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Abstract
Purpose of Review Peripheral artery disease (PAD) affects an estimated 200 million people worldwide and is associated with
significant cardiovascular morbidity and mortality. Cardiovascular risk is further increased among individuals with polyvascular
disease, where either cerebrovascular or coronary artery disease is present in addition to PAD. In this review, we present common
clinical scenarios encountered whenmanaging patients with PAD and provide an evidence-based approach to prescribing optimal
antithrombotics in this population.
Recent Findings The COMPASS trial recently demonstrated that rivaroxaban 2.5 mg BID + ASA daily significantly reduces
major adverse cardiac and limb events in patients with PAD. Despite these advances, morbidity following MALE events remains
high.
Summary With widespread approval by federal health regulators, the COMPASS regimen should be strongly considered in PAD
patients who do not have a high bleeding risk. Implementing the COMPASS regimen in patients with PAD, along with other
vascular risk reduction strategies, will have a substantial impact on reducing atherothromboembolic risk in patients with
established vascular disease.
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Introduction

Over 200 million individuals, including approximately 10
million in the United States alone, are affected by peripheral
artery disease (PAD) [1]. Due to their widespread atheroscle-
rosis, those with PAD are at significantly increased risk of
major adverse cardiac events (MACE), major adverse limb

events (MALE), and mortality [2]. Following an index
MALE, this risk increases even further [3•]. Aggressive sec-
ondary prevention strategies are required to lower this risk. In
addition to antihypertensives, lipid-lowering therapy,
antihyperglycemics, lifestyle improvements, and smoking
cessation, optimizing antithrombotic therapy is essential.
Histologic assessments of above and below knee amputation
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specimens due to vascular disease have demonstrated that a
large proportion of vascular occlusions are mediated by
thrombotic occlusive disease even in the absence of major
atherosclerotic lesions [4]. For this reason, antithrombotic
therapy has become a mainstay of pharmacologic therapy in
PAD.

The COMPASS trial was a recent large multicenter inter-
national randomized control trial designed to assess the effi-
cacy of an antithrombotic regimen consisting of low-dose
rivaroxaban with and without aspirin in stable coronary artery
disease (CAD) and PAD [5]. In this review, we will provide an
overview of where COMPASS fits within the existing anti-
thrombotic literature in PAD, as well as practical consider-
ations for implementation of COMPASS regimen therapy in
everyday practice.

State of the Literature Preceding COMPASS

Secondary prevention for stable PAD targets multiple path-
ways. It incorporates risk factor modification (i.e., lipid-
lowering therapy, glycemic optimization, blood pressure con-
trol, a walking program, and smoking cessation) in conjunc-
tion with antithrombotic therapy [6]. Over the last 15 years,
there has been a proliferation of high-quality evidence from
RCTs of antithrombotic agents in PAD, with greater than
40,000 patients included since 2007 [7]. While single anti-
platelet therapy is the standard of care in stable PAD [6, 8,
9], recent evidence for targeting additional pathways beyond
platelet inhibition has changed the vascular practitioner’s ar-
mamentarium [7].

Single Antiplatelet Therapy

Current American Heart Association (AHA) and American
College of Cardiology (ACC), European Society of
Cardiology (ESC), and Canadian Cardiovascular Society
(CCS) guidelines provide strong recommendations (class
IA) for use of single antiplatelet therapy (SAPT) in the form
of either aspirin (75–325 mg daily) or clopidogrel (75 mg
daily) in patients with symptomatic PAD [6, 8, 9]. These rec-
ommendations are based on multiple randomized trials [10,
11] . A meta-analysis of RCTs performed by the
Antithrombotic Trialist’s Collaboration which included 5269
PAD patients treated with aspirin (alone or with dipyridamole)
versus placebo demonstrated a 22% reduction in odds for
cardiac events (relative risk (RR) 0.88; 95% CI 0.76–1.04)
associated with antiplatelet therapy, although no difference
was observed in stroke or mortality [10]. Subsequent trials
have tested whether more potent antiplatelet agents are more
effective. The CAPRIE trial evaluated whether clopidogrel
was superior to aspirin. CAPRIE was a large international
RCT including 19,185 patients with a history of stroke,

myocardial infarction (MI), or PAD randomized to aspirin
325 mg daily, versus 75 mg clopidogrel daily, 6452 of whom
had a history of PAD [12]. CAPRIE demonstrated an 8.7%
(95% CI 0.3–16.5) relative risk reduction conferred by
clopidogrel over aspirin for the composite of stroke, MI, and
vascular death. This was driven largely by the PAD subgroup
where a 23.8% relative risk reduction was observed (95% CI
8.9–36.2). Safety profiles appeared similar between the two
regimens with no difference in intracranial or GI bleeds.

