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BACKGROUND
Patients with peripheral artery disease who have undergone lower-extremity revas-
cularization are at high risk for major adverse limb and cardiovascular events. The 
efficacy and safety of rivaroxaban in this context are uncertain.

METHODS
In a double-blind trial, patients with peripheral artery disease who had undergone 
revascularization were randomly assigned to receive rivaroxaban (2.5 mg twice daily) 
plus aspirin or placebo plus aspirin. The primary efficacy outcome was a composite 
of acute limb ischemia, major amputation for vascular causes, myocardial infarction, 
ischemic stroke, or death from cardiovascular causes. The principal safety outcome 
was major bleeding, defined according to the Thrombolysis in Myocardial Infarction 
(TIMI) classification; major bleeding as defined by the International Society on 
Thrombosis and Haemostasis (ISTH) was a secondary safety outcome.

RESULTS
A total of 6564 patients underwent randomization; 3286 were assigned to the riva
roxaban group, and 3278 were assigned to the placebo group. The primary efficacy 
outcome occurred in 508 patients in the rivaroxaban group and in 584 in the 
placebo group; the Kaplan–Meier estimates of the incidence at 3 years were 17.3% 
and 19.9%, respectively (hazard ratio, 0.85, 95% confidence interval [CI], 0.76 to 
0.96; P = 0.009). TIMI major bleeding occurred in 62 patients in the rivaroxaban 
group and in 44 patients in the placebo group (2.65% and 1.87%; hazard ratio, 1.43; 
95% CI, 0.97 to 2.10; P = 0.07). ISTH major bleeding occurred in 140 patients in the 
rivaroxaban group, as compared with 100 patients in the placebo group (5.94% and 
4.06%; hazard ratio, 1.42; 95% CI, 1.10 to 1.84; P = 0.007).

CONCLUSIONS
In patients with peripheral artery disease who had undergone lower-extremity revas-
cularization, rivaroxaban at a dose of 2.5 mg twice daily plus aspirin was associated 
with a significantly lower incidence of the composite outcome of acute limb ischemia, 
major amputation for vascular causes, myocardial infarction, ischemic stroke, or 
death from cardiovascular causes than aspirin alone. The incidence of TIMI major 
bleeding did not differ significantly between the groups. The incidence of ISTH ma-
jor bleeding was significantly higher with rivaroxaban and aspirin than with aspirin 
alone. (Funded by Bayer and Janssen Pharmaceuticals; VOYAGER PAD ClinicalTrials 
.gov number, NCT02504216.)
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It is estimated that more than 200 mil-
lion people globally have lower-extremity pe-
ripheral artery disease, and the incidence is 

increasing.1 Although the underlying disease state 
of atherosclerosis is shared with coronary artery 
disease and cerebrovascular disease, it is increas-
ingly clear that peripheral artery disease represents 
a distinct disorder characterized by a high risk of 
adverse events affecting the limbs, including acute 
limb ischemia and major amputation, as well as 
major adverse cardiovascular events.2,3 Although 
angiographic studies have detected subclinical 
coronary disease in a high proportion of patients 
undergoing vascular surgery, only approximately 
30% of these patients were classified as having 
severe disease.4 Similarly, in clinical trial popula-
tions selected on the basis of symptomatic pe-
ripheral artery disease, the prevalence of known 
symptomatic coronary disease is approximately 
30% and a history of myocardial infarction (plaque 
rupture) is present in only 10 to 20%, despite a 
high prevalence of smoking, diabetes, and other 
cardiovascular risk factors.5

Limb symptoms that are treated with revas-
cularization frequently develop in patients with 
peripheral artery disease.2,3 Such symptoms range 
from severe claudication, which limits function, 
to critical limb-threatening ischemia that is treat-
ed with revascularization to prevent or limit tis-
sue loss.6,7 In contrast to coronary intervention 
and myocardial infarction, peripheral revascular-
ization and critical limb-threatening ischemia 
are becoming increasingly common.8 Patients 
who undergo peripheral revascularization are at 
high risk for subsequent vascular complications 
and particularly for acute limb ischemia, with a 
risk approximately 4 times as high as that among 
persons who have never undergone revascular-
ization.9-13 Acute limb ischemia is a particularly 
serious complication and is associated with long 
hospitalizations and high incidences of limb loss, 
disability, and death.9,10,13,14

