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Atrial fibrillation (AF) is the most common cardiac arrhythmia. Its prevalence is known to increase with age and with an aging
population AF is likely to become even more common. Although sometimes patients with AF remain asymptomatic, it is now
recognized thatAF is far from “benign” conferring a significant risk increase inmorbidity andmortality. Restoration of sinus rhythm
and rate-limiting medication help with symptoms; however, anticoagulation remains essential in reducing thromboembolic risk.
The uptake of appropriate anticoagulation with vitamin K antagonists has increased significantly in the last few decades and this
review will analyze whether the new oral anticoagulants might prove to be even more effective than existing vitamin K antagonists.

1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia affecting 1-2%of the general population [1]. Its prevalence
can increase up to 15% [2] in people older than 80 years of
age, and furthermore in some patient groups such as those
with a permanent pacemaker, AF might have an even greater
prevalence [3, 4]. The once considered “benign” arrhythmia
is now recognized to increase mortality by twofold and the
risk of stroke by fivefold leading to increased hospital admis-
sions, reduced quality of life, impaired exercise capacity,
tachycardia-induced cardiomyopathy, and heart failure [5].
Although restoration of sinus rhythm and rate-limiting med-
ications are recognized to help with the symptoms associated
with atrial fibrillation [6], appropriate anticoagulation is the
major step in reducing stroke and thromboembolic risk [7].

2. Anticoagulation in AF

Warfarin, a vitamin K antagonist, is the most commonly
utilized oral anticoagulant to reduce the risk of stroke and
thromboembolism in patients with AF. It can lead to up to
a 60% relative risk reduction of stroke and thromboembolic

events compared to placebo and with an absolute risk reduc-
tion of 2.7% per year only 37 patients need to be antico-
agulated to prevent one episode of stroke or thromboem-
bolism [8]. It also compares favorably with aspirin [9] and
dual therapy with aspirin plus clopidogrel [10] and is duly
recommended in national and international guidelines (ESC,
ACCP, AHA, NICE, SIGN [1, 11–14]). However, warfarin
does have many side effects including unpredictable phar-
macokinetics in response to food and drug interactions
and therefore regular monitoring is required even in stable
patients [15]. Therefore, new oral anticoagulants (NOACs)
that have a predictable response and negate the need for
regular blood monitoring offer an attractive alternative. Such
NOACs have beenmanufactured and have been approved for
use in patients in both North America and Europe and are
being promoted as warfarin substitutes for anticoagulation in
patients with nonvalvular AF.

3. Thromboembolic Risk
Stratification and Anticoagulation

Although anticoagulation is very important in reducing
thromboembolic risk in patients with AF, it is also recognized
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Table 1: How the two most commonly used stroke risk scoring systems can be calculated: CHADS2 has a maximum of six points and
CHA2DS2-VASc a maximum of nine points, where the higher the number of points scored equates to higher thromboembolic risk.

CHADS2 Condition Points allocated CHA2DS2-VASc Condition Points allocated

C
Congestive heart failure or
left ventricular (LV)
dysfunction with ejection
fraction (EF) ≤ 40%

1 C
Congestive heart failure or
left ventricular (LV)
dysfunction with ejection
fraction (EF) ≤ 40%

1

H Hypertension 1 H Hypertension 1
A Age ≥ 75 1 A2 Age ≥ 75 2
D Diabetes 1 D Diabetes 1

S2
Transient ischemic attack
(TIA), stroke, or another
thromboembolism

2 S2
Transient ischemic attack
(TIA), stroke, or another
thromboembolism

2

V
Vascular disease (e.g.,
peripheral artery disease,
myocardial infarction,
aortic plaque)

1

A Age 65–74 1
Sc Sex category that is, female 1

that not everyone needs to be anticoagulated as the benefits of
anticoagulation might not outweigh the risks associated with
anticoagulation, predominantly severe bleeding occurring at
about 0.5–1% per patient-year.Therefore, scores that estimate
thromboembolic risk have been devised, based on individual
patient risk factors. The two most commonly used scores are
the CHADS