The EUCLID randomized trial evaluated whether
ticagrelor was superior to clopidogrel in 13,885 patients with
symptomatic PAD. Patients were randomized to receive either
ticagrelor 90 mg twice daily or clopidogrel 75 mg once daily
[13]. No difference in the primary composite of ischemic
stroke, MI, and cardiovascular death (10.6% vs 10.8%; HR
1.02; 95% CI 0.92–1.13) was observed between the two
groups, or for key secondary outcomes including limb revas-
cularization and acute limb ischemia.

Dual Antiplatelet Therapy

The role for DAPT in stable PAD is less established. The
ACC/AHA guidelines provide weak recommendations (class
IIb) for consideration of DAPTuse in PAD patients [6]. This is
based largely on subgroup analysis of the CHARISMA trial
which compared clopidogrel and aspirin to aspirin alone in
patients with vascular disease. The overall trial result was
neutral. In the PAD patients alone (n = 3096), there was also
no significant reduction in composite cardiovascular death,
MI, or stroke (HR 0.85; 95% CI 0.66–1.08; p = 0.18) [14,
15]. Subsequent to these guidelines however, the TRA2°P-
TIMI 50 and PEGASUS-TIMI 54 trials were published which
provide additional information regarding enhanced platelet
inhibition in PAD patients.

TRA2°P-TIMI 50 was a large randomized trial (n =
26,449) which assessed vorapaxar, a strong inhibitor of plate-
lets which functions as a protease-activated receptor-1 antag-
onist, compared to placebo, in patients with stable atheroscle-
rotic vascular disease. The overall trial results showed a sig-
nificant reduction in MACE (9.3% vs 10.5%; hazard ratio
(HR) 0.87; 95% CI 0.80–0.94; p < 0.001), but a significant
excess in major bleeding (4.2% vs 2.5%; HR 1.66; 95% CI
1.43–1.93; p < 0.001). It bears consideration that a substantial
proportion (94%) of patients were receiving DAPT [16]. A
subgroup analysis of patients with PAD (n = 5845) showed
that the addition of vorapaxar to standard therapy (57.8%
SAPT, 39.6% DAPT) significantly reduced the rate of periph-
eral limb revascularization in stable PAD patients (18.4% vs
22.2%; HR 0.84; CI 0.73–0.97; p = 0.017) [17]. However, an
increase in moderate or severe bleeding (Global Use of
Strategies to Open Occluded Arteries—GUSTO—classifica-
tion) was also observed (4.2 vs 2.5%; HR 1.66; 95% CI 1.43–
1.93) [16, 17]. Although this drug was approved by the FDA,
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its use is very limited in PAD patients [16, 17]. The
PEGASUS-TIMI 54 trial randomized patients to the combi-
nation of aspirin and either ticagrelor 60 mg BID or 90 mg
BID versus aspirin alone in patients within 1–3 years follow-
ing MI (n = 21,165). There was a significant reduction in
MACE at both doses individually (60 mg: 7.77% vs 9.04%;
HR 0.84; CI 0.74–0.95; p = 0.004, 90 mg: 7.85% vs 9.04%;
HR 0.85; CI 0.75–0.96; p = 0.008) as well as reduction to
MALE when both active treatment arms were combined
(0.46% vs 0.71%; HR 0.65; CI 0.44–0.95; p = 0.026). In the
overall trial, significant increases in TIMImajor bleedingwere
observed at both treatment doses (90 mg: HR 2.69; CI 1.96–
3.70; p < 0.001 and 60 mg: HR 2.32; CI 1.68–3.21;
p < 0.001). A subgroup analysis of patients with known
PAD from PEGASUS (n = 1143) demonstrated that the
ticagrelor 60 mg BID and aspirin regimen reduced MACE
(14.1% vs 19.3%; HR 0.69; CI 0.47–0.99; p = 0.045) versus
aspirin alone in PAD patients, and trended towards reduction
inMALE without reaching statistical significance. When con-
sidering these effect estimates for both MACE and MALE, it
is important to consider that the PAD subgroup analysis is
underpowered to assess these outcomes.

