
Address for correspondence:
A. John Camm, MD
Division of Clinical Sciences
St. George’s University of London
Cranmer Terrace London SW17 0RE,
United Kingdom jcamm@sgul.ac.uk

Reviews
Practical Considerations for Using Novel Oral
Anticoagulants in Patients With Atrial
Fibrillation
Irene Savelieva, MD and A. John Camm, MD
Division of Cardiac and Vascular Sciences, St. George’s University of London, London, United
Kingdom

Novel oral anticoagulants, including dabigatran, rivaroxaban, and apixaban, represent new options for
preventing stroke in patients with atrial fibrillation, as shown by the results from large, randomized phase
III trials. Because of their greater specificity, rapid onset of action, and predictable pharmacokinetics, the
novel oral anticoagulants (dabigatran, rivaroxaban, and apixaban) address several limitations of warfarin or
other vitamin K antagonists in day-to-day clinical practice. However, a range of practical questions relating to
the novel oral anticoagulants has emerged, including topics such as patient selection, treatment of patients
with renal impairment, risk of myocardial infarction, drug interactions, switching between anticoagulants, and
management of bleeding, in addition to use of these agents in patients requiring antiplatelet drug treatment
or undergoing cardioversion or percutaneous interventions (eg, ablation). In this review, practical aspects of
the use of novel oral anticoagulants in patients with atrial fibrillation are discussed, with reference to available
data and guidance from prescribing information.

Introduction
Atrial fibrillation (AF) is a major cause of morbidity
and mortality. In particular, because of the potential for
thrombus formation within the left atrial appendage and
resulting emboli that can occlude cerebral vessels, AF
increases the risk of stroke 5-fold and is associated with
15% to 20% of all strokes.1,2 Strokes in patients with AF
are likely to be more severe than in patients without AF,
as shown by higher death rates, a lower likelihood of
being discharged to home, and a greater risk of functional
or neurologic deficits.3,4 Because AF is predominantly a
disease of elderly patients (prevalence rates: 10%–20% in
those age ≥85 years vs 0.4%–1.0% in those age 55–60
years), the overall prevalence of AF is predicted to more
than double by 2050, in line with the aging population.5–7

To reduce the risk of stroke or systemic embolism,
oral anticoagulant (OAC) therapy is recommended in all
patients with AF who have additional risk factors.8,9 For
more than 50 years, vitamin K antagonists (VKAs) such
as warfarin were the only OACs available. Meta-analysis
data have shown that warfarin reduces the occurrence of
stroke in patients with AF by 64% compared with controls.10
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However, VKAs have a range of well-known limitations,
including a slow onset of action, need for dose adjustments
and regular monitoring to ensure that patients remain
within a narrow therapeutic range, dietary restrictions, and
multiple interactions with other drugs. These limitations
prompted the development of novel OACs that are now
entering clinical practice for patients with AF. Although
these agents have clear advantages compared with VKAs,
several questions need to be considered regarding the use of
novel OACs in clinical practice and what type of differences
exist between agents.

The aims of this review were to introduce briefly the
novel OACs and their clinical characteristics and to discuss
practical considerations relating to day-to-day use.

Clinical Trial Findings and Characteristics of Novel Oral
Anticoagulants for Patients With Atrial Fibrillation
Novel OACs that are available for the prevention of stroke
in patients with AF include dabigatran, rivaroxaban, and
apixaban. Compared with warfarin, the novel OACs have
greater specificity (single vs multiple targets within the
clotting cascade), a more rapid onset of action (time to peak
concentration: 2–4 hours vs 72–96 hours), shorter half-lives
(5–17 hours vs 40 hours), considerably fewer interactions
with other drugs, and no food interactions or dietary restric-
tions (Table 1).11–13 Because they have more predictable
pharmacokinetic characteristics than warfarin, novel OACs
can be administered using fixed doses and do not require
routine coagulation monitoring. Unlike warfarin, each of
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Table 1. Characteristics of Novel Oral Anticoagulants Compared With Warfarin11–13

Warfarin Dabigatran Rivaroxaban Apixaban

Target Synthesis of vitamin
K-dependent clotting
factors (factors II, VII, IX,
and X)

Thrombin Factor Xa Factor Xa

Bioavailability >95% ∼6% >80% >50%

Time to peak activity 72–96 hours 2 hours 2.5–4 hours 3 hours

Half-life 40 hours 14–17 hours 5–9 hours (young healthy
patients),11–13 hours
(elderly patients)

8–15 hours

Dosing frequency in patients
with AF

Once daily Twice daily Once daily Twice daily

Interactions Numerous drugs including
substrates of CYP2C9,
CYP3A4, and CYP1A2;
various foods

Strong P-gp inhibitors
and inducers

Strong CYP3A4 inducers,
strong inhibitors of both
CYP3A4 and P-gp

Strong inhibitors/inducers
of both CYP3A4 and P-gp

Renal elimination (absorbed
active drug)

<1% ∼80% ∼33%a ∼27%

Abbreviations: AF, atrial fibrillation; CYP, cytochrome P450; P-gp, P-glycoprotein.
aAn additional 33% of the absorbed rivaroxaban dose inactivated in the liver is also eliminated renally.

the novel OACs is eliminated renally to differing degrees,13

which has important implications that will be discussed.
Four phase III trials of dabigatran, rivaroxaban, or

apixaban in patients with nonvalvular AF have been
completed: RE-LY (Randomized Evaluation of Long-term
anticoagulation therapY), ROCKET AF (Rivaroxaban Once
daily oral direct factor Xa inhibition Compared with vitamin
K antagonism for prevention of stroke and Embolism
Trial in Atrial Fibrillation), ARISTOTLE (Apixaban for
Reduction In STroke and Other ThromboemboLic Events
in atrial fibrillation), and AVERROES (Apixaban VErsus
acetylsalicylic acid to Reduce the Risk Of Embolic
Stroke).14–17 In RE-LY, ROCKET AF, and ARISTOTLE,
a novel OAC (dabigatran, rivaroxaban, and apixaban,
respectively) was compared with warfarin. In AVERROES,
apixaban was compared with acetylsalicylic acid (ASA).
ROCKET AF, ARISTOTLE, and AVERROES were all double-
blind, double-dummy trials, whereas RE-LY was open label
between the dabigatran and warfarin arms but double blind
between the 2 dabigatran arms (110 mg and 150 mg twice
daily [bid]).18–21

