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Background

The use of warfarin reduces the rate of ischemic stroke in patients with atrial fibril-
lation but requires frequent monitoring and dose adjustment. Rivaroxaban, an oral 
factor Xa inhibitor, may provide more consistent and predictable anticoagulation than 
warfarin.

Methods

In a double-blind trial, we randomly assigned 14,264 patients with nonvalvular atrial 
fibrillation who were at increased risk for stroke to receive either rivaroxaban (at a 
daily dose of 20 mg) or dose-adjusted warfarin. The per-protocol, as-treated primary 
analysis was designed to determine whether rivaroxaban was noninferior to warfa-
rin for the primary end point of stroke or systemic embolism.

Results

In the primary analysis, the primary end point occurred in 188 patients in the riva-
roxaban group (1.7% per year) and in 241 in the warfarin group (2.2% per year) 
(hazard ratio in the rivaroxaban group, 0.79; 95% confidence interval [CI], 0.66 to 0.96; 
P<0.001 for noninferiority). In the intention-to-treat analysis, the primary end point 
occurred in 269 patients in the rivaroxaban group (2.1% per year) and in 306 patients 
in the warfarin group (2.4% per year) (hazard ratio, 0.88; 95% CI, 0.74 to 1.03; 
P<0.001 for noninferiority; P = 0.12 for superiority). Major and nonmajor clinically rel-
evant bleeding occurred in 1475 patients in the rivaroxaban group (14.9% per year) and 
in 1449 in the warfarin group (14.5% per year) (hazard ratio, 1.03; 95% CI, 0.96 to 1.11; 
P = 0.44), with significant reductions in intracranial hemorrhage (0.5% vs. 0.7%, P = 0.02) 
and fatal bleeding (0.2% vs. 0.5%, P = 0.003) in the rivaroxaban group.

Conclusions

In patients with atrial fibrillation, rivaroxaban was noninferior to warfarin for the 
prevention of stroke or systemic embolism. There was no significant between-group 
difference in the risk of major bleeding, although intracranial and fatal bleeding 
occurred less frequently in the rivaroxaban group. (Funded by Johnson & Johnson 
and Bayer; ROCKET AF ClinicalTrials.gov number, NCT00403767.)

The New England Journal of Medicine 
Downloaded from nejm.org on October 5, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;10 nejm.org september 8, 2011884

A trial fibrillation is associated 
with an increase in the risk of ischemic 
stroke by a factor of four to five1 and ac-

counts for up to 15% of strokes in persons of all 
ages and 30% in persons over the age of 80 years.2 
The use of vitamin K antagonists is highly effec-
tive for stroke prevention in patients with nonval-
vular atrial fibrillation and is recommended for 
persons at increased risk.3-5 However, food and 
drug interactions necessitate frequent coagulation 
monitoring and dose adjustments, requirements 
that make it difficult for many patients to use such 
drugs in clinical practice.6-8

Rivaroxaban is a direct factor Xa inhibitor that 
may provide more consistent and predictable anti-
coagulation than warfarin.9,10 It has been reported 
to prevent venous thromboembolism more effec-
tively than enoxaparin in patients undergoing 
orthopedic surgery11,12 and was noninferior to 
enoxaparin followed by warfarin in a study involv-
ing patients with established venous thrombosis.13 
This trial was designed to compare once-daily oral 
rivaroxaban with dose-adjusted warfarin for the 
prevention of stroke and systemic embolism in 
patients with nonvalvular atrial fibrillation who 
were at moderate-to-high risk for stroke.14

Me thods

Study Design and Oversight

The Rivaroxaban Once Daily Oral Direct Factor 
Xa Inhibition Compared with Vitamin K Antago-
nism for Prevention of Stroke and Embolism Trial 
in Atrial Fibrillation (ROCKET AF) was a multi-
center, randomized, double-blind, double-dummy, 
event-driven trial that was conducted at 1178 par-
ticipating sites in 45 countries.14 The study was 
supported by Johnson & Johnson Pharmaceutical 
Research and Development and Bayer HealthCare. 
The Duke Clinical Research Institute coordinated 
the trial, managed the database, and performed 
the primary analyses independently of the spon-
sors. Pertinent national regulatory authorities and 
ethics committees at participating centers ap-
proved the protocol, which is available with the 
full text of this article at NEJM.org. The members 
of an international executive committee designed 
the trial, were responsible for overseeing the study’s 
conduct, retained the ability to independently ana-
lyze and present the data, made the decision to 
submit the manuscript for publication, and take 
responsibility for the accuracy and completeness 

of the data and all analyses. The first academic 
author wrote the initial draft of the manuscript.

