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Abstract 
 

Background: Four nonvitamin K antagonist oral anticoagulants (NOACs) have been approved for use 
in various cardiovascular indications. The direct thrombin inhibitor dabigatran and the direct factor 
Xa inhibitors apixaban, edoxaban, and rivaroxaban are now increasingly used in clinical practice. For 
some of these agents, available data from real-world studies support the efficacy and safety data in 
phase III clinical trials. 
Objectives: This review aims to summarize the current status of trials and observational studies of 
oral anticoagulant use over the spectrum of cardiovascular disorders (excluding venous thrombosis), 
provide a reference source beyond stroke prevention for atrial fibrillation (AF) and examine the 
potential for novel applications in the cardiovascular field. 
Methods: We searched the recent literature for data on completed and upcoming trials of oral 
anticoagulants with a particular focus on rivaroxaban.  
Results: Recent data in specific patient subgroups, such as patients with AF undergoing catheter 
ablation or cardioversion, have led to an extended approval for rivaroxaban, whereas the other 
NOACs have ongoing or recently completed trials in this setting. However, there are unmet medical 
needs for several arterial thromboembolic-related conditions, including patients with: AF and acute 
coronary syndrome, AF and coronary artery disease undergoing elective percutaneous coronary 
intervention, coronary artery disease and peripheral artery disease, implanted cardiac devices, and 
embolic stroke of unknown source.  
Conclusion: NOACs may provide alternative treatment options in areas of unmet need, and 
numerous studies are underway to assess their benefit–risk profiles in these settings.  
 
Keywords: direct oral anticoagulant, factor Xa inhibitor, lifecycle management, rivaroxaban 
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Introduction 
 

The scope for the nonvitamin K antagonist oral anticoagulants (NOACs) includes a range of 
cardiovascular diseases (CVDs), including coronary artery disease (CAD), cerebrovascular disease, 
atrial fibrillation (AF), peripheral artery disease (PAD), and venous thromboembolism (VTE). AF, the 
most prevalent cardiac condition with an anticoagulant indication, affects 0.7–3% of the population 
and prevalence increases with age [1-5]. It predisposes patients to develop left atrial (LA)/left atrial 
appendage (LAA) thrombus [6], and stroke risk is increased 5-fold [7]. Acute coronary syndrome 
(ACS) onset involves atheromatous plaque disruption or erosion complicated by platelet aggregation 
and thrombosis. Thrombosis may also be implicated in the consequences of myocardial infarction 
(MI), including left ventricular dysfunction, heart failure (HF), arrhythmia development, and VTE. For 
secondary prevention in ACS, guidelines recommend dual antiplatelet therapy (DAPT; acetylsalicylic 
acid [ASA] plus clopidogrel, prasugrel, or ticagrelor) [8-12]. However, even with antiplatelet therapy, 
the annual risk of cardiovascular death, nonfatal MI, or stroke remains ~10% [13], prompting a re-
evaluation of the role of combined anticoagulant and antiplatelet therapy [13]. 
 
Several studies have assessed the efficacy and safety of anticoagulants in arterial disease. The SAVE 
(Survival and Ventricular Enlargement) trial suggested that anticoagulation therapy (warfarin or 
heparin) protects against stroke after MI, but this study predated modern revascularization and 
antiplatelet therapy [14]. A meta-analysis of observational studies concluded that warfarin was more 
effective for the prevention of thrombosis in patients with transmural anterior MI than antiplatelet 
therapy alone [15]. However, in other studies, low-dose warfarin plus ASA was not more effective 
than ASA alone, and high-intensity warfarin without ASA increased bleeding risk in CVD secondary 
prevention [12]. 
More recently, NOACs were developed to improve anticoagulation consistency, without routine 
coagulation monitoring or food–drug and drug–drug interactions of vitamin K antagonists (VKAs). 
Phase III studies with dabigatran [16], rivaroxaban [17], apixaban [18], and edoxaban [19] showed 
that NOACs were as good as or better than warfarin for the prevention of stroke and systemic 
embolism (SE) in patients with nonvalvular AF (NVAF). The NOACs also significantly reduced 
intracranial hemorrhage (ICH) and mortality, with similar major bleeding rates, but often increased 
gastrointestinal bleeding risk versus warfarin [20]. Subgroup analyses (e.g., by age, history of stroke, 
and renal impairment) suggest that some NOACs have better benefit–risk profiles than others in 
specific patient groups [21]. All 4 NOACs are now approved for the prevention of stroke and SE in 
moderate-to-high-risk patients with AF in many countries; additionally, in Europe, rivaroxaban (2.5 
mg twice daily—a quarter of the AF dose) is approved in combination with antiplatelet therapy for 
secondary prevention after ACS in patients with elevated biomarkers (troponin or creatine kinase-
MB) [22-30]. Guidelines (e.g., from the American College of Chest Physicians [ACCP] and the 
European Society of Cardiology [ESC]) recommend NOACs for stroke prevention in high-risk patients 
with AF, either as an alternative option or in preference to warfarin (Supplemental Table 1) [6,31-35]. 
However, guidelines differ in their definitions of ‘high-risk’ patients and preferred scoring system. 
Ultimately, treatment decisions should be made on an individual basis for each patient and based on 
local guidelines [36]. 
 
Real-world data support the efficacy and safety of rivaroxaban, dabigatran, and apixaban in patients 
with AF reported in phase III studies (real-world data with edoxaban are not yet published) [37-45]. 
Several ongoing large-scale prospective studies or registries are continuously assessing the use of 
NOACs and their effectiveness and safety outcomes in patients with NVAF (Supplemental Table 2). In 
general, studies have shown that, in routine clinical practice, patients are generally more persistent 
and adherent to NOACs than VKAs and may have better long-term clinical outcomes [46,47]. 
 
Despite the established effectiveness and safety of the NOACs in stroke prevention in AF, best 
practice in specific scenarios is uncertain, although there are several completed and ongoing studies 
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in those settings (See Supporting Information, Table 1, in the online version of this article). The field 
is evolving rapidly, but lacks a reference source of current trials beyond stroke prevention in patients 
with AF. This review provides such a resource and examines the potential for new applications in the 
cardiovascular field. Recent data and upcoming studies that assess NOACs are summarized—with a 
focus on rivaroxaban—in a broad range of CVD indications, including cardioversion or catheter 
ablation, AF and ACS, AF and CAD with percutaneous coronary intervention (PCI), CAD, and PAD.  
 
Methods 
 

Using a predefined search strategy, PubMed, ClinicalTrials.gov and meeting abstracts were searched 
through September 2017 for data on completed and upcoming trials of oral anticoagulants in 
patients with cardiovascular disorders. All resulting studies and clinical trials were retrieved, 
reviewed, and checked for related publications. The following search terms were used: atrial 
fibrillation, cardioversion, catheter ablation, acute coronary syndrome, coronary and peripheral 
artery disease, percutaneous coronary intervention, heart failure, hypertrophic cardiomyopathy, 
atrial tachyarrhythmia, left atrial/left atrial appendage thrombi, valve disease, valve replacement, 
mitral stenosis, and antiphospholipid antibody syndrome (APS).  
 
Potential benefits of NOACs in patients with cardiovascular disorders: recent and current studies 
AF and stroke risk: real-world evidence 
International Medical Statistics Health data from 2014 indicate that factor Xa inhibitors (rivaroxaban, 
apixaban, and edoxaban) have a higher usage rate than thrombin inhibitors (dabigatran), and that 
rivaroxaban is the most commonly used factor Xa inhibitor [48]. 
 
Effectiveness and safety 
NOACs should demonstrate similar, or lower, rates of stroke/SE and major bleeding compared with 
warfarin in order to demonstrate clinical effectiveness. Several studies have compared the real-world 
effectiveness and safety of VKAs and NOACs such as rivaroxaban for stroke prevention in AF. These 
observational studies reflect use in clinical practice in populations without the inclusion and 
exclusion restrictions of phase III trials. The findings in these more inclusive populations underpin the 
effectiveness and safety of NOACs versus VKAs seen in phase III clinical trials [42-44,49-52]. In the 
prospective, international, noninterventional phase IV XANTUS (Xarelto for Prevention of Stroke in 
Patients with Atrial Fibrillation) study, stroke, and major bleeding rates were low in patients given 
rivaroxaban (mean CHADS2 score 2.0) [41]; major bleeding rate was lower than in the phase III 
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); (2.1 vs 3.6%/year, 
mean CHADS2 score in ROCKET AF 3.5) (Figure 1) [17,41,42,53,54]. Data from the Dresden NOAC 
Registry suggest that in a real-world setting, rates of major bleeding and outcomes with rivaroxaban 
may be better than or similar to those obtained with a VKA [42]. In a study assessing patients with AF 
from the Dresden NOAC Registry who received rivaroxaban, the rate of major bleeding was 3.0 per 
100 patient-years for the on-treatment population [53]. The rate of stroke, transient ischemic attack 
and SE was 2.0 per 100 patient-years in the intention-to-treat population [53]. In a similar study 
assessing patients with AF in the Dresden NOAC Registry who remained on a VKA, the rate of major 
bleeding was 4.2 per 100 patient-years, and the rate of stroke, transient ischemic attack and SE was 
1.3 per 100 patient-years in the intention-to-treat population [51]. Real-world studies have indicated 
a similar or decreased risk of ICH with rivaroxaban, apixaban, or dabigatran versus warfarin, 
consistent with the phase III clinical trial results [16,17,41,55-57]. Gastrointestinal bleeding risk is 
similar for rivaroxaban and warfarin in real-world settings [47,58,59]; findings for dabigatran versus 
warfarin have been inconsistent in this setting [37-39,58-61]. 
 
Most real-world effectiveness and safety outcomes data with NOACs versus VKAs are from 
retrospective database analyses, and outcomes are largely consistent with phase III trial results. For 
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example, a US Department of Defense claims database analysis indicated low rates of major bleeding 
with rivaroxaban (2.9%/year) [54]. Significantly lower rates of stroke with dabigatran versus warfarin 
(0.9%/year vs 1.3%/year; hazard ratio [HR]: 0.73, 95% confidence interval [CI]: 0.55–0.97) and similar 
rates of major bleeding (3.1% vs 3.7%) were also observed, consistent with results for the dabigatran 
150 mg twice-daily dose in the phase III trial [16,62]. However, other studies have reported 
inconsistent effectiveness and safety outcomes versus other database analyses or phase III trial 
results [63]. These findings may be due to differences in patient characteristics and outcome 
definitions, and incomplete ascertainment of safety and efficacy outcomes in datasets extracted 
from routine records. There are also other factors that may affect data quality and limit the 
generalization of findings based on claims datasets. These include potential bias in drug and control 
group selection, coding errors, missing data, and varying or missing follow-up; therefore, 
retrospective datasets are insufficient, and prospective observational studies are required to support 
phase III study results. 
 
