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Abstract

IMPORTANCE Prior studies have observed an association between the burden of atherosclerotic
vascular disease and the risk of venous thromboembolism (VTE). The association is not well
described in peripheral artery disease (PAD) after lower extremity revascularization (LER).

OBJECTIVE To describe the risk of, factors associated with, and outcomes after VTE, as well as the
association of low-dose rivaroxaban plus antiplatelet therapy with VTE after LER.

DESIGN, SETTING, AND PARTICIPANTS This global, multicenter cohort study used data from the
Vascular Outcomes Study of ASA (acetylsalicylic acid) Along With Rivaroxaban in Endovascular or
Surgical Limb Revascularization for PAD (VOYAGER PAD) randomized clinical trial, which enrolled
patients from 2015 to 2018 with median follow-up of 28 months. Participants included patients with
PAD undergoing LER. Patients with an indication for therapeutic anticoagulation were excluded. Data
were analyzed from September 2020 to September 2021.

EXPOSURE Randomization to rivaroxaban 2.5 mg twice daily or placebo on a background of aspirin
100 mg daily; short-term clopidogrel was used at the discretion of the treating physician.

MAIN OUTCOMES AND MEASURES Symptomatic VTE was a prespecified secondary outcome and
prospectively collected.

RESULTS Among 6564 patients (median [IQR] age, 67 [61-73] years; 4860 [74.0%] men), 66
patients had at least 1 VTE. The 3-year rate of VTE in patients receiving placebo was 1.7%, and the
pattern of risk was linear (year 1: 0.5%; year 2: 1.1%). After multivariable modeling, weight (hazard
ratio [HR], 3.04; 95% CI, 1.09-8.43), hypertension (HR, 2.11; 95% CI, 0.91-4.89), prior amputation
(HR, 2.07; 95% CI, 0.95-4.53), and older age (HR, 1.81; 95% CI, 1.06-3.11) were associated with
increased risk of VTE. VTE was associated with risk of subsequent mortality (HR, 7.22; 95% CI, 4.66-
11.19). Compared with aspirin alone, rivaroxaban plus aspirin was associated with lower VTE risk (HR,
0.61; 95% CI, 0.37-0.998; P = .047), with benefit apparent early and sustained over time. This
association was not modified by use of clopidogrel at randomization (without clopidogrel: HR, 0.55;
95% CI, 0.29-1.07; with clopidogrel: HR, 0.69; 95% CI, 0.32-1.48; P for interaction = .67).

CONCLUSIONS AND RELEVANCE In this cohort study, there was continuous risk for VTE after LER
in patients with PAD, with greater risk in patients who were older and had obesity and those with
more severe PAD, as reflected by prior amputation. Low-dose rivaroxaban plus aspirin was associated
with lower VTE risk compared with aspirin alone, with benefits apparent early and continued over
time. The spectrum of venous and arterial thrombotic events and overall benefits of more potent
antithrombotic strategies for prevention should be considered after LER for PAD.
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Key Points
Question What are the risks of venous

thromboembolism (VTE) after lower

extremity revascularization (LER) for

peripheral artery disease (PAD), and is

use of low-dose rivaroxaban plus aspirin

associated with risk of VTE after LER?

Findings In this cohort study of 6564

patients undergoing LER for PAD, the

3-year rate of VTE in patients receiving

placebo was 1.66%, and low-dose

rivaroxaban plus aspirin was associated

with reduced risk for VTE.

Meaning These findings suggest that

patients who underwent LER for PAD

were at risk for VTE in addition to arterial

thrombotic events, and low-dose

rivaroxaban plus aspirin should be

considered for reduction of the full

spectrum of thrombotic risk.
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Introduction

Peripheral artery disease (PAD) is associated with risk of arterial thrombotic complications and a
broad range of manifestations of atherosclerosis-associated arterial thrombosis.1 Studies have
demonstrated elevated risk of severe cardiovascular and limb ischemic events, including myocardial
infarction (MI), stroke, acute limb ischemia, and major amputation, among patients with chronic
PAD.2-5 After lower extremity revascularization (LER) for symptomatic PAD, the risk of arterial
thrombotic complications is even greater, both early and in the long term after the procedure.1,5-7 The
contribution of arterial thrombosis to ischemic risk in PAD has thus formed the basis for
antithrombotic treatment.

