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

affecting 12% of patients between ages 75 to 84.  [1]  It is associated with 
a 5-fold increased risk of stroke, a 3-fold increased risk of heart failure, 
and a 2-fold increase in risk of mortality, contributing to >99,000 
deaths per year . [1] Anticoagulation with vitamin K antagonists 
(VKAs), specifically warfarin, was the standard of care for prevention 
of stroke and systemic embolic events (SEE) in patients with AF for 
more than 60 years. However, numerous limitations of warfarin, such 
as a need for constant monitoring of therapeutic level, food-drug and 
drug-drug interactions, and person-to-person metabolic variability, 
have posed challenges in maintenance of appropriate anticoagulant 
effects, leading to the development of nonvitamin K antagonist oral 
anticoagulants (NOACs).

Four NOACs are approved by the US Food and Drug 
Administration (FDA) for stroke prevention in nonvalvular atrial 
fibrillation (NVAF). [2]-[5] The 2014 American Heart Association 
(AHA)/American College of Cardiology (ACC)/Heart Rhythm 
Society (HRS) guidelines recommend anticoagulation with an oral 
anticoagulant based on risk using the CHA2DS2-VASc score, with 

a single point counted for congestive heart failure (C), hypertension 
(H), diabetes (D), the presence of vascular disease (V), age 65 to 
74 (A), and female sex (“sex category” Sc), and 2 points counted for 
(A) age >75 and (S) prior stroke/thromboembolism. [1] The AHA/
ACC/HRS guidelines recommend either oral anticoagulation with 
warfarin to an international normalized ratio (INR) 2 to 3 or use of 
the NOACs approved at the time of writing: dabigatran, rivaroxaban, 
or apixaban. [1] Edoxaban was approved by the FDA for stroke 
prevention in patients with NVAF the following year. [5]

Despite these treatment guideline recommendations, oral 
anticoagulation may still be under-prescribed and adherence in 
eligible patients with AF is poor, [6]-[8]  presenting a potential barrier 
to effective stroke prevention in AF. Patients with AF who maintain 
sub-therapeutic INRs have twice the risk of stroke relative to those 
with INRs from 2 to 3. [9] Overall, adherence to therapy is the most 
important factor in decreasing patient risk of stroke or SEE.

This review highlights the safety and efficacy results of pivotal trials 
for NOACs in patients with NVAF, discusses some of the unique 
management challenges in the use of NOACs in special populations, 
summarizes data on emerging and novel indications, and addresses 
potential future directions.
Pivotal Trial Results

Four large, pivotal phase 3 trials led to the approval of NOACs for 
stroke and SEE prevention in patients with NVAF ([Figure 1]). [10]-

[13]  In these trials, NOACs were associated with similar or lower rates 
of major bleeding and significantly decreased rates of intracranial 
hemorrhage (ICH) compared with warfarin by approximately 50% 
([Figure 2])). [10]-[13]
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excluded from RE-LY, patients with GI bleeds within 6 months of 
randomization were excluded from ROCKET-AF, exclusions for 
GI bleeding were not defined for ARISTOTLE, and patients with 
GI bleeds within the past year were excluded from ENGAGE AF-
TIMI 48 [10]-[13].
Renal Function
   Factors influencing NOAC dosing include renal function, age, body 
weight, and drug interactions ([Table 1]). Renal impairment may 
increase bleeding in patients with NVAF. Overall, the rates of renal 
excretion between NOACs vary considerably (ie, renal clearance for 
an absorbed dose of dabigatran is 80%, edoxaban is approximately 
50%, rivaroxaban is 36%, and apixaban is 27%) [2]-[5]. Assessment of 
renal function prior to beginning treatment regimens with NOACs, 

In the Randomized Evaluation of Long-Term Anticoagulation 
Therapy (RE-LY) trial, dabigatran 150 mg was superior to warfarin 
in preventing stroke and SEE, and did not differ significantly from 
warfarin in rates of major bleeding. [10] Similarly, based on the 
Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared 
with Vitamin K Antagonism for Prevention of Stroke and Embolism 
Trial in Atrial Fibrillation (ROCKET AF) trial, rivaroxaban was 
noninferior to warfarin in prevention of stroke and SEE, and did not 
significantly differ from warfarin in rates of major bleeding . [11] In 
the Apixaban for Reduction in Stroke and Other Thromboembolic 
Events in Atrial Fibrillation (ARISTOTLE) trial, apixaban was 
superior to warfarin in prevention of stroke and SEE prevention and 
had lower rates of major bleeding relative to warfarin. [12]  Lastly, the 
Effective Anticoagulation with Factor Xa Next Generation in Atrial 
Fibrillation-Thrombolysis in Myocardial Infarction 48 (ENGAGE 
AF-TIMI 48) trial, higher-dose regimen edoxaban (60/30 mg) was 
noninferior to warfarin with regards to stroke and SEE prevention 
and bleeding with dose-dependent lower rates of life-threatening 
and major bleeding .[13]

Overall, the above trials showed that, relative to warfarin, 
NOACs were noninferior or superior in preventing stroke/SEE in 
patients with NVAF. Rates of ICH were decreased with NOACs 

relative to warfarin .[10]-[13] Furthermore, while gastrointestinal (GI) 
bleeding rates for dabigatran, [10] rivaroxaban, [11] and edoxaban [13] 
were increased relative to warfarin, GI bleeding rates were lower in 
patients taking apixaban relative to warfarin (Figure 2). [12] 

 However, it should be noted that exclusions for GI bleeding 
differed between trials; patients with symptomatic or endoscopically 
documented gastroduodenal ulcer in the previous 30 days were 

Figure 1:

Forest plot of the hazard ratios (95% CI) for the 
risk of stroke or systemic embolism with dabigatran 
150 mg twice daily, rivaroxaban 20 mg once daily, 
apixaban 5 mg twice daily, and edoxaban 60 mg 
once daily compared with warfarin is based on the 
results of the pivotal clinical trials. aData presents as 
relative risk. bReports as number/100 patient-years. 
c97.5% CI, dDoes not meet primary superiority 
endpoint. ARISTOTLE, Apixaban for Reduction in 
Stroke and Other Thromboembolic Events in Atrial 
Fibrillation; CI, confidence interval; ENGAGE AF-
TIMI 48, Effective Anticoagulation with Factor Xa 
Next Generation in Atrial Fibrillation-Thrombolysis 
in Myocardial Infarction 48; NOAC, nonvitamin K 
antagonist oral anticoagulant; 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

Figure 2:

Forest plot of the hazard ratios (95% CI) for the risk 
of major or CRNM bleeding, ICH, and GI bleeding 
with dabigatran 150 mg twice daily, rivaroxaban 
20 mg once daily, apixaban 5 mg twice daily, and 
edoxaban 60 mg compared with warfarin is based on 
the results of the pivotal clinical trials. aData presents 
as relative risk. bReports as number/100 patient-years. 
cMajor bleeding from a GI site occurs in 3.2% of 
the rivaroxaban group vs 2.2% of the warfarin group. 
CI, confidence interval; CRNM, clinically relevant 
nonmajor; ENGAGE AF-TIMI 48, Effective 
Anticoagulation with Factor Xa Next Generation 
in Atrial Fibrillation-Thrombolysis in Myocardial 
Infarction 48; GI, gastrointestinal; ICH, intracranial 
hemorrhage; NOAC, nonvitamin K antagonist oral 
anticoagulant; 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
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and periodically thereafter, is recommended [1]-[3]. It should be noted 
that patients with end-stage renal disease (ESRD) (creatinine 
clearance [CrCl] <15 mL/min), were excluded from all the pivotal 
efficacy trials [2]-[5]. The appropriate NOAC dosing in patients with 
ESRD on dialysis is not fully elucidated. 
   For dabigatran, exposure is 1.5 to 3.2 times higher in patients 
with mild to moderate renal impairment (CrCl of 30–<80 mL/
min) compared with patients with a normal CrCl (≥80 mL/min) [2]. 
Dabigatran should be adjusted to a dose of 75 mg twice daily for 
patients with severe renal impairment (CrCl of 15–30 mL/min) and 
for patients with moderate renal impairment (CrCl of 30–50 mL/
min) who are also taking dronedarone or systemic ketoconazoles [2]. 
The recommendation of a 75-mg, twice-daily dose for patients with 
renal impairment is based on pharmacokinetic modeling analyses in 
subjects with renal impairment [2]; in an open-label, single-center 
study, mean steady-state drug exposure was similar to predicted 
exposure [14].
   Patients with NVAF and a CrCl >50 mL/min should receive 
rivaroxaban 20 mg once daily with the evening meal; for patients with 
CrCl of 15 to 50 mL/min, rivaroxaban should be administered as a 
once-daily 15-mg dose with the evening meal [3]. In a subanalysis of 
patients with moderate renal impairment (CrCl of 30–49 mL/min) 
from the ROCKET AF trial, there were no significant differences in 
stroke or SEE, major bleeding, or ICH between rivaroxaban 15 mg 
and warfarin [15]. However, in a further analysis of the ROCKET AF 
trial, rivaroxaban was associated with lower rates of stroke or SEE vs 
warfarin with a similar risk of bleeding in patients with worsening 
renal function (≥20% decrease from screening CrCl) [16]. Emerging 
data may support the efficacy and safety of a 10 mg rivaroxaban 

dose in ESRD patients [17]; however, within a population of patients 
receiving dialysis, rates of hemorrhagic death were greater relative to 
warfarin for both rivaroxaban 20 mg (rate ratio 1.71; 95% confidence 
interval [CI] 0.94–3.12) and dabigatran (rate ratio 1.78; 95% CI 
1.18–2.68). [18]

    Apixaban dosing recommendations are based on pharmacokinetic 
and pharmacodynamics data in patients with ESRD maintained 
on dialysis [19], [20]. Patients with ESRD maintained on intermittent 
dialysis should receive apixaban at the usually prescribed dose 
[4]. In the US, a reduced dose of apixaban (2.5 mg twice daily) is 
recommended for patients meeting 2 of the following criteria: serum 
creatinine level ≥1.5 mg/dL, age ≥80 years, or body weight ≤60 kg [4].
    In the US, edoxaban is not approved for use in patients with a 
CrCl >95 mL/min [5]. For patients with a CrCl of 15 to 50 mL/
min, edoxaban should be prescribed at a reduced dose of 30 mg [5]. In 
a prespecified subgroup analysis (CrCl 30–50 mL/min vs >50 mL/
min) of the ENGAGE-TIMI AF 48 trial, the efficacy, safety, and net 
clinical benefit of higher-dose edoxaban (60/30 mg) did not differ 
from warfarin by renal function .[21] In patients with CrCl >95 mL/
min, exploratory analyses identified a statistically insignificant trend 
toward lower relative efficacy for the prevention of thromboembolic 
events with edoxaban vs warfarin . [21] Based on these data, additional 
studies to determine the optimal dosing of NOACS for patients at the 
higher range of creatinine clearance and for patients on hemodialysis 
may be warranted.
Age and Body Weight
    Although oral anticoagulants reduce the risk of ischemic stroke in 
patients with NVAF, there is an increased risk of bleeding, particularly 

Standard Approved Doses Dabigatran
150 mg twice daily

Rivaroxaban
20 mg once daily with evening 
meal

Apixaban
5 mg twice daily

Edoxabana

60 mg once daily

Dose adjustments

Renal function Reduce dose to 75 mg BID if CrCl 
15–30 mL/min Avoid use for CrCl 
<30 mL and concomitant P-gp 
inhibitor No recommendations if CrCl 
≤15 mL/min or on dialysis

No dose adjustment for CrCl >50 
mL/min Reduce dose to 15 mg 
once daily with the evening meal 
for CrCl 15–50 mL/min Avoid if 
CrCl <30 mL/min

Serum creatinine ≥1.5 mg/dL and 
body weight ≤60 kg or age ≥80 
years: reduce dose to 2.5 mg BID

Reduce dose to 30 mg once daily if CrCl is 
15–50 mL/min CrCl <15 mL/min: not recom-
mended CrCl >95: not indicated

Elderly No dose adjustment No dose adjustment Age ≥80 years and body weight 
≤60 kg or serum creatinine ≥1.5 
mg/dL: reduce dose to 2.5 mg BID

No dose adjustment

Low body weight No dose adjustment No dose adjustment Body weight ≤60 kg and age ≥80 
years or serum creatinine ≥1.5 
mg/dL: reduce dose to 2.5 mg BID

No dose adjustment

Hepatic impairment Moderate hepatic impairment (Child-
Pugh B): no dosing adjustment

Avoid use in patients with mod-
erate (Child-Pugh B) or severe 
(Child-Pugh C) hepatic impairment, 
or any hepatic disease associated 
with coagulopathy

No dose reduction for mild 
hepatic impairment (Child-Pugh 
A) Moderate hepatic impair-
ment (Child-Pugh B): no dosing 
recommendations provided Severe 
hepatic impairment (Child-Pugh C): 
not recommended

Mild hepatic impairment (Child-Pugh A): no 
dose reduction required Moderate (Child-Pugh 
B) and severe (Child-Pugh C) hepatic impair-
ment: not recommended

Dual P-gp/ CYP3A4 inhibitors Reduce 75 mg BID dose for patients 
with moderate renal impairment 
(CrCl 30–50 mL/min) with keto-
conazole, dronedarone No dose ad-
justment required for clarithromycin, 
amiodarone, quinidine, verapamil, 
ticagrelor

Avoid use with P-gp and strong 
CYP3A4 inhibitors ketoconazole, 
itraconazole, lopinavir/ritonavir, 
ritonavir, indinavir, conivaptan

A 50% dose reduction is recom-
mended for patients receiving a 
dose >2.5 mg BID when coadmin-
istered with strong dual inhibitors 
of CYP3A4 and P-gp (ketoconazole, 
itraconazole, ritonavir, or clarithro-
mycin); avoid use of these drugs 
when dosage is 2.5 mg, BID

No dose adjustment

Dual P-gp/ CYP3A4 inducers Avoid coadministration with rifampin Avoid strong dual inducers of P-gp 
and CYP3A4 carbamazepine, phe-
nytoin, rifampin, St. John’s wort

Avoid strong dual inducers of P-gp 
and CYP3A4 carbamazepine, phe-
nytoin, rifampin, St. John’s wort

Avoid concomitant use of rifampin

aDo not use edoxaban in patients with CrCl >95 mL/min in the US.
BID, twice daily; CrCl, creatinine clearance; CYP3A4, cytochrome P450 3A4; NOAC, nonvitamin K antagonist oral anticoagulant; NVAF, nonvalvular atrial fibrillation; P-gp, p-glycoprotein.