Treatment patterns 
The GARFIELD-AF (Global Anticoagulant Registry in the FIELD-AF) registry is a comprehensive 
multinational prospective program charting the evolving use of anticoagulants in patients with newly 
diagnosed AF. It examines treatment patterns (including no treatment), patient characteristics, and 
therapy choice in sequential cohorts [64]. Both men and women aged 18 and over, with a first 
diagnosis of NVAF within the previous 6 weeks, and with one or more investigator-defined risk 
factors for stroke, were included [64]. Cohorts were divided by date of enrollment (cohort 1 between 
March 2010 and October 2011; cohort 2 between August 2011 and June 2013; cohort 3 between 
April 2013 and October 2014; cohort 4 between March 2014 and July 2015; and cohort 5 between 
August 2015 and July 2016) [64]. Data from 39,670 patients in cohorts 1–4 showed that, since the 
introduction of the NOACs, newly diagnosed at-risk patients with AF increasingly receive guideline-
recommended therapy, driven by increased use of NOACs and reduced VKA use (with or without 
antiplatelets), and reduced use of antiplatelets alone in patients with CHA2DS2-VASc scores ≥2 [64]. 
Unpublished data from cohort 5 show a similar pattern to cohort 4 (Figure 2). However, because 
anticoagulant management was based on clinician decisions (rather than a risk score), the study 
observed use of anticoagulants and antiplatelets in patients without a risk score or other indication 
for anticoagulation (CHA2DS2-VASc score of 0) (Figure 2) [65]. 
 
Many patients given NOACs do not receive the appropriate dose [66,67], signifying a need for further 
education on appropriate dosing of NOACs. The extent of use of the lower dose of NOACs differs by 
anticoagulant, and for some agents this differs substantially from the use in the phase III trials 
[56,68]. Despite increasing use of anticoagulant therapy in line with guidelines, ~25% of patients with 
AF at risk of stroke still do not receive anticoagulation. Conversely, ≤40% of those at very low stroke 
risk (CHA2DS2-VASc score of 0) receive anticoagulation and/or antiplatelet therapy despite guideline 
recommendations [64]. 
 
Adherence/persistence 
Adherence relates to a patient acting in accordance with the prescribed interval and dose of the drug 
regimen (percentage of doses taken as prescribed) [69]. Persistence measures treatment duration 
and excludes permissible gaps [69]. 
 
In the Dresden NOAC Registry, persistence with therapy was analyzed using prescription refill data. 
Persistence was defined as ‘a refill within the period covered by the previous prescription or within 
60 days after the end of this period’ [70]. This included patients in whom treatment may have been 
interrupted but who received their following prescription within 60 days [70]. Persistence with 
therapy with rivaroxaban (66.0%) at 180 days was significantly higher than with VKA therapy (58.1%) 
in patients with AF [70]. Similarly, in 2 retrospective US database analyses, patients with AF were 
significantly more persistent at 6 months with rivaroxaban (74% and 82% persistent) than warfarin 
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(67% and 68% persistent) [46,47]. In 2 retrospective analyses of different US databases, rivaroxaban 
was associated with significantly higher persistence rates at 1-year follow-up, and significantly better 
adherence than dabigatran [71,72]. In a small-scale Canadian study, once-daily oral anticoagulant 
therapy was associated with better adherence than twice-daily therapy [73].  
 
These observational studies indicate that patients receiving rivaroxaban were significantly less likely 
to discontinue treatment versus other oral anticoagulants (8% for rivaroxaban vs 18% for warfarin; 
18% for dabigatran and 27% for apixaban; data for edoxaban are not yet available) [73].  
 
Specific patient subpopulations 
Despite the overall evidence for use of NOACs [6,31-35], there are specific situations for which there 
is a lack of clinical evidence. These include cardioversion, AF ablation, subclinical AF, dissolution of 
thrombi present in the LAA, concomitant AF and ACS, and patients with a high CHADS2/CHA2DS2-VASc 
score and no known AF. The latest European Heart Rhythm Association (EHRA) 2015 practical 
guidelines, and other recent consensus documents, advise how to manage selected, specific clinical 
situations [74-76], although they may need revision as trial evidence emerges. 
 
Cardioversion 
In patients with AF without adequate anticoagulation, cardioversion is associated with a 5–7% risk of 
thromboembolic events [77]. Thrombi are usually already present in the LAA or develop there after 
cardioversion [77]. Adequate anticoagulation in the weeks before cardioversion, or exclusion of 
patients with LA thrombi before the procedure, reduces this risk [77]. Guidelines recommend 
anticoagulation therapy before and after cardioversion, irrespective of CHADS2/CHA2DS2-VASc score 
or cardioversion method (electrical or pharmacological) [6,31]. An alternative way to reduce the risk 
of thromboembolic events without prior anticoagulation is to perform transesophageal 
echocardiogram (TEE)-guided cardioversion [77]. This procedure can establish the presence of a 
thrombus in the LA/LAA prior to cardioversion (incidence of LA thrombus in patients with AF pre-
cardioversion is ~7–12%) [77-79]. Therefore, if patient compliance with anticoagulation therapy is 
doubtful, patients undergoing cardioversion or ablation (see section 2.2 below) need to be assessed 
for the presence of an LA/LAA thrombus [74]. Immediate anticoagulation post-cardioversion is still 
required for up to 4 weeks because of the risk of thrombi developing after the procedure [77]. 
Improved strategies are needed because cardioversion frequently has to be rescheduled because of 
poor international normalized ratio control, and prolonged delays reduce restoration of sinus 
rhythm. 
 
Anticoagulation with warfarin or NOACs should continue for ≥4 weeks after cardioversion, based on 
ESC and American Heart Association (AHA)/ American College of Cardiology (ACC)/ Heart Rhythm 
Society (HRS) guidelines [31,80]. Post hoc analyses of phase III studies with dabigatran, rivaroxaban, 
and apixaban have shown the efficacy and safety of NOACs in patients with AF undergoing 
cardioversion [81-83]. The European approved indications for these 3 NOACs have, therefore, been 
extended to include continued use in cardioversion [23,25,27]. The prospective X-VeRT (eXplore the 
efficacy and safety of once-daily oral riVaroxaban for the prevention of caRdiovascular events in 
subjects with non-valvular aTrial fibrillation scheduled for cardioversion) trial with rivaroxaban 
supports the findings of the post hoc analysis of ROCKET AF, but the sample size only allowed for a 
descriptive analysis [84,85]. Rivaroxaban administered de novo, as ongoing therapy, or instead of 
VKAs or another anticoagulant had a low risk of thromboembolic and bleeding events, similar to VKA 
treatment [84]. Rivaroxaban had similar risks to VKAs in both early and delayed cardioversion 
strategies, with a significantly shorter time to cardioversion in the delayed strategy group [84], 
resulting in the European approved indication for rivaroxaban being extended to include de novo 
rivaroxaban use in patients potentially undergoing cardioversion. In this case, rivaroxaban should be 
started ≥4 hours before cardioversion to ensure adequate anticoagulation before the procedure [23]. 
ENSURE-AF was a recent prospective trial comparing edoxaban with enoxaparin/warfarin in patients 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

undergoing cardioversion for NVAF. Efficacy and safety endpoint rates were low in each group [86]. A 
trial assessing apixaban in cardioversion is ongoing (EMANATE [NCT02100228]).  
 
Catheter ablation 
Catheter ablations are associated with a 0.3–0.4% incidence of clinically evident thromboembolic 
events, as observed in studies by Gaita et al. and Kirchhof et al. Interestingly, these studies also 
identified a proportion of patients with asymptomatic acute small cerebral lesions following catheter 
ablation, 14% and 26% respectively[87,88]. In the COMPARE trial, continuous warfarin therapy in 
patients undergoing catheter ablation reduced thromboembolic event rates [89], and guidelines 
recommend thromboprophylaxis in the peri-ablation setting [6,90]. Evidence that catheter ablation 
reduces stroke or mortality risk is lacking, but it is effective in controlling heart rhythm disorders and 
their symptoms. Practical guidance recommends ≥8 weeks’ post-procedure anticoagulation, 
depending on stroke risk [90]. 
 
Several studies have demonstrated that fewer complications occur with uninterrupted versus 
interrupted VKA; therefore, guidelines recommend continuous anticoagulation for patients receiving 
VKA during catheter ablation [6]. Nonrandomized studies using various dose–timing protocols 
suggest that the rate of major complications was low in patients undergoing catheter ablation with 
uninterrupted rivaroxaban, similar to other NOACs [91,92]. One retrospective study of uninterrupted 
warfarin or dabigatran versus a bridged warfarin strategy reported a higher rate of major 
complications with uninterrupted warfarin [93]. For continuous anticoagulation with NOACs, the lack 
of reversal agents in the ablation setting has initially been a barrier to use [94]. However, 
idarucizumab is now approved for use as a reversal agent for dabigatran, with promising ongoing 
studies for the reversal agents for the other NOACs, including andexanet alfa (reversal agent for 
apixaban, edoxaban, and rivaroxaban) and ciraparantag (reversal agent for several anticoagulants)  
[94]. 
 
VENTURE-AF was the first prospective trial of an uninterrupted NOAC versus a VKA in patients with 
AF undergoing catheter ablation; 248 patients were randomized to either uninterrupted rivaroxaban 
or uninterrupted VKA before catheter ablation and for 4 weeks post-ablation. There was 1 major 
bleeding event, 1 ischemic stroke, and 1 vascular death in the VKA group; no such events occurred in 
the rivaroxaban group [95]. Although small scale, this study suggests that use of uninterrupted 
rivaroxaban is feasible in this setting [95]. 
 
Other trials assessing the use of NOACs in the ablation setting are ongoing (See Supporting 
Information, Table 1, in the online version of this article). Data will become available over the coming 
years, and will inform treatment decisions.  
Secondary prevention of future cardiovascular events after ACS 
Several antithrombotic strategies have been tested for secondary prevention of coronary events, 
including DAPT with various antiplatelet combinations, a platelet-specific thrombin receptor 
antagonist (vorapaxar), and anticoagulation [96-104]. 
 
