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Abstract
Three therapeutic alternatives for prevention of stroke in patients with atrial fibrillation are available in dabigatran (an oral direct thrombin inhibitor), rivaroxaban, and apixaban 
(both oral blood coagulation factor Xa inhibitors). Compared with warfarin, these new agents have a more predictable pharmacodynamic response and fewer major clinically 
relevant drug–drug interactions. These agents also have few, if any, food–drug interactions, and infrequent or no need for routine laboratory monitoring. These agents also bring 
new disadvantages, particularly lack of clearly defined reversal strategies, inability to effectively monitor patient response, and higher cost. Selection of the most appropriate oral 
antithrombotic agent for a given patient is dependent on clinician knowledge of the similarities and critical differences between the available antithrombotic medications. 

Introduction 
For the first time since the 1950s, there is an oral antithrom-
botic agent alternative to warfarin. Three therapeutic alternatives 
are available in dabigatran (an oral direct thrombin inhibitor), 
rivaroxaban, and apixaban (both oral blood coagulation factor 
Xa inhibitors). The promise of these new agents includes more 
predictable pharmacodynamic response, fewer major clinically 
relevant drug–drug interactions, few (if any) food–drug interac-
tions, and infrequent or no need for routine laboratory monitor-
ing. These agents also bring new disadvantages, particularly lack 
of clearly defined reversal strategies, inability to effectively moni-
tor patient response, and higher cost. 
 While the above-noted advantages and disadvantages are pres-
ent with the new oral antithrombotic agents as a group, there 
are differences between the individual agents. Recent approval 
of the third oral antithrombotic alternative to warfarin, apixa-
ban, highlights the fact that expertise in selecting the appropriate 
antithrombotic agent is essential for the effective management 

of atrial fibrillation. Therefore, in order to select the right oral 
antithrombotic agent for a given patient, clinicians must have 
knowledge of the similarities and critical differences between the 
available antithrombotic medications.

Similarities and critical differences 

Efficacy and safety 
Key characteristics of the clinical trials evaluating the new oral 
antithrombotic agents are summarized in Table 1. Apixaban is 
the only agent studied in comparison to aspirin in a patient pop-
ulation unable to take warfarin (AVERROES, Apixaban versus 
acetylsalicylic acid to prevent stroke in atrial fibrillation patients 
who have failed or are unsuitable for vitamin K antagonist treat-
ment) [1]. The RE-LY (Randomized Evaluation of Long-Term 
Anticoagulation Therapy, dabigatran vs warfarin), 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, rivaroxaban vs warfa-
rin), and ARISTOTLE (Apixaban for Reduction in Stroke and 
Other Thromboembolic Events in Atrial Fibrillation, apixaban 
vs warfarin) studies were all randomized, non-inferiority studies 
of approximately similar sample size (~15,000–18,000) [2–4]. 
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A notable difference between the designs of these three studies 
is that RE-LY was a partially open-label trial in which investiga-
tors and study patients knew whether they were receiving dabi-
gatran or warfarin, while the others were double-blinded trials. 
The non-inferiority margins and efficacy endpoint (composite 
of stroke and systemic embolism) were the same in all studies; 
however, the safety endpoint differed slightly. All three studies 
included major bleeding (International Society on Thrombosis 
and Hemostasis definition [5]) in the primary safety endpoint; 
however, the ROCKET-AF study included clinically relevant 

non-major bleeding in addition to major bleeding as a primary 
composite safety endpoint.
 Inclusion and exclusion criteria were another area of differ-
ence between the different trials. All studies included patients 
with non-valvular atrial fibrillation; however, stroke risk (as de-
fined by the CHADS

2
 score [6]) differed between studies. The 

minimum CHADS
2
 score required for entry into the RE-LY and 

ARISTOTLE studies was 1, while the minimum score for entry 
into ROCKET-AF was 2. Ultimately, this resulted in recruitment 
of a patient population with a higher stroke risk in ROCKET-

Table 1. Major clinical trials of the new oral antithrombotic agents [1–4]

