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1  |  INTRODUC TION

The full burden of chronic vascular disease such as atherosclerosis 
encompasses more than one vascular bed, includes more than just 
the first event, involves more than just local arterial thrombi, and 
comprises clinical events that occur more than once. These events 
are indicators of disease progression, are associated with patient dis-
ability morbidity and mortality, and add to the substantial humanis-
tic and economic encumbrance of the disease.1

Important pathobiological differences exist in vascular disease 
patients with lower extremity PAD compared to coronary artery dis-
ease (CAD). Luminal thrombosis leads to symptoms both in CAD and 
PAD, but in contrast to acute coronary syndrome (ACS) where the 
underlying pathology is acute thrombus formation after atheroscle-
rotic plaque rupture, the causes of acute limb ischemia (ALI) in pa-
tients with lower extremity PAD include in situ thrombosis, emboli 

from heart and proximal vessels, and graft occlusion.2,3 Descriptive 
pathology studies in PAD demonstrate heterogeneity with luminal 
compromise in distal arteries more frequently due to thrombotic 
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Abstract
Background: Vascular disease burden after lower extremity revascularization (LER) 
comprises more than the first event, more vascular beds than the local arteries, and 
more than one clinical event type.
Objectives: Assess total arterial and venous thrombotic burden after LER for symp-
tomatic peripheral artery disease (PAD) and effect of low- dose anticoagulation added 
to low- dose antiplatelet therapy.
Patients/Methods: VOYAGER PAD randomized 6564 symptomatic PAD patients un-
dergoing LER to rivaroxaban 2.5 mg twice- daily or placebo on aspirin background. 
Marginal proportional- hazards models used to generate treatment hazard ratios 
and associated 95% CIs for first and total events; non- thrombotic deaths treated as 
competing terminal events. Incidence rates calculated as number of events per 100 
patient- years follow- up.
Results: Over 2.5 years (median), first and total thrombotic event rates: 7.1 and 10.3 
events/100 patient- years, respectively, in placebo group. Two- thirds (925/1372) of 
total thrombotic events (arterial 95%, venous 5%) were nonfatal first events. Nearly 
one- third of patients with first event had a second arterial or venous thrombotic event. 
Rivaroxaban plus aspirin reduced first and total arterial and venous thrombotic events 
to 5.4 and 7.9 events/100 patient- years, respectively, a reduction in total thrombotic 
events over aspirin of 23% (HR: 0.77, 95%CI: 0.67– 0.89, p = .0005), preventing 6.1 
total arterial and venous thrombotic events at 3 years.
Conclusions: Assessing total arterial and venous thrombotic events, not just first 
events, provides more complete information about disease burden and absolute on- 
treatment impact. Following LER, judicious modulation of more than one coagulation 
pathway can provide broader benefit than intensifying inhibition of one hemostatic 
system component.

K E Y W O R D S
anticoagulants, atherosclerosis, peripheral arterial disease, rivaroxaban, thrombosis, venous 
thromboembolism

Essentials

• Arterial and venous events occur frequently in symptomatic 
peripheral artery disease patients after revascularization.

• More than one hemostatic pathway is involved in ath-
erosclerotic vessel thrombotic events.

• Rivaroxaban added to aspirin reduces first and subse-
quent arterial and venous thrombotic events.

• Total event analysis enhances understanding of treat-
ment impact on full burden of thrombotic risk.
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occlusion, often in the absence of significant atherosclerosis, while 
in proximal arteries stenosis is predominantly secondary to athero-
sclerotic plaques.4,5

Peripheral artery disease is prevalent and its incidence is in-
creasing in the setting of an aging population and risk factors such 
as obesity and diabetes.6,7 Population- based studies estimate that 
there are three times as many asymptomatic patients with lower ex-
tremity PAD as symptomatic patients.7 Patients with PAD are at very 
high risk for thrombotic events, especially those with polyvascular 
disease (symptomatic in more than one vascular territory)8 and di-
abetes,9 therefore antithrombotic therapy is a core element of pre-
ventive medical therapy.