Table 1: NOAC dosing for NVAF patients– general and special populations
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Table 2: Select ongoing clinical trials

Study Trial Name NOAC 
Treatment Arm

Phase ClinicalTrials.gov 
Identifier

Cardioversion/
ablation

  —
ABRIDGE-J[58]
RE-CIRCUIT[59]

—
OCEAN

EMANATE
AXAFA

ENSURE-AF[60]

 Dabigatran
Dabigatran
Dabigatran
Dabigatran

Rivaroxaban
Apixaban
Apixaban
Edoxaban

 4
4
4
3
4
4
4
3

 NCT01976507
—

NCT02348723
NCT02313584
NCT02168829
NCT02100228
NCT02227550
NCT02072434

PCI OAC-ALONE
REDUAL-PCI
PIONEER AF-

PCI[55]
—

SAFE-A

Any NOAC
Dabigatran

Rivaroxaban
Rivaroxaban

Apixaban

 4
3
3
4
4

NCT01962545
NCT02164864
NCT01830543
NCT02334254

—

CAD/PAD —
AFIRE

COMPASS
VOYAGER PAD

EDOX-APT

Dabigatran
Rivaroxaban
Rivaroxaban
Rivaroxaban

Edoxaban

4
4
3
3
4

NCT02389582
NCT02642419
NCT01776424
NCT02334254
NCT02567461

Nondisabling 
cerebrovascular 

events (TIA/minor 
stroke)

TRACE[57]
ADANCE[56]

—

Rivaroxaban
Apixaban
Edoxaban

2 and 3
2 and 3
2 and 3

NCT01923818
NCT01924325
NCT02221102

Device-detected 
subclinical

AF

ARTESiA

NOAH CAD/PAD

Apixaban

Edoxaban

4

3

NCT01938248

NCT02618577

Type 2 diabetes MicroVasc-DIVA Rivaroxaban 3 NCT02164578

in the elderly, associated with their use. However, dose reductions 
for age or body weight are only recommended for patients receiving 
apixaban who meet 2 of the following criteria: >80 years, body weight 
<60 kg, serum creatinine ≥1.5 mg/dL.
     In a subgroup analysis of ENGAGE AF-TIMI 48, thromboembolic 
and bleeding risk both increased with age, with more pronounced 
risk—especially for major bleeding—in patients with age ≥75 years 
[22]. However, regardless of age, edoxaban was associated with a similar 
reduction in the risk of stroke or SEE and a lower risk of major 
bleeding vs warfarin [22]. Therefore, due to the higher bleeding risk 
in the elderly relative to younger patients, the primary net clinical 
benefit (stroke/SEE/major bleeding/death) of edoxaban vs warfarin 
was improved in older patients [22]. Similarly, in a subgroup analysis 
of the AVERROES (Apixaban Versus ASA to Prevent Stroke 
in AF Patients Who Have Failed or Are Unsuitable for Vitamin 
K Antagonist Treatment) trial, apixaban was more effective than 
aspirin for preventing strokes or SEE in patients ≥85 years with no 
significant treatment-by-age interaction for bleeding [23].
Emerging and novel indications
Valvular Heart Disease
    Although NOACs are not approved for patients with AF and 
valvular heart disease, several clinical trials and subgroup analyses 
of phase 3 trials have been performed to assess the efficacy and 
safety of NOACs in AF patients with valvular disease. Patients with 
mild mitral stenosis were not excluded from either the edoxaban 
or apixaban phase 3 clinical trials. [12], [13] In a subgroup analysis of 
ARISTOTLE, there were no differences between apixaban and 
warfarin in preventing stroke or SEE, reducing death, or causing 
bleeding in patients with or without valvular heart disease [25].
   Dabigatran is the only NOAC investigated in clinical trials in 
patients with mechanical heart valves. The phase 2 dose-validation 
study RE-ALIGN (Randomized Phase II Study to Evaluate the 

Safety and Pharmacokinetics of Oral Dabigatran Etexilate in 
Patients after Heart Valve Replacement) was terminated early due to 
excess thromboembolic and bleeding events in patients randomized 
to dabigatran. [26] In RE-ALIGN, 5% of patients on dabigatran and 
no patients on warfarin experienced a stroke [26]. Major bleeding 
occurred in 4% of dabigatran patients and 2% of warfarin patients; 
bleeding of any type occurred in 27% of dabigatran patients and 12% 
of warfarin patients.  [26]

     Few clinical studies have assessed the efficacy and safety of patients 
with AF and bioprosthetic valves. However, in a small, retrospective, 
single-center cohort study of AF patients with bioprosthetic 
valves who were prescribed NOACs, approximately 100 days after 
bioprosthetic valve implantation 8.2% (6/73) of patients reported 
a minor bleeding event and 6.9% (5/73) reported a major bleeding 
event with no ischemic strokes . [27]

Peripheral Arterial Disease
In a subgroup analysis of the ENGAGE AF-TIMI 48 trial, 

regardless of the presence or absence of peripheral arterial disease 
(PAD), higher-dose edoxaban (60/30 mg once daily) had similar 
efficacy and safety relative to warfarin [28]. Similarly, in a subgroup 
analysis of the ROCKET AF trial, rivaroxaban had a similar efficacy 
compared with warfarin in patients with and without PAD [28]. 
However, patients with PAD had a higher risk of bleeding with 
rivaroxaban vs warfarin compared with patients without PAD 
(P=.037).  [28]

Diabetes is a risk factor for PAD and PAD-associated mortality; 
individuals with comorbid diabetes and PAD are at approximately 
twice the risk of death compared with patients with PAD alone [29]. 
Consistent with this, in a subgroup analysis of the RE-LY study, 
the incidence of peripheral vascular disease was higher in diabetic 
patients as compared with non-diabetic patients [30]. In addition, the 
numerical reduction in stroke or SEE associated with dabigatran 
relative to warfarin was greater in diabetic patients compared with 
nondiabetic patients (dabigatran 150 mg twice daily: 0.89% per year 
vs 0.51% per year). [30]

Myocardial Infarction
   Following reanalysis of the by request of the US Food and Drug 
Administration, rates of myocardial infarction (MI) did not differ 
significantly between dabigatran and warfarin [10], [31], [32],  although 
initial analyses showed increased risk of MI was associated with 
dabigatran use. Some studies suggest dabigatran may be associated 
with an increased risk for MI, but the data are mixed. [10], [31]-[34] In 
the initial analysis of the RE-LY trial, dabigatran 150 mg twice 
daily was associated with increased rates of MI vs warfarin (0.74% vs 
0.53% per year, respectively; relative risk =1.38; [95% CI 1.00–1.91]; 
P=.048). [10] Following re-evaluation of the database for possible 
event underreporting, these rates were subsequently revised to 0.81% 
vs 0.64% per year, respectively (relative risk = 1.27; 95% CI 0.94–
1.71; P=.12). [31] It should be noted that in RE-LY, patients who had 
≥1 MI were older and had more coronary risk factors compared with 
those who did not experience an MI event. [32] In the ENGAGE 
AF-TIMI 48 and the ROCKET AF trials, there were no differences 
in safety between edoxaban and warfarin or between rivaroxaban 
and warfarin in patients with prior MI. [11], [13] There have been no 
subgroup analyses for apixaban and MI.
Cardioversion 
   Overall, the incidence of stroke in patients with NVAF who 
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electrical cardioversion.
Chronic Obstructive Pulmonary Disease
   Comorbid chronic obstructive pulmonary disease (COPD) is 
associated with poor outcomes among patients with cardiovascular 
disease. [45] However, the efficacy and safety of NOACs among 
patients with NVAF and COPD is not well studied. In a subanalysis 
of the ARISTOTLE trial, comorbid COPD was associated with 
an elevated risk of all-cause mortality (adjusted HR 1.60; 95% CI 
1.36–1.88]; P<.001). [46] In this same analysis, the reported benefits of 
apixaban vs warfarin in reducing the risk of stroke or SEE, bleeding, 
and all-cause mortality were independent of COPD status .[46]