The observation that inhibiting thrombin-
mediated activation of platelets with vorapaxar 
reduced the risk of acute limb ischemia in patients 
with stable peripheral artery disease indicated that 
the risk of this complication is modifiable.2,9 Sub-
sequently, the Cardiovascular Outcomes for Peo-
ple Using Anticoagulation Strategies (COMPASS) 
trial showed that rivaroxaban (a selective direct 
factor Xa inhibitor) at a dose of 2.5 mg twice daily 
added to aspirin reduced ischemic risk, includ-

ing the risk of major adverse events affecting the 
limbs, in a broad population with chronic stable 
peripheral artery disease enriched for polyvascu-
lar disease.15,16 On the basis of these observations, 
the Vascular Outcomes Study of ASA (acetylsali-
cylic acid) Along with Rivaroxaban in Endovas-
cular or Surgical Limb Revascularization for PAD 
(peripheral artery disease) (VOYAGER PAD) was 
designed to test the hypothesis that rivaroxaban 
at 2.5 mg twice daily added to aspirin, as com-
pared with aspirin alone, would reduce the risk 
of a composite of acute limb ischemia, major am-
putation for vascular causes, myocardial infarc-
tion, ischemic stroke, or death from cardiovascular 
causes in patients with symptomatic peripheral 
artery disease who had undergone lower-extrem-
ity revascularization.

Me thods

Trial Design and Oversight

The design of the trial has been published previ-
ously.17 It was designed and overseen by a collab-
orative group that included Colorado Prevention 
Center (CPC) Clinical Research (an academic re-
search organization affiliated with the University 
of Colorado), the academic executive committee, 
and the sponsors, Bayer and Janssen Pharmaceu-
ticals. Bayer participated in the trial design, trial 
oversight, site selection, and the drafting of the 
manuscript. A contract research organization 
(Covance) was responsible for site selection, data 
storage, and data monitoring. The CPC and the 
executive committee, which included employees 
of the sponsors, were responsible for trial design 
and oversight, data interpretation, and the drafting 
of the manuscript and the decision to submit the 
manuscript for publication. There were no other 
funders or providers of nonmonetary support.

The protocol was approved by the relevant 
ethics committee at each participating site and 
according to local regulations. An independent 
data and safety monitoring committee monitored 
unblinded safety information at specified inter-
vals and performed one unblinded review of ef-
ficacy as prespecified in the committee charter. 
The database is held by CPC Clinical Research, 
which independently conducted all data analyses 
for publication. The authors vouch for the com-
pleteness and accuracy of the data and for the 
fidelity of the trial to the protocol, available with 
the full text of this article at NEJM.org.
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Trial Population

Eligible patients were at least 50 years old and 
had documented lower-extremity peripheral artery 
disease, including symptoms, anatomical evidence, 
and hemodynamic evidence (a full list of inclusion 
and exclusion criteria is provided in Section B in 
the Supplementary Appendix, available at NEJM 
.org). Patients were eligible after a successful re-
vascularization procedure performed within the 
previous 10 days for symptoms of peripheral ar-
tery disease. Patients were excluded if their condi-
tion was clinically unstable, if they were at a 
heightened risk for bleeding, or if they were taking 
or were anticipated to begin taking prohibited 
concomitant medications, including long-term 
treatment with clopidogrel; clopidogrel could be 
administered for up to 6 months after revascu-
larization at the discretion of the investigator. All 
patients provided written informed consent.

Randomization and Treatment

Eligible patients were randomly assigned in a 1:1 
ratio to receive rivaroxaban at a dose of 2.5 mg 
twice daily or placebo; randomization was per-
formed with a centralized computerized system 
and was stratified according to the type of index 
procedure (endovascular [including hybrid] vs. 
surgical) and according to clopidogrel use or 
nonuse within the group of patients who under-
went an endovascular procedure (Fig. S1 in the 
Supplementary Appendix). Neither the investiga-
tors nor the patients were aware of the treatment 
assignments. All patients were to receive aspirin 
at a dose of 100 mg daily as background therapy.