RE-LY ROCKET-AF ARISTOTLE AVERROES

Number of  
patients

18,113 14,264 18,201 5,599

Design R, DB (dabigatran arms),  
OL (warfarin arm), non-
inferiority trial

R, DB, non-inferiority trial R, DB, non-inferiority trial R, DB, superiority trial

Patient  
Population

Non-valvular atrial fibrillation, 
CHADS2 score ≥1
Mean CHADS2 2.1

Non-valvular atrial fibrillation, 
CHADS2 score ≥2
Mean CHADS2 3.5

Non-valvular atrial fibrillation, 
CHADS2 score ≥1
Mean CHADS2 2.1

Non-valvular atrial fibrillation, 
CHADS2 score ≥1 AND unable 
to take warfarin
Mean CHADS2 2.0

Intervention 
Group

Dabigatran 150 mg twice daily 
OR
Dabigatran 110 mg twice daily

Rivaroxaban 20 mg daily
Rivaroxaban 15 mg daily if 
creatinine clearance between 
30 and 49 mL/minute

Apixaban 5 mg twice daily
Apixaban 2.5 mg twice daily 
if patients had at least two of 
the following: age ≥80 years, 
body weight ≤60 kg, serum 
creatinine ≥1.5 mg/dL

Apixaban 5 mg twice daily
Apixaban 2.5 mg twice daily 
if patients had at least two of 
the following: age ≥80 years, 
body weight ≤60 kg, serum 
creatinine ≥1.5 mg/dL

Control Group Warfarin (INR 2–3)
TTR 64%

Warfarin (INR 2–3)
TTR 55%

Warfarin (INR 2–3)
TTR 62.2%

Aspirin (81–324 mg daily)

Efficacy Endpoint Composite: stroke or systemic 
embolism

Composite: stroke or systemic 
embolism

Composite: stroke or systemic 
embolism

Composite: stroke or systemic 
embolism

Safety Endpoint Major bleeding Major and non-major clinically 
relevant bleeding

Major bleeding Major bleeding

Results Efficacy RR (95% CI)
D150 vs W 
0.66 (0.53–0.82); p<0.001*
D110 vs W
0.91 (0.74–1.11); p<0.001†

Safety RR (95% CI)
D150 vs W 
0.93 (0.81–1.07); p=0.31*
D110 vs W
0.80 (0.69–0.93); p=0.003*

ICH
D150 vs W 
0.26 (0.14–0.49); p<0.001
D110 vs W
0.31 (0.17–0.56); p<0.001

Efficacy‡ HR (95% CI)
0.88 (0.75–1.03) ; p<0.001†, 
p=0.12*

Safety HR (95% CI)
1.03 (0.96–1.11); p=0.44*

ICH
0.67 (0.47–0.93); p=0.02

Efficacy HR (95% CI)
0.79 (0.66–0.95); p=0.01*

Safety HR (95% CI)
0.69 (0.60–0.80); p<0.001*

ICH
0.42 (0.30–0.58); p<0.001

Efficacy HR (95% CI)
0.45 (0.32–0.62); p<0.001*

Safety HR (95% CI)
1.13 (0.74–1.75); p=0.57*

ICH
0.67 (0.24–1.88), p=0.45

ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation, apixaban vs warfarin; AVERROES, Apixaban versus 
acetylsalicylic acid to prevent stroke in atrial fibrillation patients who have failed or are unsuitable for vitamin K antagonist treatment; RE-LY, Randomized 
Evaluation of Long-Term Anticoagulation Therapy, dabigatran vs warfarin; 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, rivaroxaban vs warfarin; 95% CI, 95% confidence interval; D110, 
dabigatran 110 mg; D150, dabigatran 150 mg; DB, double-blind; HR, hazard ratio; ICH, intracranial hemorrhage; INR, international normalized ratio; OL, 
open-label; R, randomized; RR, relative risk; TTR, mean percent of time in the therapeutic range; W, warfarin.
*p-value for superiority; †p-value for non-inferiority; ‡Intention-to-treat results presented
doi: 10.7573/dic.212251.t001
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AF (median CHADS
2 
score=3) than in RE-LY (mean CHADS

2 

score=2.1) and ARISTOTOLE (mean CHADS
2 
score=2.1).

