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BACKGROUND: Warfarin reduces stroke in patients with
atrial fibrillation. However, its narrow therapeutic index and
need for chronic monitoring are barriers to its optimal utili-
zation in many patients. The recent introduction of 3 novel
oral anticoagulants (NOACs), as alternatives to warfarin,
may change the eligibility and management of patients with
nonvalvular atrial fibrillation (NVAF) who require systemic
anticoagulation.

PURPOSE: To summarize contemporary indications for
anticoagulation in NVAF, and to help provide patient-
centered clinical decision making for selecting warfarin or 1
of the NOACs (dabigatran, rivaroxaban, apixaban) based on
randomized trials and mechanistic data for each drug.

DATA SOURCES AND STUDY SELECTION: The primary
clinical outcome trials of warfarin and the NOACs, pharma-
cologic studies, and briefing documents from the US Food
and Drug Administration were reviewed.

DATA EXTRACTION AND DATA SYNTHESIS: In random-

ized trials, NOACs were consistently noninferior to warfarin

for reducing stroke or systemic embolism in patients with

NVAF, with reductions in intracranial bleeding as well. How-

ever, NOACs have several important drug-drug interactions,

exclusion criteria for specific patient subgroups (eg, severe

renal disease), and each medication may have a different

impact on other clinical outcomes such as myocardial

infarction or gastrointestinal bleeding. Benefits of the new

drugs are particularly pronounced when international nor-

malized ratio levels on warfarin are labile.

CONCLUSIONS: Warfarin continues to play an important role
in the prevention of stroke or systemic embolism in NVAF.
Among selected patients, the use of NOACs provides equal or
superior benefit, without the need for chronic anticoagulation
monitoring or ongoing dose titration. Journal of Hospital
Medicine 2014;9:400–406. VC 2014 Society of Hospital Medicine

Approximately 2.3 million people in the United States
and 4.5 million people in Europe have atrial fibrilla-
tion (AF), with an increase in prevalence with age to
�8% among patients aged 80 years and older.1 The
most feared and potentially preventable complications
of AF are stroke or systemic thromboembolism, and
stroke in particular is increased approximately 5-fold
in patients with nonvalvular atrial fibrillation
(NVAF).2 For over 50 years, warfarin and similar
vitamin K antagonists have been the principal anticoa-
gulants used for preventing stroke in NVAF, with con-
sistent reductions in systemic thromboembolic events
when compared with placebo or aspirin.2,3 However,
because of its narrow therapeutic window and related
management difficulties (ie, frequent monitoring of
international normalized ratio [INR] levels, dietary
and medication restrictions, interindividual variability
in dosing), many patients with NVAF do not receive
warfarin or are inadequately treated.4

In response to the need for antithrombotic agents
with better efficacy, patient tolerance, and conven-
ience, the US Food and Drug Administration (FDA)
recently approved 3 novel oral anticoagulants
(NOACs) as alternatives to warfarin for NVAF: dabi-
gatran, rivaroxaban, and apixaban. In this review, we
evaluated the pharmacologic properties and clinical
studies of these NOACs, including the continued role
of warfarin in many patients requiring systemic anti-
coagulation, to guide practicing clinicians in providing
individualized, patient-centered care to each of their
patients with NVAF.

PHARMACOLOGY
Mechanisms of Action

Whereas warfarin inhibits the formation of multiple
vitamin K-dependent coagulation factors (II, VII, IX,
and X),5 the NOACs are competitive and reversible
inhibitors of more distal targets in the coagulation
pathway. Dabigatran is a direct thrombin inhibitor,
whereas rivaroxaban and apixaban directly inhibit
factor Xa, ultimately resulting in the inhibition of
fibrin formation and thrombosis.