2
and CHA

2
DS
2
-VASc scores (Table 1).

Various countries have developed their own guidance
for anticoagulation in AF, (ACCP [11], NICE [13], SIGN
[14]); however, an up-to-date international guidance comes
from the European Society of Cardiology (ESC) 2010 [1]
and its 2012 focused update [16]. The ESC recommends that
anticoagulation should be considered in everyone that has
even moderate risk of thromboembolism as predicted by a
CHA
2
DS
2
-VASc ≥ 2 as the 2.2% annual risk of stroke or

thromboembolism is considered significant and outweighs
the risk associated with anticoagulation. For patients with
CHA
2
DS
2
-VASc = 1, the ESC recommends that either antico-

agulation or aspirin therapy is considered appropriate, with
a comment that the former is preferable. Only the patients
at very low risk with CHA

2
DS
2
-VASc = 0 are advised to

refrain from anticoagulation as this risk is smaller than the
risk associated with anticoagulation. For these patients, the
ESC recommends either aspirin or no therapy, with the latter
being preferable.

The CHA
2
DS
2
-VASc, for example, attempts to estimate

the individual risk score as demonstrated in Table 2.

4. Warfarin and Novel Oral Anticoagulants

Warfarin has many advantages, justifying its use as the major
anticoagulant since its discovery in 1922 [17]. It is efficacious
especially when in therapeutic range, inexpensive, and with
once daily dosing allows for good adherence. In case where
reversal is required, for example, in intracranial bleeding or
nonelective surgery such as polytrauma, one could choose

Table 2: Using the CHA2DS2-VASc score, an annual adjusted risk
score for stroke can be estimated, and the benefits of anticoagulation
can be considered.

CHA2DS2-VASc score Risk (annual adjusted risk)
0 0%
1 1.3%
2 2.2%
3 3.2%
4 4.0%
5 6.7%
6 9.8%
7 9.6%
8 6.7%
9 15.2%

from a plethora of agents depending on how quickly reversal
is required ranging from vitamin K (for slow reversal) to pro-
thrombin complex and fresh frozen plasma for urgent rever-
sal. Blood testing has been considered traditionally a disad-
vantage, and although admittedly inconvenient to patients, it
does have the hidden advantage that it allows physicians to
monitor adherence, something particularly useful, for exam-
ple, before elective electrical direct current cardioversion.

Because warfarin has unpredictable pharmacokinetics, it
does mean that blood testing is required frequently even
in stable patients [15]. Warfarin can be affected by different
pharmacogenetics like the cytochrome P450 2C9 gene and
vitamin K epoxide reductase complex 1 gene as well as
various substances that act as cytochrome P450 inhibitors
or inducers like other medications, food, and alcohol, and
this instability in anticoagulation can increase the risk of
hemorrhagic complications and stroke. This unpredictability
of response and requirement for life-long monitoring in
particular provides an area where NOACs might excel over
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warfarin both in terms of convenience and efficacy. Currently
there are 3 NOACs licensed for anticoagulation in AF by
the Food and Drug Administration (FDA) in the USA and
the European Medicine Agency (EMA) in Europe. These are
dabigatran etexilate, rivaroxaban, and apixaban and will be
discussed in this review.

5. Dabigatran Etexilate

Dabigatran etexilate was the first NOAC to be licensed by
both FDA and EMA following the publication of the RE-LY
trial [18]. Etexilate is a prodrug that is rapidly converted to
dabigatran, a direct, competitive inhibitor of thrombin with
bioavailability of 6.5% and 80% renal excretion. Although
it needs to be taken twice daily, its main advantage is that
it does not require blood monitoring. In the RE-LY trial,
18,113 patients with non-valvular AF and one risk factor
for stroke/thromboembolism were equally randomized in
three groups: group 1 received warfarin (target INR of 2.0-
3.0), group 2 received dabigatran 150mg twice daily, and
group 3 received dabigatran 110mg twice daily. Stroke or
systemic embolism occurred in 199 patients on warfarin
(1.69% per annum), 182 patients on dabigatran 110mg (1.53%
per annum, hazard ratio 0.91, 95% CI = 0.74–1.11; 𝑃 < 0.001
for inferiority), and 134 patients on the 150mg twice daily
dabigatran dose (1.11% per annum, hazard ratio 0.67, 95% CI
= 0.53–0.82; 𝑃 < 0.001 for superiority).