Beyond risk for arterial thrombosis, data support an association between atherosclerosis and
venous thromboembolism (VTE).8 Patients with VTE have been observed to have increased risk of
concomitant atherosclerosis, as well as increased risk of subsequent atherosclerotic ischemic
events.8-10 More recently, in a combined analysis11 of 2 antiplatelet therapy trials, Thrombin Receptor
Antagonist in Secondary Prevention of Atherothrombotic Ischemic Events–Thrombolysis in
Myocardial Infarction 50 (TRA°2P-TIMI 50)12 and Prevention of Cardiovascular Events in Patients
with Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background of Aspirin–TIMI 54
(PEGASUS-TIMI 54),13 patients with stable atherosclerotic cardiovascular disease, including PAD,
were at risk for not only arterial thrombosis but also VTE, with higher VTE risk associated with greater
burden of atherosclerosis. In the combined study by Cavallari et al,11 more intensive antiplatelet
therapy was associated with lower risk of VTE. Similarly, the addition of a low-dose anticoagulant,
rivaroxaban 2.5 mg twice daily, to aspirin vs aspirin alone was also associated with a 39% lower rate
of VTE (hazard ratio [HR], 0.61; 95% CI, 0.37-1.00) in patients with stable atherosclerotic
cardiovascular disease in the Cardiovascular Outcomes for People Using Anticoagulation Strategies
(COMPASS) trial.14

These observations raise the question as to the pattern and magnitude of VTE risk in patients
with symptomatic PAD in the acute postrevascularization setting and whether the potential benefits
of more potent antithrombotic therapy with low-dose rivaroxaban observed in stable, chronic PAD
might extend to the postprocedural setting, where use of dual antiplatelet therapy is common.
Therefore, VTE was a prespecified outcome of the Vascular Outcomes Study of ASA (acetylsalicylic
acid) Along With Rivaroxaban in Endovascular or Surgical Limb Revascularization for PAD (VOYAGER
PAD) trial.15 This study describes the risk of, factors associated with, and outcomes after VTE, as well
as the association between rivaroxaban plus antiplatelet therapy and VTE in the VOYAGER PAD trial.

Methods

This cohort study, a prespecified secondary analysis of the VOYAGER PAD study, was approved by
institutional review boards at VOYAGER PAD participating institutions. All patients provided written,
informed consent. This study is reported following the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Data Source
Data for this cohort were from VOYAGER PAD (NCT02504216), the design and results of which have
been previously published.15,16 VOYAGER PAD was a double-blind randomized clinical trial
conducted at 542 sites in 34 countries, randomizing patients undergoing LER for symptomatic PAD
to rivaroxaban 2.5 mg twice daily or placebo with a background of aspirin 100 mg daily. Concomitant
clopidogrel use for no more than 6 months was allowed. The trial was designed and overseen by
Colorado Prevention Center (CPC) Clinical Research (an academic research organization affiliated
with the University of Colorado), the academic executive committee, and the sponsors, Bayer and
Janssen Pharmaceuticals. CPC Clinical Research holds the clinical database and independently
performed all analyses for this study.
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Study Population
From 2015 to 2018, VOYAGER PAD enrolled patients with symptomatic PAD aged 50 years and older
who underwent successful LER for claudication or critical limb ischemia via an endovascular
(including hybrid) or surgical approach within the previous 10 days. Key exclusion criteria included
planned dual antiplatelet therapy for more than 6 months, need for systemic anticoagulation
(including acute treatment or long-term secondary prevention of VTE), recent acute limb ischemia or
acute coronary syndrome, increased risk of bleeding, significantly impaired baseline kidney function,
and prior intracranial hemorrhage, stroke, or transient ischemic attack. In VOYAGER PAD, race was
self-reported as American Indian or Alaska Native, Asian, Black, Native Hawaiian or other Pacific
Islander, multiple races, and White. These data were collected as part of an international clinical trial,
as they can provide information about the study population.