Clinical Pathways and Drug Interactions

Key aspects of the pharmacokinetic profiles of the 3
NOACs are summarized in Table 1. In addition to
these baseline properties of each medication, drug
interactions play an important role in the effectiveness
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and potential toxicities of the NOACs. For example,
dabigatran is almost exclusively excreted via glomeru-
lar filtration, resulting in a terminal half-life of 12 to
17 hours in normal volunteers and a significantly
higher half-life in moderate and severe renal dysfunc-
tion (18 and 27 hours, respectively). In phase II and
III trials, there was a 30% decrease in bioavailability
when dabigatran was administered with pantoprazole,
but no comparable effect was noted when coadminis-
tered with histamine receptor blockers like ranitidine.6

In addition, although dabigatran has no significant
interaction with hepatic P450 enzymes, its prodrug
is excreted by the intestinal efflux transporter
p-glycoprotein. As a result, dabigatran’s bioavailabil-
ity is increased by coadministration with potent
p-glycoprotein inhibitors such as dronedarone, amio-
darone, verapamil, diltiazem, or ketoconazole.6,7

According to FDA labeling, the only drug contraindi-
cated with concomitant dabigatran administration is
rifampin, which reduces serum concentration of dabi-
gatran by 66%.

Unlike dabigatran, the absorption of rivaroxaban
has significant variability between individuals, but the
bioavailability of the 20-mg dose increases by 39%
and is significantly less variable when taken with
food.8 Phase I studies of rivaroxaban demonstrated
that elderly patients had �50% higher serum concen-
trations when compared with younger patients.7,9

Also of note, rivaroxaban has 50% higher bioavaila-
bility in Japanese patients as compared with other eth-
nicities, including Chinese ethnicity, resulting in
higher exposure to the drug and potentially explaining
higher bleeding rates in Japan when using this drug.9

The primary mechanisms for metabolism of rivaroxa-
ban are the CYP-3A4 and CYP-2C8 pathways in the
liver,10 so other drugs metabolized through these
pathways (eg, azole antifungals, protease inhibitors,
clarithromycin) may have significant drug-drug
interactions.

Like the other NOACs, apixaban achieves its maxi-
mal concentration within 3 to 4 hours,11 and like
rivaroxaban, apixaban is metabolized by the CYP-
3A4 hepatic pathway. However, apixaban does not
induce or inhibit hepatic cytochrome P450 (CYP)

enzymes, so the potential for drug-drug interactions is
considered minimal.12 Important exceptions include
coadministration with ketoconazole or clarithromycin,
each of which increases the bioavailability of apixa-
ban up to 1.5-fold, so a dose reduction to 2.5 mg
twice-daily (BID) is recommended.11

CLINICAL STUDIES
Randomized trials evaluating warfarin against placebo
or aspirin for NVAF have spanned more than 3 deca-
des, encompassing a variety of study designs, patient
populations, and analytic techniques.2,3 Despite differ-
ences between trials, these studies have provided the
framework for contemporary AF management, with
consistent reductions in thromboembolic events with
systemic anticoagulation, most notably among
patients with multiple risk factors for stroke. Current
professional guidelines recommend risk assessment of
patients with NVAF, using the CHADS2 (1 point each
for Congestive heart failure, Hypertension, Age �75
years, Diabetes, and 2 points for prior Stroke) or simi-
lar risk scores, to identify patients most likely to bene-
fit from systemic anticoagulation.1,13 As a result of
this extensive background literature, the 3 NOACs
have primarily been evaluated against warfarin
(instead of aspirin or placebo) as potential alternatives
for reducing thromboembolic events in patients with
NVAF. The 1 exception is a prematurely terminated
trial of apixaban in warfarin-ineligible patients with
NVAF, in which apixaban reduced stroke or systemic
embolism by 55% compared with aspirin after only
1.1 years of follow-up, with no significant difference
in major bleeding.14