In the phase III ATLAS ACS 2 TIMI 51 (Anti-Xa Therapy to Lower cardiovascular events in Addition to 
aspirin with/without thienopyridine therapy in Subjects with Acute Coronary Syndrome) trial, 
rivaroxaban (2.5 mg or 5 mg twice daily) plus antiplatelet therapy (ASA alone or ASA plus clopidogrel) 
versus antiplatelet therapy alone reduced the risk of the composite of cardiovascular mortality, MI, 
and stroke in patients with a recent ACS [101]. Rivaroxaban increased major bleeding and ICH risk, 
but not fatal bleeding risk [101]. The most favorable benefit–risk profile was seen with rivaroxaban 
2.5 mg twice daily. The phase III APPRAISE-2 (Apixaban for Prevention of Acute Ischemic Events 2) 
trial assessed apixaban (full AF dose of 5 mg twice daily) plus standard antiplatelet therapy versus 
antiplatelet therapy alone in this setting. The study was prematurely terminated owing to increased 
major bleeding in the apixaban group (2.7% vs 1.1%; p<0.001) with no significant reduction in 
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cardiovascular death, MI or ischemic stroke compared with antiplatelet therapy alone (7.5% vs 7.9%, 
respectively; p=0.51) [103]. In a phase II, double-blind study, patients who had recently had an MI 
receiving dual antiplatelet therapy were randomized to dabigatran (various doses) or placebo [104]. 
Results showed that bleeding event rates were significantly higher with dabigatran (HR=1.77–4.27 
with increasing dose) versus placebo. However, dabigatran did demonstrate a significantly reduced 
level of coagulation activity (45% reduction at week 4; p<0.001) [104]; no phase III dabigatran study 
is currently underway. 
 
More recently, the phase II GEMINI ACS 1 (NCT02293395) trial demonstrated that rivaroxaban 2.5 mg 
twice daily had a similar bleeding risk to ASA in patients with a recent ACS who were receiving a P2Y12 
inhibitor. Similar efficacy outcomes were observed in both treatment arms, although the trial was 
not powered to detect a difference in efficacy [105]. 
 
In summary, rivaroxaban 2.5 mg twice daily in addition to antiplatelet therapy may provide greater 
clinical benefits compared with antiplatelet therapy alone (standard of care). Rivaroxaban is 
indicated for secondary prevention of cardiovascular events after an ACS event in patients with 
elevated cardiac biomarkers (troponin or creatine kinase-MB; approved by the European Medicines 
Agency [EMA] but not the US Food and Drug Administration [FDA]) [23]. The role of the other NOACs 
is uncertain and apixaban, dabigatran and edoxaban are currently not indicated for use in the post-
ACS setting. 
 
Coronary and peripheral artery disease 
Coronary artery disease and PAD often occur concomitantly; 1 study showed that 68% of patients 
aged >50 years with PAD also had CAD [106]. PAD affects 12–14% of the population and prevalence 
increases with age, affecting ≤20% of patients aged >75 years [107,108]. Patients with PAD have 
increased thrombogenicity and an increased relative risk of 3.1 (95% CI: 1.9–4.9) for all-cause 
mortality, and 5.9 (95% CI: 3.0–11.4) for cardiovascular mortality [109]. Because of the coexistence of 
CAD and cerebrovascular disease, PAD is associated with increased risk of cardiac and 
cerebrovascular events, in addition to obstructive disease of the lower extremities. Antiplatelet 
therapy can reduce the rate of the composite of cardiovascular death, MI, or stroke to <10% at the 
cost of increased minor bleeding; however, individual outcomes still occur in 2–20% of patients 
[110]. Revascularization strategies are also indicated to decrease the risk of limb loss, relieve 
symptoms, and improve quality of life [108]. 
 
In patients with PAD, the WAVE trial showed that a VKA plus ASA was no more effective than ASA 
alone in preventing cardiovascular complications, and increased the risk of life-threatening bleeding 
events [111]. Older trials support anticoagulation treatment in patients with CAD [112], and 
rivaroxaban is being assessed in this setting in phase III clinical trials (See Supporting Information, 
Table 1, in the online version of this article).  
 
The phase III COMPASS (Cardiovascular OutcoMes for People Using Anticoagulation StrategieS) trial 
(NCT01776424) was stopped early after rivaroxaban 2.5 mg twice daily plus ASA clearly 
demonstrated efficacy in patients with CAD and/or PAD [113]. Rivaroxaban 2.5 mg twice daily plus 
ASA significantly reduced the composite incidence of cardiovascular death, stroke or MI, compared 
with ASA alone (4.1% vs 5.4%, HR: 0.76, 95% CI: 0.66–0.86, p < 0.001). In addition, rivaroxaban 2.5 
mg twice daily plus ASA was associated with a nominally significant reduction in all-cause mortality 
compared with ASA alone (3.4% vs 4.1%; p = 0.01; threshold for significance = 0.0025). The overall 
incidence of major bleeding was low but significantly increased with rivaroxaban 2.5 mg twice daily 
plus ASA, compared with ASA alone (rivaroxaban 2.5 mg twice daily plus ASA vs ASA alone: 3.1% vs 
1.9%, p < 0.001); there was no increase in fatal bleeding or intracranial hemorrhage. Rivaroxaban 5 
mg twice daily was also evaluated in COMPASS but did not demonstrate significant benefits in 
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efficacy outcomes compared with ASA alone and showed similar safety outcomes to rivaroxaban 2.5 
mg twice daily plus ASA [113].  
 
A subanalysis of the COMPASS data showed that the overall study outcomes were consistent in the 
subgroup of patients with PAD; importantly, rivaroxaban 2.5 mg twice daily plus ASA was associated 
with a significant 70% reduction in the incidence of major amputation in patients with PAD compared 
with ASA alone [114]. Additional data on the efficacy of rivaroxaban in patients with PAD will be 
provided by the phase III VOYAGER PAD trial (NCT02504216) in patients with PAD who have 
undergone recent procedures to improve peripheral blood flow. 
Patients with AF and CAD and those undergoing PCI 
Acute coronary syndrome is commonly associated with prevalent or incident AF, with an incidence of 
AF in ACS of 2.3–21% [115]. Concomitant AF and ACS increases mortality by 40% versus ACS alone 
[116-118]. There are insufficient data to guide clinical practice or identify the optimal antithrombotic 
therapy [119]. 
 
Patients with concomitant AF and ACS are challenging, because the combination of antiplatelet (ASA 
and/or a P2Y12 inhibitor) and anticoagulation therapy, especially at doses indicated for AF, increases 
annual risk of fatal and nonfatal bleeding episodes [120-122]. The WOEST (What is the Optimal 
antiplatElet and Anticoagulant Therapy in Patients With Oral Anticoagulation and Coronary StenTing) 
trial was the first randomized trial comparing single versus DAPT in VKA-treated patients undergoing 
PCI (~280 patients in each arm); ~70% of enrolled patients had AF as the indication for oral 
anticoagulation [123]. Treatment with clopidogrel and a VKA significantly lowered the risk of 
bleeding complications versus triple therapy with ASA, clopidogrel, and a VKA. Although the trial was 
small, there was no increased risk of thrombotic events with VKA plus single antiplatelet therapy 
[123]. Similar results were reported in a Danish registry study [124]. Based on the WOEST findings, 
the AHA/ACC/HRS guidelines recommend dual therapy with a VKA and clopidogrel [31]. By contrast, 
the 2016 ESC guidelines recommend initial triple therapy (VKA or NOAC, plus both clopidogrel and 
ASA), followed by dual therapy (VKA or NOAC, plus either clopidogrel or ASA) [80]. Because of the 
increased bleeding risk, triple therapy duration should be as short as possible [74]. 
 
Combined antiplatelet and anticoagulant therapies for the initial phase after PCI in patients with AF 
are recommended [6,31,74,75,125], but observational data suggest that combination therapies 
increase the risk of bleeding [124]. Several ongoing trials are assessing NOACs in this setting (See 
Supporting Information, Table 1, in the online version of this article); PIONEER AF-PCI (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) demonstrated improved safety versus VKA in 
rivaroxaban-treated patients with ACS undergoing PCI [126]. As a consequence of PIONEER AF-PCI, 
rivaroxaban 15 mg once daily in combination with a P2Y12 inhibitor was approved for the treatment 
of patients with NVAF who require oral anticoagulation and undergo PCI with stent placement [23]. 
RE-DUAL PCI (Randomized Evaluation of DUAL antithrombotic therapy with dabigatran versus triple 
therapy with warfarin in patients with nonvalvular atrial fibrillation undergoing Percutaneous 
Coronary Intervention) demonstrated that two different regimens of full-dose anticoagulation 
therapy with dabigatran (either 110 mg or 150 mg twice daily) plus a P2Y12 inhibitor (clopidogrel or 
ticagrelor) resulted in a significantly lower risk of major or clinically relevant nonmajor bleeding 
events when compared with triple therapy with warfarin; in addition, dual therapy with dabigatran 
was noninferior to triple therapy with warfarin with respect to the composite efficacy endpoint of 
thromboembolic events, death, or unplanned revascularization.[127] 
 
Heart failure 
Heart failure constitutes a prothrombotic state, but evidence that an oral anticoagulant reduces 
mortality/morbidity in HF versus placebo or ASA is lacking [128]. However, phase III subanalyses 
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suggest that anticoagulation may benefit patients with HF and CAD. In a subgroup analysis of ATLAS 
ACS 2 TIMI 51, rivaroxaban 2.5 mg twice daily was associated with a lower rate of the composite of 
death from cardiovascular causes, MI, and stroke (primary efficacy outcome) versus placebo (11.6 vs 
18.6%) in patients with HF and ACS.  
 
Only one ongoing trial is assessing NOACs in patients with HF–COMMANDER-HF (NCT01877915) 
[129]. It will assess the effectiveness and safety of rivaroxaban compared with placebo (both in 
addition to standard therapy for HF and CAD) in reducing the risk of death, MI, and stroke in patients 
with HF and significant CAD (see Supporting Information, Table 1, in the online version of this article). 
 