Study Participants

We recruited patients with nonvalvular atrial fibril-
lation, as documented on electrocardiography, who 
were at moderate-to-high risk for stroke. Elevated 
risk was indicated by a history of stroke, transient 
ischemic attack, or systemic embolism or at least 
two of the following risk factors: heart failure or 
a left ventricular ejection fraction of 35% or less, 
hypertension, an age of 75 years or more, or the 
presence of diabetes mellitus (i.e., a CHADS2 score 
of 2 or more, on a scale ranging from 1 to 6, with 
higher scores indicating a greater risk of stroke). 
According to the protocol, the proportion of pa-
tients who had not had a previous ischemic stroke, 
transient ischemic attack, or systemic embolism 
and who had no more than two risk factors was 
limited to 10% of the cohort for each region; the 
remainder of patients were required to have had 
either previous thromboembolism or three or 
more risk factors. Complete inclusion and exclu-
sion criteria are provided in the Supplementary Ap-
pendix, available at NEJM.org. All patients provided 
written informed consent.

Study Treatment

Patients were randomly assigned to receive fixed-
dose rivaroxaban (20 mg daily or 15 mg daily in 
patients with a creatinine clearance of 30 to 49 ml 
per minute) or adjusted-dose warfarin (target in-
ternational normalized ratio [INR], 2.0 to 3.0). 
Patients in each group also received a placebo tab-
let in order to maintain blinding. Randomization 
was performed with the use of a central 24-hour, 
computerized, automated voice-response system. 
A point-of-care device was used to generate en-
crypted values that were sent to an independent 
study monitor, who provided sites with either real 
INR values (for patients in the warfarin group in 
order to adjust the dose) or sham values (for pa-
tients in the rivaroxaban group receiving placebo 
warfarin) during the course of the trial. Sham INR 
results were generated by means of a validated 
algorithm reflecting the distribution of values in 
warfarin-treated patients with characteristics sim-
ilar to those in the study population.15 

It was intended that patients would continue 
to take the assigned therapy throughout the 
course of the trial, unless discontinuation was 
considered to be clinically indicated. Follow-up 
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procedures and restrictions on concomitant med-
i cations are summarized in the Supplementary 
Appendix.

Outcomes

The primary efficacy end point was the compos-
ite of stroke (ischemic or hemorrhagic) and sys-
temic embolism. Brain imaging was recommend-
ed to distinguish hemorrhagic from ischemic 
stroke. In the presence of atherosclerotic periph-
eral arterial disease, the diagnosis of embolism 
required angiographic demonstration of abrupt 
arterial occlusion.

Secondary efficacy end points included a com-
posite of stroke, systemic embolism, or death from 
cardiovascular causes; a composite of stroke, sys-
temic embolism, death from cardiovascular causes, 
or myocardial infarction; and individual compo-
nents of the composite end points. The principal 
safety end point was a composite of major and 
nonmajor clinically relevant bleeding events. Bleed-
ing events involving the central nervous system 
that met the definition of stroke were adjudicated 
as hemorrhagic strokes and included in both the 
primary efficacy and safety end points. Other overt 
bleeding episodes that did not meet the criteria 
for major or clinically relevant nonmajor bleeding 
were classified as minor episodes.

An independent clinical end-point committee 
applied protocol definitions to adjudicate all sus-
pected cases of stroke, systemic embolism, myo-
cardial infarction, death, and bleeding events that 
contributed to the prespecified end points. De-
tailed definitions of the end-point events are pro-
vided in the Supplementary Appendix.