Trials investigating antithrombotic treatment strategies in 
patients with atherosclerosis have described the beneficial ef-
fects and risks of those approaches but mainly studied CAD 
populations with stable disease.10– 12 These trials also focused 
on first rather than total events and did not include symptom-
atic PAD patients randomized in the acute revascularization set-
ting. Patients with symptomatic PAD who have undergone lower 
extremity revascularization (LER) are at particularly high risk for 
both major adverse cardiovascular events (MACE) and major ad-
verse limb events (MALE).13– 15 Until very recently there was no 
proven antithrombotic strategy demonstrating efficacy benefit to 
reduce these events. The VOYAGER PAD (Efficacy and Safety of 
Rivaroxaban in Reducing the Risk of Major Thrombotic Vascular 
Events in Subjects With Symptomatic Peripheral Artery Disease 
Undergoing Peripheral Revascularization Procedures of the Lower 
Extremities) trial was designed to overcome the knowledge gap in 
these patients.

In VOYAGER PAD 1 in 5 patients experienced a first major ad-
verse limb or cardiovascular event despite the use of aspirin in all 
patients, statins in 80%, and clopidogrel in half.16 An overall picture 
of the total load of vascular events in patients with PAD after LER 
and the efficacy of low- dose rivaroxaban on total events has been 
published.17 In that analysis, 72% of the total vascular events were 
not clearly thrombotic in nature, e.g. heart failure death, and domi-
nated by repeat revascularization procedures, many of which were 
not thrombotically driven.

The risk profile for total thrombotic events and the effect of 
Factor Xa inhibition added to antiplatelet therapy in symptomatic 
PAD patients after LER have not been fully described. In this pre- 
specified analysis, we examine total arterial and venous thrombotic 
events in VOYAGER PAD in order to obtain a more comprehensive 
approach to CV outcome assessment and to capture the full pic-
ture and benefit of the therapy tested. We delineate the burden of 
primarily thrombotic events (arterial and venous) in patients with 
symptomatic PAD after revascularization and evaluate the efficacy 
of low dose Factor Xa inhibition plus low dose antiplatelet therapy 
for the prevention of first and total arterial and venous thrombotic 
events. We hypothesized that there is ongoing and additional throm-
botic risk subsequent to the first event and that rivaroxaban in com-
bination with aspirin would reduce both first and succeeding arterial 
and venous events.

2  |  METHODS

2.1  |  Data source and study conduct

Data for this analysis were drawn from the VOYAGER PAD trial, the 
design and results of which have been previously published.16,18 This 
double- blind trial performed in 34 countries at 542 sites randomized 
in a 1:1 ratio 6564 symptomatic PAD patients who underwent lower 
extremity revascularization, either for claudication or for critical limb 
ischemia, to rivaroxaban 2.5 mg twice- daily or matching placebo on 
a background of aspirin 100 mg daily. Concomitant clopidogrel use 
was allowed for up to 6 months per the investigator's discretion. All 
received standard of care medications and patients were followed 
for a median of 28 months. The trial protocol 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 publication. VOYAGER PAD was registered at www.clini caltr 
ials.gov (NCT02504216) and performed in accordance with good 
clinical practice and local regulatory requirements. All patients pro-
vided written informed consent, institutional review boards/ethics 
committees at participating institutions approved the protocols, and 
consent could be withdrawn at any time.

2.2  |  Study population

VOYAGER PAD enrolled symptomatic PAD patients ≥50 years old 
and with an abnormal ankle- brachial index (ABI) ≤ 0.80 or toe- 
brachial index (TBI) ≤ 0.60 (in those without a prior history of LER) 
and imaging evidence of PAD distal to the external iliac artery. 
Eligible patients had successfully undergone LER for claudication 
or critical limb ischemia via either a surgical or an endovascular 
(including hybrid endovascular plus surgical) approach within the 
previous 10 days. Key exclusion criteria included a planned course 
of dual antiplatelet therapy greater than 6 months, clinical indica-
tion for therapeutic anticoagulation, including treatment or long- 
term prevention of VTE, recent acute limb ischemia (ALI) or ACS, 
increased risk of bleeding, significantly impaired baseline renal func-
tion (eGFR < 15 ml/min/1.73 m2), and documented prior intracranial 
hemorrhage, stroke, or transient ischemic attack.