Outcomes
In VOYAGER PAD, the primary efficacy end point was a composite of acute limb ischemia, major
amputation of vascular etiology, MI, ischemic stroke, or cardiovascular death; symptomatic VTE,
defined as pulmonary embolism or deep vein thrombosis, was prospectively ascertained by
investigator report and was a prespecified secondary end point. For this analysis, symptomatic VTE
was the primary end point. VTE severity was classified according to hospitalization or death within
30 days of the VTE event. An independent clinical events committee blinded to treatment
assignment adjudicated all deaths and potential ischemic cardiovascular and limb events.

Statistical Analysis
Examining the association between rivaroxaban and risk of VTE was a prespecified secondary
analysis of VOYAGER PAD. Categorical variables are reported as count (percentage), and continuous
variables as median (IQR). Baseline characteristics grouped by incident VTE status during follow-up
were compared using Wilcoxon rank-sum tests for continuous variables and χ2 or Fisher exact tests
(where possible) for categorical variables.

A multivariable Cox regression model with stepwise selection was used to identify baseline
demographic and clinical variables associated with VTE. Given the small number of VTE events,
P = .10 was used for model entry or exit. Candidate variables are listed in the eTable in the
Supplement. A model to estimate the association between all-cause death and incident VTE as a
time-varying covariate was determined, with adjustment for treatment assignment and other
baseline factors significantly related to VTE during follow-up, and stratification according to the type
of procedure and according to whether clopidogrel was intended to be used. The risk of these events
before vs after VTE was also summarized by the number of events per 100 patient-years of follow-up
and associated 95% CIs. The association between rivaroxaban and time to first VTE was assessed by
a Cox proportional hazards models, stratified by type of revascularization procedure and intended
use of baseline clopidogrel. The treatment effect was summarized by an HR with associated Wald
95% CI and log-rank P value. A sensitivity analysis for the outcome accounted for death from any
cause as a competing terminal event. Event probabilities were determined by Kaplan-Meier
estimates of cumulative incidence. Potential heterogeneity of the association of rivaroxaban with
VTE for subgroups defined by baseline demographic and clinical characteristics was assessed by the
significance of interaction terms in proportional hazards models. Analyses of clinical outcomes were
performed according to the intention-to-treat principle, including all patients and events from
randomization to the study efficacy cutoff date. Two-tailed P < .05 was considered statistically
significant, with no adjustment for multiple testing. Analyses were performed in SAS version 9.4 (SAS
Institute) and S-Plus version 8.2 (MS Miami International Software). Data were analyzed from
September 2020 to September 2021.
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Results

Baseline Characteristics
Among 6564 patients randomized in VOYAGER PAD and followed for a median (IQR) of 28 (22-34)
months, 66 patients (1.0%) had at least 1 VTE event, and the incidence of VTE was 0.42 per 100
patient-years. Baseline characteristics according to incident VTE status are shown in the Table.
Patients with VTE, compared with patients without VTE, were older (median [IQR] age, 68 [64-75]
years vs 67 [61-73] years), had greater body weight (7.6% vs 16.6% with weight �60 kg), and more
frequently had hypertension (90.9% vs 81.3%). Patients with VTE vs those without also had more
severe PAD, as indicated by more frequent history of LER (43.9% vs 35.5%) and amputation (10.6%
vs 5.9%).

Factors Associated With VTE
After multivariable modeling (Figure 1), baseline factors independently associated with VTE risk
included older age (HR, 1.81; 95% CI, 1.06-3.11), weight (HR, 3.04; 95% CI, 1.09-8.43), and
hypertension (HR, 2.11; 95% CI, 0.91-4.89). Prior amputation (HR, 2.07; 95% CI, 0.95-4.53), an
indicator of PAD severity, was also associated with VTE risk. Clopidogrel use at randomization was
not associated with VTE risk (HR, 0.66; 95% CI, 0.41-1.08), but rivaroxaban use was (HR, 0.60; 95%
CI, 0.37-0.998; P = .047). Clopidogrel was used for a median (IQR) of 29 (26-50) days in the overall
study population.