 Management of renal dysfunction also differed between the 
three studies. In RE-LY, patients were excluded if creatinine clear-
ance was less than 30 mL/minute [2]. In ROCKET-AF, patients 
received rivaroxaban 20 mg daily, if the creatinine clearance was 
greater than 50 mL/minute and rivaroxaban 15 mg daily, if the 
creatinine clearance was between 30 and 49 mL/minute [3]. In 
the ARISTOTOLE study, a reduced dose of apixaban was given 
to patients who had two or more of the following: age greater 
than 80 years, body weight less than 60 kg, or serum creatinine 
greater than 1.5 mg/dL [4]. These differences in the way renal 
dysfunction was handled in the three major studies have implica-
tions for interpretation of labeling and renal dosage adjustment, 
and will be discussed below.
 Quality of warfarin management, as measured by the mean 
time in INR range, was slightly different between the RE-LY 
(64%), ROCKET-AF (55%), and ARISTOTLE (62.2%) studies. 
Given the small differences in time in range, and lack of a clear 
benchmark for defining anticoagulation management quality 
with this measure, it is difficult to interpret whether the observed 
differences are clinically meaningful or not. Of note, post hoc 
analysis of the RE-LY study evaluated the relationship between 
quality of anticoagulation at a study center and outcome of pa-
tients enrolled at that center. This analysis found that dabigatran 
was effective across all centers, but seemed to be most effective 
among patients who were managed by study centers where war-
farin management quality was of lower quality (i.e. lower time in 
range) [7]. This could be interpreted to suggest that dabigatran 
may be especially useful in patients who cannot be well managed 
on warfarin. 
 The results of the three studies differed in terms of efficacy, 
safety, and tolerability. Dabigatran was found to be superior to 
warfarin in preventing stroke and systemic embolism at the high-
est dose studied (150 mg twice daily, dose approved for use in the 
USA) and non-inferior to warfarin for the safety endpoint [2]. 
Rivaroxaban was non-inferior to warfarin in both efficacy and 
safety, and apixaban was superior to warfarin in both efficacy and 
safety [3,4]. Of note, superior efficacy with apixaban was driven 
by the fact that fewer patients developed hemorrhagic stroke 
with the new agent, as compared to warfarin. Ischemic stroke 
rate was similar between warfarin and apixaban. Therefore, the 
primary benefit of apixaban may be that it is similar in effective-
ness, but causes less important bleeding compared to warfarin. 
Gastrointestinal bleeding occurred more commonly with dabiga-
tran and rivaroxaban than with warfarin [2]. Conversely, in the  
ARISTOTOLE study, gastrointestinal bleeding rate was similar 
between apixaban and warfarin. All three studies found a rela-
tive reduction of 33–59% in the rate of intracranial hemorrhage 
with the new antithrombotic agents compared to warfarin. Poor 
penetration of the blood–brain barrier in the case of dabigatran, 
and efflux of rivaroxaban and apixaban out of the brain by p-gly-
coprotein efflux pumps, have been proposed as potential expla-
nations for these findings [8]. Generally, the new antithrombotic 
agents had few adverse events unrelated to bleeding. However, 
dabigatran was associated with a significantly higher rate of dys-
pepsia (11.3%) compared to warfarin (5.8%, p<0.001) in RE-LY 

[2]. The higher rate of dyspepsia in RE-LY has been attributed to 
the acidic component contained within the dabigatran capsules 
[2]. The frequency of this adverse event may be a consideration 
when selecting an antithrombotic agent for a patient with gastro-
esophageal reflux disease.