2.3  |  Outcomes

The primary efficacy outcome for VOYAGER PAD was a composite 
endpoint of time to first occurrence of ALI, major amputation of vas-
cular etiology, myocardial infarction, ischemic stroke, or cardiovas-
cular death. For our analysis we constructed within the VOYAGER 
PAD ITT dataset an efficacy outcome of total (i.e., first and subse-
quent) arterial and venous thrombotic events, which is a composite 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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of ALI, major amputation of vascular etiology, myocardial infarction, 
ischemic stroke, and symptomatic VTE. An independent Central 
Events Committee blinded to treatment assignment adjudicated all 
deaths and potential ischemic cardiac, cerebrovascular and vascular 
limb events, including the first and all subsequent thrombotic events, 
except for symptomatic VTE. VTE was a prespecified, prospectively 
ascertained secondary endpoint, which was reported on a specific 
case report form by investigators blinded to treatment assignment.

2.4  |  Statistical analysis

Categorical variables are reported as count (percentage), and con-
tinuous variables as median (quartile 1-  quartile 3). Comparisons of 
baseline characteristics grouped by no, one, or multiple arterial or 
venous thrombotic events during follow- up were by Wilcoxon rank- 
sum tests for continuous variables and chi- square or Fisher's exact 
tests (where possible) for categorical variables.

A multivariable Cox regression model of baseline demographic 
and clinical variables as predictors of total thrombotic events was 
estimated by stepwise selection; a p- value of <.10 was applied for 
model entry or exit. Candidate variables are listed in Table S1.

First and total events were analyzed by a marginal proportional- 
hazards models where non- thrombotic deaths were treated as com-
peting terminal events.19 Treatment effects on first and total events 
were summarized by hazard ratios (HRs) with associated Wald 
95% CIs and log- rank p- values. For total events, the robust sand-
wich variance estimate for the estimated standard error of the log 
hazard ratio was applied to account for the dependence of event 
times within individual patients.20 Cumulative incidence functions 
for first events and mean cumulative functions for total events were 
used to estimate cumulative incidences with corresponding 95% CIs 
through 3 years of follow- up by treatment group in the presence of 

competing non- thrombotic deaths. Incidence rates were calculated 
as number of events per 100 patient- years of follow- up.

All outcomes and components were prespecified and analyzed 
according to the intention- to- treat principle.16,18 p- values < .05, 
two- tailed, were considered statistically significant, with no adjust-
ment for multiple testing. Analyses were performed in SAS 9.4 and 
S+ 8.2 and GraphPAD Prism 9.2.0.

3  |  RESULTS

3.1  |  Study population

Among 6564 randomized patients, 929 (14.2%) suffered a total of 
1372 arterial and venous thrombotic events over a median of 2.5 
(2.0– 3.0) years of follow- up (Table 1). Arterial events comprised 
about 95% (1299 of 1372) while the 73 venous events made up just 
over 5%.

3.2  |  Categories of total arterial and venous 
thrombotic events

The categories of total arterial and venous thrombotic events are 
shown in Table 1. The thrombotic events were observed in a variety 
of vascular beds. The most frequent outcomes, accounting for 55% 
(758/1372) of all events, were in the lower extremity arteries: acute 
limb ischemia and major amputation of a vascular cause. Coronary 
artery events (non- fatal MI) occurred in 23% (322/1372), and nearly 
12% (161/1372) were observed in the cerebral vascular tree (non- 
fatal ischemic stroke). Over 90% of the venous events were nonfatal 
VTE. Fatal arterial or venous thrombotic events totaled 65 (4.7%), 
comprised of 58 arterial and seven venous events. Four of these 

Event
Placebo
N = 3278

Rivaroxaban
N = 3286

Total
N = 6564

Total thrombotic events 772 600 1372

Arterial events 725 (93.9) 574 (95.7) 1299 (94.7)

Acute limb ischemia 306 (42.2) 202 (35.2) 508 (39.1)

Major amputation for vascular causes 133 (18.3) 117 (20.4) 250 (19.2)

Non- fatal myocardial infarction 170 (23.4) 152 (26.5) 322 (24.8)

Non- fatal ischemic stroke 86 (11.9) 75 (13.1) 161 (12.4)

Fatal myocardial infarction or stroke 30 (4.1) 28 (4.9) 58 (4.5)

Venous events 47 (6.1) 26 (4.4) 73 (5.3)

Non- fatal venous thromboembolic event* 41 (87.2) 25 (96.1) 66 (90.4)

Fatal pulmonary embolism or other fatal 
thromboembolic event

6 (12.8) 1 (3.8) 7 (9.6)

*Investigator- reported; not subject to adjudication by independent committee.
Numbers in parentheses are % of total thrombotic events.
Fatal thrombotic events, n = 65: 1st event, n = 4; 2nd event, n = 46; 3rd or subsequent event, 
n = 15.