Outcomes After VTE
Of the first VTE events occurring during follow-up, 27 (40.9%) were nonfatal and did not lead to
hospitalization, 29 (43.9%) led to hospitalization, and 10 (15.2%) were associated with death within
30 days of the VTE event (Figure 2). Overall, of 66 patients who experienced a VTE event, 23
(34.8%) subsequently died over a median (IQR) of 1.2 (0.2-1.8) years. Across treatment groups,
incident VTE was associated with a greater risk of subsequent death compared with no VTE, with a
marked increase in events per 100 patient-years after a VTE event (all-cause mortality: 3.7 [95% CI,
3.4-4.0] deaths per 100 patient-years before VTE vs 28.8 [95% CI, 18.2-43.1] deaths per 100
patient-years after VTE). After adjusting for the factors significantly associated with VTE, VTE was
associated with significantly increased risk of all-cause death during follow-up (HR, 7.22; 95% CI,
4.66-11.19).

Rivaroxaban vs Placebo and VTE
In patients randomized in VOYAGER PAD, rivaroxaban was associated with a 39% lower risk of VTE
(HR, 0.61; 95% CI, 0.37-0.998; P = .047) (Figure 3), with event rates at 3 years of 1.7% in those
receiving antiplatelet therapy alone, with a linear pattern of risk (year 1: 0.5%; year 2: 1.1%), and 0.8%
in those receiving rivaroxaban in addition to antiplatelet therapy. Among 41 patients in the placebo
group with VTE, 25 events were deep vein thrombosis and 16 events were pulmonary embolism;
among 25 patients in the rivaroxaban group with VTE, 19 events were deep vein thrombosis and 6
events were pulmonary embolism. Furthermore, the association between rivaroxaban and
decreased risk of VTE was unchanged when death from any cause was treated as a competing
terminal event (HR, 0.61; 95% CI, 0.37-0.995; P = .048). The association between rivaroxaban and
VTE was consistent among multiple subgroups and irrespective of use of clopidogrel and statin at
randomization (Figure 4). There were no statistically significant differences in the number of events
in each category of VTE severity (Figure 2).

Discussion

This cohort study reports 3 novel findings on the risk of VTE and benefit associated with rivaroxaban
in patients with PAD after LER. First, the rate of VTE after LER was approximately 0.6% per year,
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Table. Baseline Characteristics

Characteristic

Patients, No. (%)

P value
Overall
(N = 6564)

With VTE
(n = 66)

Without VTE
(n = 6498)

Age, y

Median (IQR) 67 (61-73) 68 (64-75) 67 (61-73) .14

≥75 1330 (20.3) 19 (28.8) 1311 (20.2) .09

Sex

Women 1704 (26.0) 16 (24.2) 1688 (26.0)
.89

Men 4860 (74.0) 50 (75.8) 4810 (74.0)

Weight ≤60 kg 1082 (16.5) 5 (7.6) 1077 (16.6) .046

Race

American Indian or Alaska Native 5 (0.1) 0 5 (0.1)

.25

Asian 966 (14.7) 4 (6.0) 962 (14.8)

Black 155 (2.4) 0 155 (2.4)

Native Hawaiian or Other Pacific Islander 1 (<0.1) 0 1 (<0.1)

Multiple 3 (0.1) 0 3 (0.1)

White 5303 (80.8) 59 (89.4) 5244 (80.7)

Not Reported 131 (2.0) 3 (4.6) 128 (2.0)

Geographic region

North America 694 (10.6) 13 (19.7) 681 (10.5)

.02

Western Europe 1826 (27.8) 24 (36.4) 1802 (27.7)

Eastern Europe 2599 (39.6) 22 (33.3) 2577 (39.7)