Related fields of research 
"Cryptogenic" stroke: Embolic Stroke of Undetermined Source (ESUS) 
Ischemic stroke accounts for 80% of all strokes [130]. Of these, 25% are ‘embolic stroke of 
undetermined source’ (ESUS), previously designated as cryptogenic stroke [131], which is defined as 
a nonlacunar brain infarct (subcortical infarct >1.5 cm on computed tomography or >2.0 cm on 
magnetic resonance imaging) without proximal arterial stenosis or an identified source of 
cardioembolism (including AF). Recurrent stroke in patients with ESUS is reported inconsistently, 
because of differing diagnostic and prognostic criteria and lack of standardization, but ranges from 
3% to 6% per year [131]. Treatment options to prevent recurrent stroke after ESUS are limited, and 
the mechanisms of stroke generation may be heterogeneous. A high proportion of older patients 
(≥55 years) who have an ESUS may have underlying paroxysmal AF [132]. Several studies observed 
paroxysmal AF in around 10–20% of patients with cryptogenic ischemic stroke [131]. The duration of 
paroxysmal AF can be short, lasting only minutes or seconds; therefore, anticoagulation therapy may 
not be justified [131]. Evaluating patients for AF after an ESUS is important because of the treatment 
implications (Supplemental Table 3). 
 
The CRYSTAL AF study evaluated AF incidence and time to AF detection in patients with ESUS using 
an insertable cardiac monitor [133]. Continuous monitoring detected AF in 30% of these patients 
versus 3% with standard medical care at 36-month follow-up [134]. Of patients with detected AF, 
97% were prescribed anticoagulation therapy [134]. Another study, EMBRACE, confirmed that 
paroxysmal AF was common among patients aged ≥55 years with recent ESUS or transient ischemic 
attack [132]. In summary, prolonged electrocardiogram monitoring substantially improved AF 
detection and increased the rate of anticoagulant treatment [132]. 
 
The efficacy and safety of dabigatran (RE-SPECT ESUS; NCT02239120) and apixaban (ATTICUS; 
NCT02427126) in patients with prior ESUS is currently being investigated. The hypothesis that a 
NOAC could be superior to aspirin in reducing the risk of recurrent stroke and SE was not confirmed 
in the NAVIGATE ESUS study. This finding has opened the field for new studies to determine the 
underlying mechanism of these strokes, including the complications of atherothrombotic disease in 
sinus rhythm [113,114,135]. 
 
Future potential applications for NOACs? 
Beyond the unmet needs in defined patient subgroups with vascular disease, other patient groups 
could benefit from NOAC treatment. 
 
Hypertrophic cardiomyopathy 
Hypertrophic cardiomyopathy (HCM) is a genetically determined heart muscle disease associated 
with hemodynamic abnormalities. It occurs in ~0.2% of the general population [136]. Stroke 
incidence in patients with HCM and AF is ~21–23% [136] and, therefore, anticoagulation therapy is 
recommended independent of CHA2DS2-VASc score [31]. Specific data for NOACs in patients with 
HCM are not available, but these agents may be considered [136]. 
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Anticoagulation based on monitoring atrial tachyarrhythmia 
Implanted cardiac devices can detect atrial tachyarrhythmias, allowing assessment of the correlation 
between AF or atrial flutter and stroke risk, and the feasibility of ‘pill-in-the-pocket’ anticoagulation 
based on daily remote transmissions from an implanted cardiac device. The IMPACT (In-hospital 
Mortality for PulmonAry embolism using Claims daTa) study assessed whether the initiation and 
withdrawal of oral anticoagulant therapy (VKAs, rivaroxaban, dabigatran, or apixaban) guided by 
continuous ambulatory monitoring of an atrial electrogram improves clinical outcomes versus 
conventional clinical management in patients with implanted dual-chamber cardiac 
resynchronization therapy defibrillator devices [137]. This study was terminated early (2 years’ 
median follow-up) based on no difference in primary endpoints (stroke, SE, and major bleeding) 
between groups, suggesting that early initiation and withdrawal of anticoagulation based on 
remotely detected atrial tachyarrhythmias did not prevent thromboembolism and bleeding [137]. 
The REACT.COM pilot study (NCT01706146) concluded that intermittent anticoagulation with 
dabigatran, rivaroxaban, or apixaban guided by a continuous AF-sensing implantable cardiac monitor 
(Reveal XT) with remote data transmission capabilities is feasible [138]. This allows remote and 
continuous evaluation of patients for arrhythmias including AF recurrences, even for brief 
asymptomatic episodes. Whether brief episodes of AF (e.g., <6 minutes) are prognostically important 
is uncertain, and a role for NOACs in such patients is undetermined.  
 
REVEAL AF (NCT01727297) uses the Reveal implantable cardiac monitor and aims to determine the 
incidence of AF in patients suspected to be at high risk of AF, and to understand how physicians 
manage these patients after AF has been detected [139]. This study aimed to identify which patient 
characteristics are most predictive of developing AF. A total of 385 patients with a CHADS2 score of 
≥3, or a CHADS2 score of 2 plus at least one additional AF risk factor (to include CAD, renal 
impairment, sleep apnea or chronic obstructive pulmonary disease), were followed up for a mean of 
22.5 months and showed an AF detection rate of 6.2% at 30 days [140]. The detection rate increased 
throughout the monitoring period. A high incidence of AF (lasting ≥6 minutes) was detected by 
cardiac monitoring in ~30% of high-risk patients at 18 months, increasing to 40% at 30 months [140]. 
Undetected subclinical AF may present in a substantial proportion of patients with risk factors for AF 
and stroke. Prophylactic therapies may be beneficial in these patients, and further research is 
required [140]. 
 
Other ongoing studies (e.g., ARTESiA [NCT01938248] and NOAH-AFNET 6 [NCT02618577]) are 
assessing oral anticoagulation versus standard therapy for ischemic stroke and SE risk reduction in 
patients with device-detected subclinical AF and additional stroke risk factors. 
 
Device interventions for stroke prevention in patients with AF (LA/LAA thrombi) 
Permanent treatment options, such as surgery to remove or close the LAA or percutaneous closure 
devices, have been explored to circumvent the risk of bleeding associated with long-term 
anticoagulation therapy. Although surgical closures are often incomplete, the WATCHMAN, 
AMPLATZER, and LARIAT devices are the 3 closure devices that are currently being studied for 
percutaneous LAA closure [141]. The WATCHMAN device is the most studied and is noninferior to 
warfarin for preventing the combined outcomes of stroke, SE, and cardiovascular death, and superior 
for preventing cardiovascular and all-cause mortality [142]. A meta-analysis of PROTECT-AF and 
PREVAIL randomized trials, and 2 nonrandomized studies, consisting of 2406 patients with 5931 
patient-years of follow-up, found significantly fewer hemorrhagic strokes, 
cardiovascular/unexplained deaths and nonprocedural bleeding events in patients receiving LAA 
closure with the WATCHMAN device compared with patients treated with warfarin, with similar rates 
of all-cause stroke or SE between the 2 groups [143].  
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Valve disease and valve replacement 
Antithrombotic therapy is recommended after valve replacement with mechanical prostheses, 
bioprostheses or transcatheter aortic valve replacement (TAVR) and should be adapted according to 
the type and site of prosthesis, the period considered and patient characteristics [144]. Combination 
therapies of both anticoagulation and antiplatelet agents have not been robustly studied in these 
patients. The RE-ALIGN phase II study assessed dabigatran versus warfarin in patients who had 
undergone aortic or mitral valve replacement with mechanical valves. The trial was terminated 
prematurely owing to increased rates of thromboembolic and bleeding complications in the 
dabigatran group, despite the use of higher doses of dabigatran than used in patients with AF [146]. 
Although not known, it has been assumed that as dabigatran was not suitable in the prevention of 
thromboembolic events in patients with mechanical heart valves, this finding can be applied to all 
NOACs. GALILEO (NCT02556203) is an ongoing phase III study in patients after TAVR, assessing 
rivaroxaban plus ASA followed by rivaroxaban alone versus ASA plus clopidogrel followed by ASA 
alone for superiority in reducing death or first thromboembolic events and noninferiority in the 
occurrence of primary bleeding events. Results are expected in 2018. Ongoing studies assessing the 
benefit–risk of NOACs in patients with bioprosthetic or rheumatic valves include the RIVER 
(NCT02303795) and INVICTUS studies (NCT02832544/NCT02832531). 
 
Mitral stenosis 
Patients with hemodynamically significant mitral stenosis were excluded from the trials of stroke 
prevention with the NOACs, despite being at increased thrombotic, embolic, and stroke risks. 
Optimal anticoagulation control with VKAs is challenging, especially in regions where rheumatic heart 
disease is most prevalent. NOACs may have an important role in such patients [147]. Launched in 
June 2016, INVICTUS is a worldwide program consisting of a registry of 20,000 patients and 2 clinical 
trials that will examine if rivaroxaban can safely reduce strokes in patients with rheumatic heart 
disease [148]. 
 
Bioprosthetic mitral valves 
Guidelines currently recommend VKAs as the first-line oral anticoagulation therapy in patients with 
AF and bioprosthetic mitral valves owing to lack of evidence with NOACs in this setting [149]. The 
phase II RIVER trial (NCT02303795) will assess rivaroxaban versus VKAs for the prevention of 
disabling strokes, major bleeding events, all-cause death, valve thrombosis, and noncentral nervous 
system SE in patients with AF and bioprosthetic mitral valves. Results are expected in late 2018/early 
2019. 
 
Phospholipid syndrome 
The current mainstay for the prevention of VTE in patients with thrombotic APS is long-term 
anticoagulation with VKAs such as warfarin [150]. Several ongoing phase II/III studies are assessing 
rivaroxaban versus warfarin in patients with thrombotic APS with or without systemic lupus 
erythematosus, such as RAPS (NCT02116036) [150], and in high-risk patients with triple APS 
(NCT02157272) [151]. 
 
End-stage renal dysfunction and hemodialysis 
Patients with severe renal dysfunction and those requiring hemodialysis were excluded from stroke 
prevention trials with the NOACs [16-19]. However, such patients are at increased risk of thrombotic 
and bleeding events. Trials with apixaban and edoxaban suggest that the factor Xa inhibitors may 
have a favorable benefit–risk balance compared with warfarin in such patients [152,153]. A small 
phase I study with apixaban has led to its FDA approval in patients with AF and end-stage renal 
disease (ESRD) [154,155]. A further small-scale phase I study with rivaroxaban in individuals with 
ESRD (but otherwise healthy) showed that deterioration of renal filtration function from severe to 
ESRD did not have a significant impact on rivaroxaban pharmacokinetics and pharmacodynamics 
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beyond changes observed with moderate or severe renal impairment [156]. Trials with patients 
indicated for anticoagulation have yet to be conducted. 
 