TA B L E  1  Categories of total arterial 
and venous thrombotic events
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fatal events were first thrombotic events, 46 were second throm-
botic events, and 15 were third or subsequent thrombotic events.

3.3  |  Characteristics of the population assessed

Patient baseline and procedural characteristics of the study popula-
tion assessed for total arterial and venous events are summarized in 
Table 2, which compares patients without an event (n = 5635; 86%), 
those with one arterial or venous event (n = 645; 10%), and those 
with multiple arterial or venous events (n = 284; 4%). One or more 
arterial thrombotic events occurred in 882 patients, 67 had one or 
more venous event, and 20 had one or more of both (not shown). 
Patients with one or more thrombotic events were more likely to 
have CAD, diabetes, or impaired renal function. Patients with 

characteristics associated with more severe PAD such as history of 
prior revascularization or amputation, lower ABI, having a surgical 
qualifying revascularization as opposed to endovascular, and longer 
target lesions and more complex anatomy were more likely to expe-
rience arterial or venous thrombotic events.

3.4  |  Baseline characteristics associated with 
thrombotic risk

Baseline characteristics and PAD and procedural characteris-
tics independently associated with arterial and venous throm-
botic risk as determined by multivariate modeling are shown in 
Figure 1. The strongest factors associated with thrombotic risk 
were related to greater severity of limb disease or anatomy: prior 

TA B L E  2  Baseline and procedural characteristics of participants by type of thrombotic event

Characteristics at 
Randomization

(A) No Event
(n = 5635; 86%)

(B) One Arterial or Venous
(n = 645; 10%)

(C) Multiple Arterial or Venous 
Event
(n = 284; 4%)

p- value

(A) vs. (B) + (C) (B) vs. (C)

Baseline characteristics

Coronary artery disease, % 30.6 38.9 33.1 <.0001 n.s.

Diabetes mellitus, % 38.9 47.3 46.1 <.0001 n.s.

eGFR<60 ml/min/1.73 m2 19.7 23.7 22.2 .01 n.s.

BMI, kg/m² 26.0
(23.3– 29.1)

26.0
(23.0– 29.1)

25.7
(23.2– 28.3)

n.s. n.s.

History of Cancer, % 4.9 7.1 4.6 n.s. n.s.

Medications

Statin, % 79.8 83.3 75.7 n.s. .009

Clopidogrel, % 51.1 47.6 45.1 .02 n.s.

PAD & Procedural characteristics

Prior peripheral artery disease history

History of claudication, 
%

95.7 94.4 93.3 .03 n.s.

History of 
revascularization, %

34.4 42.2 43.3 <.0001 n.s.

History of amputation, % 5.3 9.3 10.6 <.0001 n.s.

Ankle Brachial Index, 
Median (IQR)

0.56 
(0.43– 0.67)

0.53 (0.40– 0.65) 0.51 (0.38– 0.63) <.0001 n.s.

Type of revascularization

Surgical, % 32.1 39.1 43.3 <.0001 n.s.

Endovascular or hybrid, 
%

67.9 60.9 56.7

Days from procedure to 
randomization, median 
(IQR)

5 (2– 7) 5 (3– 7) 5 (3– 8) <.0001 n.s.

Target lesion length n.s.

Short (<5 cm), % 23.4 18.8 15.5 <.0001

Intermediate (5 to 
<15 cm), %

40.7 35.5 32.0

Long (≥15 cm), % 32.7 42.8 47.5 <.0001 n.s.

Atherectomy, % 4.8 4.8 2.8 n.s. n.s.
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surgical revascularization, target lesion ≥15 cm, prior amputa-
tion, and CLI as the indication for index revascularization. The 
patient factors such as diabetes or presence of polyvascular 
disease (i.e., concomitant CAD) were next strongest. After mul-
tivariable modeling, treatment with rivaroxaban was associated 
with a lowered risk for total thrombotic events (HR: 0.79, 95% CI: 
0.69, 0.90; p = .0003; Figure 1). Importantly, when accounting for 
all baseline characteristics associated with risk, the efficacy of 
rivaroxaban was not modified by the use of clopidogrel at rand-
omization: without clopidogrel HR: 0.78, 95% CI: 0.66, 0.94; with 
clopidogrel HR: 0.79, 95% CI 0.66, 0.96; p- interaction = 0.93 (not 
shown).