Pivotal Clinical Trials
The 3 principal trials evaluating the NOACs against
warfarin for NVAF are summarized in Table 2. In the
Randomized Evaluation of Long-term anticoagulation
Therapy (RE-LY) trial, dabigatran was compared with
warfarin in 18,113 patients recruited from 951 clini-
cal centers in 44 countries using a noninferiority study
design.15 Two different doses of dabigatran were stud-
ied, but only the 150-mg BID dose was approved by
the FDA. As a result, only the findings from the clini-
cally approved 150-mg dose are summarized in this
review. Although RE-LY was considered a semi-
blinded randomized trial, patients enrolled in the war-
farin control arm underwent regular INR surveillance
by their treating physicians, leaving the trial open to
potential reporting biases. The authors tried to mini-
mize bias by providing a standardized protocol for
INR management, and by assigning 2 independent
investigators blinded to the treatment assignments to
adjudicate each event.

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) study involved 14,264

TABLE 1. Pharmacologic Properties of the Three
Novel Oral Anticoagulant Medications

Characteristic Dabigatran Rivaroxaban Apixaban

Target Factor IIa Factor Xa Factor Xa
Reversible binding Yes Yes Yes
Half-life, h 12–17 5–9 8–15
Time to peak serum concentration, h 1–3 2–4 3–4
Protein binding, % 35 92–95 87
Renal excretion, % 80 66 25–27
Primary hepatic clearance pathway Does not interact

with CYP enzymes
CYP-3A4 CYP-3A4

NOTE: Abbreviations: CYP, cytochrome P450.
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patients from 1178 participating sites in 45 coun-
tries.16 Again, a noninferiority design was used to
evaluate 20-mg daily rivaroxaban against warfarin,
but the 2 arms were compared in double-blinded,
double-dummy fashion (thus eliminating the reporting
bias related to the warfarin control arm in RE-LY). In
addition, whereas RE-LY randomized patients to fixed
doses of dabigatran within their respective treatment
arms, ROCKET-AF required a lower dose of rivaroxa-
ban (15 mg daily) for patients with moderately
reduced creatinine clearance (30–49 mL/min). Also of
note, ROCKET-AF reported both intention-to-treat
and on-treatment analyses, with outcomes listed as
number of events per 100 patient-years (instead of
percent per year). To facilitate comparisons between
trials, only the intention-to-treat data are reported in
this review.

Like ROCKET-AF, the Apixaban for Reduction in
Stroke and Other Thromboembolic Events in Atrial Fibril-
lation (ARISTOTLE) study randomized patients using a
double-blind, double-dummy, noninferiority design to
therapy with apixaban 5 mg BID versus warfarin, ulti-
mately enrolling 18,201 patients at 1034 clinical sites in
39 countries.17 ARISTOTLE also provided a lower dose
of apixaban (2.5 mg BID) for patients at higher risk of
bleeding, defined by the authors as patients with 2 of the
following characteristics: age 80 years and older, weight
�60 kg, or serum creatinine�1.5 mg/dL. However,<5%

of all patients in ARISTOTLE met these criteria and
received the lower dose of apixaban.

Patient Populations and Study End Points
All 3 trials used relatively similar criteria for enroll-
ing and following patients, with individual throm-
boembolic risk calculated using the CHADS2

definition, where higher scores are associated with
incrementally higher risk of stroke.18 However,
ROCKET-AF required a minimum CHADS2 score of
2 and permitted patients with lower left ventricular
ejection fractions (�35%), thus enrolling a higher-
risk patient population than RE-LY and ARISTOTLE
(where ejection fraction �40% was considered a risk
factor for thromboembolism). As a result, more
patients in ROCKET-AF had prior stroke or systemic
embolism than the other 2 trials (55% vs 20% in
RE-LY and 19% in ARISTOTLE) and more patients
had significant heart failure (63%,vs 32% in RE-LY
and 36% in ARISTOTLE). These differences in
enrollment ultimately translated into a higher overall
risk profile in ROCKET-AF (Table 3), which may
have impacted some of the study results. In addition,
patients requiring dual antiplatelet therapy (ie, clopi-
dogrel and aspirin) were permitted in RE-LY (5% of
the final randomized population) but were excluded
from the other 2 trials. The primary outcome for all
3 trials was the composite of stroke or systemic