The warfarin-based trials of novel OACs had important
differences that preclude direct comparisons.18,19,21 In
particular, patients with enrolled in ROCKET AF were,
on average, at higher risk of thromboembolic events than
patients enrolled in the phase III trials of dabigatran or
apixaban. The ROCKET-AF trial enrolled patients who
had had a prior stroke, transient ischemic attack (TIA),
or systemic embolism, or otherwise had at least 2 other
risk factors used to calculate their CHADS2 score (ie,
congestive heart failure and/or left ventricular ejection
fraction of ≤35%, hypertension, age ≥75 years, or diabetes
mellitus).8,18 Furthermore, the proportion of patients in
ROCKET AF with only 2 risk factors not including prior
stroke/TIA/systemic embolism was limited to 10% (per

protocol); remaining patients were required to either have
had a prior stroke/TIA/systemic embolism or have 3
or more risk factors.18 In contrast, in the RE-LY and
ARISTOTLE trials, patients at least 1 risk factor were
enrolled.19,21 As a result, the mean CHADS2 score was
higher in ROCKET AF (3.5) compared with the mean
scores in RE-LY and ARISTOTLE (both 2.1).14–16 Among
patients in the warfarin arm of each trial, the mean time
spent in the therapeutic range (TTR) for the international
normalized ratio (INR) (2.0–3.0) was lower in ROCKET AF
(55%) than in RE-LY (64%) and ARISTOTLE (62%), although
subgroup analyses from these studies found that rates
of primary efficacy events did not differ across quartiles
defined by mean TTR of each study center.15,16,22 In an
analysis of secondary outcomes in the RE-LY study, such as
vascular events, nonhemorrhagic events, and mortality, the
advantages of dabigatran 150 mg bid were greater at sites
with a low mean TTR and reduced at sites with a high mean
TTR.23

Broadly similar efficacy and safety trends were reported
for each of the novel OACs compared with warfarin
(Table 2). In the intention-to-treat populations, an overall
risk reduction in the primary end point of stroke or systemic
embolism was reported for each novel OAC compared
with warfarin, which was noninferior for rivaroxaban and
dabigatran 110 mg and superior for apixaban and dabigatran
150 mg.14–16,22 For rivaroxaban, the annual rate of stroke
or systemic embolism in the intention-to-treat analysis
was significantly lower than for warfarin during treatment
(hazard ratio [HR]: 0.79; 95% confidence interval [CI]: 0.66-
0.96), but was noninferior when events occurring both on
and off study treatment were included (HR: 0.88; 95% CI:
0.75-1.03).15 In safety analyses, rates of major bleeding
events were similar (rivaroxaban and dabigatran 150 mg)
or lower (apixaban and dabigatran 110 mg) compared with
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Table 2. Summary of Key Patient Characteristics and Findings From the Phase III Trials of Novel Oral Anticoagulants in Patients With Nonvalvular Atrial
Fibrillation14–17,22

RE-LY ROCKET AF ARISTOTLE AVERROES

Novel OAC examined Dabigatran Rivaroxaban Apixaban Apixaban

Comparator drug Warfarin Warfarin Warfarin Acetylsalicylic acid

Patients 18 113 14 264 18 201 5599

Mean or median age, y Mean: 71 Median: 73 Median: 70 Mean: 70

Mean CHADS2 score 2.1 3.5 2.1 2.0–2.1

Prior vitamin K antagonist treatment, % 50 62 57 15

Prior stroke or transient ischemic attack, % 20a 55 19a 14

Mean TTR, warfarin arm; % 64 55 62 N/A

Novel OAC dosing arm 110 mg bid 150 mg bid 20 mg odb 5 mg bidc 5 mg bidc

Relative risk (95% CI) for novel OAC versus comparator

Stroke or systemic embolism (ITT population) 0.90 (0.74-1.10) 0.65 (0.52-0.81) 0.88 (0.75-1.03) 0.79 (0.66-0.96) 0.45 (0.32-0.62)

Major bleeding 0.80 (0.70-0.93) 0.93 (0.81-1.07) 1.04 (0.90-1.20) 0.69 (0.60-0.80) 1.13 (0.74-1.75)

Intracranial hemorrhage 0.30 (0.19-0.45) 0.41 (0.28-0.60) 0.67 (0.47-0.93) 0.42 (0.30-0.58) 0.85 (0.38-1.90)

Myocardial infarction 1.29 (0.96-1.75) 1.27 (0.94-1.71) 0.81 (0.63-1.06) 0.88 (0.66-1.17) 0.86 (0.50-1.48)

Death 0.91 (0.80-1.03) 0.88 (0.77-1.00) 0.85 (0.70-1.02) 0.89 (0.80-0.99) 0.79 (0.62-1.02)

Abbreviations: ARISTOTLE, Apixaban for Reduction In STroke and Other ThromboemboLic Events in atrial fibrillation; AVERROES, Apixaban VErsus
acetylsalicylic acid to Reduce the Risk Of Embolic Stroke; bid, twice daily; CHADS2, congestive heart failure, hypertension, age ≥75 years, diabetes
mellitus, stroke or transient ischemic attack (2 points); CI, confidence interval; ITT, intention to treat; N/A, not available; OAC, oral anticoagulant; od, once
daily; 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; TTR, time in therapeutic range for international normalized
ratio.
aPrior stroke, transient ischemic attack, or systemic embolism.b15 mg od in patients with creatinine clearance 30 to 49 mL/min. c2.5 mg bid in patients
with 2 or more of the following criteria: age ≥80 years, body weight ≤60 kg, or serum creatinine ≥1.5 mg/dL (≥133 μmol/L).

warfarin. However, all novel OACs significantly reduced
the rate of intracranial hemorrhage (ICH) compared
with warfarin. Each novel OAC showed a trend for a
reduced risk of all-cause mortality compared with warfarin
of approximately 10% to 15%, which reached statistical
significance for apixaban.15,16,22 Subgroup analyses showed
that the favorable efficacy and safety of novel OACs was
sustained in patients with previous stroke or TIA.24–26

However, the effect of novel OACs in patients with a
recent stroke has not been established because the studies
excluded patients who had had an acute stroke within 2
weeks (RE-LY, ROCKET AF) or 1 week (ARISTOTLE) of
randomization, or severe disabling stroke within 3 to 6
months (RE-LY, ROCKET AF) of randomization.15,18,19,21

The AVERROES trial was terminated early because of a
treatment benefit in favor of apixaban compared with ASA.
For the primary end point, the rate of stroke or systemic
embolism was reduced by more than 50% with apixaban
compared with ASA (Table 2). Rates of major bleeding
events or ICH showed no significant difference.17

Overall, phase III trials confirm that dabigatran, rivarox-
aban, and apixaban are viable alternatives to previous
therapies for the prevention of stroke or systemic embolism
in patients with nonvalvular AF and that they may also
have potential benefits. Dabigatran and rivaroxaban have

been approved for the treatment of patients with nonvalvu-
lar AF by various regulatory authorities, including those
in Europe and the United States.27–30 Apixaban was also
recently approved in Europe and in the United States for
prevention of stroke and systemic embolism in patients with
nonvalvular AF.31,32

Practical Considerations for the Use of Novel Oral
Anticoagulants in Stroke Prevention
Several practical questions have emerged that are relevant
to the day-to-day use of novel OACs. The remainder of this
review will discuss areas of debate with reference to available
data and European/United States prescribing information
for dabigatran, rivaroxaban, and apixaban.