Trial Outcomes

The primary efficacy outcome was a composite 
of acute limb ischemia, major amputation for 
vascular causes, myocardial infarction, ischemic 
stroke, or death from cardiovascular causes. Sec-
ondary efficacy outcomes were tested in a hierar-
chical fashion, as prespecified, and are listed in 
Table S1. The principal safety outcome was major 
bleeding defined according to the Thrombolysis 
in Myocardial Infarction (TIMI) classification.18 
Major bleeding as defined by the International 
Society on Thrombosis and Haemostasis (ISTH) 
and major bleeding as defined by the Bleeding 
Academic Research Consortium (BARC; grade ≥3b) 
were assessed as secondary safety outcomes.19,20 
An independent academic clinical events commit-
tee adjudicated all deaths, potential ischemic car-

diovascular and limb events, and bleeding events 
in a blinded manner. The definitions of all the 
trial outcomes have been published previously (see 
Section C in the Supplementary Appendix).17

Statistical Analysis

The trial was event-driven. It was estimated that 
1015 primary-outcome events would be required 
to provide the trial with 90% power to test the 
primary hypothesis that rivaroxaban would be 
superior to placebo, with an estimated effect size 
of 20% (i.e., an approximate estimated hazard 
ratio [rivaroxaban vs. placebo] of 0.80) and a one-
sided level of significance (α) of 0.025 (see Section 
D in the Supplementary Appendix for further de-
tails). A single interim analysis was performed, 
and the recommendation was to continue the 
trial as planned; because of the small amount of 
alpha spending, no adjustment was made for the 
final efficacy analysis (see the Supplementary 
Appendix).

The primary composite efficacy outcome was 
assessed on an intention-to-treat basis in all 
patients who underwent randomization, regard-
less of whether they received the trial treatment, 
in a time-to-event analysis from randomization 
to the first occurrence of any component of the 
outcome. The analysis of secondary outcomes 
was also performed on an intention-to-treat basis 
and in a hierarchical fashion. Safety outcomes 
were examined in on-treatment analyses, which 
included all patients who underwent randomiza-
tion and received at least one dose of trial medi-
cation; these analyses counted the first occur-
rence of the safety outcome from randomization 
through 2 days after permanent discontinuation 
of treatment. An exploratory analysis of the ef-
ficacy outcomes in this on-treatment data set was 
also performed. Subgroups were selected for evalu-
ation of the consistency of the primary efficacy and 
safety outcomes. The confidence intervals pre-
sented in the subgroup analyses have not been 
adjusted for multiplicity and cannot be used to 
infer definitive treatment effects.

Event probabilities are expressed as Kaplan–
Meier estimates of the cumulative incidence at 
3 years after randomization. Hazard ratios and 
95% confidence intervals were generated with 
the use of a Cox proportional-hazards model, 
stratified according to the type of procedure and 
according to whether clopidogrel was intended to 
be used. All reported P values are two-sided and 
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6564 Underwent randomization

6772 Patients were enrolled

208 Were excluded at screening
2 Had adverse events

167 Did not meet inclusion criteria or met
exclusion criteria

29 Declined to participate
1 Was withdrawn by investigator
9 Had other reason 

3286 Were assigned to receive rivaroxaban
3256 Received at least 1 dose

30 Never received a dose

3278 Were assigned to receive placebo
3248 Received at least 1 dose

30 Never received a dose

1011 (31.1%) Discontinued placebo early
537 Had adverse event
114 Discontinued for protocol-specified

criteria
233 Discontinued because of patient

decision
21 Discontinued because of physician

decision
67 Had administrative error
39 Had other reason

37 (1.13%) Withdrew consent and
objected to further data collection

19 Were alive
6 Died

12 Were not found listed as dead
in search for vital status

3 (0.09%) Were lost to follow-up
3 (0.09%) Were lost to follow-up

32 (0.97%) Withdrew consent and
objected to further data collection

21 Were alive
3 Died
7 Were not found listed as dead

in search for vital status
1 Was not included in search

for vital status

1080 (33.2%) Discontinued rivaroxaban early
601 Had adverse event
115 Discontinued for protocol-specified

criteria
240 Discontinued because of patient

decision
23 Discontinued because of physician

decision
74 Had administrative error
27 Had other reason

3286 Were included in the primary efficacy
analysis

       3275 (99.7%) Had known vital status
           11 (0.3% Had unknown vital status
3256 Were included in the principal       

safety analysis
    30 Did not receive trial drug and were

excluded from the principal safety
analysis

Ascertainment of the primary outcome
was complete for 98.8% of the potential

patient-years of follow-up.