Asia Pacific 961 (14.6) 4 (6.1) 957 (14.7)

South America 484 (7.4) 3 (4.6) 481 (7.4)

Risk factors and comorbidities

Current smoker 2279 (34.7) 19 (28.8) 2260 (34.8) .41

Hypertension 5342 (81.4) 60 (90.9) 5282 (81.3) .05

Hyperlipidemia 3939 (60.0) 36 (54.6) 3903 (60.1) .38

Coronary artery disease 2067 (31.5) 21 (31.8) 2046 (31.5) >.99

Heart failure 539 (8.2) 5 (7.6) 534 (8.2) >.99

Carotid artery disease 575 (8.8) 9 (13.6) 566 (8.7) .18

Diabetes 2629 (40.1) 26 (39.4) 2603 (40.1) >.99

eGFR <60 mL/min/1.73 m2 1327 (20.2) 17 (25.8) 1310 (20.2) .28

SBP, median (IQR), mm Hg 135 (125-145) 135 (125-150) 125 (125-145) .71

Polyvascular disease 2361 (36.0) 25 (37.8) 2336 (35.9) .80

History of cancer 137 (2.1) 2 (3.0) 135 (2.1) .40

PAD history

Index ABI, median (IQR) 0.56 (0.42-0.67) 0.54 (0.42-0.67) 0.56 (0.42-0.67) .69

Prior revascularization 2336 (35.6) 29 (43.9) 2307 (35.5) .16

Prior amputation 390 (5.9) 7 (10.6) 383 (5.9) .11

Qualifying revascularization

Revascularization approach

Endovascular 4379 (66.7) 41 (62.1) 4338 (66.8)
.87

Surgical 2185 (33.3) 25 (37.9) 2160 (33.2)

Site of revascularization

Popliteal or above 5919 (90.2) 58 (87.9) 5861 (90.2)
.53

Infrapopliteal or other 645 (9.8) 8 (12.2) 637 (9.8)

Randomization strata

Endovascular with clopidogrel 3080 (46.9) 25 (37.9) 3055 (47.0)

.31Endovascular without clopidogrel 1213 (18.5) 15 (22.7) 1198 (18.4)

Surgical intervention 2271 (34.6) 26 (39.4) 2245 (34.6)

Indication for revascularization

Claudication 5031 (76.6) 49 (74.4) 4982 (76.7)
.66

Critical limb ischemia 1533 (23.4) 17 (25.8) 1516 (23.3)

Long (≥15 cm) target lesion length 2252 (34.3) 27 (40.9) 2225 (34.2) .049

(continued)
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which is approximately 2-fold that seen in stable atherosclerosis populations,11,14 and both patient
factors (eg, age, obesity) and severity of PAD (eg, prior amputation) were associated with VTE risk.
Second, the pattern of risk for VTE was not front-loaded, as might be anticipated in the
postprocedural setting, but rather was linear and continuous, suggesting that VTE was a
consequence of the disease state rather than the procedure. Third, in addition to the arterial benefits
described in the VOYAGER PAD trial, rivaroxaban was also associated with a lower rate of VTE,
underscoring the broad thrombotic benefits of this strategy in patients at heightened
thrombotic risk.

Although atherothrombosis, or atherosclerosis-associated arterial thrombosis, and VTE are
often considered separate entities, an evolving body of literature suggests an association between
atherosclerotic vascular disease and VTE. In a large population-based case-control study, risk for
subsequent MI and stroke was 20% to 40% higher among patients with VTE compared with
controls, and VTE was associated with 1.9-fold increased risk of MI and 2.7-fold increased risk of
stroke.9 Conversely, patients with a history of symptomatic atherosclerotic cardiovascular disease
have also been found to be at increased risk of VTE.11,17 In addition, arterial and venous thrombosis
share common risk factors, such as age and obesity,18 and data suggest that thrombophilia and
inflammation may play a role in both conditions.19-21 Statins, which have anti-inflammatory
properties,22 have been associated with 20% to 30% decreased risk of VTE,23-25 and there was an
observed trend for reduction in VTE associated with PCSK9-inhibitor use in acute coronary
syndromes, with the risk of VTE related to reduction in the proinflammatory lipoprotein(a),26 but not
low-density lipoprotein cholesterol.27 Further evidence for shared pathobiology in atherothrombosis
and VTE comes from the finding of increased platelet activation in patients with VTE,28,29 suggesting
cross-talk between platelet function and coagulation. Consistent with this finding is the additional
29% reduction in VTE associated with more intensive antiplatelet therapy demonstrated in TRA°2P-
TIMI 50 and PEGASUS-TIMI 54.11-13

