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Introduction

	 Atrial fibrillation is an arrhythmia characterized by chaotic electrical activ-
ity in the atrium arising as a spontaneous ectopy mainly from the pulmonary veins. 
Other sites of spontaneous ectopy involve superior vena cava, coronary sinus or left 
atrial appendage. This disorganized electrical activity results in uncoordinated atrial 
contraction. It is more prevalent in men with increasing age[1]. Hypertensive heart 
disease and coronary heart disease are the most common underlying disorders in 
patients with AF in developed countries. AF is classified based on 2014 AHA/ACC/
HRS guidelines into paroxysmal AF (AF terminates spontaneously in less than 7 
days), persistent AF (AF fails to terminate in 7 days), long standing persistent AF 
(AF more than 12 months) and permanent AF (AF that is considered not amenable to 
rhythm control strategy). This classification applies to AF that lasts more than 30 sec-

onds and is not related to any reversible 
causes. There is a significant risk of stroke 
in patients with AF due to formation of 
clot in left atrial appendage. Cardioem-
bolic stroke is one of the major complica-
tions of AF and is responsible for signifi-
cant embolic events in elderly patients[2]. 
Cardioembolic stroke alone causes up to 
20% of strokes and its incidence increases 
with age[3]. Cardioembolic strokes, which 
have a high rate of recurrence, exhib-
it severe presentation and are associated 
with increased mortality[4,5]. Non-valvular 
AF is the most common cause of cardi-
oembolic stroke[6,7]. AF treatment strate-
gy involves rate control, rhythm control, 
and anti-coagulation to prevent systemic 
embolization. Recent advances have been 
made in oral anti-coagulation strategies 
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Abstract
	 Atrial Fibrillation (AF) is the most common cardiac arrhythmia that is as-
sociated with increased irregular atrial contraction, which ultimately leads to rapid 
ventricular response. Cardioembolic stroke is one of the major complications of AF 
and it is responsible for significant embolic events in elderly patients. Cardioembolic 
stroke accounts for up to 20% of strokes and the incidence increases with advancing 
age. Current guidelines recommend anticoagulation for AF with high risk factors for 
emboli based on CHA2DS2-VASc scoring system. Recently, two major classes of 
non-vitamin K oral anti-coagulants (NOACs) have become available for long-term 
anti-coagulation in AF: Direct Thrombin Inhibitors (DTIs) and Factor Xa Inhibitors. 
Here we discuss the benefits of NOACs over warfarin in specific patient groups with 
practical guidance on treatment and monitoring strategies. We will highlight the chal-
lenges that clinicians face in the modern era of NOACs. We will further address the 
strategies for bleeding prevention and treatment and we will conclude by discussing 
future directions in management of AF.
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to prevent cardioembolic stroke in patients with AF. There are 
several scoring methods developed over the years to estimate 
the risk of embolic stroke from AF. The latest scoring system 
is CHAD2DS2-VASc on which current guidelines for anti-co-
agulation are based. Specifically, this scoring system includes 
congestive heart failure/left ventricle dysfunction, hypertension, 
age (more than 65 years), diabetes mellitus, prior stroke/TIA or 
thromboembolism, peripheral vascular disease or coronary ar-
tery disease, and sex; these parameters are considered determi-
nants of thromboembolic stroke[8].
	 For non-valvular AF with CHA2DS2-VASc score of 2 
or more the benefits of oral anti-coagulation therapy (OAC) ex-
ceed risks as described in several studies[9-12]. Score of 1 entails 
various approaches for anti-coagulation depending on several 
factors including, but not limited to, patient’s age, safety, bleed-
ing risks, etc. For patients with score of 0, the risk of anti-coag-
ulation outweighs the benefits, and therefore the use of anti-co-
agulation is not recommended. Based on these findings, OAC is 
class 1 indication for patients with CHA2DS2-VASc score of 2 or 
more[13,14].

Benefits of New Non-Vitamin K Oral Anti-Coagulants 
	 Traditionally, warfarin has been the drug of choice 
for long term anti-coagulation in AF after initial bridging with 
heparin. Recently, newer non-vitamin K oral anti-coagulants 
(NOACs) have become available for long term anti-coagulation 
in AF. These drugs inactivate both circulating and clot bound 
activated coagulation factors (Figure). The two major classes 
of NOAC are direct thrombin inhibitors (DTIs) and factor Xa 
inhibitors. Parenteral direct thrombin inhibitors include bivali-
rudin, argatroban and lepirudin, whereas oral direct thrombin 
inhibitors include dabigatran. Oral factor Xa inhibitors include 
apixaban, rivaroxaban, and edoxaban. Dabigatran is the only 
DTI approved for anti-coagulation therapy in AF[15]. Factor Xa 
inhibitors approved for anti-coagulation in AF are apixaban, 
edoxaban and rivaroxaban[16-18], and currently these drugs are 
approved only for non-valvular AF. 