3.5  |  First, second, and total arterial and venous 
thrombotic events in placebo group

Of the 929 patients with first thrombotic events (407 and 522 pa-
tients in the rivaroxaban and placebo groups, respectively), four were 

fatal (two in each treatment group; Table S2). The rate of first arte-
rial and venous thrombotic events per 100 patient- years is shown 
in Figure 2. Over the median duration of follow- up of 28 months, 
the rate of first and total events in the Placebo arm were 7.1 and 
10.3 per 100 patient- years, respectively, over the median duration 
of follow- up.

The absolute number of events in patients who had a second 
arterial or venous thrombotic event are presented in Figure 3. 
Of the 925 patients with a first nonfatal event, 284 (30.7%) 
suffered a second event, with 94.4% being arterial and 5.6% 
venous.

Figure 4 depicts the distribution of the first, second, third and 
subsequent, and total arterial and venous thrombotic events, ar-
rayed into their component outcome events of ALI, major ampu-
tation of vascular etiology, myocardial infarction, ischemic stroke, 
symptomatic VTE, and fatal events. Subsequent thrombotic events 
followed a distribution pattern similar to that seen with first events.

Cumulative incidence (time to event) function and mean cu-
mulative function curves for first and total arterial and venous 

F I G U R E  1  Independent determinants of total thrombotic events. Baseline patient and procedural characteristics associated with arterial 
and venous thrombotic risk after multivariate modeling are shown. Candidate variables shown in Figure S1. ABI, ankle- brachial index; BP, 
blood pressure; CAD, coronary artery disease; CI, confidence interval; CLI, chronic limb ischemia; eGFR, estimated glomerular filtration rate; 
HR, hazard ratio
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thrombotic events are illustrated in Figure 5. The cumulative inci-
dence of the composite outcome (i.e., acute limb ischemia, major 
amputation of vascular cause, MI, ischemic stroke, and symptom-
atic VTE) for patients randomized to placebo for first and total 
arterial and venous thrombotic events was 19.0 (95% CI: 17.3, 
21.0) and 26.2 (95% CI: 24.2, 28.4) per 100 patients at 3 years, 
respectively.

3.6  |  Effect of rivaroxaban on arterial and venous 
thrombotic events

Of the 1372 total thrombotic events, 600 were in the rivaroxaban 
group and 772 in the placebo group (Table 1). Across subcategories 
of arterial and venous thrombotic events, the rivaroxaban- treated 
group had consistently fewer events of each type.

In the rivaroxaban arm, the rate of first events was 5.4 per 100 
patient- years, and for total events was 7.9 per 100 patient- years 
(Figure 2). Rivaroxaban reduced the first arterial and venous throm-
botic event rate by 24%, for an absolute risk reduction (ARR) of 1.7 
events per 100 patient- years and reduced the total arterial and ve-
nous thrombotic event rate by 23%, for an ARR of 2.4 events per 
100 patient- years.

The cumulative incidence of first and total arterial and venous 
thrombotic events for rivaroxaban- allocated patients was 14.2 (95% 
CI: 12.8, 15.8) and 20.1 (95% CI: 18.4, 22.0) events per 100 patients, 
respectively, at 3 years (Figure 5). With the addition of rivaroxaban, 
an estimated 4.8 (95% CI: 2.7, 6.9) first thrombotic events and 6.1 
(95% CI: 3.9, 8.3) total thrombotic events per 100 patients would be 
prevented through 3 years.

4  |  DISCUSSION

This paper provides the first long- term evaluation of the total throm-
botic burden in the arterial and venous vascular bed in symptomatic 
PAD patients following LER. This analysis revealed several notewor-
thy findings regarding the occurrence and importance of considering 
the total number of arterial and venous thrombotic events during the 
clinical course of patients with symptomatic PAD after LER and the 
efficacy benefit rivaroxaban provided. First, the thrombotic burden 
and occurrence of events in symptomatic PAD after LER is high, with 

F I G U R E  3  Second Arterial and 
Venous Thrombotic Events by Type of 
First Nonfatal Event. The number of 
second thrombotic events by type of first 
nonfatal event, categorized by arterial 
and venous and by treatment group, are 
presented
Note: Of the 929 patients with first 
events, all but 4 were nonfatal. Arterial 
and venous events include acute 
limb ischemia, major amputation of 
vascular cause, MI, ischemic stroke, and 
symptomatic VTE (deep vein thrombsis 
and pulmonary embolism).