Guidelines
In 2012, there were significant updates to anticoagulation
guidelines, particularly with respect to use of the newer
oral antithrombotic agents to prevent stroke in patients
with AF. A recent scientific advisory update from the
American Heart Association/American Stroke Association
now recommends rivaroxaban and apixaban in addition to
already recommended dabigatran and warfarin to prevent
a first or recurrent stroke in patients with AF.33 More
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Figure 1. Selection of stroke prevention therapies in patients with nonvalvular atrial fibrillation (AF) and risk factors based on the CHA2DS2-VASc score
(modified from the 2012 focused update of the European Society of Cardiology Guidelines for the management of atrial fibrillation). aValvular AF is defined
as AF related to the presence of rheumatic disease (predominantly mitral stenosis) or a prosthetic valve. bFemale patients with lone AF age ≤65 years with
no other stroke risk factors are considered ‘‘truly low risk,’’ and no antithrombotic therapy should be considered. cBecause of its low antithrombotic
efficacy, acetylsalicylic acid (ASA) alone should be considered only in patients unable to tolerate ASA + clopidogrel. dNovel oral anticoagulants (OACs) are
listed in alphabetical order; when using novel OACs, renal function monitoring (at least yearly) should be performed. Dashed lines: less preferable or less
well-validated. Abbreviations: CHA2DS2-VASc, congestive heart failure, hypertension, age ≥75 years (2 points), diabetes mellitus, stroke or transient
ischemic attack (2 points), vascular disease, age 65 to 74 years, sex category (female); CV, cardiovascular; HAS-BLED, hypertension, abnormal renal/liver
function (1 point each), stroke, bleeding history or predisposition, labile INR, elderly (≥65 years old), drugs/alcohol concomitantly (1 point each); INR,
international normalized ratio; LAA, left atrial appendage; NOAC, novel oral anticoagulant; VKA, vitamin K antagonist.

specific guidance is provided regarding dosing adjustments
for the novel OACs based on renal function and individual
patient stroke risk factors. Warfarin remains the preferred
antithrombotic in patients at moderate to high risk of
stroke who can safely receive a VKA. In contrast, based on
improved benefit–risk profiles and convenience, the 2012
European Society of Cardiology (ESC) guideline updates
recommend that any of the 3 novel OACs be considered
instead of VKAs in most patients with nonvalvular AF
who should receive oral anticoagulation (Figure 1).34

Dose-adjustment recommendations for rivaroxaban and
dabigatran based on bleeding risk and renal function also
feature in the update. The 2012 Canadian Cardiovascular
Society guidelines also recommend dabigatran, rivaroxa-
ban, and apixaban in preference to warfarin for patients
in whom oral anticoagulation is indicated.35 The ninth
edition of the American College of Chest Physicians clinical
practice guidelines36 and the 2011 American College of
Cardiology Foundation/American Heart Association/Heart
Rhythm Society Task Force focused update37 currently
only recommend dabigatran 150 mg bid as an alternative
to warfarin in patients with nonvalvular AF. However, at the
time these guidelines were written, this was the only novel
OAC and dose that was available.

Who Should Receive Novel Oral Anticoagulants?
Dabigatran, rivaroxaban, and apixaban are treatment
options for the prevention of stroke and systemic embolism
in adult patients with nonvalvular AF who have at least

1 additional risk factor. Depending on overall patient
presentation, novel OACs may be most appropriate for
patients who are unable or unwilling to take a VKA
or who have an unstable INR during VKA therapy
(Table 3). However, contraindications and regulatory
recommendations for novel OACs should be considered
(Table 4). For example, dabigatran, rivaroxaban, and
apixaban should not be prescribed to patients with active
pathological bleeding or severely impaired renal function
(creatinine clearance [CrCl] <15 mL/min); in Europe,
dabigatran is also contraindicated in patients with CrCl
<30 mL/min. Dabigatran should not be prescribed to
patients with liver enzyme levels elevated 2-fold above
the upper limit of normal.27,28 Rivaroxaban should not be
prescribed to patients with severe hypersensitivity reaction
to the drug or hepatic disease associated with coagulopathy
and clinically relevant bleeding risk (including Child-Pugh
B or C).29,30 Apixaban is contraindicated in patients with
severe hypersensitivity reaction to the drug. In addition,
the European Summary of Product Characteristics lists
hepatic disease associated with coagulopathy and clinically
relevant bleeding risk, lesion or condition at significant risk
of major bleeding, or concomitant treatment with any other
anticoagulant agent (except under specific circumstances
such as switching) as contraindications.38,39

Other characteristics indicate that dabigatran, rivaroxa-
ban, and apixaban should be used with caution in certain
patients (Tables 3 and 4). As with any anticoagulant, caution
is needed in patients who are at increased risk of bleeding,
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Table 3. Suitability of Different Groups of Patients With Atrial Fibrillation for Treatment With Novel Oral Anticoagulants

Patient Group Suitability for Novel OAC Comments

Eligible for oral anticoagulation,
unwilling or unable to take a
VKA

Novel OAC should be considered. May include patients with allergy or increased sensitivity to VKAs, or those
not receiving VKA because of fear of bleeding (particularly ICH).

Eligible for oral anticoagulation,
näıve to VKA (newly diagnosed)

All available options, including
VKAs and novel OACs, should be
considered.

Factors influencing therapeutic choice should include contraindications for
novel OACs (eg, creatinine clearance <15 mL/min; see Table 4) and costs
(direct and indirect).

Receiving VKA with unstable INR Novel OAC should be
considered depending on
reason for INR instability.

If INR is unstable because of nonadherence, novel OAC therapy may not be an
improvement over VKA therapy. If INR is unstable because of drug or
food/alcohol interactions, novel OAC therapy may be beneficial. If INR is
frequently higher than the therapeutic range, novel OAC therapy may be
beneficial to reduce the risk of ICH.