Statistical Analysis

The primary hypothesis was that rivaroxaban 
would be noninferior to warfarin for the preven-
tion of stroke or systemic embolism. The primary 
analysis was prespecified to be performed in the 
per-protocol population, which included all pa-
tients who received at least one dose of a study 
drug, did not have a major protocol violation, and 
were followed for events while receiving a study 
drug or within 2 days after discontinuation (group 
A in Fig. 1 in the Supplementary Appendix).16-19

For the primary analysis, we determined that 
a minimum of 363 events would provide a power 
of 95% to calculate a noninferiority margin of 
1.46 with a one-sided alpha level of 0.025. How-
ever, 405 events were selected as the prespecified 

target to ensure a robust statistical result. On the 
basis of a projected event rate of 2.3% per 100 
patient-years in the warfarin group and a projected 
14% rate of annual attrition, it was estimated that 
approximately 14,000 patients would need to be 
randomly assigned to a study group.

If noninferiority was achieved in the primary 
analysis, a closed testing procedure was to be con-
ducted for superiority in the safety population 
during treatment, which included patients who 
received at least one dose of a study drug and were 
followed for events, regardless of adherence to the 
protocol, while they were receiving the assigned 
study drug or within 2 days after discontinuation 
(group B in Fig. 1 in the Supplementary Appen-
dix). Key secondary efficacy end points were also 
tested for superiority in the as-treated safety popu-
lation.20 Testing for noninferiority and superior-
ity was also performed in the intention-to-treat 
population, which included all patients who un-
derwent randomization and were followed for 
events during treatment or after premature dis-
continuation (group C in Fig. 1 in the Supplemen-
tary Appendix).

In addition, we performed post hoc analyses of 
events in the intention-to-treat population and 
events occurring during the end-of-study transi-
tion to open-label treatment with conventional 
anticoagulant agents. In the warfarin group, we 
used the method of Rosendaal et al.21 to calculate 
the overall time that INR values fell within the 
therapeutic range. Comparative analyses of treat-
ment efficacy were performed according to quar-
tiles of time that INR values fell within the thera-
peutic range at the participating clinical sites.

Event rates per 100 patient-years are presented 
as proportions of patients per year. Hazard ratios, 
confidence intervals, and P values were calculated 
with the use of Cox proportional-hazards mod-
els with treatment as the only covariate. Testing 
for noninferiority was based on a one-sided sig-
nificance level of 0.025; testing for superiority was 
based on a two-sided significance level of 0.05.

R esult s

Recruitment and Follow-up

From December 18, 2006, through June 17, 2009, 
a total of 14,264 patients underwent randomiza-
tion (Fig. 1 in the Supplementary Appendix). The 
study was terminated on May 28, 2010. The pro-
portions of patients who permanently stopped 
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their assigned therapy before an end-point event 
and before the termination date were 23.7% in 
the rivaroxaban group and 22.2% in the warfarin 
group. The median duration of treatment expo-
sure was 590 days; the median follow-up period 
was 707 days. Only 32 patients were lost to follow-
up. Because of violations in Good Clinical Prac-
tice guidelines at one site that made the data un-
reliable, 93 patients (50 in the rivaroxaban group 
and 43 in the warfarin group) were excluded from 
all efficacy analyses before unblinding. An addi-
tional issue with data quality was raised at an-
other trial site, but this issue was resolved with-
out the exclusion of the patients from the analysis 
(for details, see the Supplementary Appendix).

Patient Characteristics and Treatments

Key clinical characteristics of the patients who 
underwent randomization are shown in Table 1. 
The median age was 73 years (a quarter of the 
patients were 78 years of age or older), and 39.7% 
of the patients were women. The patients had sub-
stantial rates of coexisting illnesses: 90.5% had 
hypertension, 62.5% had heart failure, and 40.0% 
had diabetes; 54.8% of the patients had had a 
previous stroke, systemic embolism, or transient 
ischemic attack. The mean and median CHADS2 
scores were 3.5 and 3.0, respectively. Data on med-
ication use at baseline are provided in Table 1 in 
the Supplementary Appendix. Previous use of vi-
tamin K antagonists was reported by 62.4% of pa-
tients. At some time during the study, 34.9% of 
patients in the rivaroxaban group and 36.2% of 
those in the warfarin group took aspirin concur-
rently with the assigned study drug. Among pa-
tients in the warfarin group, INR values were 
within the therapeutic range (2.0 to 3.0) a mean 
of 55% of the time (median, 58%; interquartile 
range, 43 to 71).