Thus, both doses of dabigatran proved noninferior to
warfarin with the higher dose also being superior to warfarin
in reducing stroke and systemic embolism. The higher dose
dabigatran was, however, associated with higher gastroin-
testinal bleeding when compared with warfarin something
not seen with the lower dose dabigatran.

There was also a concern that the 150mg dose of dabi-
gatran was associated with a higher number of myocardial
infarctions (0.74% versus 0.53%, 𝑃 = 0.048) when the paper
was initially published. Subsequently, the authors published
further retrospective data acquired following the termination
of the trial suggesting that this was not correct and dabigatran
was not associatedwith increasedmyocardial infarctions [19].
However, the fact that dabigatran could lead to increased
myocardial infarctions should not be dismissed in view of the
retrospective nature of the data provided by the authors and
furthermore, according to a recent meta-analysis dabigatran
increased the relative risk of myocardial infarcts by 33%
compared to warfarin, enoxaparin, or placebo [20].

One important aspect that needs to be appreciated,
however, is that overall mortality was similar in all groups
(warfarin 4.13% per annum, dabigatran 110mg 3.75%, dabi-
gatran 150mg 3.64%) despite the reduced rates of stroke
and bleeding observed with the higher and lower dose
of dabigatran, respectively. In an attempt to explain this,
Harper and colleagues [21] reviewed patients with bleeding
on dabigatran and concluded that amongst other risk factors
(renal function, age, and body weight) the lack of a reversing
agent was a contributory factor that increased mortality and
therefore this should be discussed with all patients prior to
initiation of dabigatran.

6. Rivaroxaban

Rivaroxaban was the first oral direct factor Xa inhibitor both
to complete a Phase III trial, the ROCKET-AF trial [22],
but also to gain approval both from FDA and EMA. With a
bioavailability of over 80% andwith 65%of it renally excreted,
it is the only NOAC approved to date that allows a once-daily
regime.

ROCKET-AF was a randomized, double-blinded and
double-dummy study of 14,264 patients with AF and a
CHADS

2
≥ 2. Patients received either rivaroxaban 20mg

once daily (15mg if creatinine clearance was 30–49mL/min)
or dose adjusted warfarin to maintain INR 2.0-3.0.

In the intention-to-treat analysis, stroke or systemic
embolism occurred in 269 patients on rivaroxaban (2.1% per
annum, 𝑃 = 0.0001 for inferiority, 𝑃 = 0.12 for superiority)
and 306 patients on warfarin (2.4% per annum).

Major bleeding events were similar with both groups
(3.6% per annum with rivaroxaban, 3.4% with warfarin).
Intracranial bleeding was, however, significantly reduced
with rivaroxaban (0.5% versus 0.7% per annum, hazard ratio
0.67, 95% CI 0.47–0.93, 𝑃 = 0.02). This was counterbalanced
by an increased rate of major gastrointestinal bleeding with
rivaroxaban (3.2% versus 2.2% per annum, 𝑃 < 0.001).

As with dabigatran, no benefit was seen in overall mor-
tality. Onemajor criticism for rivaroxaban, however, was that
the time spent in therapeutic range for patients on warfarin
was only 55%.This might be considered lower than what can
be achieved in real life registries [23–25] and therefore could
have potentially obscured any advantages in favor ofwarfarin.