Receiving VKA with stable INR Limited justification for novel OAC
(in the absence of other factors).

Benefits of VKAs are greater in patients with good INR control. Transition
between anticoagulants requires careful management. Dabigatran is
associated with gastrointestinal tolerability issues.

Abbreviations: ICH, intracranial hemorrhage; INR, international normalized ratio; OAC, oral anticoagulant; VKA, vitamin K antagonist.

such as those who have bleeding-associated conditions
or are receiving ongoing treatment with antithrombotic
agents. In such patients, close monitoring for signs of
bleeding or anemia is needed.27,29,38 Patients with renal
impairment require special consideration, which will be
discussed in later sections.

In the RE-LY trial, patient age significantly influenced the
risk of bleeding. Compared with warfarin, both dabigatran
doses reduced the risk of extracranial bleeding in younger
patients but increased the risk in older patients. The overall
risk of major bleeding was lower with both doses of
dabigatran compared with warfarin in patients age <75
years (relative risk [RR] for dabigatran 110 mg and 150
mg of 0.62 [95% CI: 0.50-0.77] and 0.70 [95% CI: 0.57-0.86],
respectively), whereas in patients age ≥75 years, the risk
was similar for dabigatran 110 mg (RR: 1.01; 95% CI: 0.83-
1.23) and showed a trend toward higher risk for dabigatran
150 mg (RR: 1.18; 95% CI: 0.98-1.42). Both dabigatran doses
were associated with a lower risk of ICH, irrespective of
age.40 As a result, the European Summary of Product
Characteristics for dabigatran states that age ≥75 years
(in addition to body weight <50 kg) is associated with an
increased bleeding risk, and that patients age ≥80 years
should receive the lower dabigatran dose (110 mg bid).27

For rivaroxaban, age and body weight had no significant
impact on trial findings,15,41 and the European Summary of
Product Characteristics states that no dose adjustment of
rivaroxaban is needed based on these characteristics.29 In
the ARISTOTLE study, apixaban 5 mg was administered
twice daily, with 2.5-mg doses used in patients with 2 or
more of the following criteria: ≥80 years of age, body weight
≤60 kg, or a serum creatinine level ≥1.5 mg per dL (133
μmol/L).16 Both the US Prescribing Information and the
European Summary of Product Characteristics recommend
this dosage schedule (Table 4).38,39

The 2012 update of the ESC guidelines provides further
suggestions for selection of dabigatran dose. When dabiga-
tran is prescribed, the 150 mg bid dose should be considered
in most patients in preference to the 110 mg bid dose.34 The
110 mg bid dose is recommended in patients age ≥80 years;
patients concomitantly receiving interacting drugs (eg,

verapamil); patients with a higher risk of bleeding (ie, HAS-
BLED score [hypertension, abnormal renal/liver function,
stroke, bleeding history or predisposition, labile INR, elderly
{>65 years}, drugs/alcohol] of ≥3); or patients with moder-
ate renal impairment (CrCl 30–49 mL/min).34 In countries
where dabigatran 110 mg is not approved, such as the United
States,42 dabigatran 150 mg would remain an option in all of
the above scenarios. The same guidelines also recommend
the 20-mg once-daily rivaroxaban dose, except in patients
with a HAS-BLED score of ≥3 or CrCl 30 to 49 mL/min.34

Based on exclusion criteria used in phase III trials, novel
OACs should be considered untested in specific subpopula-
tions of patients with AF. In addition to those with valvular
disease or reversible AF, RE-LY, ROCKET AF, ARISTOTLE,
and AVERROES also excluded patients with any history of,
or significant risk factors for, bleeding (including ICH), liver
disease/dysfunction, severe renal impairment, planned AF
ablation, or conditions other than AF that required chronic
anticoagulation. In ROCKET AF and ARISTOTLE, but
not in RE-LY, patients treated recently with ASA plus a
thienopyridine (clopidogrel or ticlopidine) were excluded;
in all 3 trials, patients requiring ASA at high doses (>100
mg/day in RE-LY and ROCKET AF, and >165 mg/day in
ARISTOTLE) were ineligible. In AVERROES, patients tak-
ing a thienopyridine were ineligible. In the warfarin-based
trials, patients with a recent stroke (within 7–14 days) were
excluded; ROCKET AF also excluded patients who had
experienced a TIA within 3 days. In RE-LY and ARISTOTLE,
patients with uncontrolled hypertension were excluded.14,16

In ROCKET AF, patients with a CHADS2 score of <2 were
also excluded, although 3 patients, 1 in the rivaroxaban arm
and 2 in the warfarin arm, had a score of 1 at baseline.15

Patients With Renal Impairment
During treatment with dabigatran, rivaroxaban, or apixaban,
the proportion of active bioavailable drug eliminated renally
is approximately 80%, 33%, and 27%, respectively (Table 1).
Compared with subjects with normal renal function, patients
with renal dysfunction receiving the same dose of a novel
OAC will have increased drug exposure.13
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Each of the phase III trials of novel OACs in patients with
AF included specific rules relating to renal function. Patients
with severe renal impairment (CrCl <25 mL/min [ROCKET
AF, ARISTOTLE, AVERROES] or ≤30 mL/min [RE-LY])
were ineligible.18–21 In RE-LY, 19% of participants had CrCl
<50 mL/min, but dosing was not adjusted based on renal
function.14 In ROCKET AF, rivaroxaban 15 mg once daily
(od) was given to patients with CrCl of 30 to 49 mL/min,
comprising 21% of patients.18,43 In ARISTOTLE and AVER-
ROES, apixaban 2.5 mg (instead of 5.0 mg) bid was given to
patients expected to have higher apixaban drug exposure,
defined as meeting any 2 of the following criteria: age ≥80
years, body weight <60 kg, or serum creatinine level ≥1.5
mg/dL (133 μmol/L); 5% to 6% of apixaban-treated patients
received 2.5 mg bid.16,17,19,20 In all studies, irrespective of
treatment assignment, patients with renal dysfunction had
numerically higher rates of stroke or major bleeding events
than patients with normal renal function.14–17,40,43

In RE-LY, ROCKET AF, and AVERROES, efficacy and
safety findings for the novel OAC vs control were consistent
in subgroups defined by renal function.14,17,40,43 In ARIS-
TOTLE, patients with moderate or severe renal impairment
had a greater reduction in major bleeding with apixaban vs
warfarin than patients with no or mild impairment.16