Reversal Agents
      Despite the lower risk of bleeding relative to warfarin associated 
with NOACs, the lack of reversal agents for NOACs remains a major 
concern. Reversal agents could be of use in certain situations following 
the administration of NOACs including life-threatening bleeding, 
bleeding into a critical organ or closed space, prolonged bleeding, 
NOAC overdose or delayed clearance, emergency surgery, or urgent 
interventions associated with high bleeding risks. [47] Several reversal 
agents have recently received approval or are in clinical development.
Idarucizumab 
    Idarucizumab, a human antibody fragment, is the first approved 
NOAC antidote indicated for the reversal of dabigatran when 
bleeding cannot be controlled. [48] Idarucizumab binds free and 
thrombin-bound dabigatran with high affinity, thereby neutralizing 
its activity .[49] In a phase 3 clinical trial, idarucizumab nearly fully 
neutralized the anticoagulant effect of dabigatran in patients who 
experienced serious bleeding or required an urgent procedure [49]. 
Several other reversal agents are in development for NOACs..
Andexanet Alfa
       In phase 2 and 3 clinical trials, andexanet alfa (PRT064445, Portola 
Pharmaceuticals, Inc., South San Francisco, CA), a recombinant 
catalytically inactive FXa decoy molecule, rapidly reversed the effect 
of rivaroxaban and apixaban .[47], [50] Similar results were reported for 
edoxaban reversal in a phase 2 clinical trial .[51] Andexanet alfa is 
currently under regulatory review as a universal antidote for factor 
Xa inhibitors. [52]

Ciraparantag 
  Ciraparantag (PER977) (Perosphere, Inc., Danbury, CT), a 
synthetic small molecule that binds all 4 NOACs via hydrogen 
bonds, is in early-phase trials for the reversal of NOACs. In a phase 
1 study in healthy volunteers receiving edoxaban, ciraparantag dose-
dependently shortened whole blood clotting time and restored 
normal clot architecture . [47]

Prothrombin Concentrate Complexes
  Prothrombin concentrate complexes (PCCs), pooled plasma 
products containing concentrations of 3 factors (II, IX, and X) or 4 
factors (II, VII, IX, and X) and vitamin K-dependent proteins, are 
under clinical investigation for the reversal of NOAC anticoagulation. 
The studies with PCCs have had variable results; if administration is 
necessary, careful consideration must be given to the increased risk of 
thromboembolism associated with administration of these products. 
[53], [54]

Future Directions
    [Table 2] shows a partial listing of planned or ongoing clinical 

undergo cardioversion tends to be greater within the first 30 days 
postprocedure relative to the period ranging from 30 days to 3 years. 
[35] Data for the use of NOACs following cardioversion are limited; 
however, several post hoc analyses of the phase 3 NVAF trials and 2 
phase 3b trials were conducted.
   In RE-LY, rates of stroke and major bleeding associated with 
dabigatran vs warfarin within 30 days of cardioversion were 
comparable. [36] Similarly, in an analysis of ROCKET AF, the 
long-term stroke rates, rates of survival following cardioversion, 
or ablation associated with rivaroxaban did not differ compared to 
warfarin .[37] In ARISTOTLE, major cardiovascular events following 
cardioversion were similar between patients receiving apixaban and 
warfarin. [38] Thromboembolic and major bleeding events within 30 
days of cardioversion were infrequent and similar between edoxaban 
and warfarin treatments in the ENGAGE AF-TIMI 48 trial [39]. 
Consistent with these results, in a meta-analysis of 4 randomized 
controlled trials for NOACs, NOACs were at least as effective and 
safe as VKA for NVAF patients undergoing cardioversion procedures. 
[40]

    The first randomized trial of a NOAC in patients with NVAF 
undergoing elective cardioversion was X-VeRT (eXplore the efficacy 
and safety of once-daily oral riVaroxaban for the prevention of 
caRdiovascular events in patients with nonvalvular aTrial fibrillation 
scheduled for cardioversion). [41] In X-VeRT, patients were 
randomized to receive rivaroxaban (20 mg/15 mg for CrCl 30–49 
mL/min) or VKA therapy for 1 to 5 days or for 3 to 8 weeks prior to 
cardioversion, respectively . [41] In patients with delayed cardioversion, 
adequate VKA treatment required an INR in the range of 2.0 to 3.0 
for at least 3 consecutive weeks prior to cardioversion [41]. Compared 
with VKA therapy, rivaroxaban was associated with similar rates of 
stroke or other cardiovascular events and bleeding, but a significantly 
shorter time to cardioversion.  [41]

   A second trial, edoxaban vs enoxaparin-warfarin in patients 
undergoing cardioversion of atrial fibrillation (ENSURE-AF), 
enrolled 2,199 patients to receive edoxaban (60 mg/30 mg for CrCl 
15–50 mL/min, bodyweight ≤60 kg or concomitant use of P-gp 
inhibitors) or enoxaparin/warfarin. [42] Rates of major bleeding 
and thromboembolism were similar between patients treated with 
edoxaban and those treated with enoxaparin-warfarin, regardless of 
the use of conventional or transesophageal echocardiography, previous 
use of anticoagulation, edoxaban dose, or region [42]. In the overall 
population, the composite endpoint of stroke, SEE, MI, cardiovascular 
mortality, and major bleeding occurred in 5 patients treated with 
edoxaban and 11 patients treated with enoxaparin-warfarin (odds 
ratio 0.46, 95% CI 0.12–1.43). [42] The difference between treatment 
groups was primarily driven by lower cardiovascular mortality in the 
edoxaban group (0.1%) vs the enoxaparin-warfarin group (0.5%).  [42]

    Similarly, in a cohort study comparing the efficacy and safety of 
dabigatran vs warfarin in NVAF patients undergoing cardioversion, 
dabigatran was associated with a similar risk of adverse events and 
NVAF readmission vs warfarin, but a shorter time to cardioversion. 
[43] In a real-world clinical setting, rates of cerebrovascular accidents 
or transient ischemic attacks (warfarin: 0.97% vs NOAC 1.62%, 
P=.162) and bleeding events (warfarin: 1.02% vs NOAC: 0.5%, 
P=.247) were low in patients with NVAF undergoing direct current 
cardioversion who were prescribed periprocedural anticoagulants. 
[44] Together, these studies indicate that NOACs may be a safe and 
effective alternative to warfarin in patients undergoing elective 
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that the available NOACs vary in dosing regimens and require 
dose adjustments in patients with compromised renal function 
based on specific criteria for each individual agent. Therefore, when 
considering the appropriate dose and adequate use of these agents, 
several important factors should be considered, especially in patients 
with renal impairment or cardiovascular conditions other than 
NVAF. Overall, the appropriate use of NOACs requires following 
guidelines and prescribing instructions.
     NOACs are not indicated for use and have not been widely tested in 
AF patients with other cardiovascular conditions. Subgroup analyses 
of the phase 3 trial data, small clinical trials, and observational studies 
provide some insights into this area. Additional ongoing and planned 
clinical trials will provide additional information regarding the use 
of NOACs in these patients. In situations requiring rapid reversal of 
anticoagulation, such as life-threatening bleeding, NOAC overdose, 
and emergency surgery, the availability of specific antidotes will 
improve safety and facilitate the use of NOACs.
Conflict Of Interests
   Dr. Plitt has no disclosures. Dr. Bansilal has received institutional 
research grant support from AstraZeneca and consulting fees from 
AstraZeneca and Janssen.
Disclosures
   Dr. Plitt has no disclosures. Dr. Bansilal has received institutional 
research grant support from AstraZeneca and consulting fees from 
AstraZeneca and Janssen.
References
1. January Craig T, WannL Samuel, AlpertJoseph S, CalkinsHugh, CigarroaJoaquin 

E, ClevelandJoseph C, ContiJamie B, EllinorPatrick T, EzekowitzMichael 
D, FieldMichael E, MurrayKatherine T, SaccoRalph L, StevensonWilliam 
G, TchouPatrick J, TracyCynthia M, YancyClyde W. 2014 AHA/ACC/HRS 
guideline for the management of patients with atrial fibrillation: a report of 
the American College of Cardiology/American Heart Association Task Force 
on practice guidelines and the Heart Rhythm Society. Circulation. 2014;130 
(23):e199–267. 