7. Apixaban

Apixaban was the second factor Xa inhibitor that received
approval both by FDA and EMA following publication of the
ARISTOTLE trial [26], a randomized, double-blind, double-
dummy, and noninferiority trial of 18,201 patients with non-
valvular AF and at least one risk factor for thromboembolism.
Unlike rivaroxaban its half-life is 12 hours thus requiring
twice daily dosage and it is 25% renally excreted making
it therefore potentially safer in patients with mild renal
failure when compared to dabigatran (Table 3). Patients were
randomized equally to receive either warfarin aiming for INR
2.0-3.0 or apixaban 5mg twice daily (2.5mg if two or more of
the following existed: age > 80, weight < 60 kg, or creatinine
> 133 𝜇mol/liter). Stroke or systemic embolism occurred in
212 patients taking apixaban and 265 patients taking warfarin
(1.27% versus 1.60% per annum, hazard ratio 0.79, 95% CI
0.66–0.95, 𝑃 < 0.001 for inferiority, 𝑃 = 0.01 for superiority).
Hemorrhagic stroke was reduced by 49% (𝑃 < 0.001) and
ischemic/undefined stroke by 8% (𝑃 = 0.42) with apixaban.
Fatal or disabling stroke occurred in 117 patients on warfarin
(0.71% per annum) and 84 patients on apixaban (0.5% per
annum). Mortality from any cause occurred in 3.52% per
annum with apixaban compared with 3.94% per annum with
warfarin (hazard ratio 0.89, 95% CI 0.8–0.99, 𝑃 = 0.047)
thus making apixaban the only one of the three NOACs to
show a benefit over warfarin in mortality. However, death
from cardiovascular causes (including hemorrhagic stroke)
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Table 3: Showing the relative pharmacokinetics of the novel oral anticoagulants.

Dabigatran Rivaroxaban Apixaban
Target Thrombin Factor Xa Factor Xa
Dose Twice daily Once daily Twice daily
Half-life in hours 12–17 5–9 (but effect last for 24 hours) 12
Renal excretion 80% 25% 33%
Hepatic excretion 20% 75% 67%

and death from noncardiovascular causes (including fatal
bleeding other than hemorrhagic stroke)was not significantly
different between apixaban and warfarin.

Apixaban was also criticized that the time in therapeutic
range for patients on warfarin during the ARISTOTLE
trial was only 62% [27] again raising the possibility that
this underestimated the benefit of well-controlled warfarin
therapy.

Apixaban has also been the onlyNOAC to be compared to
aspirin for stroke prophylaxis in patients who were intolerant
of warfarin in the AVERROES trial [28]. Stroke or systemic
embolismoccurred in 51 patients on apixaban and 113 patients
on aspirin (1.6% versus 3.7% per annum, hazard ratio =
0.45, 95% CI 0.32–0.62, 𝑃 < 0.001). Mortality was non-
significantly reduced with apixaban compared to aspirin
(3.5% per annum versus 4.4% per annum, hazard ratio 0.79,
95%CI 0.62–1.02,𝑃 = 0.07).This trial thus confirmed that for
patients who were intolerant of warfarin (or indeed refused
warfarin), apixaban was a safer alternative than aspirin.

Furthermore, apixaban has also been to date the only
NOAC used to compare anticoagulation with warfarin for
patients in AF categorized according to two thromboembolic
risk scores (CHADS

2
and CHA

2
DS
2
VASc) and one bleeding

score (HAS-BLED) [29]. In a subanalysis of patient risk in
the ARISTOTLE trial, the authors detected no statistical
heterogeneity of response across the different risk categories
concluding that the most likely explanation for this was
that apixaban benefited all patients, independently of throm-
boembolic and bleeding risk. Alternatively, as stated in an
accompanying editorial [30], given that this subanalysis of
theARISTOTLE trial was not sufficiently powered to confirm
such a difference, caution was advised in the interpretation of
the results. Careful analysis of the results suggested that the
numbers needed to treat (NNT) to prevent one stroke varied
significantly from approximately 120 for those with CHADS

2

= 1 and around 60 for those with CHADS
2
≥ 3, indicating that

patients with a higher thromboembolic risk might benefit
more from a NOAC and this could significantly affect cost
effectiveness.