Placebo
(n=490)

Rivaroxaban
(n=387)

Placebo
(n=30)

Rivaroxaban
(n=18)
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n =   48 (5.2%)

• Any 2nd event: n = 284 (30.7%)
• Arterial:  n = 268 (94.4%)
• Venous:  n =   16 (5.6%)

F I G U R E  2  First and total arterial and venous thrombotic 
events, per 100 patient- years. The first and total arterial and 
venous thrombotic events per 100 patient years in the Placebo and 
Rivaroxaban groups, respectively, are provided. ARR, absolute risk 
reduction; CI, confidence interval; HR, hazard ratio; p, p- value; p- y, 
patient- years
Note: arterial and venous events include acute limb ischemia, 
major amputation of vascular cause, MI, ischemic stroke, and 
symptomatic VTE (deep vein thrombsis and pulmonary embolism).
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14% of patients developing at least one arterial or venous throm-
botic event over a median of 2.5 years, of which two- thirds were first 
nonfatal events. Nearly one- third of patients with a first event de-
veloped a second arterial or venous thrombotic event. Considering 
total events, over 25 arterial or venous thrombotic events per 100 

patients with symptomatic PAD could be expected to occur by 
3 years (26.2 events at 3 years, Figure 5). Second, after multivariable 
modeling, the determinants most strongly associated with throm-
botic risk in this population were related to limb disease severity and 
anatomy, which given the predominance of lower extremity arterial 

F I G U R E  4  Distribution of total (first and subsequent) arterial and venous thrombotic events. The distribution of first, second, and 
third and subsequent arterial and venous thrombotic events within the placebo and rivaroxaban- treated groups is shown, along with the 
occurrence of the nonfatal outcome components and fatal events

F I G U R E  5  Effect of rivaroxaban on arterial and venous thrombotic events. Shown are the cumulative incidence curves for the composite 
first and total arterial and venous thrombotic events, defined as acute limb ischemia, major amputation of vascular etiology, myocardial 
infarction, ischemic stroke, or symptomatic VTE, in patients randomized to placebo versus rivaroxaban. The treatment hazard ratios (HRs) 
for first and total events and associated 95% confidence intervals (CIs) are provided, along with the estimated rates at 3 years and associated 
95% CIs, and the absolute risk reductions (ARR) in terms of the number of thrombotic events per 100 patients prevented with associated 
95% CIs. p, p- value
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thrombotic events might be expected. Thrombosis after prior LER is 
often related to the type of revascularization, the nature of the con-
duit, and the distal target. However, patient clinical characteristics 
such as diabetes and history of CAD were also significant. Third, the 
arterial and venous thrombotic events were observed in a variety of 
vascular beds with the preponderance being arterial, as anticipated 
in an atherosclerotic and post- revascularization population, but 
despite receiving guideline recommended therapy (statins, aspirin, 
clopidogrel). Fourth, rivaroxaban reduced the thrombotic risk, and 
its effect was independent of P2Y12 inhibition and statins and was 
robust both for first and subsequent events. Rivaroxaban 2.5 mg 
twice- daily in combination with aspirin reduced the total arterial and 
venous thrombotic events over aspirin by 23% (Figure 2) and is es-
timated to prevent 6.1 total arterial and venous thrombotic events 
at 3 years (Figure 5). Because fatal events were usually subsequent 
rather than first events, initiation of this treatment soon after LER or 
even after a non- fatal thrombotic event provides the opportunity to 
minimize future mortal events.

Many large phase 3 trials use primary and secondary outcomes 
composites comprised of multiple component events to account for 
both nonfatal and fatal consequences of chronic disease. Utilizing 
composite outcomes in time- to- event trials can offer higher event 
rates and permit smaller sample sizes or shorter follow- up or both.21 
However, concentrating on time- to- first event means outcomes oc-
curring subsequently are disregarded in the primary analysis, which 
ignores potentially pertinent information and limits understanding 
of the natural course of diseases characterized by progression and 
recurrent events.22– 24 For example, approximately 40%– 50% of 
heart failure events and cardiovascular deaths that occur in heart 
failure trials may be omitted from analyses that only use each pa-
tient's first event.23,24 Including outcomes that occur beyond what 
is provided by time- to- first event analyses more fully captures the 
cumulative clinical consequences to the patient.