Primary Outcome

In the per-protocol population (the patients in-
cluded in the primary efficacy analysis), stroke 
or systemic embolism occurred in 188 patients 
in the rivaroxaban group (1.7% per year) and in 
241 patients in the warfarin group (2.2% per year) 
(hazard ratio in the rivaroxaban group, 0.79; 95% 
confidence interval [CI], 0.66 to 0.96; P<0.001 
for noninferiority) (Table 2 and Fig. 1A). In the 
as-treated safety population, primary events oc-
curred in 189 patients in the rivaroxaban group 
(1.7% per year) and in 243 patients in the warfarin 

Table 1. Characteristics of the Intention-to-Treat Population at Baseline.

Characteristic
Rivaroxaban
(N = 7131)

Warfarin
(N = 7133)

Age — yr

Median 73 73

Interquartile range 65–78 65–78

Female sex — no. (%) 2831 (39.7) 2832 (39.7)

Body-mass index*

Median 28.3 28.1

Interquartile range 25.2 –32.1 25.1–31.8

Blood pressure — mm Hg

Systolic

Median 130 130

Interquartile range 120–140 120–140

Diastolic

Median 80 80

Interquartile range 70–85 70–85

Type of atrial fibrillation — no. (%)

Persistent 5786 (81.1) 5762 (80.8)

Paroxysmal 1245 (17.5) 1269 (17.8)

Newly diagnosed or new onset 100 (1.4) 102 (1.4)

Previous medication use — no. (%)

Aspirin 2586 (36.3) 2619 (36.7)

Vitamin K antagonist 4443 (62.3) 4461 (62.5)

CHADS2 risk of stroke†

Mean score (±SD) 3.48±0.94 3.46±0.95

Score — no. (%)

2 925 (13.0) 934 (13.1)

3 3058 (42.9) 3158 (44.3)

4 2092 (29.3) 1999 (28.0)

5 932 (13.1) 881 (12.4)

6‡ 123 (1.7) 159 (2.2)

Coexisting condition — no. (%)

Previous stroke, systemic em-
bolism, or transient 
 ischemic attack

3916 (54.9) 3895 (54.6)

Congestive heart failure 4467 (62.6) 4441 (62.3)

Hypertension 6436 (90.3) 6474 (90.8)

Diabetes mellitus 2878 (40.4) 2817 (39.5)

Previous myocardial infarction‡ 1182 (16.6) 1286 (18.0)

Peripheral vascular disease 401 (5.6) 438 (6.1)

Chronic obstructive pulmonary 
disease

754 (10.6) 743 (10.4)

Creatinine clearance — ml/min§

Median 67 67

Interquartile range 52–88 52–86

* The body-mass index is the weight in kilograms divided by the square of the 
height in meters.

† The CHADS2 score for the risk of stroke ranges from 1 to 6, with higher scores 
indicating an increased risk. Three patients (one in the rivaroxaban group and two 
in the warfarin group) had a CHADS2 score of 1.

‡ P<0.05 for the between-group comparison.
§ Creatinine clearance was calculated with the use of the Cockcroft–Gault formula.
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group (2.2% per year) (hazard ratio, 0.79; 95% CI, 
0.65 to 0.95; P = 0.01 for superiority). Among all 
randomized patients in the intention-to-treat anal-
ysis, primary events occurred in 269 patients in the 
rivaroxaban group (2.1% per year) and in 306 pa-
tients in the warfarin group (2.4% per year) (haz-
ard ratio, 0.88; 95% CI, 0.74 to 1.03; P<0.001 for 
noninferiority; P = 0.12 for superiority) (Fig. 1B).