3278 Were included in the primary efficacy
analysis

3263 (99.5%) Had known vital status
15 (0.5%) Had unknown vital status

3248 Were included in the principal safety
analysis

30 Did not receive trial drug and were
excluded from the principal safety
analysis
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were obtained with a stratified log-rank test. The 
plausibility of the proportional-hazards assump-
tion was confirmed by visually comparing the 
plot of the log of the cumulative hazard between 
treatments and by adding a treatment-by-time 
interaction (with time log-transformed) into the 
model. All analyses were performed with the use 
of SAS software, version 9.4 (SAS Institute).

R esult s

Enrollment and Follow-up

A total of 6564 patients underwent randomiza-
tion from August 2015 through January 2018 at 
542 sites in 34 countries (Fig. 1 and Section A in 
the Supplementary Appendix). The censoring date 
for the primary analyses was September 8, 2019. 
The median follow-up period was 28 months 
(interquartile range, 22 to 34). A total of 6504 pa-
tients (99.1%) received at least one dose of trial 
medication. Of these patients, 1080 (33.2%) in 
the rivaroxaban group and 1011 (31.1%) in the 
placebo group discontinued treatment prematurely 
(Fig. S2). At the end of the trial, data on vital status 
were available for 6538 patients (99.6%) and 
were missing for 8 patients and 12 patients in 
the rivaroxaban and placebo groups, respectively, 
who had withdrawn consent, as well as 3 patients 
in each group who were lost to follow-up. Over-
all, there were 14,752 patient-years of follow-up. 
Ascertainment of the primary outcome was com-
plete for 98.8% of potential patient-years of fol-
low-up (Fig. 1).

Baseline Characteristics

The baseline characteristics were well balanced 
between the groups (Table 1). The median age was 
67 years, and 26% of the patients were women. 
Risk factors were common: 40% of patients had 
diabetes mellitus, 20% had an estimated glomeru-
lar filtration rate less than 60 ml per minute per 
1.73 m2 of body-surface area, and 35% were active 
smokers at randomization. Less than one third of 
patients (31%) had known coronary disease, and 
11% had previous myocardial infarction. The 
majority of patients had a history of claudication 
(96%), and the median ankle–brachial index was 
0.56. Approximately two thirds of patients had 
been treated with an endovascular procedure 
(65%), and one third had been treated surgically 
(35%) (see Table S2 for procedural details). A 
total of 1533 patients (23%) had undergone in-
dex revascularization for critical limb ischemia 
(as defined in the Supplementary Appendix). Over-
all, 80% of patients were taking statin therapy and 
63% were taking angiotensin-converting–enzyme 
inhibitors or angiotensin-receptor blockers; 51% 
were taking clopidogrel.

Efficacy Outcomes

The primary composite outcome occurred in 508 
patients in the rivaroxaban group and in 584 
patients in the placebo group; the Kaplan–Meier 
estimates of the incidence at 3 years were 17.3% 
and 19.9%, respectively (hazard ratio, 0.85; 95% 
confidence interval [CI], 0.76 to 0.96; P = 0.009) 
(Fig. 2 and Table 2). The incidences of the first 
five secondary outcomes in the testing hierarchy 
were all significantly lower in the rivaroxaban 
group than in the placebo group, including the 
incidence of unplanned index limb revascular-
ization for recurrent ischemia (hazard ratio, 
0.88; 95% CI, 0.79 to 0.99; P = 0.03) (Table 2 and 
Fig. S3). All-cause mortality was not lower in the 
rivaroxaban group than in the placebo group 
(hazard ratio, 1.08; 95% CI, 0.92 to 1.27; P = 0.34). 
Therefore, in accordance with the prespecified 
hierarchical testing procedure, the assessment of 
the last secondary outcome (venous thromboem-
bolism) was considered exploratory.

There was no heterogeneity in the efficacy of 
rivaroxaban plus aspirin as compared with aspirin 
alone for the primary outcome across major sub-
groups, including those based on age, sex, and 

Figure 1 (facing page). Screening, Randomization,  
and Follow-up.

