clopidogrel were 

compared in ACTIVE A (the Atrial Fibrillation Clopidogrel 

Trial with Irbesartan for Prevention of Vascular Events).34 

Patients with AF (n = 7554, mean age 71 years) who were 

not candidates for warfarin therapy were randomized to 

treatment with acetylsalicylic acid plus either clopidogrel 

(n = 3772) or placebo (n = 3782). Patients enrolled between 

June 2003 and May 2006 were followed until the conclu-

sion of the study in November 2008. Median duration of 

follow-up was 3.6 years. The primary endpoint for the study 

was any major vascular event (stroke, non-central nervous 

system systemic embolism, myocardial infarction, or death 

from vascular causes) and the most important secondary 

outcome was stroke. The primary endpoint occurred in 

832 patients receiving clopidogrel (6.8% per year) compared 

with 924 patients on placebo (7.6% per year; relative risk 

0.89, 95% CI 0.81–0.98, P = 0.01). The reduction in risk of 

major vascular events among clopidogrel-treated patients 

was mainly the result of a lower incidence of stroke, which 

occurred in 296 patients on clopidogrel compared with 408 

on placebo (relative risk 0.72, 95% CI 0.62–0.83; P , 0.001). 

Major bleeding occurred in 251 patients in the clopidogrel 

group (2.0% per year) versus 162 patients in the placebo 

group (1.3% per year, relative risk 1.57; 95% CI 1.29–1.92; 

P , 0.001). Clopidogrel-treated patients experienced an 

excess of 83 major bleeding episodes not related to stroke, 

including 62 episodes classified as severe and an excess of 

13 fatal episodes. When major vascular episodes and hem-

orrhage were considered together, there was no significant 

difference in the overall event rate between the group treated 

with acetylsalicylic acid alone and the group treated with 

acetylsalicylic acid plus clopidogrel (968 versus 996 events; 

relative risk 0.97, 95% CI 0.89–1.06; P = 0.54).34

The 2010 European Society of Cardiology guidelines 

largely dispensed with categorizations of high, medium, and 

low risk. Instead, they encouraged physicians to view risk as 

a continuum and advocated an approach to clinical assess-

ment and management based on the cumulative presence or 

absence of risk factors.35 This risk factor-based approach 

corresponds to the CHA
2
DS

2
-Vasc scoring system previously 

described. The European Society of Cardiology guidelines 

were updated, according to the results of several large-

scale clinical trials, shortly before the approval of new oral 

anticoagulants. For patients with a CHA
2
DS

2
-Vasc score of 0 

and no risk factors other than AF, they recommend either ace-

tylsalicylic acid 72–325 mg/day or no antithrombotic therapy, 

with a preference for the latter. The authors of the guidelines 

considered that for this group, data on acetylsalicylic acid 

were insufficient to show benefit, whereas the potential for 

adverse effects, especially bleeding, was known. For patients 

with one clinically relevant but “nonmajor” risk factor, they 

advised either an oral anticoagulant such as a vitamin K 

antagonist adjusted to a target INR of 2.0–3.0, or acetylsali-

cylic acid 72–325 mg/day, but preferably the former. For 

patients with one major risk factor and at least two clinically 

relevant, nonmajor risk factors, they recommended an oral 

anticoagulant (target INR 2.0–3.0). Anticipating approval of 

the new oral anticoagulants, the 2010 European Society of 

Cardiology guidelines advised that dabigatran etexilate may 
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be considered as an alternative to adjusted-dose vitamin K 

antagonist therapy. The authors of the guidelines also urged 

use of the HAS-BLED score, described earlier, in assessing 

bleeding risk, selecting medication, and monitoring antico-

agulant therapy.35 Revised European Society of Cardiology 

guidelines were published in late August 2012.