Because of the potential for reduced elimination and
increased plasma drug levels in patients with renal
impairment, dabigatran, rivaroxaban, and apixaban should
be used with caution.27–30,38,39 For dabigatran, prescribing
information specifies that renal function should be assessed
in all patients prior to therapy and periodically during
therapy.27,28 A lower rivaroxaban dose (15 mg od instead of
20 mg od) is recommended for patients with AF who have
CrCl of 15 to 49 mL/min.29,44 As mentioned previously, for
apixaban, a 2.5-mg dose is recommended for patients with 2
or more of the following criteria: ≥80 years old, body weight
≤60 kg, or a serum creatinine level ≥1.5 mg per dL (133
μmol/L).38,39 For dabigatran, no dose adjustment based
on renal impairment for patients with AF has been recom-
mended by European authorities (CrCl <30 mL/min is a
contraindication for dabigatran), whereas based on pharma-
cokinetic and pharmacodynamic modeling, US Prescribing
Information states that dabigatran 75 mg bid (instead of
150 mg bid) should be used in patients with CrCl of 15 to 30
mL/min.27,28,42,45,46 However, caution should be exercised
in patients with moderate renal impairment (CrCl 30–50
mL/min) receiving dabigatran, particularly those at high
risk of bleeding (HAS-BLED ≥3), and dabigatran 110 mg bid
should be preferred to 150 mg bid in these individuals.34 Dur-
ing dabigatran therapy, renal function should be reassessed
if there is a risk of declining renal function, and in patients
over 75 years old, renal function should be evaluated at least
once a year.27 Renal function is an additional consideration
when switching patients from dabigatran to a VKA and for
some comedications (Table 4; see later sections).

Drug Interactions
Because many patients with AF are elderly and have
multiple comorbidities, potential drug interactions are
an important consideration. Although drug interactions
are substantially reduced for novel OACs compared with

VKAs, clinically relevant interactions are known based on
dabigatran, rivaroxaban, and apixaban being substrates
of P-glycoprotein (P-gp), which is an efflux transporter,
and rivaroxaban and apixaban being metabolized by
cytochrome P450 3A4 (CYP3A4), which is a key liver
metabolic enzyme.27–30,38

Several agents commonly administered in patients with
AF or other cardiovascular diseases have relevant activity
against P-gp and/or CYP3A4. Table 4 lists drugs that should
not be coadministered with novel OACs or drugs that
require caution because of potential interactions.27–30,38,39

For example, European Summary of Product Characteristics
states that caution is needed if dabigatran is coadministered
with amiodarone, quinidine, clarithromycin, or verapamil
(strong P-gp inhibitors).27 In the US Prescribing Informa-
tion, a lower dabigatran dose (75 mg bid) is suggested for
patients with CrCl of 30 to 50 mL/min who are receiving
dronedarone (strong P-gp inhibitor), whereas in patients
with CrCl <30 mL/min, it is stated that coadministration
with any P-gp inhibitor should be avoided.28 Concomitant
use of dabigatran with P-gp inducers (eg, rifampicin) is
also generally not recommended.27 European prescribing
information for dabigatran contraindicates coadministration
with dronedarone owing to increased dabigatran plasma
concentrations. For rivaroxaban, the European Summary of
Product Characteristics suggests that coadministration with
dronedarone should be avoided because of limited clinical
data.27,29 For rivaroxaban, the US Prescribing Information
states that in patients with renal impairment receiving
combined P-gp inhibitors and weak/moderate CYP3A4
inhibitors (eg, amiodarone, diltiazem, verapamil, quinidine,
ranolazine, dronedarone, felodipine, erythromycin, and
azithromycin), rivaroxaban should be coadministered only
if the potential benefit justifies the potential risk.30 For apix-
aban, the European Summary of Product Characteristics
contraindicates strong inhibitors of both CYP3A4 and P-gp,
such as azole antimycotics (eg, ketoconazole, itraconazole,
voriconazole, and posaconazole) and human immunodefi-
ciency virus protease inhibitors (eg, ritonavir); however,
the US Prescribing Information does not contraindicate
their use with apixaban, instead recommending a dose
reduction of apixaban to 2.5 mg.38,39

Concurrent Cardioversion
Cardioversion is associated with an increased risk of throm-
boembolic events, which is reduced by anticoagulation.8,47

The RE-LY study protocol recommended that patients
undergoing cardioversion should remain on study drug.
Of 18113 patients randomized, 1983 cardioversions were
performed in 1270 patients, with numbers similar between
study arms. Most cardioversions (82%–86%) were electrical.
Of patients who underwent cardioversion in the dabiga-
tran 110 mg, dabigatran 150 mg, and warfarin arms, rates
of stroke or systemic embolism (0.77%, 0.30%, and 0.60%,
respectively) and major bleeding events (1.7%, 0.6%, and
0.6%, respectively) within 30 days were low and comparable.
Transesophageal echocardiography was performed before
cardioversion in a higher proportion of patients assigned to
dabigatran than to warfarin (24%–26% vs 13%). In patients
treated with dabigatran 110 mg, dabigatran 150 mg, or
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warfarin, left atrial thrombi were detected in 1.8%, 1.2%,
and 1.1%, respectively, but the proportion of patients receiv-
ing continuous treatment with study drug for ≥3 weeks
before cardioversion was shorter with dabigatran than with
warfarin (76%–79% vs 85.5%). Rates of stroke/systemic
embolism were similar between arms with or without prior
transesophageal echocardiography. These findings suggest
that dabigatran is a reasonable alternative to warfarin in
patients requiring cardioversion.48

In ARISTOTLE, 553 patients (272 in the apixaban group
and 281 in the warfarin group) underwent cardioversion
during the trial. No stroke or systemic embolism events had
occurred in either group at 90 days, suggesting that apixaban
may also be a safe alternative to warfarin for stroke preven-
tion pericardioversion (ESC 2012 oral presentation).49

A recent subanalysis of ROCKET AF compared rivaroxa-
ban with warfarin for the prevention of cardiovascular events
in patients with nonvalvular AF scheduled for electrical or
pharmacologic cardioversion or AF ablation. Event counts
were found to be similar in patients treated with rivarox-
aban or warfarin after cardioversion or ablation, including
stroke or systemic embolism or death from any cause.50

Rivaroxaban will be compared with dose-adjusted warfarin
for cardioversion in the ongoing prospective, randomized,
open-label trial; a similar study with apixaban is planned.