TABLE 2. Design of the Three Pivotal Trials Evaluating the Novel Oral Anticoagulants Versus Warfarin in Nonvalvular
Atrial Fibrillation

Characteristic RE-LY ROCKET-AF ARISTOTLE

Drug Dabigatran Rivaroxaban Apixaban
Dosing 150 mg BID (110 mg BID also tested) 20 mg daily (15 mg for creatinine

clearance 30–49 mL/min)
5 mg BID (2.5 mg for patients at

higher risk of bleeding)*
Total population 18,113 14,264 18,201
Randomization Semiblinded Double blinded Double blinded
Primary analytic approach Noninferiority, intention-to-treat Noninferiority, both intention-to-treat and on-treatment Noninferiority, intention-to-treat
Primary efficacy end point Stroke or systemic embolism Stroke or systemic embolism Stroke or systemic embolism
Primary safety end point Major bleeding Major and clinically relevant nonmajor bleeding Major bleeding
Key inclusion criteria

Documented atrial fibrillation At screening or within 6 months Within 30 days prior to randomization and within past year At least 2 episodes recorded
2 weeks apart in past year

Eligible CHADS2 scores �1 �2 �1
Selected exclusion criteria

Valvular heart disease Any hemodynamically relevant or prosthetic valve Severe mitral stenosis or any mechanical prosthetic valve Moderate or severe mitral stenosis,
or any mechanical prosthetic valve

Stroke Severe �6 months or mild/moderate �14 days Severe �3 months, any stroke �14 days, TIA �3 days Stroke �7 days
Bleeding Surgery �30 days, gastrointestinal bleed

�12 months, any prior intracranial bleed,
severe hypertension

Surgery �30 days, gastrointestinal bleed
�6 months, active internal bleeding,
any prior intracranial bleed, chronic dual
antiplatelet therapy, severe hypertension,
platelets �90,000/lL

Any prior intracranial bleed, chronic
dual antiplatelet therapy, severe hypertension

Renal Creatinine clearance <30 mL/min Creatinine clearance <30 mL/min Creatinine clearance <25 mL/min

NOTE: Abbreviations: ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; BID, twice-daily dosing; CHADS2, acronym for 5 major risk factors for systemic thromboembolism
(Congestive heart failure, Hypertension, Age >75 years, Diabetes, and 2 points for prior Stroke); INR, international normalized ratio; 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; TIA, transient ischemic attack.

*Higher risk of bleeding in ARISTOTLE defined as having �2 of the following: age �80 years, weight �60 kg, or creatinine �1.5 mg/dL.
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embolism, and the primary safety end point was
major bleeding (RE-LY and ARISTOTLE), or com-
bined major and clinically relevant nonmajor bleed-
ing events (ROCKET-AF).

Clinical Outcomes

As illustrated in Table 4, the dabigatran 150-mg BID
dose was both noninferior and superior to warfarin for
reducing the composite primary end point. Patients
randomized to this arm of the RE-LY study experienced
fewer ischemic strokes, fewer hemorrhagic strokes, and
a strong trend toward lower all-cause mortality despite
higher rates of myocardial infarction. There was no dif-
ference in overall major bleeding, although a significant
reduction in intracranial hemorrhage was offset by a
higher rate of gastrointestinal bleeding.

In the intention-to-treat analyses from ROCKET-
AF, rivaroxaban was noninferior to warfarin for
reducing the primary end point, and there was a sig-

nificant reduction in hemorrhagic stroke by rivaroxa-
ban. Again, a strong trend toward lower mortality
was seen, and like RE-LY, an equivocal bleeding end
point was largely driven by the combination of lower
intracranial hemorrhage but higher gastrointestinal
bleeding rates. Of note, the on-treatment analysis
from ROCKET-AF demonstrated both noninferiority
and superiority to warfarin, and there was no signal
for higher rates of myocardial infarction as seen in
RE-LY.