During treatment in the intention-to-treat pop-
ulation, patients in the rivaroxaban group had a 
lower rate of stroke or systemic embolism (188 
events, 1.7% per year) than those in the warfarin 
group (240 events, 2.2% per year) (P = 0.02) (Ta-
ble 2 and Fig. 2). Among patients who stopped 
taking the assigned study drug before the end of 
the study, during a median of 117 days of follow-
up after discontinuation, primary events occurred 
in 81 patients in the rivaroxaban group (4.7% per 
year) and in 66 patients in the warfarin group 
(4.3% per year) (P = 0.58). (Details regarding the 
time to events in patients who completed the study 
and were switched to standard medical therapy are 
provided in Fig. 2 in the Supplementary Appendix.)

Bleeding Outcomes

Major and clinically relevant nonmajor bleeding 
occurred in 1475 patients in the rivaroxaban group 
and in 1449 patients in the warfarin group (14.9% 
and 14.5% per year, respectively; hazard ratio in 
the rivaroxaban group, 1.03; 95% CI, 0.96 to 1.11; 
P = 0.44) (Table 3). Rates of major bleeding were 

similar in the rivaroxaban and warfarin groups 
(3.6% and 3.4%, respectively; P = 0.58). Decreases 
in hemoglobin levels of 2 g per deciliter or more 
and transfusions were more common among pa-
tients in the rivaroxaban group, whereas fatal 
bleeding and bleeding at critical anatomical sites 
were less frequent. Rates of intracranial hemor-
rhage were significantly lower in the rivaroxaban 
group than in the warfarin group (0.5% vs. 0.7% 
per year; hazard ratio, 0.67; 95% CI, 0.47 to 0.93; 
P = 0.02). Major bleeding from a gastrointestinal 
site was more common in the rivaroxaban group, 
with 224 bleeding events (3.2%), as compared with 
154 events in the warfarin group (2.2%, P<0.001) 
(Table 2 in the Supplementary Appendix). (Data 
on nonhemorrhagic adverse events are provided 
in Table 3 in the Supplementary Appendix.)

Secondary Efficacy Outcomes

The rates of secondary efficacy outcomes in the 
as-treated safety population are presented in Ta-
ble 4 in the Supplementary Appendix. During 
treatment, myocardial infarction occurred in 101 
patients in the rivaroxaban group and in 126 pa-
tients in the warfarin group (0.9% and 1.1% per 
year, respectively; hazard ratio in the rivaroxaban 
group, 0.81; 95% CI, 0.63 to 1.06; P = 0.12). In the 
same analysis population, there were 208 deaths 
in the rivaroxaban group and 250 deaths in the 
warfarin group (1.9% and 2.2% per year, respec-
tively; hazard ratio, 0.85; 95% CI, 0.70 to 1.02; 

Table 2. Primary End Point of Stroke or Systemic Embolism.*

Study Population Rivaroxaban Warfarin
Hazard Ratio 

(95% CI)† P Value

No. of 
Patients

No. of 
Events

Event 
Rate

No. of 
Patients

No. of 
Events

Event 
Rate Noninferiority Superiority

no./100 
 patient-yr

no./100 
 patient-yr

Per-protocol, as-treated 
 population‡

6958 188 1.7 7004 241 2.2 0.79 (0.66–0.96) <0.001

Safety, as-treated population 7061 189 1.7 7082 243 2.2 0.79 (0.65–0.95) 0.02

Intention-to-treat population§ 7081 269 2.1 7090 306 2.4 0.88 (0.75–1.03) <0.001 0.12

During treatment 188 1.7 240 2.2 0.79 (0.66–0.96) 0.02

After discontinuation  81 4.7  66 4.3 1.10 (0.79–1.52) 0.58

* The median follow-up period was 590 days for the per-protocol, as-treated population during treatment; 590 days for the safety, as-treated 
population during treatment; and 707 days for the intention-to-treat population.

† Hazard ratios are for the rivaroxaban group as compared with the warfarin group.
‡ The primary analysis was performed in the as-treated, per-protocol population during treatment.
§ Follow-up in the intention-to-treat population continued until notification of study termination.
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P = 0.07). In addition, in the intention-to-treat analy-
sis throughout the trial, there were 582 deaths in 
the rivaroxaban group and 632 deaths in the war-
farin group (4.5% and 4.9% per year, respectively; 
hazard ratio, 0.92; 95% CI, 0.82 to 1.03; P = 0.15).