Concurrent Antiplatelet Treatment
Because of the increased risk of bleeding in patients
receiving antithrombotic agents, such as ASA, other
platelet inhibitors, or nonsteroidal anti-inflammatory drugs,
coadministration of a novel OAC requires caution and
close monitoring for bleeding.27–30,38,39,51 In the dabigatran
and warfarin arms of the RE-LY trial, concomitant use of
ASA or clopidogrel increased the risk of major bleeding
events, including gastrointestinal bleeding events,27,40 and
concomitant use of ASA was the most important modifiable
independent risk factor for ICH.52 In ROCKET AF,
concomitant ASA use (almost exclusively ≤100 mg/d) was
also an independent risk factor for major bleeding events.30

In the ARISTOTLE trial, major bleeding was also more
common in patients receiving concomitant ASA than those
who were not, although no significant interaction between
ASA use and treatment effect was reported.53

Recently, positive findings were reported from the ATLAS
ACS 2 TIMI 51 (Anti-Xa Therapy to Lower cardiovascular
events in Addition to Standard therapy in subjects with
ACS 2 Thrombolysis In Myocardial Infarction 51) phase
III trial of rivaroxaban vs placebo in patients with a
recent acute coronary syndrome (ACS) event receiving
standard antiplatelet therapy with ASA alone or ASA plus
a thienopyridine (eg, clopidogrel). Patients treated with
rivaroxaban 2.5 mg bid had a significantly lower rate of
primary end point events (cardiovascular death, myocardial
infarction [MI], or stroke), cardiovascular death, and all-
cause death compared with placebo. Although rivaroxaban
plus antiplatelet therapy was associated with increased rates
of major and intracranial bleeding events vs antiplatelet
therapy alone, fatal bleeding events did not increase.54

Importantly, rivaroxaban doses tested in ATLAS ACS 2
TIMI 51 were lower than therapeutic doses for prevention

of AF-related stroke (2.5/5.0 mg bid vs 15–20 mg od),
and patients with AF were excluded.54 Thus, findings
from ATLAS ACS 2 TIMI 51 have limited relevance to
the prevention of stroke in patients with AF, and there
is no evidence as to whether low-dose rivaroxaban would
provide effective thromboprophylaxis in patients with AF.
In other trials in the ACS setting, the addition of dabigatran
or apixaban to antiplatelet therapy in patients with ACS
significantly increased the risk of major bleeding events
without significantly reducing recurrent ischemic events.
In the phase III APPRAISE-2 (APixaban for PRevention of
Acute ISchemic Events 2) trial of apixaban, AF-equivalent
doses were examined, and it is unknown whether lower
APixaban doses would result in different outcomes.55

For dabigatran, both AF-equivalent doses (110 mg and
150 mg bid) and lower doses (50 mg and 75 mg bid) were
examined in the RE-DEEM (Randomised Dabigatran Etex-
ilate Dose Finding Study in Patients with Acute Coronary
Syndromes Post Index Event with Additional Risk Factors
for Cardiovascular Complications also Receiving Aspirin
and Clopidogrel) study.56 Guidelines have been published
for antithrombotic therapy in patients with AF presenting
with ACS and/or undergoing coronary stenting.36,57 In
patients with AF who require both an anticoagulant and
dual antiplatelet therapy, VKA therapy would be preferred
to a novel OAC because of the greater experience with
VKAs in this setting.

Risk of Myocardial Infarction
In the original RE-LY analysis, dabigatran was associated
with a significantly higher MI rate than warfarin (RR: 1.38
for dabigatran 150 mg, P = 0.048; RR: 1.35 for dabigatran
110 mg, P = 0.07).14 In a re-analysis, which included cases of
silent MI not identified in the original analysis, the difference
was not statistically significant (RR of MI compared with
warfarin was 1.29 for dabigatran 110 mg [P = 0.09] and
1.27 for dabigatran 150 mg [P = 0.12]).22 Irrespective of
therapy, the highest rates of MI were reported in patients
who: were older; had diabetes, hypertension, prior MI,
prior heart failure, or moderate renal impairment; or were
taking ASA and/or clopidogrel.58 Subsequently, a meta-
analysis of 7 trials of dabigatran compared with various
controls (warfarin, enoxaparin, or placebo) across different
indications (AF, acute venous thromboembolism, ACS, or
short-term prophylaxis of deep vein thrombosis) reported a
33% increased odds ratio with dabigatran for MI or ACS
(P = 0.03).59 However, a post hoc analysis from RE-LY
analyzing composite rates of myocardial ischemic events
(MI, unstable angina, cardiac arrest, or cardiac death)
suggested a reduced risk with dabigatran vs warfarin (HRs
vs warfarin: dabigatran 110 mg, 0.93, P = 0.24; dabigatran
150 mg, 0.88, P = 0.0252), and efficacy and safety findings
were broadly consistent in patients with or without a prior
MI or coronary artery disease.58 In the trials of rivaroxaban
or apixaban in patients with AF, no significant difference in
rates of MI vs warfarin was reported (Table 2).15,16

Ensuring Adherence to Therapy
Poor adherence to therapy is a common problem,
with typical adherence rates for prescribed medications
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estimated to be approximately 50%.60 Because novel OACs
have much shorter half-lives than warfarin (Table 1), close
adherence to dosing regimens is needed to ensure that
drug concentrations remain therapeutic. In other conditions
requiring chronic daily treatment, patients generally adhere
better to od compared with bid regimens,61,62 which might
suggest a potential advantage for rivaroxaban compared
with dabigatran or apixaban. Because of a requirement
for moisture-free storage conditions,27,28 dabigatran tablets
cannot be transferred from their original packaging into
weekly tablet organizers, which may affect adherence in
elderly patients requiring multiple medications.