Cognitive decline 
Debate exists over the association between AF and cognitive decline, even beyond the association 
with recurrent embolic stroke. A recent review concludes that AF is independently associated with 
cognitive decline, even among patients with no clinical history of stroke [157]. Cognitive decline is 
associated with stroke and silent cerebral infarcts, and patients with AF have higher rates of silent 
cerebral infarcts than patients without AF. Among patients with AF, low scores on the Mini Mental 
State Examination have been associated with out-of-range international normalized ratio values and 
an increased risk of vascular events and bleeding. However, the impact of anticoagulation on silent 
cerebral infarcts remains unknown; therefore, clinical trials evaluating the effect of NOACs on 
cognitive decline in patients with AF would be of value [157]. 
 
Conclusions 
 

There are significant unmet medical needs for several arterial thromboembolic-related conditions. 
The NOACs may provide new treatment options in these areas and studies to address these unmet 
clinical needs are currently ongoing. Observational studies with NOACs enable assessment of patient 
management, safety, and observed outcomes in an extended range of patients, including many 
excluded from clinical trials. Beyond the currently approved NOAC indications, there are 
cardiovascular and cerebrovascular conditions where further clinical studies are needed to assess the 
benefit–risk profile of the NOACs and the potential for practical management advantages. In this 
review, the emphasis has been placed on rivaroxaban as the NOAC with the broadest range of 
indications. This agent is also being investigated in further indications across several patient groups, 
for example, indications in the post-ACS setting. NOACs should be assessed at an individual level 
when considering future indications and use in patient subgroups that have not been investigated 
previously. 
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Figure legends 
 
Figure 1. Rates of major bleeding with rivaroxaban in ROCKET AF, the Dresden NOAC Registry, the US 
Department of Defense postmarketing surveillance study, and XANTUS. Results are not intended for 
direct comparison. Abbreviations: NOAC, nonvitamin K antagonist oral anticoagulant; 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; XANTUS, Xarelto for Prevention of 
Stroke in Patients with Atrial Fibrillation. 
 
Figure 2. Distribution of CHA2DS2-VASc and pattern of anticoagulant treatment. Increase in use of 
NOACs from Cohort 1 to Cohort 5; overuse in patients with CHA2DS2-VASc = 0. 53,053 prospective 
patients were enrolled in 5 sequential cohorts from 2010 to 2016. Cohort 1 (2010–2011), n = 5,499; 
Cohort 2 (2011–2013), n = 11,662; Cohort 3 (2013–2014), n = 11,462; Cohort 4 (2014–2015), n = 
11,296; Cohort 5 (2015–2016), n = 12,134.  
AP: antiplatelet; DTI: direct thrombin inhibitor; FXa factor Xa inhibitor; VKA: vitamin K antagonist. 
  

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

References 
 

[1] Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults: 
national implications for rhythm management and stroke prevention: the AnTicoagulation and Risk 
Factors in Atrial Fibrillation (ATRIA) Study. JAMA. 2001;285(18):2370–2375. 
[2] Dewilde S, Carey IM, Emmas C, et al. Trends in the prevalence of diagnosed atrial fibrillation, 
its treatment with anticoagulation and predictors of such treatment in UK primary care. Heart. 
2006;92(8):1064–1070. 
[3] Zhou Z, Hu D. An epidemiological study on the prevalence of atrial fibrillation in the Chinese 
population of mainland China. J Epidemiol. 2008;18(5):209–216. 
[4] Norberg J, Backstrom S, Jansson JH, et al. Estimating the prevalence of atrial fibrillation in a 
general population using validated electronic health data. Clin Epidemiol. 2013;5:475–481. 
[5] Kannel WB, Benjamin EJ. Status of the epidemiology of atrial fibrillation. Med Clin North Am. 
2008;92(1):17-40, ix. 
[6] Camm AJ, Lip GYH, De Caterina R, et al. 2012 focused update of the ESC Guidelines for the 
management of atrial fibrillation: an update of the 2010 ESC Guidelines for the management of atrial 
fibrillation. Developed with the special contribution of the European Heart Rhythm Association. Eur 
Heart J. 2012;33(21):2719–2747. 
[7] Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: 
the Framingham Study. Stroke. 1991;22(8):983–988. 
[8] Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC guideline for the management 
of patients with non-ST-elevation acute coronary syndromes: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 
2014;64(24):e139–e228. 
[9] O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for the management of 
ST-elevation myocardial infarction: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice Guidelines. Circulation. 
2013;127(4):e362-e425. 
[10] Steg PG, James SK, Atar D, et al. ESC guidelines for the management of acute myocardial 
infarction in patients presenting with ST-segment elevation: The Task Force on the Management of 
ST-Segment Elevation Acute Myocardial Infarction of the European Society of Cardiology (ESC). Eur 
Heart J. 2012;33(20):2569–2619. 
[11] Roffi M, Patrono C, Collet JP, et al. 2015 ESC Guidelines for the management of acute 
coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for 
the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-
Segment Elevation of the European Society of Cardiology (ESC). Eur Heart J. 2016;37(3):267–315. 
[12] Vandvik PO, Lincoff AM, Gore JM, et al. Primary and secondary prevention of cardiovascular 
disease: Antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest 
Physicians evidence-based clinical practice guidelines. Chest. 2012;141(2 Suppl):e637S–e668S. 
[13] Cohen M, Iyer D. The "dual-pathway" strategy after acute coronary syndrome: rivaroxaban 
and antiplatelet agents in the ATLAS ACS 2-TIMI 51 Trial. Cardiovasc Ther. 2014;32(5):224–232. 
[14] Loh E, Sutton MS, Wun CC, et al. Ventricular dysfunction and the risk of stroke after 
myocardial infarction. N Engl J Med. 1997;336(4):251–257. 
[15] Vaitkus PT, Barnathan ES. Embolic potential, prevention and management of mural thrombus 
complicating anterior myocardial infarction: a meta-analysis. J Am Coll Cardiol. 1993;22(4):1004–
1009. 
[16] Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients with atrial 
fibrillation. N Engl J Med. 2009;361(12):1139–1151. 
[17] Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular atrial 
fibrillation. N Engl J Med. 2011;365(10):883–891. 
[18] Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus warfarin in patients with atrial 
fibrillation. N Engl J Med. 2011;365(11):981–992. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

[19] Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients with atrial 
fibrillation. N Engl J Med. 2013;369(22):2093–2104. 
[20] Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the efficacy and safety of new oral 
anticoagulants with warfarin in patients with atrial fibrillation: a meta-analysis of randomised trials. 
Lancet. 2014;383(9921):955–962. 
[21] Verheugt FW, Granger CB. Oral anticoagulants for stroke prevention in atrial fibrillation: 
current status, special situations, and unmet needs. Lancet. 2015;386(9990):303–310. 
[22] Janssen Pharmaceuticals Inc. Xarelto® (rivaroxaban) Prescribing Information. Titusville, NJ: 
USA; October 2017 [cited 7 December 2017] Available from: http://www.janssenlabels.com/package-
insert/product-monograph/prescribing-information/XARELTO-pi.pdf 
[23] Bayer AG. Xarelto® (rivaroxaban) Summary of Product Characteristics. Berlin: Germany; 12 
January 2018 [cited 21 March 2018] Available from: 
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Product_Information/human/000944/WC500057108.pdf 
[24] Boehringer Ingelheim Pharmaceuticals Inc. Pradaxa® (dabigatran etexilate) Prescribing 
Information. Ridgefield, CT: USA; March 2018 [cited 28 March 2018] Available from: 
http://bidocs.boehringer-
ingelheim.com/BIWebAccess/ViewServlet.ser?docBase=renetnt&folderPath=/Prescribing%20Inform
ation/PIs/Pradaxa/Pradaxa.pdf 
[25] Boehringer Ingelheim International GmbH. Pradaxa® (dabigatran etexilate) Summary of 
Product Characteristics. Ingelheim am Rhein: Germany; 23 October 2017 [cited 21 March 2018] 
Available from: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Product_Information/human/000829/WC500041059.pdf 
[26] Bristol-Myers Squibb Company, Pfizer Inc. Eliquis® (apixaban) Prescribing Information. 
Princeton, NJ: USA; February 2018 [cited 7 December 2017] Available from: 
http://packageinserts.bms.com/pi/pi_eliquis.pdf 
[27] Bristol-Myers Squibb, Pfizer. Eliquis® (apixaban) Summary of Product Characteristics. 
Uxbridge: UK; 6 December 2017 [cited 21 March 2018] Available from: 
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Product_Information/human/002148/WC500107728.pdf 
[28] Daiichi Sankyo Inc. Savaysa® (edoxaban) Prescribing Information. Parsippany, NJ: USA; 
November 2017 [cited 7 December 2017] Available from: http://dsi.com/prescribing-information-
portlet/getPIContent?productName=Savaysa&inline=true 
[29] Daiichi Sankyo Europe GmbH. Lixiana® (edoxaban) Summary of Product Characteristics. 
Munich: Germany; 20 July 2017 [cited 21 March 2018] Available from: 
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Product_Information/human/002629/WC500189045.pdf 
[30] Cavender MA, Gibson CM, Braunwald E, et al. The effect of rivaroxaban on myocardial 
infarction in the ATLAS ACS 2 - TIMI 51 trial. Eur Heart J Acute Cardiovasc Care. 2015;4(5):468–474. 
[31] January CT, Wann LS, Alpert JS, et al. 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. J Am Coll Cardiol. 
2014;64(21):e1–e76. 
[32] National Institute for Health and Care Excellence. Atrial fibrillation: management. Clinical 
guideline [CG180] [Internet]. [updated August 2014; cited 24 May 2017]. Available from: 
https://www.nice.org.uk/guidance/cg180 
[33] You JJ, Singer DE, Howard PA, et al. Antithrombotic therapy for atrial fibrillation: 
Antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest Physicians 
evidence-based clinical practice guidelines. Chest. 2012;141(2 Suppl):e531S–e575S. 
[34] JCS Joint Working Group. Guidelines for pharmacotherapy of atrial fibrillation (JCS 2013). Circ 
J. 2014;78(8):1997–2021. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