After revascularization, patients with peripheral artery disease 
of the lower extremities are at elevated risk both for MACE and for 
MALE, such as severe limb ischemia and major amputation.25– 27 
These thrombotic events are not rare and therapeutic direction 
needs to turn toward prevention rather than to treatment once they 
occur. The VOYAGER PAD trial confirmed the high rate of MACE and 
MALE after revascularization with single agent antiplatelet therapy, 
and the addition of rivaroxaban reducing this risk by approximately 
15%: Kaplan– Meier estimates of the incidence of the primary ef-
ficacy outcome (composite of ALI, major amputation for vascular 
causes, myocardial infarction, ischemic stroke, or death from car-
diovascular causes) at 3 years were 17.3% for rivaroxaban-  and 
19.9% for placebo- treated patients (HR: 0.85, 95% CI: 0.76– 0.96; 
p = .009),16 further substantiating the benefit of combining low dose 
anticoagulation with platelet inhibition. The benefit was apparent 
early and consistent over time with a number needed to treat of 
39. As anticipated, adding rivaroxaban to aspirin did lead to more 
bleeding, with a number needed to harm of 125, but no excess in the 
irreversible harm events of intracranial hemorrhage or fatal bleed-
ing. If 10 000 patients were treated for 1 year with rivaroxaban, 

181 first severe cardiovascular and limb events would be prevented 
at a cost of 29 TIMI (Thrombolysis In Myocardial Infarction) major 
bleeding events, translating to an approximately 6:1 benefit risk 
ratio.16,28 Clopidogrel is regularly used as a short- term adjunct to 
aspirin after endovascular revascularization, but in this clinical sit-
uation there is minimal primary evidence to underpin administering 
DAPT (dual antiplatelet therapy).29 In the VOYAGER PAD trial, ri-
varoxaban combined with aspirin diminished the risk of MACE and 
MALE with prompt benefit for reducing ALI regardless of clopidogrel 
use.28,30,31 Potentiation of effect by combined antithrombotic action 
from inhibition of platelet function and coagulation is hypothesized 
but other possible effects of factor Xa inhibition and COX- 1 block-
ade facilitated through less well understood pathways must also be 
considered.32

During the course of their disease, patients with symptomatic 
PAD after LER can have more than one thrombotic complication 
over time, more than one type of thrombosis (arterial or venous), 
and thrombosis at different sites (e.g., stroke, MI, PE, DVT). A focus 
on the first event, however, can steer the clinical decision- making 
process toward how to prevent that one type of thrombotic compli-
cation and hinder consideration of broader therapeutic options that 
may address future associated thrombotic complications at other 
locations of the vascular tree, and which could potentially work in 
tandem or even synergistically. Given our penchant in clinical prac-
tice to cling to traditionally understood mechanistic concepts of 
athero-  and venous thrombosis, it can be tempting to think of treat-
ment of arterial disease as primarily, if not exclusively, addressed by 
antiplatelet therapy alone (to treat “platelet- rich” clots) and venous 
disease treated only with anticoagulants (for “fibrin- rich” clots). 
However, evidence is accumulating to the contrary. Recurrent throm-
botic events may still occur in approximately 1 in 10 patients in the 
first year following an ACS event, despite treatment with aspirin plus 
potent P2Y12 blockade.32 Dual antiplatelet therapy is not consis-
tently superior to single antiplatelet therapy in reducing MACE and 
MALE in patients with peripheral artery disease.33,34 This suggests 
that mechanisms beyond platelet function may be driving thrombus 
occurrence.32,35,36 Recent developments in our understanding of the 
contribution of thrombin generation to arterial thrombosis and the 
role of platelets in venous thrombosis give credence to re- thinking 
the current therapeutic paradigm.37