Although INR monitoring during VKA therapy is a
requirement and not an adherence tool, it does provide
an indirect measure of adherence. By contrast, although
INR measurements are affected by the novel OACs, INR
assessment is not an informative or valid method of moni-
toring coagulation with these newer agents.63–66 As a result,
alternative measures of coagulation are needed for the novel
OACs. Potential methods for assessing recent adherence to
novel OACs include activated partial thromboplastin time,
calibrated diluted thrombin time, or ecarin clotting time for
dabigatran; or prothrombin time, HepTest, or anti-Factor Xa
chromogenic assays for rivaroxaban. These may be informa-
tive for patients who have been prescribed a novel OAC but
who present with an ischemic or hemorrhagic stroke. How-
ever, limitations of alternative tests include sensitivity, vari-
ability, availability, or lack of validation.27,29,67–69 Further-
more, because these tests reveal only recent effects of OACs,
alternative strategies for encouraging adherence between
clinic visits should also be considered, such as effective
patient education and counseling, and telephone follow-up.60

Interrupting Therapy Before Invasive or Surgical
Procedures
In general, novel OACs should be interrupted before inva-
sive or surgical procedures and restarted promptly when
hemostasis has been restored.27,29 The time taken to clear
dabigatran is highly dependent on renal function, there-
fore prescribing information recommends that dabigatran
should be discontinued for 24 hours if CrCl is ≥80 mL/min,
for 1 to 2 days if CrCl is 50 to <80 mL/min, and for 2 to 3
days if CrCl is ≥30 to 50 mL/min; an additional 1 to 2 days
without dabigatran is recommended if there is a high risk
of bleeding or if major surgery is needed.27

For rivaroxaban, prescribing information states that
dosing should be stopped at least 24 hours before the
intervention.29 For both dabigatran and rivaroxaban, if
surgery cannot be delayed, the increased risk of bleeding
should be weighed against the urgency of the intervention.
OAC therapy should be resumed based on clinical judgment
after hemostasis has been achieved.27,29

For apixaban, it is recommended that the drug is
discontinued at least 48 hours prior to elective surgery
or invasive procedures with a moderate or high risk of
unacceptable or clinically significant bleeding and at least
24 hours prior to elective surgery or invasive procedures
with a low risk of bleeding.38,39,70

For patients who require dental extraction, most sources
suggest that ongoing warfarin treatment should be

continued in patients with a well-controlled INR.70,71 Data
are not yet available for novel OACs, but there is no
reason to suggest that novel OAC therapy would need
to be interrupted for routine dental extraction.

A RE-LY subanalysis has examined periprocedural bleed-
ing with dabigatran and warfarin. Across all arms, 25% to
26% of patients underwent an invasive procedure, including
pacemaker/defibrillator insertion (10%), dental procedure
(10%), diagnostic procedure (10%), cataract removal (9%),
colonoscopy (9%), or joint replacement (6%). The last dose
of dabigatran or warfarin was administered a median of
49 or 114 hours, respectively, before the procedure. Rates
of periprocedural major bleeding events were similar with
dabigatran and warfarin (4%–5%), including in patients who
underwent urgent surgery (18%–22%).72

There is accumulating, albeit still limited evidence for
the use of dabigatran and, to a lesser extent, rivaroxaban
in patients undergoing left atrial ablation. The majority
of reports came from the observational cohort studies
which used peri-procedural anticoagulation with either
interrupted or uninterrupted warfarin as a comparator to
interrupted dabigatran. Dabigatran was held the morning
of the procedure to 24–30 hours prior to ablation and
resumed after hemostasis had been achieved (usually
3–6 hours). A recent meta-analysis which included 10
studies in 3648 patients has found that the incidence
of thromboembolic events (OR, 2.38; 95% CI, 0.62–6.85;
P = 0.11), major bleeding (OR, 1.05, 95% CI, 0.62–1.8;
P = 0.85), and minor bleeding events (OR, 0.95; 95% CI,
0.67–1.35).73 The number of thromboembolic events was
low leading to wide confidence intervals. Another meta-
analysis of 9 studies in 3036 patients has yielded similar
results.74 However, these meta-analyses had not enough
power to firmly establish the efficacy and safety of peri-
procedural anticoagulation with dabigatran and did not
eliminate the need for the randomized controlled study
or a well-designed registry.

Switching Between Oral Anticoagulants
When transitioning patients from a VKA to a novel
OAC (or vice versa), strategies are needed to ensure
that adequate anticoagulation is maintained. This point
is highlighted by a specific warnings in US Prescribing
Information for rivaroxaban and apixaban, which states
that the discontinuation of these 2 drugs places patients
at an increased risk of thrombotic events, and that
if they must be discontinued for a reason other than
pathological bleeding, consideration should be given to
the administration of another anticoagulant.30,39 When
switching between anticoagulants, it is very important
to ensure adequate anticoagulation while simultaneously
minimizing the bleeding risk.75 A warning is also included
for dabigatran that highlights the increased risk of stroke if
therapy is temporarily discontinued.28

Guidance on switching between OACs is provided in
prescribing information. When switching from a VKA to a
novel OAC, warfarin should be stopped and the novel OAC
started when the INR is <2.0 (dabigatran and apixaban)
or ≤3.0 (rivaroxaban) (Table 4).27–30,38,39 The difference in
INR cutoff points may reflect an increased degree of caution
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for rivaroxaban relating to poststudy events in ROCKET AF
that occurred when patients were transitioned from blinded
rivaroxaban to open-label VKA therapy. The increased
number of poststudy events in the rivaroxaban arm vs
the warfarin arm was attributed to the longer time taken
to reach therapeutic INR after study drug discontinuation
(13 days vs 3 days, respectively).15,76 In the RE-LY and
ROCKET AF studies, previous exposure to VKA therapy
did not influence the effects of the novel OAC relative to
warfarin,77,78 meaning that patients starting a novel OAC
without prior VKA exposure or switching from a VKA will
experience similar benefits.79

To switch between novel OACs, the alternative agent
should be taken instead of the original agent when the next
dose is due.27–30,38,39 To switch from a novel OAC to a
VKA, a period of concurrent treatment is needed to ensure
ongoing anticoagulation is adequate (Table 4). For dabiga-
tran, the duration of concurrent treatment is based on renal
function, with the VKA started 3 days, 2 days, or 1 day before
discontinuing dabigatran in patients with CrCl ≥50 mL/min,
30 to <50 mL/min, or 15 to <30 mL/min, respectively.27,28

For rivaroxaban, the VKA should be given concurrently
until the INR is 2.0 or higher, with INR-guided dosing of
the VKA given from day 3 of the transition period. Because
rivaroxaban can cause elevated INR levels, INR should be
tested no earlier than 24 hours after the previous dose but
before the next dose of rivaroxaban.29 Alternatively, rivarox-
aban can be discontinued and both the VKA and a parenteral
anticoagulant started when the next rivaroxaban dose would
have been taken.30 In the case of apixaban, when switching
to warfarin or another VKA in Europe, apixaban should be
continued for at least 2 days after beginning VKA therapy.
After 2 days, an INR should be obtained prior to the next
scheduled dose of apixaban and coadministration continued
until the INR is ≥2.0.38 In the United States, because of the
effect of apixaban on INR measurements, it is recommended
to discontinue apixaban and then begin both a parenteral
anticoagulant and warfarin at the time the next dose of apix-
aban would have been taken, discontinuing the parenteral
anticoagulant when INR reaches an acceptable range.39