Organ dysfunction 
Pharmacokinetic differences exist between the three oral an-
tithrombotic agents, particularly related to renal clearance and 
half-life. Dabigatran is largely eliminated through renal filtration. 
The half-life of dabigatran is approximately 13 hours when cre-
atinine clearance is greater than 80 mL/minute and is close to 
30 hours when creatinine clearance is below 30 mL/minute [9]. 
There is a 6-fold increase in drug exposure over time (area under 
the curve) with severe (creatinine clearance less than 30 mL/min-
ute) renal dysfunction. Therefore, it is recommended to reduce 
the dose of dabigatran when creatinine clearance is less than 30 
mL/minute and dabigatran is contraindicated when creatinine 
clearance is less than 15 mL/minute [9]. It should be noted that 
the reduced dose of dabigatran has not been studied in any clini-
cal outcome study, but instead was derived from pharmacoki-
netic simulations that estimated that a therapeutic level of drug 
would be achieved when the lower dose was used in a patient 
with reduced kidney function [9]. 
 In contrast to dabigatran, rivaroxaban was studied at both a 
full dose and an adjusted ‘renal’ dose. Approximately 25% of 
patients in ROCKET-AF received the reduced dose of rivaroxa-
ban. Therefore, there is more clinical experience with this dose in 
patients being treated for atrial fibrillation. It is also important to 
note that both rivaroxaban and apixaban are not as dependent on 
glomerular filtration rate for clearance because other mechanisms 
such as renal secretion and hepatic metabolism also play a role in 
the elimination of the drug [10,11]. Rivaroxaban and apixaban 
are not recommended for patients with moderate-to-severe liver 
disease due to lack of safety data, the role of hepatic metabolism 
in drug elimination, and the potential impact of hepatic failure 
on coagulation [10,11]. 
 Dabigatran appears to be the only agent of the three that is 
dialyzable. In a single-dose pharmacokinetic study of dabigatran 
(50 mg), 62% of the dose was removed after 2 hours of dialysis 
and 68% was removed after 4 hours [12]. Two published case 
reports also seem to indicate that hemodialysis may be useful for 
removal of dabigatran in patients with bleeding [13,14]. Data 
are not available evaluating the role of hemodialysis for removal 
of rivaroxaban and apixaban; however, neither is expected to be 
significantly dialyzable due to high protein binding with both 
agents [10,11].

Drug–drug interactions 
Dabigatran, rivaroxaban, and apixaban are all substrates of the 
p-glycoprotein (PGP) system. Rivaroxaban and apixaban are sub-
strates of the cytochrome P-450 (CYP450) 3A4 system as well. 
Therefore, the drug–drug interaction potential for rivaroxaban 
and apixaban is greater than for dabigatran. Rifampin should not 
be used with any of the new antithrombotic agents because it is a 
strong inducer of PGP. The only other major clinically significant 
drug–drug interactions for dabigatran occur when ketoconazole 
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or dronedarone (PGP inhibitors) are used in the setting of de-
creased kidney function (creatinine clearance of less than 50 mL/
minute). When creatinine clearance is between 30 and 50 mL/
minute the dose of dabigatran should be reduced by half, when 
used in combination with either ketoconazole or dronedarone. 
When creatinine clearance is less than 30 mL/minute, dabigatran 
should be avoided in combination with ketoconazole or drone-
darone [9].
 Rivaroxaban and apixaban have similar drug–drug interaction 
profiles. Since both agents are substrates of the PGP and CYP450 
3A4 systems, both agents interact with drugs that strongly in-
hibit or induce both of these systems concomitantly. However, 
labeling is slightly different for these two drugs. Rivaroxaban 
should be avoided with strong inhibitors such as ketoconazole, 
itraconazole, ritonavir, and conivaptan. Conversely, apixaban can 
be used with concomitant PGP and CYP450 3A4 agents, but 
the dose must be reduced to 2.5 mg twice daily (if the patient is 
otherwise eligible to use the 5-mg twice-daily dose if no drug–
drug interaction is present). If the patient is already taking the 
2.5 mg twice-daily dose due to increased serum creatinine, low 
body weight, and older age, then apixaban should be avoided 
with agents that concomitantly inhibit PGP and CYP450 3A4. 
Use of rivaroxaban or apixaban with strong inducers such as car-
bamazepine, phenytoin or rifampin should also be avoided.