2. Randhawa Amarita S, BabalolaOlakiitan, HenneyZachary, MillerMichele, 
NelsonTanya, OzaMeerat, PatelChandni, RandhawaAnupma S, RileyJoyce, 
SnyderScott, SoSherri. A Collaborative Assessment Among 11 Pharmaceutical 
Companies of Misinformation in Commonly Used Online Drug Information 
Compendia. Ann Pharmacother. 2016;50 (5):352–9. 

3. XARELTO® (rivaroxaban) tablets. Full Prescribing Information. Pharmaceuticals, 
Titusville, NJ, USA. 2016;0:0–0.

4. G Mazzocca, TGiovannini, FFrascarelli, AFabiani, ABurali, GGiappichini. 
ELIQUIS® (apixaban) tablets for oral use. Full Prescribing Information. Bristol-
Myers Squibb Company, Princeton, NJ, USA and Pfizer Inc, NY, NY, USA. 
2016;0:0–0.

5. EG Daoud, RWeiss, MBahu, BPKnight, FBogun, RWeiss, RGoyal, MHarvey, 
SAStrickberger, KCMan, FMorady. SAVAYSATM (edoxaban) tablets for oral 
use. Full Prescribing Information. . . Daiichi Sankyo Inc., Parsippany, NJ, USA. 
0;0:0–0.

6. Ogilvie Isla M, NewtonNick, WelnerSharon A, CowellWarren, LipGregory Y H. 
Underuse of oral anticoagulants in atrial fibrillation: a systematic review. Am. J. 
Med. 2010;123 (7):638–645.e4. 

7. Raparelli Valeria, ProiettiMarco, ButtàCarmelo, Di GiosiaPaolo, SiricoDomenico, 
GobbiPaolo, CorraoSalvatore, DavìGiovanni, VestriAnna Rita, PerticoneFrancesco, 
CorazzaGino Roberto, VioliFrancesco, BasiliStefania. Medication prescription 
and adherence disparities in non valvular atrial fibrillation patients: an Italian 
portrait from the ARAPACIS study. Intern Emerg Med. 2014;9 (8):861–70. 

trials assessing the efficacy and safety of NOACs for emerging 
indications including percutaneous coronary intervention (PCI), 
and nondisabling stoke. These additional clinical trials will hopefully 
provide further information regarding the use of NOACs in these 
and other indications.
Percutaneous Coronary Intervention
    NOACs are not indicated for antithrombotic management of 
patients with NVAF undergoing PCI with stenting. However, there 
are several ongoing clinical trials assessing the use of NOACs in these 
patients. The PIONEER AF-PCI (Study Exploring Two Strategies 
of Rivaroxaban and One of Oral Vitamin K Antagonist in Patients 
With Atrial Fibrillation Who Undergo Percutaneous Coronary 
Intervention; clinicaltrials.gov NCT01830543) is an exploratory, 
open-label, randomized trial assessing the safety of 2 rivaroxaban 
dual-antiplatelet treatment regimens to a triple antiplatelet treatment 
regimen including VKA in NVAF patients who have undergone 
PCI with stent placement (bare metal or drug-eluting stent) [55]. 
The primary endpoint is a composite of the rate of major bleeding, 
bleeding requiring medical attention, and minor bleeding at 12 
months. [55] Similarly, REDUAL-PCI (Randomized Evaluation of 
Dual Therapy with Dabigatran vs Triple Therapy Strategy with 
Warfarin in Patients with NVAF that have undergone PCI with 
Stenting; clinicaltrials.gov NCT02164864) is assessing the safety of 
2 dabigatran dual-antiplatelet treatment regimens compared with 
a triple antiplatelet treatment regimen including VKA in patients 
with NVAF and ischemic heart disease who have undergone stent 
placement (bare metal or drug-eluting stents). The primary outcome 
is the time to first major or clinically relevant nonmajor bleeding 
event.
Non-Disabling Stroke
    No clinical trials assessing the efficacy and safety of NOACs 
for preventing transient ischemic attack (TIA) and acute 
minor ischemic stroke have completed; 3 randomized trials are 
ongoing. ADANCE (Apixaban Versus Dual-antiplatelet Therapy 
[Clopidogrel and Aspirin] in Acute Non-disabling Cerebrovascular 
Events;clinicaltrials.gov NCT01924325) is a randomized, double-
blind clinical trial comparing a regimen of apixaban or clopidogrel 
with aspirin followed by clopidogrel in patients with acute TIA 
or minor ischemic stroke. [56] Similarly, TRACE (The Treatment 
of Rivaroxaban versus Aspirin in Non-disabling Cerebrovascular 
Events; clinicaltrials.gov NCT01923818) is a randomized, double-
blind clinical trial comparing rivaroxaban with aspirin in patients with 
acute TIA or minor stroke . [57]  There is one planned randomized, 
double-blind clinical trial (clinicaltrials.gov NCT02221102) 
comparing edoxaban with aspirin alone in patients with acute TIA 
or minor stroke. In all 3 planned clinical trials the primary efficacy 
endpoint is the percentage of patients with new stroke (ischemic or 
hemorrhage).
Conclusions 
    In patients with NVAF, NOACs are at least noninferior to 
warfarin in preventing stroke or SEE and are associated with a 
decreased risk of ICH compared with warfarin. These agents may 
however be associated with a slightly increased risk of GI bleeding 
relative to warfarin. In general, NOACs may offer a significant 
advantage over warfarin for most patients, and unlike warfarin, do 
not require frequent laboratory monitoring. It is important to note 



www.jafib.com Feb-Mar 2017|Volume 9| Issue 5 

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation96 Journal Review
ByonWonkyung, BoydRebecca A, LaCretaFrank, FrostCharles E. Effect of renal 
impairment on the pharmacokinetics, pharmacodynamics, and safety of apixaban. 
J Clin Pharmacol. 2016;56 (5):637–45. 

20. Wang Xiaoli, TirucheraiGiridhar, MarburyThomas C, WangJessie, ChangMing, 
ZhangDonglu, SongYan, PursleyJanice, BoydRebecca A, FrostCharles. 
Pharmacokinetics, pharmacodynamics, and safety of apixaban in subjects with 
end-stage renal disease on hemodialysis. J Clin Pharmacol. 2016;56 (5):628–36. 

21. Bohula Erin A, GiuglianoRobert P, RuffChristian T, KuderJulia F, MurphySabina 
A, AntmanElliott M, BraunwaldEugene. Impact of Renal Function on Outcomes 
With Edoxaban in the ENGAGE AF-TIMI 48 Trial. Circulation. 2016;134 
(1):24–36. 