Management of Bleeding
Monitoring patients for bleeding is essential during therapy
with any anticoagulant. Before treatment with novel OACs,
standard risk stratification (eg, HAS-BLED score ≥3) should
be used to identify patients at higher risk of bleeding
who require closer monitoring.8 Prescribing information for
novel OACs also highlights the risk of bleeding in specific
patient types, such as patients with disorders associated
with bleeding (eg, congenital or acquired coagulation
disorders or ulcerative gastrointestinal disease) or patients
receiving drugs associated with a bleeding risk (eg, other
antithrombotic agents) (Table 3). In high-risk patients,
laboratory testing of hemoglobin/hematocrit to detect
occult bleeding should be considered in addition to clinical
surveillance. Any unexplained fall in hemoglobin or blood
pressure should lead to a search for a bleeding site.27,29

The potential issue of bleeding with dabigatran has
been highlighted in an analysis of data from the US
Food and Drug Administration MedWatch program during

the first 3 months of 2011. During this period, more
bleeding events occurred with dabigatran (n = 505) than
with warfarin (n = 176). The median age of patients receiving
dabigatran who experienced bleeding events was 80 years,
compared with 56 years for patients with bleeding events
on other drugs. The authors suggested that optimal dosing
of dabigatran for elderly patients or those with moderate
renal impairment needs to be reevaluated.80 Other reports
have highlighted bleeding risk with dabigatran in frail
elderly patients81 and poor outcomes and difficulties of
managing bleeding in patients who experienced trauma
while receiving dabigatran.82

Patients who develop bleeding events during novel OAC
therapy should receive standard management. The OAC
should be delayed or discontinued while the severity
and source of bleeding are investigated. Supportive treat-
ment such as mechanical compression, surgical hemostasis,
blood volume replacement, and blood products should be
used as appropriate.83 Coagulation tests might also be
useful. Because dabigatran is mostly excreted renally, ade-
quate diuresis must be maintained.27 Agents to reverse
the anticoagulation of novel agents would be useful. To
date, no antidotes for novel OACs have been clinically
validated in patients with bleeding events. However, a clin-
ical study in healthy subjects found that anticoagulation
by rivaroxaban, but not by dabigatran, was reversed by
nonactivated prothrombin complex concentrate.84 In an ex
vivo study, low-dose activated prothrombin complex con-
centrate (FEIBA inhibitor bypassing activity) reversed the
anticoagulant activity of both rivaroxaban and dabigatran.85

Because of the low protein binding (∼35%) of dabigatran,
the drug can be dialyzed in patients with an overdose,27,28

although the feasibility of this in the emergency setting
has been questioned.82 With dabigatran, rivaroxaban, and
apixaban, oral charcoal may be useful shortly after an
overdose.29,30,39,83,86 In vitro data suggest that dabigatran
levels may be reduced by hemoperfusion over an activated
charcoal filter.86 For apixaban, the US Prescribing Infor-
mation and European Summary of Product Characteristics
report that, in healthy subjects, daily doses of up to 50 mg
for 3 to 7 days ‘‘had no clinically relevant adverse effects,’’
but this should not be simply extrapolated to patients with
cardiovascular disease.38,39

Which Novel Oral Anticoagulant?
All novel OACs have been shown to be noninferior or
superior to dose-adjusted VKA therapy. Compared with
warfarin treatment, all agents reduce the risk of ICH.
Overall, novel OACs reduced the primary end point of stroke
or systemic embolism by ∼20% to 22%, any stroke by ∼23%,
ischemic or unidentified stroke by ∼13%, hemorrhagic
stroke and ICH by ∼50% to 55%, major bleeding by ∼12%, and
all-cause mortality by ∼12% compared with warfarin.87–89

The very large phase III outcome trials also allow subgroup
analyses on substantial numbers of patients (eg, in patients
with previous stroke).14–16,24–26 Although such analyses
may provide valuable information, they are generally
underpowered and can be used only for general guidance.

Several indirect comparisons employing different
statistical methods have yielded inconsistent results,
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Figure 2. Possible considerations (authors’ opinions) for selecting between novel oral anticoagulants (if preferred to a vitamin K antagonist) based on
patient characteristics in the absence of head-to-head trials. Any clinical decision should take account of individual patient presentation and agent/dose
availability based on local regulatory approval. Clinical opinions are often based on indirect comparisons, subgroup analyses, advese event profiles, and
clinical trials in other patient populations. None of these data on which a choice will be made is individually valid, and together only provide a gestalt, but in
the absence of other information clinicians have no other way to proceed. Abbreviations: ACS, acute coronary syndrome; AF, atrial fibrillation; CAD,
coronary artery disease; GI, gastrointestinal; HAS-BLED, hypertension, abnormal renal/liver function (1 point each), stroke, bleeding history or
predisposition, labile international normalized ratio, elderly (≥65 years), drugs/alcohol concomitantly (1 point each); MI, myocardial infarction.

but there are no significant differences between the
analyses.88–91 The main limitation of these analyses
is that no statistical adjustment method is capable of
fully accounting for the inherent dissimilarities between
the studies, such as the mean CHADS2 score and the
prevalence and distribution of its components and general
cardiovascular risk. For example, the ROCKET AF study
included patients at higher risk by means of a CHADS2
score (87% had a CHADS2 score of 3–6 compared with 30%
and 33% in ARISTOTLE and RE-LY, respectively), with a
greater prevalence of previous cerebral or systemic embolic
events (55% vs ∼20%), as well as a greater overall prevalence
of cardiovascular risk factors such as hypertension and
diabetes. Other pertinent factors such as time spent within
the therapeutic INR range92 and the incidence of the
primary end points in the comparator (VKA) arm also
differed between the studies. Therefore, in the absence of
head-to-head comparisons, it is difficult to provide definitive
recommendations on which novel OACs should be used
in which patients, although patient characteristics, drug
tolerability, and cost may be considered (Figure 2).

Conclusion
Novel OACs have heralded a new era in anticoagulation
for patients with AF. To ensure that patients derive
the maximum benefit from therapy, understanding the
differences between novel OACs and VKAs and the
practical implications for day-to-day practice is critical.
However, clinical experience of novel OACs outside of
trials remains limited, and further insights into appropriate
use will undoubtedly become apparent as these agents
are prescribed more widely. Prescribing information and

drug characteristics also suggest that differences may exist
in terms of how patients receiving different novel OACs
should be managed. However, the limitations of the current
evidence base are an important consideration.
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