Given this association between atherosclerosis and VTE, we examined VTE as a potential complica-
tion after LER for symptomatic PAD. In patients with stable atherosclerotic vascular disease with mixed
CAD and PAD assigned to placebo in a pooled analysis of the TRA°2P-TIMI 50 and PEGASUS-TIMI 54
trials and in the COMPASS trial, the rate of VTE was approximately 0.3% per year.11-14 In contrast, the
risk of VTE among patients in the placebo group in VOYAGER PAD was almost 2-fold higher (approxi-
mately 0.6% per year). In this population, patient factors, such as older age and greater weight, as well

Table. Baseline Characteristics (continued)

Characteristic

Patients, No. (%)

P value
Overall
(N = 6564)

With VTE
(n = 66)

Without VTE
(n = 6498)

Medications

Statin 5249 (80.0) 51 (77.3) 5198 (80.0) .54

Clopidogrel 3313 (50.5) 27 (40.9) 3286 (50.6) .14

Randomized to rivaroxaban 3286 (50.1) 25 (37.9) 3261 (50.2) .048

Abbreviations: ABI, ankle-brachial index; eGFR,
estimated glomerular filtration rate; SBP, systolic blood
pressure.

Figure 1. Baseline Characteristics Associated With Venous Thromboembolism
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Associated variables (candidate variables are listed in
the eTable in the Supplement) were identified by
stepwise selection with a P = .10 for model entry or
exit. HR indicates hazard ratio.
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as greater PAD severity, as evidenced by history of lower extremity amputation, were associated with
VTE risk. These findings provide a more complete understanding of the true spectrum of thrombotic
risk facing patients with PAD undergoing revascularization and may help to identify patients at higher
risk for VTE after LER. Although attention has been focused on postprocedure arterial complications,
VTE events are not benign and can be associated with significant morbidity, mortality, and cost.30,31 In
our analysis, 44% of VTE complications required inpatient treatment, and 15% of patients died within
30 days of their VTE event. Increased risk of death after incident VTE within the first year, as well as
long-term up to 30 years after, has also been observed.32

Beyond raising awareness of the heightened risk for VTE after LER, our results also provide
insight into the underlying pathophysiology of VTE in this population. We hypothesized that VTE risk
might be higher immediately after LER, perhaps related to procedure-associated hypercoagulability
and reduced mobility. However, we observed a linear and continuous pattern of risk for VTE after
LER. This pattern suggests that VTE risk is related to PAD itself, rather than only to procedure- or
hospitalization-related factors. Along with the observed post-LER VTE risk that was almost 2-fold
that in patients with stable vascular disease, these results suggest that more severe atherosclerosis
(eg, symptomatic PAD treated with LER) is associated with VTE risk and further support an
association between atherosclerosis and venous thrombotic events.