In ARISTOTLE, apixaban was both noninferior
and superior to warfarin, with stroke reduction largely
driven by lower rates of intracranial hemorrhage.
Unlike the prior studies of dabigatran and rivaroxa-
ban, ARISTOTLE demonstrated a statistically signifi-
cant reduction in all-cause mortality and a significant
reduction in major bleeding with apixaban therapy,
with no increase in gastrointestinal bleeding.

INR Control
In prior randomized trials and observational registries
of patients with AF, INR control has been highly vari-
able, and better clinical outcomes were observed
among patients consistently achieving INR levels
between 2 and 3.3,19 For all 3 randomized trials of
the NOACs summarized in this review, the warfarin
control arms were analyzed using the Rosendaal
method of evaluating total time in therapeutic range
(TTR), reflecting the percent of time the patient had
an INR between 2 and 3.20 Overall, the mean TTR
was 64% to 66% in the RE-LY and ARISTOTLE tri-
als, but only 55% in ROCKET-AF. This has led to
considerable criticism of the ROCKET-AF trial, given
concerns for a less robust comparator arm for rivar-
oxaban (and thus the potential for inflated efficacy of
rivaroxaban over warfarin).21,22 However, these TTR
levels are similar to those reported in prior studies of
warfarin and may better represent real-world INR
management across multiple countries.23

Of note, the heterogeneity of INR management also
appeared to impact clinical outcomes. For example, in
RE-LY, the INR control for warfarin was particularly
poor in countries from east and southeast Asia, which
may explain the more robust performance of dabiga-
tran in these regions (vs Western and Central Europe,
where TTR was >64%).24 In the same analysis of
variability within the RE-LY trial, center-specific
TTRs demonstrated higher rates of cardiovascular
events and major bleeds in centers with TTR
<57%.24 A different issue was noted in ROCKET-AF,
where TTR was relatively low in the overall trial and
clinical outcomes were more equivalent between rivar-
oxaban and warfarin, when compared with the superi-
ority of the new drugs in RE-LY and ARISTOTLE.
However, in ROCKET-AF centers with mean TTR
>68%, rivaroxaban was associated with higher rates
of stroke and systemic embolism, and in the US sub-
group (where TTR was �64%), rivaroxaban had a

TABLE 3. Patients Enrolled in the Three Pivotal Trials
of Novel Oral Anticoagulant Medications

Characteristic RE-LY ROCKET-AF ARISTOTLE

Age, y 72 73 70
Male sex, % 63 60 65
Type of atrial fibrillation, %

Paroxysmal 33 18 15
Persistent/permanent 67 82 85

Comorbidities, %
Hypertension 79 90 87
Previous stroke or systemic embolism 20 55 19
Diabetes 23 40 25
Congestive heart failure 32 63 36
Prior myocardial infarction 17 17 15

CHADS2 score, %
0–1 32 0 34
2 35 13 36
�3 33 87 30

Medications, %
ACE inhibitor or angiotensin receptor blocker 67 55 71
b-Blockers 64 65 64
Digoxin 29 39 32
Amiodarone 11 Not reported 11
Aspirin 39 36 31
Aspirin and clopidogrel 5 0 0
Prior long-term warfarin or other
vitamin K antagonist

50 62 57

Creatinine clearance, %
>80 mL/min 32 32 41
>50–80 mL/min 48 47 42
>30–50 mL/min 20 21 15
<30 mL/min <1 None reported 2