8. Should Patients with High Bleeding
Risk Be Anticoagulated?

A recent analysis from Denmark assessed patients in AF on
warfarinwith both theCHADS

2
andCHA

2
DS
2
-VASc scoring

systems and the risk of bleeding using theHAS-BLED system.
The findings support the view that anticoagulation should be
offered even in patients at the highest risk of bleeding (HAS-
BLED ≥ 3), as paradoxically this is the group of patients who

benefit themost (probably because they also have a significant
thromboembolic risk) [31]. The same appears to be true for
apixaban use in patients with AF [29] where the incidence
of major bleeding was 3.46% for patients with HAS-BLED ≥
3 and 2.25% for HAS-BLED = 2 while intracranial bleeding
was 0.23% and 0.38%, respectively. Based on the currently
available evidence the decision to anticoagulate an individual
patient with AF remains a nuanced one, balancing the Scylla
of thromboembolism against the Charybdis of hemorrhage,
both risks imperfectly predicted by even the best currently
available risk stratification scores. However, even if there is
a high bleeding risk, following appropriate discussion with
the patient, suitable candidates should be offered anticoagula-
tion. Novel oral anticoagulants, particularly apixaban, might
prove to be very cost effective in this high-risk subgroup of
patients.

At present, therefore, the most important reason for
estimating the bleeding risk is not to prevent initiation of
anticoagulation but to identify patients who might benefit
from risk factor modification, for example, stopping aspirin
if not required, introducing antihypertensive medication
and support to reduce alcohol intake in order to minimize
bleeding risk [32].

9. Current Guidelines and New Anticoagulants

Most of the international guidelines have now issued updates
to incorporate these new data in the management of AF. The
ESC in a detailed recent update now recommends the novel
anticoagulants as “broadly preferable to Vitamin K antago-
nists in the vast majority of patients with non-valvular AF”
[16] though caution in strict adherence to current indications
is advised due to limited experience in their use. The ACCP
too now suggests dabigatran as the preferred oral anticoagu-
lant in non-valvular AF [11].Therefore, is it the time to offer a
NOAC to every patient withAF?This is probably not the case,
at least not yet, as demonstrated in the following scenarios.

9.1. Case 1. An 82-year-old man with hypertension and AF
who has been on warfarin for six years. He is stable with an
INR in therapeutic range>80%of the time.He requires blood
monitoring every 6 weeks and is happy with the necessary
dietary restrictions. He is seen in clinic and asks whether he
should be taking a NOAC.

This is a common scenario, seen in most cardiology
outpatient clinics. It is important to emphasize to the patient
(and any relatives) that none of the main trials compared
a NOAC with very good warfarin control. There is simply
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no evidence to support that switching to a NOAC will
reduce either his risk of bleeding or thromboembolism. The
advice should be to continue with warfarin. Had his time in
therapeutic range been <60% instead, then a NOAC could
have been offered.

9.2. Case 2. A 35-year-old man with no risk factors for
thromboembolism is scheduled to undergo electrical car-
dioversion for isolated AF.

Warfarin monitoring offers the unintentional benefit of
adherence monitoring. Patients prior to electrical cardiover-
sion need to be appropriately anticoagulated for a period of
a few weeks prior to the procedure and documented INR
within therapeutic range confirm this. This is not the case
for any of the NOACs and therefore if patients miss any dose
(either intentionally or unintentionally), then cardioversion
would increase the risk of stroke. Patients should be treated
with warfarin before the cardioversion and a few weeks
after the cardioversion and then their anticoagulation can be
reassessed and at this stage a NOAC might be appropriate.

9.3. Case 3. An 86-year-old woman with AF with previous
TIA, hypertension, and peripheral vascular disease who lives
alone in an area with no easy access to a clinic or community
practitioner to monitor INR. Her time in therapeutic range
for the last year was 50%. Two months ago she had a
significant bruising after a fall and her INR was found to be
5.4. She refused to take warfarin since then.