New oral anticoagulation therapies
More than a decade ago, leading investigators in antithrom-

botic therapy emphasized the need for development of orally 

active anticoagulants with at least comparable efficacy, 

and superior safety, to the standard coumarin derivatives 

in long-term stroke risk reduction therapy.25,29 Targets for 

anticoagulant intervention in the coagulation cascade are 

shown schematically in Figure 1.36 A number of  parenterally 

administered agents have been introduced to practice in 

recent years. However, the need for innovative oral anti-

coagulant strategies has been met by the direct thrombin 

inhibitor, dabigatran etexilate, and the factor Xa inhibitor, 

rivaroxaban. Both of these agents are approved by the FDA 

for reducing the risk of stroke and systemic embolism in 

patients with nonvalvular AF; rivaroxaban is also indicated 

for the prophylaxis of deep vein thrombosis, which may 

lead to pulmonary embolism in patients undergoing knee or 

hip replacement surgery.37,38 A second factor Xa inhibitor, 

apixaban, has recently been approved by the FDA.

Direct thrombin inhibitors
Direct thrombin inhibitors have a well defined mechanism 

of action. Thrombin, central to the clotting process, converts 

Figure 1 Coagulation cascade: targets for antithrombotic intervention.
Notes: Coagulation is initiated when the injured endothelium releases tissue factor, which activates the extrinsic pathway. Amplification, key to the coagulation cascade, is 
triggered by intrinsic coagulation pathway factors that are activated by tissue factor-vIIa in a positive feedback loop. The extrinsic and intrinsic pathways converge at the level 
of factor X activation, which activates the final common pathway. In turn, factor Xa combines with factor Va, calcium, and platelet phospholipids to form prothrombinase 
complex, which activates prothrombin to thrombin, the final enzyme in the process that converts fibrinogen to fibrin.36 warfarin inhibits synthesis of the active forms of 
four vitamin K-dependent procoagulant proteins, ie, factors II (prothrombin), vII, IX, and X, as well as two anticoagulant proteins, C and S. LMwHs are derived from 
unfractionated heparin by depolymerization, which forms fragments approximately one third the size of unfractionated heparin. The smaller LMWH fragments still contain 
the parent compound’s essential antithrombin III-binding pentasaccharide sequence and thus can catalyze factor Xa inactivation. Precluded by their smaller fragment chain 
length from simultaneously bridging antithrombin III and thrombin, which is required for thrombin IIa inactivation, most LMwH agents demonstrate high anti-Xa activity 
and minimal anti-IIa activity. Factor Xa inhibitors are synthetic analogs of the pentasaccharide sequence that binds with high affinity to antithrombin III. These agents catalyze 
inactivation of factor Xa, thus decreasing thrombin generation. DTIs bind directly to the active site of thrombin and block interaction with its substrate, fibrinogen. In contrast 
with LMwH, DTIs inactivate clot-bound thrombin, which promotes thrombus growth and circulating thrombin.
Abbreviations: H, heparin; LMwH, low-molecular-weight heparin; vKA, vitamin K antagonist; FXa Inhib, factor Xa inhibitor; DTI, direct thrombin inhibitor.
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soluble fibrinogen to fibrin and activates other clotting fac-

tors, which, in turn, generate more thrombin and stimulate 

platelets. Thrombin also activates factor XIII, which facili-

tates bonding among fibrin molecules and stabilizes the clot.36 

Direct thrombin inhibitors prevent thrombin activity by 

occupying catalytic binding sites, fibrinogen binding sites, 

or both; inhibit thrombin in both the inactive fluid phase and 

the stabilized fibrin-bound state; and inhibit surface-bound 

thrombin, with the effect of attenuating thrombus growth.36

Several direct thrombin inhibitors (hirudin, bivalirudin, 

argatroban) have been in use for a number of years but must 

be administered parenterally.39 In late-stage clinical trials, 

ximelagatran, the first oral direct thrombin inhibitor, was 

equivalent to warfarin for stroke prevention in AF patients 

and was subsequently marketed in Europe for the prevention 

of primary venous thromboembolism.40 However, postmar-

keting reports of hepatotoxicity resulted in withdrawal of 

this agent from the market.