Mean time in therapeutic range
among warfarin-treated patients, %

64 55 66

NOTE: Continuous variables are reported as mean population values, and categorical data are reported as
percentages. Abbreviations: ACE, angiotensin-converting enzyme; ARISTOTLE, Apixaban for Reduction in
Stroke and Other Thromboembolic Events in Atrial Fibrillation; CHADS2, acronym for 5 major risk factors for
systemic thromboembolism (Congestive heart failure, Hypertension, Age >75 years, Diabetes, and 2 points
for prior Stroke); RE-LY, Randomized Evaluation of Long-term anticoagulation Therapy; ROCKET-AF, Rivar-
oxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of
Stroke and Embolism Trial in Atrial Fibrillation.
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higher bleeding rate than warfarin.9 Taken together,
these findings highlight the potential for net clinical
benefit among patients and populations with poor
INR control during warfarin therapy, and conversely,
the loss of benefit (and even potential harm) if replac-
ing good INR management with the newer antithrom-
botic drugs.

To further explore these questions regarding NOAC
efficacy and safety, the FDA review of rivaroxaban
included a calculation of the major bleeds incurred
per embolic event prevented.9 Using this risk-benefit
ratio, the FDA confirmed that the advantage of using
rivaroxaban over warfarin in ROCKET-AF occurred
among patients with difficult INR control, whereas
patients with better INR management did not experi-
ence this net clinical benefit. As a result, in the
absence of carefully managed INR levels in random-
ized trials (where INRs are managed through an inten-
sive protocol), careful selection of patients with poor
INR control may be prudent when considering rivar-
oxaban or other NOACs over warfarin.

Patient-Centered Selection of Therapy
Although none of the NOACs have been compared
with each other, several important drug and trial char-
acteristics may help identify patients most likely to
benefit from a specific drug choice for preventing
thromboembolism in NVAF (Figure 1). For example,
the modest increase in myocardial infarction noted
among patients randomized to dabigatran in RE-LY
remains inadequately understood, and may lead some
practitioners to favor using rivaroxaban or apixaban
for NVAF patients at risk for coronary events. Others
may point to the mortality reduction and lower rates
of bleeding, including no increase in gastrointestinal
hemorrhage, among patients receiving apixaban in
ARISTOTLE. Concerns about reversibility also may

impact drug selection, as none of the NOACs can be
easily reversed for major life-threatening bleeding,
although potential antidotes are in development and
may hopefully address this concern in the near
future.25 Other considerations include patient adher-
ence to the twice-daily dosing regimen of dabigatran
or apixaban, comorbid conditions such as bleeding
risk, drug-drug interactions, outcomes reported during
postmarketing surveillance, and cost. Overall, the
noninferiority of these new agents compared with
warfarin, plus their superiority in reducing the risk of
important clinical events like intracranial hemorrhage,
has led some professional societies to recommend the
NOACs over warfarin in patients with NVAF whose
CHADS2 scores are 1 or greater.26

Limitations
Several important limitations to these agents and their
principal clinical trials should be noted. First, all 3
NOACs were compared with warfarin (or aspirin in
the 1 prematurely halted apixaban trial), so compari-
sons between each drug and comparisons with pla-
cebo cannot be extrapolated from the data available.
Second, the importance of remaining “on label” and
using the NOACs appropriately for NVAF cannot be
overemphasized, as recent experience with the
NOACs among patients with mechanical heart valves
or other clinical scenarios outside of the patient popu-
lations from the pivotal clinical trials (eg, severe renal
dysfunction) will likely result in adverse patient out-
comes.27 Third, despite greater reliability in drug
effects between patients and lack of need for intensive
INR monitoring, more than 1 in 5 patients treated
with the NOACs in these trials prematurely stopped
therapy before reaching a study end point. Some of
this premature discontinuation may be related to the
more consistent degree of systemic anticoagulation

TABLE 4. Clinical Outcomes in the Three Pivotal Trials of Novel Oral Anticoagulant Therapies