A patient who spends significant time outside therapeutic
range is at risk both of significant bleeding when the INR
is high and ischemic stroke when the INR is low. This
woman has a CHA

2
DS
2
-VASc = 7. Her annual predicted

risk of thromboembolism is 10% and therefore she would
benefit greatly from anticoagulation. Given the difficulties
in maintaining warfarin within therapeutic range, it appears
that the risks of warfarin outweigh the potential benefits.
Antiplatelet therapy either with aspirin monotherapy or
dual therapy with aspirin and clopidogrel will only reduce
this patient’s thromboembolic risk moderately. Therefore,
in keeping with the findings of the AVERROES trial [28],
apixaban 2.5mg twice daily would be the most appropriate
NOAC to use.

9.4. Case 4. A 55-year-old gentleman with permanent AF,
diabetes, hypertension had a coronary drug-eluding stent in
his right coronary artery 6 months ago. He tolerated triple
therapy (aspirin, warfarin, and clopidogrel) for 6 months and
the interventional cardiologists were happy to continue with
clopidogrel and warfarin. His time in therapeutic INR is 60–
70% and is asking whether warfarin could be substituted by
one of the NOACs.

With an aging population facing both coronary disease
and AF, this scenario will become more common. A NOAC
will not offer any protection from stent thrombosis. Clear
guidance from Europe [1] and US [11] recommends triple
anticoagulation for 6 months at least. From there on warfarin
and clopidogrel are appropriate for another 6 months. The
use of a NOAC + clopidogrel (or NOAC and aspirin) might

prove superior to warfarin and clopidogrel but this has not
been assessed in a trial. There have been some concerns
about dabigatran and an increased risk of MI. In this case,
on the basis of current evidence, it is appropriate to continue
warfarin and clopidogrel and in the future the patient might
even continue on warfarin monotherapy [1]. If, however,
he refuses warfarin, it would be acceptable to consider a
combination of clopidogrel and apixaban or clopidogrel and
rivaroxaban although there is no evidence to support this at
present.

9.5. Case 5. A 72-year-old man with hypertension, diabetes,
and asymptomatic permanent AF refuses to consider war-
farin and has been on aspirin monotherapy for seven years.

The results of the AVERROES study [28] indicate that
this patient (who refused to consider anticoagulation) will
have prognostic benefit if he takes apixaban 5mg twice daily.
Although not directly compared with aspirin, the other two
NOACs, dabigatran in the RE-LY trial [18] and rivaroxaban
in the ROCKET-AF trial [22], are also likely to benefit this
patient. The most cost-effective NOAC should therefore be
considered for this patient. If, however, cost effectiveness is
similar across the three options, then apixaban is the one that
has the most evidence to support its use in this case.

It is important to highlight that NOACs can only be
used in patients with isolated non-valvular AF. They are not
appropriate for patientswithAF andother co-existing pathol-
ogy, for example, a metallic mitral valve. Although a NOAC
should not be offered routinely as a first-line treatment for
anticoagulation in isolated AF, they can provide an excellent
alternative to warfarin, particularly for patients with a low
percentage time in therapeutic range (Case 3). Physicians
should therefore monitor time spent in therapeutic range
during clinic appointments as now there is a possibility of
switching warfarin to a NOAC that is likely to be more
effective for such patients.

10. Conclusion

The NOACs increase the therapeutic armamentarium avail-
able for patients with non-valvular AF who require throm-
boembolic prophylaxis and are likely to shape the future
of anticoagulation. However, on the basis of the evidence
currently available, considering the benefits, risks, and con-
venience against their cost effectiveness in “real life” clinical
practice [33], one cannot recommend any of the NOACs as
panacea and first-line therapy for everyone. Many patients,
particularly those with high thromboembolic and bleeding
risk, with poor INR control or who refuse warfarin therapy,
are likely to benefit more from a NOAC. Over the next
few years, these groups of patients should be offered a
NOAC initially. Warfarin is likely to remain in use for the
majority of patients with AF for the next few years and is
likely to celebrate its centurial birthday. However, with the
current generation of NOACs and the likelihood of new
improved ones that will follow over the next decade, warfarin
will probably lose its place as the most commonly used
anticoagulant for AF.
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