The new oral direct thrombin inhibitor, dabigatran 

etexilate, in contrast with warfarin, has a rapid onset of 

anticoagulant effect, predictable pharmacodynamics, and 

few drug–drug interactions. Dabigatran etexilate is a prodrug 

that is rapidly converted into its active form, dabigatran, 

by esterases.41 The 2011 focused update to the 2006 ACC/

AHA/ESC guidelines recommends dabigatran etexilate as 

a useful alternative to warfarin to reduce the risk of stroke 

and systemic thromboembolism in patients with AF and 

at least one additional risk factor for stroke and systemic 

 thromboembolism.32 Contraindications include active patho-

logical bleeding or a history of a serious hypersensitivity 

reaction to dabigatran.37 Dabigatran etexilate is approved for 

use without routine coagulation monitoring.37,41

The 2011 update to the ACC/AHA/ESC guidelines is 

based on the results of the RE-LY (Randomized Evalua-

tion of Long-term anticoagulant therapY) study.42,43 In this 

trial, 18,113 patients with nonvalvular AF and at least one 

additional risk factor for stroke were randomized either to 

blinded treatment with fixed-dose oral dabigatran (110 mg 

or 150 mg twice daily) or to adjusted-dose warfarin (warfa-

rin treatment was well controlled; mean time in therapeutic 

range was 64%). Patients were followed for a median of 

2 years for the composite endpoint of stroke and systemic 

thromboembolism. At study endpoint, the rate of stroke 

and systemic thromboembolism was 1.71% per year among 

patients randomized to warfarin versus 1.54% per year 

in patients randomized to dabigatran 110 mg twice daily 

(relative risk for dabigatran 110 mg, 0.90; 95% CI 0.74 –1.10; 