Clinical Outcome

RE-LY ROCKET-AF ARISTOTLE

Dabigatran,

150 mg BID, %/y

Warfarin,

%/y

Hazard

Ratio P Value*

Rivaroxaban,

20 mg QD, No./100

Patient-Years

Warfarin,

No./100

Patient-Years

Hazard

Ratio P Value*

Apixaban

5 mg BID,

%/y

Warfarin,

%/yr

Hazard

Ratio P Value*

Stroke or systemic embolism 1.11 1.69 0.66 <0.001 2.1 2.4 0.88 <0.001 1.27 1.60 0.79 0.01
Any stroke 1.01 1.57 0.64 <0.001 1.65 1.96 0.85 0.092 1.19 1.51 0.79 0.01
Ischemic 0.92 1.20 0.76 0.03 1.34 1.42 0.94 0.581 0.97 1.05 0.92 0.42
Hemorrhagic 0.10 0.38 0.26 <0.001 0.26 0.44 0.59 0.024 0.24 0.47 0.51 <0.001

Myocardial infarction 0.74 0.53 1.38 0.048 0.91 1.12 0.81 0.121 0.53 0.61 0.88 0.37
All-cause mortality 3.64 4.13 0.88 0.051 1.87 2.21 0.85 0.073 3.52 3.94 0.89 0.047
Major bleeds 3.11 3.36 0.93 0.31 3.6 3.4 1.04 0.58 2.13 3.09 0.69 <0.001

Intracranial 0.30 0.74 0.40 <0.001 0.5 0.7 0.67 0.02 0.33 0.80 0.42 <0.001
Gastrointestinal 1.51 1.02 1.50 <0.001 3.15† 2.16† — <0.001 0.76 0.86 0.89 0.37

NOTE: Abbreviations: ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; BID, twice-daily dosing; QD, daily dosing; 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.

*All P values listed for the composite primary end point (stroke or systemic embolism) reflect the primary noninferiority analyses. Superiority P values for the dabigatran 150 mg dose, for rivaroxaban, and for apixaban were
<0.001, 0.12, and 0.01, respectively.

†Gastrointestinal bleeds in ROCKET-AF were reported as % (and no hazard ratio reported), whereas all other outcomes in this trial were reported as number per 100 patient-years.
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with NOACs when compared with warfarin, thus
resulting in higher bleeding rates (major, minor, or
nuisance) than those reported in older trials using

aspirin or placebo as the comparator. For each new
antithrombotic medication, annual rates of major
bleeding were higher than annual thromboembolic

FIG. 1. Suggested algorithm for selecting anticoagulant therapy for patients with nonvalvular atrial fibrillation. Abbreviations: BID, twice-daily dosing; CHADS2,

acronym for 5 major risk factors for systemic thromboembolism (Congestive heart failure, Hypertension, Age >75 years, Diabetes, and 2 points for prior Stroke);

CrCl, creatinine clearance; FDA, US Food and Drug Administration; INR, international normalized ratio (for monitoring warfarin therapy); QD, daily dosing.
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event rates (3.1% vs 1.1% in RE-LY, 3.6% vs 2.1%
in ROCKET-AF, and 2.1% vs 1.3% in ARISTOTLE,
respectively), although similar trends were noted for
patients treated with warfarin. Nonetheless, because
the average thromboembolic event may have more
devastating consequences than the average bleeding
event,28 these clinical considerations must be carefully
weighed for each patient when expanding the use of
all 3 new drugs to the general population with NVAF.
Further evaluation of the NOACs in real-world popu-
lations, including an assessment of these drugs among
patients taking dual antiplatelet therapy, is clearly
warranted.

CONCLUSIONS
The recent development of alternative anticoagulation
strategies to warfarin represents an exciting new oppor-
tunity for preventing the devastating consequences of
stroke or systemic thromboembolism in patients with
NVAF. However, despite the limitations of chronic
warfarin therapy, it remains highly effective for a large
proportion of patients with good INR control. Future
studies will allow clinicians to better understand the
advantages and disadvantages of each NOAC, so that
ultimately an individualized, patient-centered plan of
care may be developed for each patient with NVAF.
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