[35] Verma A, Cairns JA, Mitchell LB, et al. 2014 focused update of the Canadian Cardiovascular 
Society guidelines for the management of atrial fibrillation. Can J Cardiol. 2014;30(10):1114–1130. 
[36] Camm AJ, Savelieva I. Stroke risk stratification in patients with atrial fibrillation: comme ci, 
comme ca, plus ca change... J Am Coll Cardiol. 2015;66(17):1860–1863. 
[37] Larsen TB, Rasmussen LH, Skjøth F, et al. Efficacy and safety of dabigatran etexilate and 
warfarin in "real-world" patients with atrial fibrillation: a prospective nationwide cohort study. J Am 
Coll Cardiol. 2013;61(22):2264–2273. 
[38] Larsen TB, Gorst-Rasmussen A, Rasmussen LH, et al. Bleeding events among new starters and 
switchers to dabigatran compared with warfarin in atrial fibrillation. Am J Med. 2014;127(7):650–
656. 
[39] Graham DJ, Reichman ME, Wernecke M, et al. Cardiovascular, bleeding, and mortality risks in 
elderly Medicare patients treated with dabigatran or warfarin for non-valvular atrial fibrillation. 
Circulation. 2015;131(2):157–164. 
[40] Beyer-Westendorf J, Gelbricht V, Förster K, et al. Safety of switching from vitamin K 
antagonists to dabigatran or rivaroxaban in daily care - results from the Dresden NOAC Registry. Br J 
Clin Pharmacol. 2014;78(4):908-917. 
[41] Camm AJ, Amarenco P, Haas S, et al. XANTUS: a real-world, prospective, observational study 
of patients treated with rivaroxaban for stroke prevention in atrial fibrillation. Eur Heart J. 
2016;37(14):1145-1153. 
[42] Beyer-Westendorf J, Förster K, Pannach S, et al. Rates, management, and outcome of 
rivaroxaban bleeding in daily care: results from the Dresden NOAC Registry. Blood. 2014;124(6):955–
962. 
[43] Beyer-Westendorf J, Ageno W. Benefit-risk profile of non-vitamin K antagonist oral 
anticoagulants in the management of venous thromboembolism. Thromb Haemost. 
2015;113(1):231–246. 
[44] Beyer-Westendorf J, Werth S, Tittl L, et al. Real life efficacy and safety of apixaban for stroke 
prevention in atrial fibrillation - results of the prospective NOAC registry (NCT01588119). J Thromb 
Haemost. 2015;13(Suppl. S2):35. Abstract AS098. 
[45] Coleman CI, Antz M, Ehlken B, et al. REal-LIfe Evidence of stroke prevention in patients with 
atrial Fibrillation - The RELIEF study. Int J Cardiol. 2016;203:882–884. 
[46] Nelson WW, Song X, Coleman CI, et al. Medication persistence and discontinuation of 
rivaroxaban versus warfarin among patients with non-valvular atrial fibrillation. Curr Med Res Opin. 
2014;30:2461–2469. 
[47] Laliberté F, Cloutier M, Nelson WW, et al. Real-world comparative effectiveness and safety of 
rivaroxaban and warfarin in nonvalvular atrial fibrillation patients. Curr Med Res Opin. 
2014;30(7):1317–1325. 
[48] Oktay E. Will NOACs become the new standard of care in anticoagulant therapy? Int J 
Cardiovasc Acad. 2015;1(1):1–4. 
[49] Kakkar AK, Accetta G, Agnelli G, et al. Risk profiles and 1-year outcomes of patients with 
newly diagnosed atrial fibrillation: results from GARFIELD-AF. J Thromb Haemost. 2015;13(Suppl. 
2):139. Abstract OR119. 
[50] Camm AJ, Ambrosio G, Atar D, et al. Patterns of uptake of non-vitamin K antagonist oral 
anticoagulants in Europe: an analysis from the GARFIELD-AF registry. Presented at: European Society 
of Cardiology congress.2015 28 August–2 September; London, UK. 
[51] Michalski F, Tittl L, Werth S, et al. Selection, management, and outcome of vitamin K 
antagonist-treated patients with atrial fibrillation not switched to novel oral anticoagulants. Results 
from the Dresden NOAC registry. Thromb Haemost. 2015;114(5):1076–1084. 
[52] Huisman MV, Rothman KJ, Paquette M, et al. Antithrombotic Treatment Patterns in Patients 
with Newly Diagnosed Nonvalvular Atrial Fibrillation: The GLORIA-AF Registry, Phase II. Am J Med. 
2015;128(12):1306–1313.e1301. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

[53] Hecker J, Marten S, Keller L, et al. Effectiveness and safety of rivaroxaban therapy in daily-
care patients with atrial fibrillation. Results from the Dresden NOAC Registry. Thromb Haemost. 
2016;115(5):939–949. 
[54] Tamayo S, Peacock FW, Patel M, et al. Characterizing major bleeding in patients with 
nonvalvular atrial fibrillation: a pharmacovigilance study of 27 467 patients taking rivaroxaban. Clin 
Cardiol. 2015;38(2):63–68. 
[55] Avgil-Tsadok M, Jackevicius CA, Essebag V, et al. Dabigatran use in elderly patients with atrial 
fibrillation. Thromb Haemost. 2016;115(1):152–160. 
[56] Coleman C, Antz M, Simard E, et al. Real-world evidence on stroke prevention In patients 
with atrial fibrillation in the United States: the REVISIT-US study. J Interv Cardiac Electrophysiol. 
2016;45:253–254. Abstract 15-48. 
[57] Vaughan Sarrazin MS, Jones M, Mazur A, et al. Bleeding rates in Veterans Affairs patients 
with atrial fibrillation who switch from warfarin to dabigatran. Am J Med. 2014;127(12):1179–1185. 
[58] Abraham NS, Singh S, Alexander GC, et al. Comparative risk of gastrointestinal bleeding with 
dabigatran, rivaroxaban, and warfarin: population based cohort study. BMJ. 2015;350:h1857. 
[59] Chang HY, Zhou M, Tang W, et al. Risk of gastrointestinal bleeding associated with oral 
anticoagulants: population based retrospective cohort study. BMJ. 2015;350:h1585. 
[60] Lauffenburger JC, Farley JF, Gehi AK, et al. Effectiveness and safety of dabigatran and 
warfarin in real-world US patients with non-valvular atrial fibrillation: a retrospective cohort study. J 
Am Heart Assoc. 2015;4(4):e001798. 
[61] Hernandez I, Baik SH, Piñera A, et al. Risk of bleeding with dabigatran in atrial fibrillation. 
JAMA Intern Med. 2015;175(1):18–24. 
[62] Villines TC, Schnee J, Fraeman K, et al. A comparison of the safety and effectiveness of 
dabigatran and warfarin in non-valvular atrial fibrillation patients in a large healthcare system. 
Thromb Haemost. 2015;114(6):1290–1298. 
[63] Deitelzweig S, Bruno A, Trocio J, et al. An early evaluation of bleeding-related hospital 
readmissions among hospitalized patients with nonvalvular atrial fibrillation treated with direct oral 
anticoagulants. Curr Med Res Opin. 2016;32(3):573–582. 
[64] Camm AJ, Accetta G, Ambrosio G, et al. Evolving antithrombotic treatment patterns for 
patients with newly diagnosed atrial fibrillation. Heart. 2017;103:307–314. 
[65] Camm AJ, Ambrosio G, Atar D, et al. Evolving antithrombotic treatment patterns in patients 
with newly diagnosed atrial fibrillation in GARFIELD-AF. Presented at: European Society of Cardiology 
congress.2015 28 August–2 September; London, UK. 
[66] Belen E, Canbolat IP, Bayyigit A, et al. A new gap in the novel anticoagulants' era: 
undertreatment. Blood Coagul Fibrinolysis. 2015;26(7):793–797. 
[67] Granger CB. Is there a role for pharmacokinetic/pharmacodynamics guided dosing for novel 
anticoagulants? Presented at: Cardiac Safety Research Consortium Scientific Meeting.2015 3 
December. 
[68] Yao X, Shah ND, Sangaralingham LR, et al. Effectiveness and safety of reduced dose NOACs in 
patients without severe renal impairment. Presented at: International Society For 
Pharmacoeconomics and Outcomes Research 21st Annual International Meeting.2016 21–25 May; 
Washington, DC, USA. 
[69] Cramer JA, Roy A, Burrell A, et al. Medication compliance and persistence: terminology and 
definitions. Value Health. 2008;11(1):44–47. 
[70] Beyer-Westendorf J, Ehlken B, Evers T. Real-world persistence and adherence to oral 
anticoagulation for stroke risk reduction in patients with atrial fibrillation. Europace. 
2016;18(8):1150–1157. 
[71] Nelson WW, Song X, Thomson E, et al. Medication persistence and discontinuation of 
rivaroxaban and dabigatran etexilate among patients with non-valvular atrial fibrillation. Curr Med 
Res Opin. 2015;31(10):1831–1840. 
[72] Crivera C, Nelson WW, Bookhart B, et al. Pharmacy quality alliance measure: adherence to 
non-warfarin oral anticoagulant medications. Curr Med Res Opin. 2015;31(10):1889–1895. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