P , 0.001 for noninferiority) and 1.11% per year in patients 

who received dabigatran 150 mg twice daily (relative risk 

for dabigatran 150 mg, 0.65; 95% CI 0.52–0.81; P , 0.001 

for superiority). The rate of major bleeding was 3.57% per 

year with warfarin versus 2.87% per year with dabigatran 

110 mg (P = 0.003) and 3.32% per year in the dabigatran 

150 mg group (P = 0.32). The rate of hemorrhagic stroke was 

significantly lower among patients who received dabigatran 

(110 mg, 0.12%; 150 mg, 0.10%) than in those who received 

warfarin (0.38%; P , 0.001 for both comparisons).42 There 

were significant reductions in intracranial hemorrhage, which 

occurred at annual rates of 0.23% and 0.32%, respectively, 

for dabigatran 110 mg bid and dabigatran 150 mg bid, com-

pared with 0.76% for warfarin (P , 0.0001).44 The mortality 

rate was 4.13% per year with warfarin versus 3.75% per year 

with dabigatran 110 mg (P = 0.13) and 3.64% per year with 

dabigatran 150 mg (P = 0.051).42,43 Using insurance claims 

and administrative data from the Mini-Sentinel pilot of the 

Sentinel Initiative, the FDA compared the actual rates of 

gastrointestinal bleeding for new users of dabigatran versus 

new users of warfarin during the period from 19 October 

2010 (dabigatran’s FDA approval date) through 31 December 

2011.45 The incidence rate of gastrointestinal bleeding events 

per 100,000 days at risk was 1.6–2.2 times higher for new 

warfarin users than for new dabigatran users, consistent with 

observations from the RE-LY trial.45

Overall, the results indicated that in patients with AF, 

dabigatran at the dose of 150 mg twice daily was superior 

to warfarin in preventing stroke and systemic thromboem-

bolism, caused significantly less intracranial bleeding and 

comparable extracranial bleeding, and was associated with 

less cardiovascular mortality.42–45 The FDA approved dabiga-

tran etexilate 150 mg twice daily to reduce the risk of stroke 

and systemic thromboembolism in patients with nonvalvular 

AF and normal renal function or moderate renal impairment 

(creatinine clearance . 30 mL per minute).37 Dabigatran 

etexilate 75 mg twice daily is recommended for patients with 

a creatinine clearance of 15–30 mL per minute.37

Results of a meta-analysis of seven noninferiority trials 

indicated an increase in the risk of myocardial infarction or 

acute coronary syndrome with dabigatran therapy compared 

with controls including warfarin.46 Although the increase in 

relative risk compared with warfarin was 33%, the absolute 

risk increase was very small, at 0.27%.46 Warfarin is known 

to prevent myocardial infarction, as is acetylsalicylic acid, 

which was allowed concurrently in all the trials. The authors 

suggested that dabigatran may not directly increase the 

risk of myocardial infarction, but may lack the beneficial 

effects of warfarin in prevention of myocardial infarction.46 
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The reduction in ischemic stroke risk with dabigatran 

therapy appears to confer a favorable benefit to risk balance. 

 However, selection guidelines should be closely followed, 

especially among patients at high risk for myocardial infarc-

tion or acute coronary syndrome.46

Factor Xa inhibitors
A double-blind Phase III trial, ROCKET-AF (Rivaroxaban 

Once-daily oral direct factor Xa inhibition Compared with 

vitamin K antagonism for the prevention of stroke and Embo-

lism Trial in Atrial Fibrillation), compared the oral direct 

factor Xa inhibitor rivaroxaban at a dose of 20 mg/day with 

dose-adjusted warfarin for stroke prevention in patients with 

nonvalvular AF. For warfarin-treated patients, mean time in 

therapeutic range was 55%.47 The composite primary efficacy 

and safety endpoints were all-cause stroke and noncentral 

nervous system systemic embolism, and major and clini-

cally relevant nonmajor bleeding events, respectively.47 In 

the primary analysis, the primary endpoint occurred in 188 

rivaroxaban-treated patients (1.7% per year) compared with 

241 warfarin-treated patients (2.2% per year; P , 0.001 for 

noninferiority).47 In the intention-to-treat analysis, the pri-

mary endpoint occurred in 269 rivaroxaban-treated patients 

compared with 306 warfarin-treated patients (2.1% per year 

and 2.4% per year, respectively; P , 0.001 for noninferiority, 

P = 0.12 for superiority).47 Major and nonmajor clinically 

relevant bleeding occurred in 1475 patients in the rivaroxaban 

group compared with 1449 in the warfarin group (14.9% 

per year and 14.5% per year, respectively; P = 0.44). There 

were significant reductions in intracranial hemorrhage (0.5% 

versus 0.7%, P = 0.02) and fatal bleeding (0.2% versus 0.5%, 

P = 0.003) in the rivaroxaban group.47

In a randomized comparison, 1584 patients received oral 

rivaroxaban 10 mg once daily and 1564 received subcutane-

ous enoxaparin 30 mg every 12 hours.48 The primary efficacy 

outcome was the composite of deep vein thrombosis, nonfatal 

pulmonary embolism, or all-cause mortality # 17 days after 

knee arthroplasty. The primary efficacy outcome occurred 

in 6.9% of rivaroxaban-treated patients and 10.1% of those 

treated with enoxaparin, for an absolute risk reduction of 

3.19% (P = 0.0118). Major bleeding was observed in 0.7% 

of rivaroxaban-treated patients compared with 0.3% of 

enoxaparin-treated patients (P = 0.1096).48

In a further comparison study, patients scheduled for 

elective total hip arthroplasty were randomly assigned to 

treatment with oral rivaroxaban 10 mg once daily (n = 1252) 

or subcutaneous enoxaparin 40 mg once daily (n = 1257).49 

The primary efficacy outcome was the composite of deep 

vein thrombosis, nonfatal pulmonary embolism, or all-

cause mortality # 30–42 days after surgery. In the modified 

intention-to-treat analysis, the primary outcome occurred in 

2.0% of rivaroxaban-treated patients compared with 9.3% 

of enoxaparin-treated patients, for an absolute risk reduc-

tion of 7.3% (P , 0.0001). The incidence of any bleeding 

on treatment did not differ significantly between the groups 

(P = 0.25).49

Apixaban, another factor Xa inhibitor in development to 

reduce the risk of stroke in AF, is currently under FDA review. 