22. Kato Eri Toda, GiuglianoRobert P, RuffChristian T, KoretsuneYukihiro, 
YamashitaTakeshi, KissRobert Gabor, NordioFrancesco, MurphySabina A, 
KimuraTetsuya, JinJames, LanzHans, MercuriMichele, BraunwaldEugene, 
AntmanElliott M. Efficacy and Safety of Edoxaban in Elderly Patients With 
Atrial Fibrillation in the ENGAGE AF-TIMI 48 Trial. J Am Heart Assoc. 
2016;5 (5):–. 

23. Ng Kuan H, ShestakovskaOlga, ConnollyStuart J, EikelboomJohn W, 
AvezumAlvaro, DiazRafael, LanasFernando, YusufSalim, HartRobert G. Efficacy 
and safety of apixaban compared with aspirin in the elderly: a subgroup analysis 
from the AVERROES trial. Age Ageing. 2016;45 (1):77–83. 

24. H Xu, CTRuff, RPGiugliano, SAMurphy, FNordio, IPatel, MShi, MMercuri, 
EMAntman, EBraunwald. Concomitant use of single antiplatelet therapy 
with edoxaban or warfarin in patients with atrial fibrillation. Analysis from the 
ENGAGE AF-TIMI48 trial. 2016;0:0–0.

25. Chan Kevin E, GiuglianoRobert P, PatelManesh R, AbramsonStuart, JardineMeg, 
ZhaoSophia, PerkovicVlado, MadduxFranklin W, PicciniJonathan P. Nonvitamin 
K Anticoagulant Agents in Patients With Advanced Chronic Kidney Disease or 
on Dialysis With AF. J. Am. Coll. Cardiol. 2016;67 (24):2888–99. 

26. Eikelboom John W, ConnollyStuart J, BrueckmannMartina, GrangerChristopher 
B, KappeteinArie P, MackMichael J, BlatchfordJon, DevennyKevin, 
FriedmanJeffrey, GuiverKelly, HarperRuth, KhderYasser, LobmeyerMaximilian T, 
MaasHugo, VoigtJens-Uwe, SimoonsMaarten L, Van de WerfFrans. Dabigatran 
versus warfarin in patients with mechanical heart valves. N. Engl. J. Med. 2013;369 
(13):1206–14. 

27. Yadlapati Ajay, GrohChristopher, MalaisrieS Chris, GajjarMark, KruseJane, 
MeyersSheridan, PassmanRod. Efficacy and safety of novel oral anticoagulants in 
patients with bioprosthetic valves. Clin Res Cardiol. 2016;105 (3):268–72. 

28. Jones William Schuyler, HellkampAnne S, HalperinJonathan, PicciniJonathan 
P, BreithardtGunter, SingerDaniel E, FoxKeith A A, HankeyGraeme J, 
MahaffeyKenneth W, CaliffRobert M, PatelManesh R. Efficacy and safety of 
rivaroxaban compared with warfarin in patients with peripheral artery disease and 
non-valvular atrial fibrillation: insights from ROCKET AF. Eur. Heart J. 2014;35 
(4):242–9. 

29. Leibson Cynthia L, RansomJeanine E, OlsonWayne, ZimmermanBruce R, 
O’fallonW Michael, PalumboPasquale J. Peripheral arterial disease, diabetes, and 
mortality. Diabetes Care. 2004;27 (12):2843–9. 

30. Brambatti Michela, DariusHarald, OldgrenJonas, ClemensAndreas, NoackHerbert 
H, BrueckmannMartina, YusufSalim, WallentinLars, EzekowitzMichael D, 
ConnollyStuart J, HealeyJeff S. Comparison of dabigatran versus warfarin in 
diabetic patients with atrial fibrillation: Results from the RE-LY trial. Int. J. 
Cardiol. 2015;196 ():127–31. 

31. Connolly Stuart J, EzekowitzMichael D, YusufSalim, ReillyPaul A, WallentinLars. 
Newly identified events in the RE-LY trial. N. Engl. J. Med. 2010;363 (19):1875–
6. 

32. Brambatti Michela, DariusHarald, OldgrenJonas, ClemensAndreas, NoackHerbert 
H, BrueckmannMartina, YusufSalim, WallentinLars, EzekowitzMichael D, 
ConnollyStuart J, HealeyJeff S. Comparison of dabigatran versus warfarin in 

8. Yao Xiaoxi, AbrahamNeena S, AlexanderG Caleb, CrownWilliam, MontoriVictor 
M, SangaralinghamLindsey R, GershBernard J, ShahNilay D, NoseworthyPeter 
A. Effect of Adherence to Oral Anticoagulants on Risk of Stroke and Major 
Bleeding Among Patients With Atrial Fibrillation. J Am Heart Assoc. 2016;5 
(2):–. 

9. Hylek E M, SkatesS J, SheehanM A, SingerD E. An analysis of the lowest 
effective intensity of prophylactic anticoagulation for patients with nonrheumatic 
atrial fibrillation. N. Engl. J. Med. 1996;335 (8):540–6. 

10. Connolly Stuart J, EzekowitzMichael D, YusufSalim, EikelboomJohn, 
OldgrenJonas, ParekhAmit, PogueJanice, ReillyPaul A, ThemelesEllison, 
VarroneJeanne, WangSusan, AlingsMarco, XavierDenis, ZhuJun, DiazRafael, 
LewisBasil S, DariusHarald, DienerHans-Christoph, JoynerCampbell D, 
WallentinLars. Dabigatran versus warfarin in patients with atrial fibrillation. N. 
Engl. J. Med. 2009;361 (12):1139–51. 

11. Patel Manesh R, MahaffeyKenneth W, GargJyotsna, PanGuohua, SingerDaniel 
E, HackeWerner, BreithardtGünter, HalperinJonathan L, HankeyGraeme 
J, PicciniJonathan P, BeckerRichard C, NesselChristopher C, PaoliniJohn F, 
BerkowitzScott D, FoxKeith A A, CaliffRobert M. Rivaroxaban versus warfarin 
in nonvalvular atrial fibrillation. N. Engl. J. Med. 2011;365 (10):883–91. 

12. Granger Christopher B, AlexanderJohn H, McMurrayJohn J V, LopesRenato 
D, HylekElaine M, HannaMichael, Al-KhalidiHussein R, AnsellJack, AtarDan, 
AvezumAlvaro, BahitM Cecilia, DiazRafael, EastonJ Donald, EzekowitzJustin A, 
FlakerGreg, GarciaDavid, GeraldesMargarida, GershBernard J, GolitsynSergey, 
GotoShinya, HermosilloAntonio G, HohnloserStefan H, HorowitzJohn, 
MohanPuneet, JanskyPetr, LewisBasil S, Lopez-SendonJose Luis, PaisPrem, 
ParkhomenkoAlexander, VerheugtFreek W A, ZhuJun, WallentinLars. Apixaban 
versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 2011;365 
(11):981–92. 

13. Giugliano Robert P, RuffChristian T, BraunwaldEugene, MurphySabina A, 
WiviottStephen D, HalperinJonathan L, WaldoAlbert L, EzekowitzMichael D, 
WeitzJeffrey I, ŠpinarJindřich, RuzylloWitold, RudaMikhail, KoretsuneYukihiro, 
BetcherJoshua, ShiMinggao, GripLaura T, PatelShirali P, PatelIndravadan, 
HanyokJames J, MercuriMichele, AntmanElliott M. Edoxaban versus warfarin in 
patients with atrial fibrillation. N. Engl. J. Med. 2013;369 (22):2093–104. 