Interestingly, concomitant CAD was not identified as a factor associated with VTE in this
analysis. Prior studies have demonstrated that among patients with stable atherosclerotic disease,

Figure 2. Distribution of Venous Thromboembolism According to Event Severity
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Figure 3. Association Between Rivaroxaban and Venous Thromboembolism
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polyvascular disease (ie, disease in more than 1 vascular territory) is associated with greater risk of
major adverse cardiovascular events compared with disease in a single vascular territory.33,34

However, most patients in those studies had CAD; thus, the term polyvascular has often referred to
the addition of PAD to CAD. In this study, CAD was not informative for risk: having baseline CAD in
addition to PAD was not associated with greater risk of VTE. While this may be related to the
presence of CAD in only approximately one-third of the population and low numbers of events, the
data also suggest that perhaps in this population, the burden of atherosclerosis overall is not as
important as the burden of PAD specifically. This is consistent with the identification of prior major
lower extremity amputation reflecting severe PAD as a baseline characteristic associated with VTE.
Functional limitations and decreased mobility associated with PAD may also contribute to increased
risk of VTE in this setting. Furthermore, prior data have demonstrated that, in contrast to CAD,
pathological manifestations of PAD are related to thrombosis irrespective of the extent of
atherosclerosis,35 providing additional support for greater thrombotic risk associated with PAD than
other atherosclerotic diseases.

Although antiplatelet agents remain first-line therapy for atherosclerotic vascular disease, most
recently, greater intensity of antithrombotic therapy with dual pathway inhibition combining a factor
Xa inhibitor with aspirin has been studied for the prevention of thrombotic complications in patients
with vascular disease. In COMPASS,14 rivaroxaban 2.5 mg twice daily plus low-dose aspirin was
associated with lower VTE risk in patients with stable atherosclerotic disease who were only treated
with single antiplatelet therapy. Our study from VOYAGER PAD demonstrates that even in the higher
risk, acute setting of LER for symptomatic PAD, among patients often treated with dual antiplatelet
therapy, rivaroxaban plus aspirin was associated with a 39% reduction in VTE, with an effect
apparent early after the procedure and irrespective of clopidogrel or statin use at randomization.
These findings should be considered hypothesis-generating, since VTE was a low-event secondary
outcome. Taken together with the primary results of VOYAGER PAD,15 these results suggest that this
strategy of dual pathway inhibition may be associated with long-term protection against the
spectrum of venous and arterial post-LER thrombotic complications. Importantly, both potential
benefit and risk should be considered when selecting patients for more intensive antithrombotic
therapy after LER. For example, older age, a factor associated with VTE risk in this study, is also a risk
factor for bleeding procedural complications. However, the events prevented with rivaroxaban after

Figure 4. Association Between Rivaroxaban and Venous Thromboembolism in Selected Subgroups
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LER extend beyond VTE, and there is an overall net benefit for use of rivaroxaban in this setting
among older patients, with an estimated 38 ischemic events prevented at a cost of 8 TIMI major
bleeds without intracranial hemorrhage or fatal bleeding among 1000 patients aged 75 years and
older treated for 3 years with rivaroxaban plus aspirin after LER.36

Limitations
This study has several limitations. First, VTE was a secondary end point in VOYAGER PAD and was
investigator reported; however, VTE was prospectively ascertained, and this analysis was
prespecified. Second, adjusted models accounted for known baseline characteristics, but
postrandomization variables were not included, and residual confounding may exist. Third, although
associated factors were modeled, formal predictive modeling, including cross-validation, was not
performed owing to the number of events. Fourth, the number of VTE events was small, which may
have resulted in overfitting of models, and fifth, the median time to death after VTE likely reflects a
combination of fatal VTE events and nonfatal VTE events. Sixth, although the P value associated with
rivaroxaban effect on VTE was P < .05, it should be considered nominal, given its position in the
hierarchy of testing of secondary outcomes in VOYAGER PAD.

Conclusions

This cohort study found that patients with symptomatic PAD undergoing LER were at heightened risk
for VTE, with almost 2-fold the risk observed in patients with stable vascular disease. Postprocedure
VTE risk accrued in a linear, continuous fashion, suggesting that risk was related more to PAD rather
than the procedure. VTE was associated with poor prognosis, and patient and PAD characteristics
may help clinicians identify patients at risk for VTE events. Rivaroxaban plus aspirin was associated
with lower risk of VTE after LER. Combined with the arterial benefits reported in VOYAGER PAD,
these findings highlight the broad thrombotic benefits of this approach in patients with PAD.
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