Remaining questions 
Some important issues remain unclear with regards to the use of 
any of the new antithrombotic agents. The first unresolved issue 
relates to the utility of laboratory monitoring of the new agents. 
Quantifying blood concentration or measuring the pharmaco-
dynamic effects of the new antithrombotic agents is challeng-
ing with common laboratory tests available to clinicians today. 
The activated partial thromboplastin time (aPTT), prothrombin 
time (PT), international normalized ratio (INR), and thrombin 
time (TT) are generally increased when dabigatran, rivaroxaban 
or apixaban have been taken by the patient, but these tests are 
unable to be used to predict how much drug has been taken be-
cause there is not a predictable linear relationship between labo-
ratory value and drug concentration, or because values are greater 
than the upper limit of detection at therapeutic doses [15]. Some 
newer tests, such as the ecarin clotting time (ECT) and dilute 
TT, seem to be useful for quantifying the antithrombotic effect 
of dabigatran, and chromogenic factor Xa assays could be use-
ful for quantifying the effect of rivaroxaban and apixaban [15]. 
Unfortunately, these new tests are often unavailable or take an 
unreasonable amount of time to return results due to the need 
for off-site analysis. Even if laboratory monitoring does become 
readily available to quantify the effect of dabigatran, rivaroxaban, 
and apixaban, the type of patient who would benefit from moni-
toring would need to be more clearly defined.
 Another outstanding question is whether or not the effects of 
the new antithrombotic agents can be reversed and, if so, what the 
optimal approach for reversal would be. There have been no clin-
ical trials evaluating reversal approaches for dabigatran, rivaroxa-
ban and apixaban. Animal studies and very limited experimental 
human studies have evaluated the role of concentrated blood 

factor products such as recombinant factor VIIa, prothrombin 
complex concentrates (PCC), and activated prothrombin com-
plex concentrates (aPCC) on ‘reversing’ the antithrombotic ef-
fects of dabigatran and rivaroxaban [16–21]. Apixaban has not 
been extensively studied in this area, but it may be reasonable to 
assume that data with rivaroxaban could potentially be extrapo-
lated to apixaban, given the similar mechanism of action of the 
two drugs [22]. Animal data with dabigatran and rivaroxaban are 
conflicting; however, aPCC seems to have the most consistent ef-
fect on the antithrombotic potential of these drugs [18,19]. The 
human study by Marlu and colleagues reported positive findings 
with aPCC as well, although this was an ex vivo study and as such 
interpretation is limited [21]. Recombinant factor VIIa does not 
seem to have much impact on bleeding with dabigatran, based 
on a published case report [13]. 
 A major risk to consider with the attempted reversal of any 
antithrombotic with a concentrated blood factor product is 
thrombosis. Another complication of attempting reversal of a 
new oral antithrombotic agent is the lack of ability to rapidly 
monitor the patient in order to determine whether reversal at-
tempts have been successful. Given that a clinician would only 
wish to reverse one of these antithrombotic agents in an emergent 
or life-threatening situation (major bleeding or need for urgent 
surgery/procedure), it may be warranted to attempt reversal with 
a concentrated blood factor product if the clinician feels that the 
thrombotic risk of these products is low for a given patient.
 A final unresolved issue is whether these new agents will be 
cost-effective for patients with atrial fibrillation. The acquisi-
tion cost of these agents is high relative to the cost of warfarin. 
However, there are potential cost advantages of all three new an-
tithrombotics. Specifically, one would expect the cost of moni-
toring the new agents to be less than warfarin, which requires 
routine INR monitoring and the time of a healthcare profession-
al to manage the warfarin dosing. In addition, both dabigatran 
and apixaban demonstrated superiority for the efficacy endpoint 
of stroke and systemic embolism in RE-LY and ARISTOTLE, 
respectively. Improved patient outcomes would likely translate 
to reduced cost in the long run, especially given the debilitating 
nature of stroke and the impact of stroke on long-term healthcare 
needs. Reductions in major bleeding with apixaban and reduc-
tions in intracranial hemorrhage with all three agents, relative to 
warfarin, may also impact overall cost. Economic model studies 
have been published to support the cost-effectiveness of all three 
antithrombotic agents when compared to traditional clinician-
managed warfarin therapy [23–25]. However, cost-effectiveness 
of the new agents in comparison to patient self-monitoring and 
self-management of warfarin has not been rigorously studied to 
date.
 Due to the higher acquisition cost of the new agents relative 
to warfarin, clinicians need to ensure that the patient or the pa-
tient’s medical insurance will pay for these medications. Non-
adherence to drug therapy regimens can occur for a variety of 
reasons, and inability to pay for medications is a major reason. 
Non-adherence with the new antithrombotic agents has the po-
tential to go undetected since there is no regular monitoring, as 
is carried out with warfarin. Healthcare professionals should be 
aware that if a patient is unable to pay for his/her therapy for 
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stroke prevention, clinicians will in many cases only be able to 
ascertain this by discussing adherence with the patient and/or 
review of objective measures of adherence such as prescription 
refill history and timeliness or pill counts during clinic visits. Due 
to the shorter half-lives of the newer agents, missing one or two 
doses could theoretically put the patient at risk for an embolic 
event. Therefore, formal programs designed to monitor patient 
adherence may be necessary to achieve the results observed in the 
clinical trials of these medications. 