Rivaroxaban at low dose still delivers considerable inhibition 
of ex vivo thrombin generation.38 The initial clinical evidence to 
suggest the benefit of a low factor Xa inhibitor dose on top of 
antiplatelet therapy came from the ATLAS ACS studies.32 Among 
patients with stabilized ACS treated with ASA alone and ASA plus 
a thienopyridine, the lowest doses of rivaroxaban (2.5 and 5 mg 
twice- daily) were associated with a trend toward a reduced risk of 
death, MI, or stroke (hazard ratio [HR], 0.54; p = .08 and HR: 0.55; 
p = .09, respectively) in comparison with placebo. The COMPASS 
trial studied the 2.5 mg twice- daily dose of rivaroxaban on top 
of ASA in patients with stable atherosclerotic vascular disease 
(chronic CAD and/or PAD). The results of the primary analysis 
showed a 24% reduction in MACE in comparison with ASA alone 
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(HR, 0.76; 95% CI: 0.66– 0.86) 12 and in those COMPASS patients 
with symptomatic lower extremity PAD a 30% reduction in MACE 
plus MALE (HR, 0.70; 95% CI: 0.53– 0.93), further reinforcing the 
idea of enhancement of antithrombotic effects by combining 
blockade of cyclooxygenase- 1 (COX- 1) with a low dose of a factor 
Xa inhibitor in patients with stable atherosclerotic vascular dis-
ease, specifically in those with polyvascular disease.39

Patients with atherosclerosis, which primarily involves specific 
regions of the arterial tree,40 are at heightened risk for subsequent 
venous thromboembolism,41– 43 while patients with VTE have a 
higher risk of experiencing myocardial infarction, ischemic stroke or 
both.31,41,44,45 A recent meta- analysis of cohort studies confirmed 
that the risk of arterial events is significantly higher in patients 
with VTE than the general population without VTE, and in patients 
with unprovoked VTE compared to patients with provoked VTE.46 
Avoiding DVT is pertinent because the development of significant 
venous outflow obstruction after a lower extremity DVT in a PAD 
patient may lead to worsened symptoms of intermittent claudication 
due to loss of venous return (termed “venous” claudication).47

While the connection between arterial and venous thrombotic 
events is not clearly elucidated, the association is likely underpinned 
by shared pathobiology which includes endothelial dysfunction, 
inflammation, and the balance of thrombin generation and platelet 
activation.48 The hemostatic system, comprising four integrated 
components, the coagulation system, endothelium and regulatory 
proteins, platelets, and fibrinolysis, exerts an assortment of actions 
on the vasculature.49 Strategies targeting more than one of these 
pathways may provide broad benefit by more comprehensively re-
ducing thrombotic events across the spectrum of vascular territories 
in atherosclerosis.

Our analysis has limitations. First, our observations are limited to 
the subpopulation of symptomatic PAD patients who had success-
fully undergone LER within the previous 10 days. However, similar 
benefit in the reduction of vascular risk was observed in the analysis 
of the 6391 patients with stable established PAD in the COMPASS 
trial.50,51 Second, VTE was a secondary endpoint in VOYAGER PAD 
and was investigator- reported, not adjudicated; however, VTE 
was prospectively ascertained, and this analysis was prespecified. 
Third, adjusted models accounted for known baseline characteris-
tics but post- randomization variables were not included, so resid-
ual confounding may exist. Fourth, whether study medication was 
continuously taken throughout or discontinued at some point in 
the trial is an issue with all therapeutic clinical trials and in prac-
tice. Discontinuation of the study drug before a patient's first event 
can impact both time- to- first and recurrent- event analyses, whereas 
those that occur after a first event would affect only a recurrent- 
event analysis.22 Adherence can wane after a patient has multiple 
events. However, our analysis showed a consistent, statistically sig-
nificant reduction in first and total events (HR: 0.77 and 0.76, re-
spectively), and as we took a conservative approach by performing 
the analysis in the ITT population, which may present an attenuated 
treatment effect as the result, it is suggested that a greater absolute 
benefit in total thrombotic events may actually exist.

In this atherosclerotic patient population at heightened throm-
botic risk, VOYAGER PAD provides evidence for a broad and per-
sistent benefit of dual pathway inhibition, combining low- dose 
anticoagulation with low- dose antiplatelet therapy, over antiplatelet 
therapy alone, to affect both thrombin generation and platelet ac-
tivation and lead to a reduction in first and subsequent arterial and 
venous thrombotic events. Future clinical trials should continue this 
focus on a holistic, that is, comprehensive CV outcome assessment, 
including total arterial and venous thrombotic events, to capture the 
full spectrum of clinical benefit. Improving the therapy for our pa-
tients with vascular disease requires consideration of the hemostatic 
system in its entirety and an appreciation of how it may interact 
locally in various vascular territories and disease states. Judicious 
modulation of the hemostatic system through more than one path-
way appears to provide more benefit than simply ramping up the 
intensity of inhibition of only one of its integrated components.
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