Figure:  The coagulation cascade illustrating the tissue injury (extrin-
sic) and contact (intrinsic) pathways. Factor Xa inhibitors such as Ri-
varoxaban and apixaban demonstrate selective inhibition of both free 
and clot-bound factor Xa, whereas other factor Xa inhibitors such as 
fondaparinux and heparin/low-molecular-weight heparin (LMWH) in-
directly inhibits Xa by activating antithrombin, which is an inhibitor of 
Xa. Direct thrombin inhibitors such as dabigatran inhibit both free and 
clot-bound thrombin as well as thrombin-induced platelet aggregation. 
Warfarin mediates inhibition (indirect) of generation of active forms of 
factor II, VII, IX, and X.

	 Accumulating body of evidence indicates a superior 
risk-benefit profile for NOACs[15-19]. Pooled analysis of NOACs 
trials in the prevention of stroke in patients with AF demonstrat-
ed that in comparison to warfarin these agents resulted in signif-
icant reductions in stroke or systemic embolic events, reduced 
intracranial hemorrhage and all-cause mortality (NAOCs and 
warfarin exhibited similar extent of major bleeding)[20]. All NO-
ACs have increased rates of gastrointestinal bleeding with the 
exception of apixaban. These warfarin alternatives offer several 
advantages over traditional warfarin treatment. One of the big-
gest advantages is that unlike warfarin these agents do not need 
frequent blood tests to adjust dosage, thereby providing a huge 
convenience to both patients and physicians. Other frequently 
encountered issue with warfarin is the difficulty in achieving 
therapeutic INR, which renders the protection offered by antico-
agulation ineffective[21,22]. These newer drugs mitigate this issue 
to a large extent as these do not need frequent blood tests and 
dose adjustments. Also, these drugs do not induce anti-platelet 
antibodies, thereby making them beneficial in circumstances 
where heparin is contra-indicated. Consequently, NOACs are 
preferred for anti-coagulation except in certain circumstances 
where the patient is already on warfarin with stable INR, valvu-
lar AF or when the patient cannot take NOAC due to compliance 
or cost issues, severe chronic kidney disease, contra-indicated 
with enzyme inducing anti-epileptic drugs and protease inhibitor 
anti-retroviral drugs, prosthetic heart valve and pregnancy. 
	 One of the major concerns with use of NOAC is the 
lack of specific reversal agent. This issue is partly offset by the 
fact that these drugs have significantly reduced risk of intracra-
nial hemorrhage compared to warfarin and have shorter halve 
lives, therefore prolonged bleeding is unlikely unless it is due to 
other underlying conditions or predispositions. In fact, pooled 
analysis of the trials of the NOACs in the prevention of stroke 
in patients with AF demonstrated a 52% reduction in ICH with 
these agents versus warfarin (relative risk 0.48; P>.0001)[20]. 
Evaluation of a US Department of Defense database of a large 
population of patients (more than 27,000) taking rivaroxaban re-
vealed that major bleeding rate was 2.8 per 100 patient/years[23].