A total of 37 patients who had been assigned to the  
rivaroxaban group and 41 patients who had been as-
signed to the placebo group withdrew their consent for 
trial procedures but did not object to having data col-
lected, including full ascertainment of efficacy and 
safety outcomes. For the 32 patients in the rivaroxaban 
group and the 37 patients in the placebo group who 
withdrew their consent for trial procedures and object-
ed to further data collection, information on their vital 
status was sought at the end of the trial, unless a 
search for such information was prohibited by local re-
strictions. Premature discontinuation of treatment in 
accordance with protocol-specified criteria were related 
to safety exclusions (e.g., receipt of therapeutic antico-
agulation).
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Table 1. Baseline Characteristics of the Patients.*

Characteristic
Rivaroxaban 
(N = 3286)

Placebo 
(N = 3278)

Median age (IQR) — yr 67.0 (61.0–73.0) 67.0 (61.0–73.0)

Female sex — no. (%) 847 (25.8) 857 (26.1)

Median body-mass index (IQR)† 26.0 (23.3–29.1) 26.0 (23.2–29.1)

Race — no. (%)‡

White 2647 (80.6) 2656 (81.0)

Asian 484 (14.7) 482 (14.7)

Black 84 (2.6) 71 (2.2)

Other 71 (2.2) 69 (2.1)

Geographic region — no. (%)

North America 347 (10.6) 347 (10.6)

Western Europe 914 (27.8) 912 (27.8)

Eastern Europe 1301 (39.6) 1298 (39.6)

Asia Pacific 481 (14.6) 480 (14.6)

South America 243 (7.4) 241 (7.4)

Risk factors and coexisting conditions — no. (%)

Hypertension 2684 (81.7) 2658 (81.1)

Hyperlipidemia 1971 (60.0) 1968 (60.0)

Current smoker 1147 (34.9) 1132 (34.5)

Diabetes mellitus 1313 (40.0) 1316 (40.1)

Estimated GFR <60 ml/min/1.73 m2 661 (20.1) 666 (20.3)

Symptomatic coronary artery disease 1052 (32.0) 1015 (31.0)

Myocardial infarction 365 (11.1) 349 (10.6)

Known carotid artery disease 282 (8.6) 293 (8.9)

Peripheral artery disease–related history

Median ankle–brachial index (IQR) 0.56 (0.42–0.67) 0.56 (0.42–0.67)

Previous amputation — no. (%) 194 (5.9) 196 (6.0)

History of claudication — no. (%) 3132 (95.3) 3137 (95.7)

History of critical limb ischemia — no. (%) 999 (30.4) 969 (29.6)

Previous peripheral revascularization — no. (%) 1181 (35.9) 1155 (35.2)

Qualifying revascularization — no. (%)

Performed for claudication 2521 (76.7) 2504 (76.4)

Performed for critical limb ischemia§ 762 (23.2) 771 (23.5)

Endovascular 2153 (65.5) 2140 (65.3)

Surgical 1133 (34.5) 1138 (34.7)

Medications — no. (%)

Statin 2608 (79.4) 2641 (80.6)

ACE inhibitor or ARB 2096 (63.8) 2063 (62.9)

Aspirin at randomization 3256 (99.1) 3248 (99.1)

Clopidogrel at randomization 1658 (50.5) 1655 (50.5)

*	�There were no significant differences between groups. Percentages may not total 100 because of rounding. ACE de-
notes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, GFR glomerular filtration rate, and IQR inter-
quartile range.

†	�The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	�Race was reported by the patient.
§	� See the Supplementary Appendix for the definition of critical limb ischemia.
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cardiovascular risk factors (Fig. S4). Similarly, 
there was no heterogeneity on the basis of quali-
fying symptoms, type of intervention, ankle–bra-
chial index at screening, or the presence of critical 
limb ischemia at index revascularization. Because 
some patients stopped taking the trial medica-
tion prematurely, we performed an on-treatment 
efficacy analysis in the safety analysis population, 
including events from randomization until 2 days 
after permanent treatment discontinuation. The 
findings were consistent with those in the inten-
tion-to-treat analysis (Table S3).

Safety Outcomes

The principal safety outcome of TIMI major bleed-
ing during follow-up occurred in 62 patients in 
the rivaroxaban group and 44 patients in the pla-
cebo group, with Kaplan–Meier estimates of the 
incidence at 3 years of 2.65% and 1.87%, respec-
tively (hazard ratio, 1.43; 95% CI, 0.97 to 2.10; 
P = 0.07) (Table 3). Intracranial hemorrhage oc-
curred in 13 patients in the rivaroxaban group 
and in 17 patients in the placebo group (hazard 
ratio, 0.78; 95% CI, 0.38 to 1.61). Fatal bleeding 
occurred in 6 patients in each group. The compos-
ite outcome of intracranial hemorrhage or fatal 

bleeding occurred in 17 patients in the rivaroxa-
ban group and in 19 patients in the placebo group 
(hazard ratio, 0.91; 95% CI, 0.47 to 1.76). There 
was no heterogeneity in the risk of TIMI major 
bleeding among major subgroups (Fig. S5).