14. Kooiman Judith, van der HulleTom, MaasHugo, WiebeSabrina, FormellaStephan, 
ClemensAndreas, van BurenMarjolijn, JanssenMartien, RabelinkTon J, 
HuismanMenno V. Pharmacokinetics and Pharmacodynamics of Dabigatran 75 
mg b.i.d. in Patients With Severe Chronic Kidney Disease. J. Am. Coll. Cardiol. 
2016;67 (20):2442–4. 

15. Fox Keith A A, PicciniJonathan P, WojdylaDaniel, BeckerRichard C, 
HalperinJonathan L, NesselChristopher C, PaoliniJohn F, HankeyGraeme 
J, MahaffeyKenneth W, PatelManesh R, SingerDaniel E, CaliffRobert M. 
Prevention of stroke and systemic embolism with rivaroxaban compared with 
warfarin in patients with non-valvular atrial fibrillation and moderate renal 
impairment. Eur. Heart J. 2011;32 (19):2387–94. 

16. CB Fordyce, ASHellkamp, YLokhnygina, SMLindner, JPPiccini, RCBecker, 
SDBerkowitz, GBreithardt, KAFox, JLHalperin, GJHankey, KWMahaffey, 
CCNessel, DESinger, MRPatel. On-treatment outcomes in patients with 
worsening renal function with rivaroxaban compared with warfarin. Insights from 
ROCKET AF. Circulation. 2015;0:0–0.

17. Chan Kevin E, GiuglianoRobert P, PatelManesh R, AbramsonStuart, JardineMeg, 
ZhaoSophia, PerkovicVlado, MadduxFranklin W, PicciniJonathan P. Nonvitamin 
K Anticoagulant Agents in Patients With Advanced Chronic Kidney Disease or 
on Dialysis With AF. J. Am. Coll. Cardiol. 2016;67 (24):2888–99. 

18. Chan Kevin E, EdelmanElazer R, WengerJulia B, ThadhaniRavi I, MadduxFranklin 
W. Dabigatran and rivaroxaban use in atrial fibrillation patients on hemodialysis. 
Circulation. 2015;131 (11):972–9.

19. Chang Ming, YuZhigang, ShenkerAndrew, WangJessie, PursleyJanice, 



www.jafib.com  Feb-Mar 2017|Volume 9| Issue 5 

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation97 Journal Review
PedersenChristian, GislasonGunnar Hilmar. Cardioversion and Risk of Adverse 
Events with Dabigatran versus Warfarin-A Nationwide Cohort Study. PLoS 
ONE. 2015;10 (10):–. 

44. Coleman Corey M, KhalafShaden, MouldSteven, WazniOussama, KanjMohamed, 
SalibaWalid, CantillonDaniel. Novel Oral Anticoagulants for DC Cardioversion 
Procedures: Utilization and Clinical Outcomes Compared with Warfarin. Pacing 
Clin Electrophysiol. 2015;38 (6):731–7. 

45. Mannino D M, ThornD, SwensenA, HolguinF. Prevalence and outcomes of 
diabetes, hypertension and cardiovascular disease in COPD. Eur. Respir. J. 
2008;32 (4):962–9. 

46. Durheim Michael T, CyrDerek D, LopesRenato D, ThomasLaine E, TsuangWayne 
M, GershBernard J, HeldClaes, WallentinLars, GrangerChristopher B, 
PalmerScott M, Al-KhatibSana M. Chronic obstructive pulmonary disease 
in patients with atrial fibrillation: Insights from the ARISTOTLE trial. Int. J. 
Cardiol. 2016;202 ():589–94. 

47. Levy J H, AgenoW, ChanN C, CrowtherM, VerhammeP, WeitzJ I. When and 
how to use antidotes for the reversal of direct oral anticoagulants: guidance from 
the SSC of the ISTH. J. Thromb. Haemost. 2016;14 (3):623–7. 

48. Randhawa Amarita S, BabalolaOlakiitan, HenneyZachary, MillerMichele, 
NelsonTanya, OzaMeerat, PatelChandni, RandhawaAnupma S, RileyJoyce, 
SnyderScott, SoSherri. A Collaborative Assessment Among 11 Pharmaceutical 
Companies of Misinformation in Commonly Used Online Drug Information 
Compendia. Ann Pharmacother. 2016;50 (5):352–9. 

49. Pollack Charles V, ReillyPaul A, EikelboomJohn, GlundStephan, VerhammePeter, 
BernsteinRichard A, DubielRobert, HuismanMenno V, HylekElaine 
M, KamphuisenPieter W, KreuzerJörg, LevyJerrold H, SellkeFrank W, 
StangierJoachim, SteinerThorsten, WangBushi, KamChak-Wah, WeitzJeffrey I. 
Idarucizumab for Dabigatran Reversal. N. Engl. J. Med. 2015;373 (6):511–20. 

50. Siegal Deborah M, CurnutteJohn T, ConnollyStuart J, LuGenmin, ConleyPamela 
B, WiensBrian L, MathurVandana S, CastilloJanice, BronsonMichele D, 
LeedsJanet M, MarFlorie A, GoldAlex, CrowtherMark A. Andexanet Alfa for the 
Reversal of Factor Xa Inhibitor Activity. N. Engl. J. Med. 2015;373 (25):2413–24. 

51. Siegal Deborah M, CurnutteJohn T, ConnollyStuart J, LuGenmin, ConleyPamela 
B, WiensBrian L, MathurVandana S, CastilloJanice, BronsonMichele D, 
LeedsJanet M, MarFlorie A, GoldAlex, CrowtherMark A. Andexanet Alfa for the 
Reversal of Factor Xa Inhibitor Activity. N. Engl. J. Med. 2015;373 (25):2413–24. 

52. Connolly Stuart J, MillingTruman J, EikelboomJohn W, GibsonC Michael, 
CurnutteJohn T, GoldAlex, BronsonMichele D, LuGenmin, ConleyPamela 
B, VerhammePeter, SchmidtJeannot, MiddeldorpSaskia, CohenAlexander T, 
Beyer-WestendorfJan, AlbaladejoPierre, Lopez-SendonJose, GoodmanShelly, 
LeedsJanet, WiensBrian L, SiegalDeborah M, ZotovaElena, MeeksBrandi, 
NakamyaJuliet, LimW Ting, CrowtherMark. Andexanet Alfa for Acute Major 
Bleeding Associated with Factor Xa Inhibitors. N. Engl. J. Med. 2016;375 
(12):1131–41. 

53. Dzik W H. Reversal of oral factor Xa inhibitors by prothrombin complex 
concentrates: a re-appraisal. J. Thromb. Haemost. 2015;13 Suppl 1 ():S187–94. 

54. Tummala Ramyashree, KavtaradzeAna, GuptaAnjan, GhoshRaktim Kumar. 
Specific antidotes against direct oral anticoagulants: A comprehensive review of 
clinical trials data. Int. J. Cardiol. 2016;214 ():292–8. 

55. Gibson C Michael, MehranRoxana, BodeChristoph, HalperinJohnathan, 
VerheugtFreek, WildgoosePeter, van EickelsMartin, LipGregory Y H, 
CohenMarc, HustedSteen, PetersonEric, FoxKeith. An open-label, randomized, 
controlled, multicenter study exploring two treatment strategies of rivaroxaban 
and a dose-adjusted oral vitamin K antagonist treatment strategy in subjects with 
atrial fibrillation who undergo percutaneous coronary intervention (PIONEER 
AF-PCI). Am. Heart J. 2015;169 (4):472–8.e5. 