Selected Subgroup Analyses

The effect of rivaroxaban, as compared with war-
farin, in both efficacy and safety analyses was con-
sistent across all prespecified subgroups (Fig. 3, 
4, and 5 in the Supplementary Appendix). Fur-

thermore, the effect of rivaroxaban did not differ 
across quartiles of the duration of time that INR 
values were within the therapeutic range accord-
ing to study center (P = 0.74 for interaction) (Ta-
ble 5 in the Supplementary Appendix). Within 
the highest quartile according to center, the haz-
ard ratio with rivaroxaban versus warfarin was 
0.74 (95% CI, 0.49 to 1.12).

Discussion

In this randomized trial, we compared rivaroxa-
ban with warfarin for the prevention of stroke or 
systemic embolism among patients with nonval-
vular atrial fibrillation who were at moderate-to-
high risk for stroke. In both the primary analy-
sis, which included patients in the per-protocol 
population, and in the intention-to-treat analysis, 
we found that rivaroxaban was noninferior to war-
farin. In the primary safety analysis, there was no 
significant difference between rivaroxaban and 
warfarin with respect to rates of major or nonma-
jor clinically relevant bleeding.

As prespecified in the statistical-analysis plan, 
we analyzed the trial data in a variety of ways be-
cause we anticipated that some patients would 
discontinue the study treatment and we wished to 
evaluate both noninferiority and superiority. Al-
though an intention-to-treat analysis is the stan-
dard method for assessing superiority in a ran-
domized trial, noninferiority is best established 
when patients are actually taking the randomized 
treatment.16-19 Thus, the primary analysis was per-
formed in the per-protocol population during re-
ceipt of the randomly assigned therapy. In the 
intention-to-treat population, we found no signifi-
cant between-group difference in a conventional 
superiority analysis. In contrast, in the analyses 
of patients receiving at least one dose of a study 
drug who were followed for events during treat-
ment, we found that rivaroxaban was superior to 
warfarin. The difference between these results 
reflects the fact that among patients who discon-
tinued therapy before the conclusion of the trial, 
no significant difference in outcomes would have 
been anticipated, and none was seen.

The most worrisome complication of antico-
agulation is bleeding. Rates of major and nonma-
jor clinically relevant bleeding, the main measure 
of treatment safety, were similar in the rivaroxa-
ban and warfarin groups. Bleeding that proved 
fatal or involved a critical anatomical site occurred 
less frequently in the rivaroxaban group, mainly 
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Figure 1. Cumulative Rates of the Primary End Point (Stroke or Systemic 
Embolism) in the Per-Protocol Population and in the Intention-to-Treat 
 Population.
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because of lower rates of hemorrhagic stroke and 
other intracranial bleeding. In contrast, bleeding 
from gastrointestinal sites, including upper, lower, 
and rectal sites, occurred more frequently in the 
rivaroxaban group, as did bleeding that led to a 
drop in the hemoglobin level or bleeding that re-
quired transfusion. Even though patients in our 
trial were at increased risk for bleeding events, 
rates of major bleeding were similar to those in 
other recent studies involving patients with atrial 
fibrillation.4,15,22,23

Among patients in our study who survived and 
did not reach the primary end point, the rate of 
premature, permanent cessation of randomized 
treatment (14.3% in year 1) was slightly higher 
than in other studies (average, 11%).15,23 This may 
have been a consequence of the trial’s double-blind 
design or the inclusion of patients with more co-
existing illnesses. Among patients who perma-
nently discontinued their assigned treatment be-
fore the end of the study, only about half were 
treated thereafter with a vitamin K antagonist. 
This observation suggests that for at least some 
of the patients who participated in the trial, the 
risks of open-label therapy with currently available 
anticoagulants were ultimately judged to outweigh 
the risk of stroke or systemic embolism. Event 
rates were similar at 30 days and 1 year after with-
drawal, suggesting that the mechanism of events 
did not involve hypercoagulability early after with-
drawal of rivaroxaban. Events occurring at the end 
of the study were probably related to increased 
difficulty in achieving the transition from blinded 
trial therapy to the open-label use of a vitamin K 
antagonist when the patient had previously been 
assigned to the rivaroxaban group, since presum-
ably many patients who had previously been as-
signed to the warfarin group would have already 
had a therapeutic INR.