The secondary safety outcome of ISTH major 
bleeding occurred in 140 patients in the riva
roxaban group and in 100 patients in the place-
bo group; the Kaplan–Meier estimates of the 
incidence at 3 years were 5.94% with rivaroxaban 
and 4.06% with placebo (hazard ratio, 1.42; 
95% CI, 1.10 to 1.84; P = 0.007) (Table 3). BARC 
bleeding of grade 3b or greater occurred in 93 
patients in the rivaroxaban group and in 73 pa-
tients in the placebo group (hazard ratio, 1.29; 
95% CI, 0.95 to 1.76; P = 0.10). Numbers of ad-
verse events (4423 with rivaroxaban and 4473 
with placebo), numbers of patients with at least 
one serious adverse event that occurred during 
treatment (948 in the rivaroxaban group and 927 
in the placebo group), and numbers of patients 
who discontinued treatment because of adverse 
events (20 in the rivaroxaban group and 18 in the 
placebo group) were similar in the two groups 
(Tables S4A, S4B, and S5).

We estimate that for every 10,000 patients who 

Figure 2. Kaplan–Meier Analysis of the Primary Composite Efficacy Outcome.

The primary efficacy outcome was a composite of acute limb ischemia, major amputation for vascular causes, myo-
cardial infarction, ischemic stroke, or cardiovascular death. The inset shows the same data on an expanded y axis.
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were treated for 1 year, rivaroxaban at a dose of 
2.5 mg twice daily added to aspirin would prevent 
181 primary efficacy outcome events at the cost 
of 29 principal safety outcome events (Fig. S6).

Discussion

Patients with symptomatic peripheral artery dis-
ease who have undergone lower-extremity revas-
cularization are at high risk for major adverse 
limb and cardiovascular events. In this trial, which 
involved a broad population of patients who had 
undergone lower-extremity revascularization, near-
ly 1 in 5 patients in the placebo group had the 
primary composite outcome of acute limb ische
mia, major amputation for vascular causes, myo-
cardial infarction, ischemic stroke, or death from 
cardiovascular causes at 3 years. The addition of 
rivaroxaban at a dose of 2.5 mg twice daily to 
aspirin reduced this risk by approximately 15%. 
The benefit was apparent early, with the Kaplan–
Meier curves separating at 3 months, was consis-
tent among subgroups, and continued to accrue 
over time. There was no significant excess in the 
principal safety outcome of TIMI major bleeding 
with rivaroxaban. There was a significantly high-
er incidence of the secondary safety outcome of 
ISTH major bleeding; however, there was no ex-
cess in intracranial hemorrhage or fatal bleeding.

Current practice guidelines recommend aspirin 
or clopidogrel monotherapy for patients with 

symptomatic peripheral artery disease, regardless 
of the clinical setting.7 Recommendations for 
more intensive regimens, including dual anti-
platelet therapy with aspirin and a P2Y12 inhibitor 
or vorapaxar, are given a class IIb recommenda-
tion.6,7 Although the use of dual antiplatelet thera-
py is common after revascularization for periph-
eral artery disease, data to support this practice 
are either observational or extrapolated from ran-
domized trials involving patients with coronary 
artery disease, in which efficacy has been shown 
for cardiovascular risk and coronary stent throm-
bosis rather than for limb outcomes.6,7,21,22 In 
reality, however, the risks faced by patients with 
peripheral artery disease early after revascular-
ization are driven as much or more by acute limb 
ischemia and major amputation for a vascular 
cause.2,9,10,12,14

Previous trials of antithrombotic therapy after 
lower-extremity bypass surgery have not shown 
efficacy and have demonstrated an unacceptable 
bleeding risk.21,23 Findings regarding antithrom-
botic therapy in stable peripheral artery disease 
have largely been derived from subgroups of pa-
tients with coronary disease or broad populations 
of patients with atherosclerosis that were enriched 
for and designed to evaluate major adverse car-
diovascular events. Severe limb outcomes such 
as acute limb ischemia, if reported, are typically 
secondary or exploratory.2,5,24-26 Our results extend 
and complement the observations in the Cardio-