56. Yang Fang, LeiHui, JiangWenrui, JiangWen, HanJunliang, ZhaoGang. Initial 
3-weeks’ Apixaban Versus Dual-antiplatelet Therapy (Clopidogrel and Aspirin) 

diabetic patients with atrial fibrillation: Results from the RE-LY trial. Int. J. 
Cardiol. 2015;196 ():127–31. 

33. Douxfils Jonathan, BuckinxFanny, MullierFrançois, MinetValentine, 
RabendaVéronique, ReginsterJean-Yves, HainautPhilippe, BruyèreOlivier, 
DognéJean-Michel. Dabigatran etexilate and risk of myocardial infarction, other 
cardiovascular events, major bleeding, and all-cause mortality: a systematic review 
and meta-analysis of randomized controlled trials. J Am Heart Assoc. 2014;3 
(3):–. 

34. Loffredo Lorenzo, PerriLudovica, VioliFrancesco. Myocardial infarction and 
atrial fibrillation: different impact of anti-IIa vs anti-Xa new oral anticoagulants: a 
meta-analysis of the interventional trials. Int. J. Cardiol. 2015;178 ():8–9. 

35. Noseworthy Peter A, KapaSuraj, DeshmukhAbhishek J, MadhavanMalini, 
Van HoutenHolly, HaasLindsey R, MulpuruSiva K, McLeodChristopher J, 
AsirvathamSamuel J, FriedmanPaul A, ShahNilay D, PackerDouglas L. Risk 
of stroke after catheter ablation versus cardioversion for atrial fibrillation: A 
propensity-matched study of 24,244 patients. Heart Rhythm. 2015;12 (6):1154–
61. 

36. Nagarakanti Rangadham, EzekowitzMichael D, OldgrenJonas, YangSean, 
ChernickMichael, AikensTimothy H, FlakerGreg, BrugadaJosep, 
KamenskyGabriel, ParekhAmit, ReillyPaul A, YusufSalim, ConnollyStuart J. 
Dabigatran versus warfarin in patients with atrial fibrillation: an analysis of 
patients undergoing cardioversion. Circulation. 2011;123 (2):131–6. 

37. Piccini Jonathan P, StevensSusanna R, LokhnyginaYuliya, PatelManesh 
R, HalperinJonathan L, SingerDaniel E, HankeyGraeme J, HackeWerner, 
BeckerRichard C, NesselChristopher C, MahaffeyKenneth W, FoxKeith A A, 
CaliffRobert M, BreithardtGünter. Outcomes after cardioversion and atrial 
fibrillation ablation in patients treated with rivaroxaban and warfarin in the 
ROCKET AF trial. J. Am. Coll. Cardiol. 2013;61 (19):1998–2006. 

38. Flaker Greg, LopesRenato D, Al-KhatibSana M, HermosilloAntonio G, 
HohnloserStefan H, TingaBrian, ZhuJun, MohanPuneet, GarciaDavid, 
BartunekJozef, VinereanuDragos, HustedSteen, HarjolaVeli Pekka, 
RosenqvistMarten, AlexanderJohn H, GrangerChristopher B. Efficacy and 
safety of apixaban in patients after cardioversion for atrial fibrillation: insights 
from the ARISTOTLE Trial (Apixaban for Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation). J. Am. Coll. Cardiol. 2014;63 
(11):1082–7. 

39. Plitt Anna, EzekowitzMichael D, De CaterinaRaffaele, NordioFrancesco, 
PetersonNancy, GiuglianoRobert P. Cardioversion of Atrial Fibrillation in 
ENGAGE AF-TIMI 48. Clin Cardiol. 2016;39 (6):345–6. 

40. Dentali Francesco, BottoGiovanni Luca, GianniMonica, AmbrosinoPasquale, Di 
MinnoMatteo Nicola Dario. Efficacy and safety of direct oral anticoagulants in 
patients undergoing cardioversion for atrial fibrillation: A systematic review and 
meta-analysis of the literature. Int. J. Cardiol. 2015;185 ():72–7. 

41. Cappato Riccardo, EzekowitzMichael D, KleinAllan L, CammA John, 
MaChang-Sheng, Le HeuzeyJean-Yves, TalajicMario, ScanavaccaMaurício, 
VardasPanos E, KirchhofPaulus, HemmrichMelanie, LaniusVivian, MengIsabelle 
Ling, WildgoosePeter, van EickelsMartin, HohnloserStefan H. Rivaroxaban vs. 
vitamin K antagonists for cardioversion in atrial fibrillation. Eur. Heart J. 2014;35 
(47):3346–55. 

42. Goette Andreas, MerinoJose L, EzekowitzMichael D, ZamoryakhinDmitry, 
MelinoMichael, JinJames, MercuriMichele F, GrossoMichael A, FernandezVictor, 
Al-SaadyNaab, PelekhNatalya, MerkelyBela, ZeninSergey, KushnirMykola, 
SpinarJindrich, BatushkinValeriy, de GrootJoris R, LipGregory Y H. Edoxaban 
versus enoxaparin-warfarin in patients undergoing cardioversion of atrial 
fibrillation (ENSURE-AF): a randomised, open-label, phase 3b trial. Lancet. 
2016;388 (10055):1995–2003. 

43. Pallisgaard Jannik Langtved, LindhardtTommi Bo, HansenMorten 
Lock, SchjerningAnne-Marie, OlesenJonas Bjerring, StaerkLaila, Torp-



www.jafib.com Feb-Mar 2017|Volume 9| Issue 5 

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation98 Journal Review
followed by Clopidogrel alone in high-risk patients with Acute Non-Disabling 
Cerebrovascular Events (ADANCE): study protocol for a randomized controlled 
trial. Clin Drug Investig. 2014;34 (11):755–61. 

57. Yang Fang, JiangWenrui, BaiYa, HanJunliang, LiuXuedong, ZhangGuangyun, 
ZhaoGang. Treatment of Rivaroxaban versus Aspirin for Non-disabling 
Cerebrovascular Events (TRACE): study protocol for a randomized controlled 
trial. BMC Neurol. 2015;15 ():–. 

58. Goya Masahiko, NogamiAkihiko, HiraoKenzo, AonumaKazutaka. Ablation 
perioperative dabigatran in use envisioning in Japan: The ABRIDGE-J Study 
Design. J Cardiol. 2016;68 (3):236–40. 

59. Calkins Hugh, GerstenfeldEdward P, SchillingRichard, VermaAtul, 
WillemsStephan. RE-CIRCUIT study-randomized evaluation of Dabigatran 
etexilate compared to warfarin in pulmonary vein ablation: assessment of an 
uninterrupted periprocedural anticoagulation strategy. Am. J. Cardiol. 2015;115 
(1):154–5. 

60. Lip Gregory Y H, MerinoJose, EzekowitzMichael, EllenbogenKenneth, 
ZamoryakhinDmitry, LanzHans, JinJames, Al-SaadiNaab, MercuriMichele, 
GoetteAndreas. A prospective evaluation of edoxaban compared to warfarin in 
subjects undergoing cardioversion of atrial fibrillation: The EdoxabaN vs. warfarin 
in subjectS UndeRgoing cardiovErsion of Atrial Fibrillation (ENSURE-AF) 
study. Am. Heart J. 2015;169 (5):597–604.e5. 


	Untitled