Among patients in the warfarin group, the pro-
portion of time in which the intensity of anti-
coagulation was in the therapeutic range (mean, 
55%), which was calculated from all INR values 
during the study and for 7 days after warfarin 
interruptions, was lower than in previous studies 
of other new anticoagulants in patients with atrial 
fibrillation (range, 64 to 68%). Among these trials, 
the only study of blinded treatment was limited to 
North American sites, which may have facilitated 
trial compliance.15 Most earlier trials of warfarin 
included fewer high-risk patients,3 and no previous 
studies addressed patient populations with overall 
levels of coexisting illnesses and geographic diver-

sity that were similar to those of the patients in 
our study.24 Significant variations in the duration 
of time in the therapeutic range may reflect re-
gional differences and differential skill in manag-
ing warfarin.25 In a recent analysis of anticoagu-
lation management involving more than 120,000 
patients in the Veterans Affairs health care system, 
the mean proportion of time in the therapeutic 
range was 58%, with significant variation across 
sites.24 The efficacy of rivaroxaban, as compared 
with warfarin, was as favorable in centers with the 
best INR control as in those with poorer control.
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Figure 2. Cumulative Rates of the Primary End Point during Treatment 
and after Discontinuation in the Intention-to-Treat Population.
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In conclusion, in this trial comparing a once-
daily, fixed dose of rivaroxaban with adjusted-
dose warfarin in patients with nonvalvular atrial 
fibrillation who were at moderate-to-high risk for 
stroke, rivaroxaban was noninferior to warfarin 
in the prevention of subsequent stroke or sys-
temic embolism. There were no significant dif-
ferences in rates of major and clinically relevant 
nonmajor bleeding between the two study groups, 
although intracranial and fatal bleeding occurred 
less frequently in the rivaroxaban group.
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Table 3. Rates of Bleeding Events.*

Variable
Rivaroxaban
(N = 7111)

Warfarin
(N = 7125)

Hazard Ratio
(95% CI)† P Value‡

Events Event Rate Events Event Rate

no. (%)
no./100 

 patient-yr no. (%)
no./100 

 patient-yr

Principal safety end point: major and nonmajor 
clinically relevant bleeding§

1475 (20.7) 14.9 1449 (20.3) 14.5 1.03 (0.96–1.11) 0.44

Major bleeding

Any 395 (5.6) 3.6 386 (5.4) 3.4 1.04 (0.90–1.20) 0.58

Decrease in hemoglobin ≥2 g/dl 305 (4.3) 2.8 254 (3.6) 2.3 1.22 (1.03–1.44) 0.02

Transfusion 183 (2.6) 1.6 149 (2.1) 1.3 1.25 (1.01–1.55) 0.04

Critical bleeding¶ 91 (1.3) 0.8 133 (1.9) 1.2 0.69 (0.53–0.91) 0.007

Fatal bleeding 27 (0.4) 0.2 55 (0.8) 0.5 0.50 (0.31–0.79) 0.003

Intracranial hemorrhage 55 (0.8) 0.5 84 (1.2) 0.7 0.67 (0.47–0.93) 0.02

Nonmajor clinically relevant bleeding 1185 (16.7) 11.8 1151 (16.2) 11.4 1.04 (0.96–1.13) 0.35

* All analyses of rates of bleeding are based on the first event in the safety population during treatment.
† Hazard ratios are for the rivaroxaban group as compared with the warfarin group and were calculated with the use of Cox proportional-hazards 

models with the study group as a covariate.
‡ Two-sided P values are for superiority in the rivaroxaban group as compared with the warfarin group.
§ Minimal bleeding events were not included in the principal safety end point.
¶ Bleeding events were considered to be critical if they occurred in intracranial, intraspinal, intraocular, pericardial, intraarticular, intramuscular 

(with compartment syndrome), or retroperitoneal sites.
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