Agent selection considerations 
As the above review highlights, several similarities and differences 
should be considered when selecting from today’s antithrombot-
ic options in managing a patient with atrial fibrillation. At this 
point, it is unknown whether any of the three agents is more 
effective than another, because comparative effectiveness studies 
are unavailable. Therefore, patient safety will be one of the key 
criteria for selecting an antithrombotic strategy. Selecting the saf-
est option for the patient requires assessment of kidney function. 
Any of the agents would be appropriate if creatinine clearance is 
greater than 50 mL/minute. Because the clinical trials of the new 
agents excluded patients with significant renal dysfunction (cre-
atinine clearance less than 30 mL/minute for RE-LY and ROCK-
ET-AF, and less than 25 mL/minute for ARISTOTLE), it may 
be prudent to avoid all of the new agents, in favor of warfarin, 
if creatinine clearance is less than 30 mL/minute. A conservative 
approach may be to avoid dabigatran in patients with a creati-
nine clearance between 15 and 30 mL/minute, because clinical 
data are not available to support the safety and effectiveness of 
this dose (despite dosing recommendations in the US product 
information [9]). It may also be prudent to avoid the use of rivar-
oxaban when creatinine clearance is between 15 and 30 mL/min-
ute. While the reduced dose of rivaroxaban was studied in the 
ROCKET-AF study, patients with a creatinine clearance in this 
range were excluded [3]. If creatinine clearance is between 30 and 
49 mL/minute, one may wish to consider either reduced-dose ri-
varoxaban, because clinical data support this dosing, or apixaban, 
because dose-adjustment for renal dysfunction is not necessary. 
 Another consideration when selecting an antithrombotic 
strategy is whether drug–drug interactions are present. Failure to 
identify relevant drug–drug interactions could lead to bleeding 
in the case of use of a new agent with inhibitors of metabolism 
(e.g., ketoconazole) or thrombosis if a new agent is used with an 
inducer of metabolism (e.g. rifampin). While warfarin may also 
interact with inhibitors or inducers of metabolism, the warfarin 
dose can be adjusted based on INR monitoring and would there-
fore be the safer choice. It may also be possible to use a reduced 
dose of apixaban in the setting of concomitant dual PGP and 
CYP3A4 administration and if the patient is eligible for the 5-mg 
twice-daily dose. 
 Other patient-specific considerations may also influence anti-
thrombotic choice. Patients with pre-existing dyspepsia or gastro-
esophageal reflux disease may benefit from avoiding dabigatran. 
It may also be reasonable to avoid dabigatran and rivaroxaban in 
those with a history of gastrointestinal bleeding. Patients with 
limited financial means, or who have high insurance co-pay, may 

be better candidates for warfarin due to lower acquisition cost. 
Patients who may benefit from more frequent healthcare profes-
sional contact may also be better candidates for warfarin.

Summary 
There are now more available choices for stroke prophylaxis in 
patients with atrial fibrillation than ever before. These new agents 
have advantages over warfarin, but bring new therapeutic dilem-
mas as well. Consideration of similarities and critical differences, 
including the effect of organ dysfunction on drug disposition, 
drug–drug interaction potential, and other patient-centered fac-
tors is essential for selecting the best antithrombotic therapy for 
the patient. It is also important to understand the impact of un-
answered questions about these agents on the individual patient 
when deciding to use a new agent instead of warfarin.
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