[73] Andrade JG, Krahn AD, Skanes AC, et al. Values and preferences of physicians and patients 
with nonvalvular atrial fibrillation who receive oral anticoagulation therapy for stroke prevention. 
Can J Cardiol. 2016;32(6):747–753. 
[74] Heidbuchel H, Verhamme P, Alings M, et al. Updated European Heart Rhythm Association 
Practical Guide on the use of non-vitamin K antagonist anticoagulants in patients with non-valvular 
atrial fibrillation. Europace. 2015;17(10):1467–1507. 
[75] Diener HC, Aisenberg J, Ansell J, et al. Choosing a particular oral anticoagulant and dose for 
stroke prevention in individual patients with non-valvular atrial fibrillation: part 1. Eur Heart J. 2016. 
DOI:10.1093/eurheartj/ehv643 
[76] Diener HC, Aisenberg J, Ansell J, et al. Choosing a particular oral anticoagulant and dose for 
stroke prevention in individual patients with non-valvular atrial fibrillation: part 2. Eur Heart J. 2016. 
DOI:10.1093/eurheartj/ehw069 
[77] Stellbrink C, Nixdorff U, Hofmann T, et al. Safety and efficacy of enoxaparin compared with 
unfractionated heparin and oral anticoagulants for prevention of thromboembolic complications in 
cardioversion of nonvalvular atrial fibrillation: the Anticoagulation in Cardioversion using Enoxaparin 
(ACE) trial. Circulation. 2004;109(8):997–1003. 
[78] Maltagliati A, Galli CA, Tamborini G, et al. Usefulness of transoesophageal echocardiography 
before cardioversion in patients with atrial fibrillation and different anticoagulant regimens. Heart. 
2006;92(7):933–938. 
[79] Malik R, Alyeshmerni DM, Wang Z, et al. Prevalence and predictors of left atrial thrombus in 
patients with atrial fibrillation: is transesophageal echocardiography necessary before cardioversion? 
Cardiovasc Revasc Med. 2015;16(1):12–14. 
[80] Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for the management of atrial 
fibrillation developed in collaboration with EACTS. Eur Heart J. 2016;37(38):2893–2962. 
[81] Piccini JP, Stevens SR, Lokhnygina Y, et al. Outcomes following 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. 
[82] Nagarakanti R, Ezekowitz MD, Oldgren J, et al. Dabigatran versus warfarin in patients with 
atrial fibrillation: an analysis of patients undergoing cardioversion. Circulation. 2011;123(2):131–136. 
[83] Flaker G, Lopes RD, Al Khatib SM, et al. 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–
1087. 
[84] Cappato R, Ezekowitz MD, Klein AL, et al. Rivaroxaban vs. vitamin K antagonists for 
cardioversion in atrial fibrillation. Eur Heart J. 2014;35(47):3346–3355. 
[85] Ezekowitz MD, Cappato R, Klein AL, et al. Rationale and design of the 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 trial: A comparison of oral rivaroxaban once 
daily with dose-adjusted vitamin K antagonists in patients with nonvalvular atrial fibrillation 
undergoing elective cardioversion. Am Heart J. 2014;167(5):646–652. 
[86] Goette A, Merino JL, Ezekowitz MD, et al. 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. 
[87] Gaita F, Caponi D, Pianelli M, et al. Radiofrequency catheter ablation of atrial fibrillation: a 
cause of silent thromboembolism? Magnetic resonance imaging assessment of cerebral 
thromboembolism in patients undergoing ablation of atrial fibrillation. Circulation. 
2010;122(17):1667–1673. 
[88] Kirchhof P, Haeusler KG, Blank B, et al. Apixaban in patients at risk of stroke undergoing atrial 
fibrillation ablation. Eur Heart J. 2018. DOI:10.1093/eurheartj/ehy176 
[89] Di Biase L, Burkhardt JD, Santangeli P, et al. Periprocedural stroke and bleeding complications 
in patients undergoing catheter ablation of atrial fibrillation with different anticoagulation 
management: results from the Role of Coumadin in Preventing Thromboembolism in Atrial 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

Fibrillation (AF) Patients Undergoing Catheter Ablation (COMPARE) randomized trial. Circulation. 
2014;129(25):2638–2644. 
[90] Calkins H, Kuck KH, Cappato R, et al. 2012 HRS/EHRA/ECAS expert consensus statement on 
catheter and surgical ablation of atrial fibrillation: recommendations for patient selection, procedural 
techniques, patient management and follow-up, definitions, endpoints, and research trial design: a 
report of the Heart Rhythm Society (HRS) Task Force on Catheter and Surgical Ablation of Atrial 
Fibrillation. Developed in partnership with the European Heart Rhythm Association (EHRA), a 
registered branch of the European Society of Cardiology (ESC) and the European Cardiac Arrhythmia 
Society (ECAS); and in collaboration with the American College of Cardiology (ACC), American Heart 
Association (AHA), the Asia Pacific Heart Rhythm Society (APHRS), and the Society of Thoracic 
Surgeons (STS). Endorsed by the governing bodies of the American College of Cardiology Foundation, 
the American Heart Association, the European Cardiac Arrhythmia Society, the European Heart 
Rhythm Association, the Society of Thoracic Surgeons, the Asia Pacific Heart Rhythm Society, and the 
Heart Rhythm Society. Heart Rhythm. 2012;9(4):632–696. 
[91] Lakkireddy D, Reddy YM, Di Biase L, et al. Feasibility and safety of uninterrupted rivaroxaban 
for periprocedural anticoagulation in patients undergoing radiofrequency ablation for atrial 
fibrillation: results from a multicenter prospective registry. J Am Coll Cardiol. 2014;63(10):982–988. 
[92] Dillier R, Ammar S, Hessling G, et al. Safety of continuous periprocedural rivaroxaban for 
patients undergoing left atrial catheter ablation procedures. Circ Arrhythm Electrophysiol. 
2014;7(4):576–582. 
[93] Arshad A, Johnson CK, Mittal S, et al. Comparative safety of periablation anticoagulation 
strategies for atrial fibrillation: data from a large multicenter study. Pacing Clin Electrophysiol. 
2014;37(6):665–673. 
[94] Abed HS, Kilborn MJ, Chen V, et al. Reversal agents in the era of NOACs. J Atr Fibrillation. 
2017;10(4):1634. 
[95] Cappato R, Marchlinski FE, Hohnloser SH, et al. Uninterrupted rivaroxaban vs. uninterrupted 
vitamin K antagonists for catheter ablation in non-valvular atrial fibrillation. Eur Heart J. 
2015;36(28):1805–1811. 
[96] Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to aspirin in patients with 
acute coronary syndromes without ST-segment elevation. N Engl J Med. 2001;345(7):494–502. 
[97] Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus clopidogrel in patients with 
acute coronary syndromes. N Engl J Med. 2007;357(20):2001–2015. 
[98] Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in patients with acute 
coronary syndromes. N Engl J Med. 2009;361(11):1045–1057. 
[99] Roe MT, Armstrong PW, Fox KA, et al. Prasugrel versus clopidogrel for acute coronary 
syndromes without revascularization. N Engl J Med. 2012;367:1297–1309. 
[100] Tricoci P, Huang Z, Held C, et al. Thrombin-receptor antagonist vorapaxar in acute coronary 
syndromes. N Engl J Med. 2012;366(1):20–33. 
[101] Mega JL, Braunwald E, Wiviott SD, et al. Rivaroxaban in patients with a recent acute coronary 
syndrome. N Engl J Med. 2012;366(1):9–19. 
[102] Andreotti F, Testa L, Biondi-Zoccai GG, et al. Aspirin plus warfarin compared to aspirin alone 
after acute coronary syndromes: an updated and comprehensive meta-analysis of 25,307 patients. 
Eur Heart J. 2006;27(5):519–526. 
[103] Alexander JH, Lopes RD, James S, et al. Apixaban with antiplatelet therapy after acute 
coronary syndrome. N Engl J Med. 2011;365(8):699–708. 
[104] Oldgren J, Budaj A, Granger CB, et al. Dabigatran vs. placebo in patients with acute coronary 
syndromes on dual antiplatelet therapy: a randomized, double-blind, phase II trial. Eur Heart J. 
2011;32(22):2781–2789. 
[105] Ohman EM, Roe MT, Steg PG, et al. Clinically significant bleeding with low-dose rivaroxaban 
versus aspirin, in addition to P2Y12 inhibition, in acute coronary syndromes (GEMINI-ACS-1): a 
double-blind, multicentre, randomised trial. Lancet. 2017;389(10081):1799–1808. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

[106] Ness J, Aronow WS. Prevalence of coexistence of coronary artery disease, ischemic stroke, 
and peripheral arterial disease in older persons, mean age 80 years, in an academic hospital-based 
geriatrics practice. J Am Geriatr Soc. 1999;47(10):1255–1256. 
[107] Hiatt WR, Hoag S, Hamman RF. Effect of diagnostic criteria on the prevalence of peripheral 
arterial disease. The San Luis Valley Diabetes Study. Circulation. 1995;91(5):1472–1479. 
[108] Shammas NW. Epidemiology, classification, and modifiable risk factors of peripheral arterial 
disease. Vasc Health Risk Manag. 2007;3(2):229–234. 
[109] Criqui MH, Langer RD, Fronek A, et al. Mortality over a period of 10 years in patients with 
peripheral arterial disease. N Engl J Med. 1992;326(6):381–386. 
[110] Cacoub PP, Bhatt DL, Steg PG, et al. Patients with peripheral arterial disease in the 
CHARISMA trial. Eur Heart J. 2009;30(2):192–201. 
[111] The Warfarin Antiplatelet Vascular Evaluation Trial Investigators. Oral anticoagulant and 
antiplatelet therapy and peripheral arterial disease. N Engl J Med. 2007;357(3):217–227. 
[112] Anand SS, Yusuf S. Oral anticoagulants in patients with coronary artery disease. J Am Coll 
Cardiol. 2003;41(4 Suppl S):62S–69S. 
[113] Eikelboom JW, Connolly SJ, Bosch J, et al. Rivaroxaban with or without aspirin in stable 
cardiovascular disease. N Engl J Med. 2017;377(14):1319–1330. 
[114] Anand SS, Bosch J, Eikelboom JW, et al. Rivaroxaban with or without aspirin in patients with 
stable peripheral or carotid artery disease: an international, randomised, double-blind, placebo-
controlled trial. Lancet. 2018;391(10117):219–229. 
[115] González-Pacheco H, Márquez MF, Arias-Mendoza A, et al. Clinical features and in-hospital 
mortality associated with different types of atrial fibrillation in patients with acute coronary 
syndrome with and without ST elevation. J Cardiol. 2015;66(2):148–154. 
[116] Patel NJ, Patel A, Agnihotri K, et al. Prognostic impact of atrial fibrillation on clinical outcomes 
of acute coronary syndromes, heart failure and chronic kidney disease. World J Cardiol. 
2015;7(7):397–403. 
[117] Wong CK, White HD, Wilcox RG, et al. New atrial fibrillation after acute myocardial infarction 
independently predicts death: the GUSTO-III experience. Am Heart J. 2000;140(6):878–885. 
[118] Jabre P, Roger VL, Murad MH, et al. Mortality associated with atrial fibrillation in patients 
with myocardial infarction: a systematic review and meta-analysis. Circulation. 2011;123(15):1587–
1593. 
[119] Potpara TS, Lip GYH, Dagres N, et al. Management of acute coronary syndrome in patients 
with non-valvular atrial fibrillation: results of the European Heart Rhythm Association Survey. 
Europace. 2014;16(2):293–298. 
[120] Hansen ML, Sørensen R, Clausen MT, et al. Risk of bleeding with single, dual, or triple therapy 
with warfarin, aspirin, and clopidogrel in patients with atrial fibrillation. Arch Intern Med. 
2010;170(16):1433–1441. 
[121] Karjalainen PP, Porela P, Ylitalo A, et al. Safety and efficacy of combined antiplatelet-warfarin 
therapy after coronary stenting. Eur Heart J. 2007;28(6):726–732. 
[122] Orford JL, Fasseas P, Melby S, et al. Safety and efficacy of aspirin, clopidogrel, and warfarin 
after coronary stent placement in patients with an indication for anticoagulation. Am Heart J. 
2004;147(3):463–467. 
[123] Dewilde WJ, Oirbans T, Verheugt FW, et al. Use of clopidogrel with or without aspirin in 
patients taking oral anticoagulant therapy and undergoing percutaneous coronary intervention: an 
open-label, randomised, controlled trial. Lancet. 2013;381(9872):1107–1115. 
[124] Lamberts M, Olesen JB, Ruwald MH, et al. Bleeding after initiation of multiple antithrombotic 
drugs, including triple therapy, in atrial fibrillation patients following myocardial infarction and 
coronary intervention: a nationwide cohort study. Circulation. 2012;126(10):1185–1193. 
[125] Lip GYH, Huber K, Andreotti F, et al. Antithrombotic management of atrial fibrillation patients 
presenting with acute coronary syndrome and/or undergoing coronary stenting: executive summary-
a consensus document of the European Society of Cardiology Working Group on Thrombosis, 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