Table 3. Safety Outcomes.*

Outcome
Rivaroxaban 
(N = 3256)

Placebo 
(N = 3248)

Hazard Ratio 
 (95% CI) P Value

Patients with 
Event

K–M 
Estimate 
 at 3 Yr

Patients with 
Event

K-M Estimate 
 at 3 Yr

no. (%) % no. (%) %

Principal safety outcome: TIMI major bleeding 62 (1.90) 2.65 44 (1.35) 1.87 1.43 (0.97–2.10) 0.07

Intracranial hemorrhage 13 (0.40) 0.60 17 (0.52) 0.90 0.78 (0.38–1.61)

Fatal bleeding 6 (0.18) 0.21 6 (0.18) 0.21 1.02 (0.33–3.15)

Intracranial or fatal bleeding 17 (0.52) 0.74 19 (0.58) 0.97 0.91 (0.47–1.76)

Secondary safety outcomes

ISTH major bleeding 140 (4.30) 5.94 100 (3.08) 4.06 1.42 (1.10–1.84) 0.007

BARC major bleeding† 93 (2.86) 3.86 73 (2.25) 2.92 1.29 (0.95–1.76) 0.10

*	�Safety analyses included all patients who underwent randomization and had received at least one dose of trial medication. ISTH denotes 
International Society on Thrombosis and Haemostasis, and TIMI Thrombolysis in Myocardial Infarction.

†	�Bleeding Academic Research Consortium (BARC) major bleeding is defined as grade 3b or higher.
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vascular Outcomes for People Using Anticoagu-
lation Strategies (COMPASS) trial, which showed 
reductions in ischemic risk, including the risk of 
limb outcomes such as acute limb ischemia, in 
a broad population of patients with chronic pe-
ripheral artery disease enriched for polyvascular 
disease.24 Together, these trials show the efficacy 
of rivaroxaban at a dose of 2.5 mg twice daily 
added to aspirin in peripheral artery disease 
from its initiation after the lower-extremity 
intervention and continuing through long-term 
prevention.

The effect of rivaroxaban on bleeding in our 
trial depended on the definition. TIMI major 
bleeding was chosen as the principal outcome 
because of the procedural context, in which mi-
nor bleeding is common and measures of more 
severe bleeding (e.g., a hemoglobin threshold of 
5.0 g per deciliter) have traditionally been 
used.18,21,27 There was no significant difference in 
the incidence of TIMI major bleeding (fatal bleed-
ing, intracranial hemorrhage, a decrease in hemo-
globin level of ≥5 g per deciliter, or hematocrit 
≥15%) between the groups. However, there was 
a significantly higher incidence of the secondary 
safety outcome of ISTH major bleeding (fatal 
bleeding, bleeding into a critical site, a hemoglo-
bin level ≥2 g per deciliter, or transfusion of at 
least 2 units of packed red cells or whole blood) 
in the rivaroxaban group.

A limitation of the trial is that the percentage 
of patients who discontinued treatment prema-
turely, although relatively balanced between the 
groups, was higher than anticipated. Annualized 
discontinuation rates in the rivaroxaban group 

(approximately 14% per year), however, were simi-
lar to those observed in other recent trials in sta-
ble atherosclerosis and lower than those in some 
trials in acute coronary syndrome.5,16,28,29 None-
theless, the high percentage of patients with pre-
mature treatment cessation may have attenuated 
the benefits observed in the intention-to-treat 
analysis, as suggested by the on-treatment analysis.

The addition of rivaroxaban at a dose of 2.5 mg 
twice daily to aspirin in patients with symptom-
atic peripheral artery disease who had undergone 
lower-extremity revascularization reduced the in-
cidence of the composite outcome of acute limb 
ischemia, amputation for vascular causes, myo-
cardial infarction, ischemic stroke, or cardiovas-
cular death. The incidence of the principal safety 
outcome of TIMI major bleeding was not signifi-
cantly higher with rivaroxaban plus aspirin than 
with aspirin alone, but rivaroxaban plus aspirin 
was associated with a significantly higher inci-
dence of the secondary safety outcome of ISTH 
major bleeding.
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