The AVERROES (Apixaban VERsus acetylsalicylic acid to 

pRevent strOkES) study, conducted in patients in whom 

vitamin K antagonist therapy failed or was deemed unsuit-

able, evaluated apixaban as a substitute for acetylsalicylic 

acid in patients with AF.50 The study was halted early due 

to preliminary findings of a risk reduction of more than 50% 

with apixaban versus acetylsalicylic acid, with no increase 

in major bleeding or liver toxicity.50 The ARISTOTLE 

(Apixaban for the pReventIon of Stroke in subjecTs with 

aTrial fibriLLation) study compared the efficacy and safety 

of apixaban 5 mg twice daily (n = 9120) and warfarin to an 

INR of 2.0–3.0 (n = 9081) for stroke prevention in AF.51 

A predefined group of patients . 80 years, with low body 

weight and/or impaired renal function received half the test 

dose, ie, 2.5 mg twice daily. In this trial, which was designed 

to test for noninferiority, the primary outcome was ischemic 

or hemorrhagic stroke or systemic embolism, and the second-

ary objectives were to test for superiority with respect to the 

primary outcome and rates of major bleeding and all-cause 

mortality. Over a median follow-up of 1.8 years, the primary 

outcome occurred at a rate of 1.27% per year in the apixaban 

group compared with 3.09% per year in the warfarin group 

(P , 0.001), and the rates of all-cause mortality were 3.52% 

and 3.94%, respectively. Hemorrhagic stroke occurred at a 

rate of 0.24% per year in the apixaban group compared with 

0.47% per year in the warfarin group (P , 0.0001), and the 

rate of ischemic/uncertain stroke type was 0.95% per year in 

the apixaban group and 1.05% per year in the warfarin group 

(P = 0.42).51 The results indicated that, in patients with atrial 

fibrillation, apixaban was superior to warfarin in preventing 

stroke and systemic thromboembolism, caused less bleeding, 

and was associated with a lower mortality rate.51 Other factor 

Xa inhibitors are in various stages of development.

Management of new anticoagulants
To date, relatively limited evidence is available to inform 

decisions around management of new anticoagulants. 

However, expert opinion recommends that bleeding events 
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should be risk-stratified.52 Minor bleeding, such as epistaxis 

or menorrhagia, can be managed with withdrawal of the agent 

for one or more days, allowing for interventions as indicated. 

Moderate bleeding can be managed with drug withdrawal, 

clinical monitoring, symptomatic treatment, mechanical 

compression or surgical intervention, fluid replacement, and 

hemodynamic support and/or transfusion of blood products. 

Major bleeding should be managed with drug withdrawal, 

monitoring, hospital admission if required for stabilization, 

and administration of coagulation factors in case of life-

threatening bleeding.52

Conclusion
Warfarin has a long history of attenuating the risk of stroke 

in patients with AF; however, its limitations lead to both 

overcoagulation and undercoagulation and, in some cases, 

failure to use anticoagulation at all. Alternative anticoagulant 

modalities, such as direct thrombin inhibitors and factor Xa 

inhibitors, have the potential to improve outcomes in patients 

with AF and reduce the burdens associated with coagula-

tion monitoring and dose adjustment. Dabigatran etexilate 

demonstrated equivalent or superior efficacy and safety to 

warfarin without the need for routine coagulation monitor-

ing during clinical trials and was the first FDA-approved 

alternative to vitamin K antagonist therapy to reduce the 

risk of stroke in patients with nonvalvular AF. The factor Xa 

inhibitor rivaroxaban is also FDA-approved for this indica-

tion, and apixaban is now available. New oral anticoagulants 

appear to have a pivotal role in reducing the risk of stroke 

for patients with AF.
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