endorsed by the European Heart Rhythm Association (EHRA) and the European Association of 
Percutaneous Cardiovascular Interventions (EAPCI). Eur Heart J. 2010;31(11):1311–1318. 
[126] Gibson CM, Mehran R, Bode C, et al. Prevention of bleeding in patients with atrial fibrillation 
undergoing PCI. N Engl J Med. 2016;375(25):2423–2434. 
[127] Cannon CP, Bhatt DL, Oldgren J, et al. Dual antithrombotic therapy with dabigatran after PCI 
in atrial fibrillation. N Engl J Med. 2017;377(16):1513–1524. 
[128] McMurray JJ, Adamopoulos S, Anker SD, et al. ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and Treatment of 
Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in 
collaboration with the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail. 2012;14(8):803–
869. 
[129] Zannad F, Greenberg B, Cleland JG, et al. Rationale and design of a randomized, double-blind, 
event-driven, multicentre study comparing the efficacy and safety of oral rivaroxaban with placebo 
for reducing the risk of death, myocardial infarction or stroke in subjects with heart failure and 
significant coronary artery disease following an exacerbation of heart failure: the COMMANDER HF 
trial. Eur J Heart Fail. 2015;17(7):735–742. 
[130] Della-Morte D, Guadagni F, Palmirotta R, et al. Genetics of ischemic stroke, stroke-related 
risk factors, stroke precursors and treatments. Pharmacogenomics. 2012;13(5):595–613. 
[131] Hart RG, Diener HC, Coutts SB, et al. Embolic strokes of undetermined source: the case for a 
new clinical construct. Lancet Neurol. 2014;13(4):429–438. 
[132] Gladstone DJ, Spring M, Dorian P, et al. Atrial fibrillation in patients with cryptogenic stroke. 
N Engl J Med. 2014;370(26):2467–2477. 
[133] Sinha AM, Diener HC, Morillo CA, et al. Cryptogenic stroke and underlying atrial fibrillation 
(CRYSTAL AF): design and rationale. Am Heart J. 2010;160(1):36–41. 
[134] Sanna T, Diener HC, Passman RS, et al. Cryptogenic stroke and underlying atrial fibrillation. N 
Engl J Med. 2014;370(26):2478–2486. 
[135] Connolly SJ, Eikelboom JW, Bosch J, et al. Rivaroxaban with or without aspirin in patients 
with stable coronary artery disease: an international, randomised, double-blind, placebo-controlled 
trial. Lancet. 2018;391(10117):205–218. 
[136] Oliphant CS, McCullough J, Hashim T, et al. Vitamin K antagonist use for all patients with 
hypertrophic cardiomyopathy and atrial fibrillation: analysis of the literature and guideline review. 
Future Cardiol. 2014;10(2):229–233. 
[137] Martin DT, Bersohn MM, Waldo AL, et al. Randomized trial of atrial arrhythmia monitoring to 
guide anticoagulation in patients with implanted defibrillator and cardiac resynchronization devices. 
Eur Heart J. 2015;36(26):1660–1668. 
[138] Passman R, Leong-Sit P, Andrei AC, et al. Targeted anticoagulation for atrial fibrillation guided 
by continuous rhythm assessment with an insertable cardiac monitor: the Rhythm Evaluation for 
Anticoagulation with Continuous Monitoring (REACT.COM) pilot study. J Cardiovasc Electrophysiol. 
2016;27(3):264–270. 
[139] Reiffel J, Verma A, Halperin JL, et al. Rationale and design of REVEAL AF: a prospective study 
of previously undiagnosed atrial fibrillation as documented by an insertable cardiac monitor in high-
risk patients. Am Heart J. 2014;167(1):22–27. 
[140] Reiffel JA, Verma A, Kowey PR, et al. Incidence of previously undiagnosed atrial fibrillation 
using insertable cardiac monitors in a high-risk population: the REVEAL AF study. JAMA Cardiol. 
2017;2(10):1120–1127. 
[141] Shehata M, Yeow WL, Kar S. Cardiology patient page: device interventions for stroke 
prevention in atrial fibrillation. Circulation. 2014;129(9):e360–e362. 
[142] Reddy VY, Sievert H, Halperin J, et al. Percutaneous left atrial appendage closure vs warfarin 
for atrial fibrillation: a randomized clinical trial. JAMA. 2014;312(19):1988–1998. 
[143] Holmes DR, Jr., Doshi SK, Kar S, et al. Left Atrial Appendage Closure as an Alternative to 
Warfarin for Stroke Prevention in Atrial Fibrillation: A Patient-Level Meta-Analysis. J Am Coll Cardiol. 
2015;65(24):2614–2623. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

[144] Iung B, Rodés-Cabau J. The optimal management of anti-thrombotic therapy after valve 
replacement: certainties and uncertainties. Eur Heart J. 2014;35(42):2942–2949. 
[145] Rossi JE, Bergmark B, McCabe J, et al. Antithrombotic therapy in patients with an indication 
for oral anticoagulation after transcatheter aortic valve replacement. J Am Coll Cardiol. 2015;65(10S) 
Abstract A2008. 
[146] Eikelboom JW, Connolly SJ, Brueckmann M, et al. Dabigatran versus warfarin in patients with 
mechanical heart valves. N Engl J Med. 2013;369(13):1206–1214. 
[147] De Caterina R, Camm AJ. What is 'valvular' atrial fibrillation? A reappraisal. Eur Heart J. 
2014;35(47):3328–3335. 
[148] World Heart Federation. Launch of biggest ever rheumatic heart disease patient programme. 
2016 [cited 29 March 2018]. Available from: https://www.world-heart-federation.org/wp-
content/uploads/2017/05/Invictus_Trial_launch_07.06.16.pdf 
[149] Whitlock RP, Sun JC, Fremes SE, et al. Antithrombotic and thrombolytic therapy for valvular 
disease: antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest 
Physicians evidence-based clinical practice guidelines. Chest. 2012;141(2 Suppl):e576S–e600S. 
[150] Cohen H, Doré CJ, Clawson S, et al. Rivaroxaban in antiphospholipid syndrome (RAPS) 
protocol: a prospective, randomized controlled phase II/III clinical trial of rivaroxaban versus warfarin 
in patients with thrombotic antiphospholipid syndrome, with or without SLE. Lupus. 
2015;24(10):1087–1094. 
[151] Pengo V, Banzato A, Bison E, et al. Efficacy and safety of rivaroxaban vs warfarin in high-risk 
patients with antiphospholipid syndrome: rationale and design of the Trial on Rivaroxaban in 
AntiPhospholipid Syndrome (TRAPS) trial. Lupus. 2016;25(3):301–306. 
[152] Hohnloser SH, Hijazi Z, Thomas L, et al. Efficacy of apixaban when compared with warfarin in 
relation to renal function in patients with atrial fibrillation: insights from the ARISTOTLE trial. Eur 
Heart J. 2012;33:2821–2830. 
[153] Bohula EA, Giugliano RP, Ruff CT, et al. Impact of renal function on outcomes with edoxaban 
in the ENGAGE AF-TIMI 48 trial. Circulation. 2016;134(1):24. 
[154] Deal EN, Pope H, Ross W. Apixaban use among patients with severe renal impairment. Ann 
Pharmacother. 2014;48(12):1667. 
[155] Wang X, Tirucherai G, Marbury TC, et al. Pharmacokinetics, pharmacodynamics, and safety of 
apixaban in subjects with end-stage renal disease on hemodialysis. J Clin Pharmacol. 2016;56(5):628–
636. 
[156] Dias C, Moore KT, Murphy J, et al. Pharmacokinetics, pharmacodynamics, and safety of 
single-dose rivaroxaban in chronic hemodialysis. Am J Nephrol. 2016;43(4):229–236. 
[157] Cao L, Pokorney SD, Hayden K, et al. Cognitive function: is there more to anticoagulation in 
atrial fibrillation than stroke? J Am Heart Assoc. 2015;4(8):e001573. 
  

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

 
 
 

 

Acc
ep

te
d 

M
an

us
cr

ipt


	Oral anticoagulant use in cardiovascular disorders: a perspective on present and potential indications for rivaroxaban
	Transparency statement
	Declaration of financial/other relationships
	Author contributions
	Acknowledgments
	Abstract
	Introduction
	Methods
	Potential benefits of NOACs in patients with cardiovascular disorders: recent and current studies
	AF and stroke risk: real-world evidence
	Effectiveness and safety
	Treatment patterns
	Adherence/persistence

	Specific patient subpopulations
	Cardioversion
	Catheter ablation
	Secondary prevention of future cardiovascular events after ACS
	Coronary and peripheral artery disease
	Patients with AF and CAD and those undergoing PCI

	Heart failure
	Related fields of research
	"Cryptogenic" stroke: Embolic Stroke of Undetermined Source (ESUS)


	Future potential applications for NOACs?
	Hypertrophic cardiomyopathy
	Anticoagulation based on monitoring atrial tachyarrhythmia
	Device interventions for stroke prevention in patients with AF (LA/LAA thrombi)
	Valve disease and valve replacement
	Mitral stenosis
	Bioprosthetic mitral valves
	Phospholipid syndrome
	End-stage renal dysfunction and hemodialysis
	Cognitive decline

	Conclusions
	References