Management of NOACs
	 NOACs do not require laboratory monitoring but fre-
quent monitoring of renal function is needed in cases of chronic 
kidney disease. As far as renal clearance is concerned, DTIs are 
efficiently cleared by kidneys as compared to factor Xa inhib-
itors. Specifically, renal clearance rate is 80% for dabigatran 
whereas it is 50%, 35% and 27% for edoxaban, rivaroxaban, and 
apixaban, respectively. Edoxaban is not recommended in pa-
tients with a CrCl > 95 mL/min due to increased risk of ischemic 
stroke[24]. In patients with impaired renal function, the dose of 
dabigatran, apixaban, and edoxaban is reduced by 50% whereas 
the dose of rivaroxaban is reduced by 25%. Rivaroxaban and 
edoxaban are dosed once daily, whereas dabigatran and apix-
aban are dosed twice daily. Besides creatinine clearance, apix-
aban dose reduction is also based on patient’s weight and age. 
Of note, there are differences in the uptake of the NOACs based 
on whether or not the patient takes them with food. This is espe-
cially important in the case of rivaroxaban because it has been 
shown that this drug is absorbed better when taken with food[25]. 
There are no specific recommendations for apixaban or edox-
aban; however, for dabigatran the risk of side effects (particular-
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ly dyspepsia) is reduced if the drug is taken with food.
	 NOACs have demonstrated a significantly faster onset 
of therapeutic effect with significantly shorter half-life compared 
to warfarin. Although NOACs appear to represent alternatives 
with more straight forward management than that of warfarin, 
there are many important issues that need to be addressed in the 
use of these drugs. One of the major issues is management of 
bleeding. It is very difficult to assess risk of significant bleeding 
as the dose response assessment is a big challenge with NOACs 
due to lack of commercially available assays. Efforts are under 
way to discover novel agents (to be used as antidotes) or rever-
sal agents (to correct the anticoagulant effects of NOACs) that 
are safe and effective for routine use. Currently, management of 
bleeding episodes in patients taking NOACs include stopping 
the drug and providing supportive care. In life threatening cas-
es, activated and inactivated prothrombin complex concentrates 
such as FEIBA (factor VIII inhibitor bypassing agent) or K cen-
tra can be given[26]. Anti-fibrinolytic agent (e.g. tranexamic acid) 
may also be used in less severe cases. Andexanet Alfa, which is 
a recombinant modified Factor Xa molecule, is currently being 
developed as an antidote for patients receiving a Factor Xa in-
hibitor who suffer a major bleeding episode. A Phase 3 study, 
the ANNEXA-A (Andexanet Alfa a Novel Antidote to the Anti-
coagulant Effects of FXA Inhibitors-Apixaban), was presented 
at the American Heart Association 2014 Scientific Session and 
it showed a rapid normalization of anti-factor Xa and throm-
bin levels [ANNEXA™ A: a Phase 3 randomized, double-blind, 
placebo-controlled trial, demonstrating reversal of apixaban-in-
duced anticoagulation in older subjects by Andexanet Alfa 
(PRT064445), a universal antidote for factor Xa (fXa) inhibitors 
(abstract-Circulation 2014;130: 2105–26]. This was followed by 
a phase 3 trial ANNEXA-R demonstrating safety and efficacy 
of Andexanet Alfa and showing a rapid near complete reversal 
of anticoagulation effects of rivaroxaban. A specific antidote for 
dabigatran is Idarucizumab, which has been developed by Boeh-
ringer Ingelheim. Another Phase 3 study, the RE-VERSE AD (A 
Study of the Reversal Effects of Idarucizumab on Active Dabig-
atran), is already under way in patients with dabigatran-induced 
bleeding or those requiring emergency surgery.
	 Another issue in the use of NOACs is peri-procedural 
management of these drugs. Expert consensus and guidelines 
recommend administration of anticoagulation at least during 
and after procedures[27,28]. Studies in patients with AF undergo-
ing ablation have shown that major bleeding and stroke/throm-
boembolic rates were similar with apixaban, rivaroxaban, and 
warfarin[29,30]. Several post-hoc analyses of phase 3 trials suggest 
equivalence between warfarin and the newer drugs in minori-
ty of patients who underwent cardioversion and/or RFA[31-33]. 
Multiple observational studies have shown that newer drugs are 
equivalent to warfarin[34-37]. Recently published VENTURE-AF 
trial is the first randomized controlled trial of a non-vitamin K 
oral anticoagulant versus warfarin in patients with AF under-
going ablation[28]. Patients enrolled in the VENTURE-AF trial 
were randomized to receive uninterrupted warfarin (target inter-
national normalized ratio = 2-3) versus uninterrupted rivarox-
aban (dosage 20 mg)[29]. The results provide conclusive evidence 
of safety of using rivaroxaban in patients with AF undergoing 
catheter ablation. This study demonstrated that the use of un-
interrupted oral rivaroxaban was feasible and event rates were 
similar to those obtained with uninterrupted warfarin therapy in 

non valvular AF undergoing catheter ablation.

Future Directions for Stroke Prevention in AF Patients
	 There are several other alternative anticoagulants 
(factor Xa inhibitors, betrixaban and darexaban, and the direct 
thrombin inhibitor, AZD0837) which are in the development 
stage that aim to offer better safety profile and efficacy. A variety 
of anticoagulant strategies (polyphosphate inhibitors, factor VIII 
inhibitor, thrombomodulin, tissue factor pathway inhibitors, 
factor IXa inhibitor, factor XI inhibitor, factor XIIa inhibitor) 
targeting the above mentioned pathways (and other pathways 
not described here) in the coagulation cascade are in develop-
mental stages. Further research is needed to determine the exact 
pathways involved in embolic stroke in AF patients. One of the 
major contributions to the pathogenesis in causing cardioem-
bolic stroke is the stagnation of blood in left atrial appendage 
(LAA) and resultant formation of blood clot in LAA[38]. Hence, 
closure of LAA and isolating it from the main left atrial chamber 
may prevent formation of blood clots and cardioembolic strokes. 
Several surgical and non-surgical modalities are underway to 
prevent formation of blood clot in LAA. One of this modality 
involves placing a closure device in LAA and preventing blood 
clot formation. A similar device (Watchman device) was shown 
to be non-inferior to warfarin therapy in prevention of cardio-
embolic strokes[39]. Several other modalities to control blood 
clot formation and stroke in AF patients involve development 
of new drugs and procedures that target AF itself or to control 
rate and rhythm. Recently, major advances have been made in 
non-pharmacologic control of AF using techniques involving ra-
dio-frequency (RF) ablation or non-RF ablation of AF. In fact, 
catheter ablation has been shown to be more efficacious than 
anti-arrhythmic drug in maintaining normal sinus rhythm[40].

Conclusion

	 The development of NOACs is a major breakthrough 
in anti-coagulation treatment for stroke prevention in AF. These 
newer anti-coagulants have greater efficacy with a more reliable 
and predictable anticoagulant effect without the need for lab-
oratory monitoring, thereby offering a more convenient option 
for patients and physicians. However, these medications are ex-
pensive and have several unique characteristics, and therefore 
require utmost caution from physicians regarding prescription 
information based on latest guidelines and product packet in-
serts.
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