Full-Dose Anticoagulation

The Warfarin Antiplatelet Vascular Evaluation (WAVE) trial
randomized the combination of vitamin K antagonist at mod-
erate intensity (i.e., INR 2–3) and SAPT versus SAPTalone in
patients with PAD of the lower extremities, carotid arteries, or
subclavian arteries. This was the only large randomized con-
trolled trial prior to COMPASS specifically designed to assess
the efficacy of anticoagulation in stable PAD [7, 18•]. The trial
randomized 2161 patients and demonstrated no significant
difference in MACE or MALE, but a threefold increased risk
of life-threatening bleeding was observed with full-dose war-
farin in addition to antiplatelet therapy (4.0% vs 1.2%; RR
3.41; 95% CI 1.84 to 6.35; p < 0.001). This trial highlighted
the hazard of the long-term use of moderate-intensity warfarin
together with antiplatelet therapy in PAD patients. Taking this
result together with the DUTCH Boa trial, which randomized
2690 patients following infrainguinal bypass to high-intensity
vitamin K antagonist (INR 3–4.5) versus aspirin and showed
no benefit to graft occlusion, and excess in life-threatening
bleeding [19], limits the use of warfarin in chronic stable
PAD patients.

Rationale for the COMPASS Regimen

Rivaroxaban is a selective direct factor Xa inhibitor which has
significantly lower rates of bleeding than vitamin K antago-
nists in clinical settings such as atrial fibrillation and venous
thromboembolic disease [20, 21]. In the setting of recent acute
coronary syndrome, the ATLAS TIMI-51 trial in which low

dose rivaroxaban together with antiplatelet therapy was eval-
uated (> 90% DAPT) was superior to placebo with regard to
reduction in MACE (HR 0.76; 95% CI 0.66–0.86; p < 0.001);
however, it was associated with a significant increase in rates
of major bleeding (2.1% vs 0.6%, p < 0.001) limiting its up-
take into standard practice [22]. In a small subgroup of pa-
tients on SAPT at baseline however, the addition of
rivaroxaban continued to show benefit without a significant
difference in bleeding between both groups. In light of these
results, the COMPASS trial was designed to test the efficacy
and safety of low-dose rivaroxaban with or without aspirin in
comparison to aspirin alone in patients with CAD or PAD.

COMPASS Population

The COMPASS trial was a large, international, multicenter
RCTwhich enrolled 27,395 patients with stable atheroscle-
rotic vascular disease (including CAD and PAD) between
2013 and 2016 [5]. Patients were randomized (1:1:1) to
receive either oral rivaroxaban 2.5 mg twice daily plus
aspirin 100 mg daily, oral rivaroxaban 5 mg twice daily
alone, or 100 mg PO aspirin daily. The trial demonstrated
reduction in MACE defined as composite myocardial
death, stroke, or MI with rivaroxaban plus aspirin (4.1%
vs 5.4%; HR 0.76; 95% CI 0.66 to 0.86; p < 0.001) but an
increase in major bleeding events (3.1% vs 1.9%; HR 1.70;
95% CI 1.40–2.05; p < 0.001). However, no difference in
intracranial or fatal bleeding was observed. The
rivaroxaban alone arm did not significantly reduce rates
of MACE in comparison to aspirin alone, but did increase
rates of major bleeding (2.8% vs 1.9%; HR 1.51; 95% CI
1.25–1.84; p < 0.001) [5].

Included in COMPASS were 7470 patients with PAD from
558 centers [5]. The COMPASS PAD population was com-
posed primarily of patients who had either symptomatic pe-
ripheral vascular disease (55%), or carotid stenosis with or
without previous intervention (26%). The remainder of pa-
tients included were asymptomatic PAD patients with known
CAD and ABI < 0.9 [24].

PAD patients were required to meet one of the following
criteria for enrollment [23•]:

1. Ongoing claudication symptoms associated with either
a. Reduced ABI < 0.9
b. Radiological evidence of vessel stenosis > 50%

2. Previous revascularization of the lower limbs by either
open or endovascular repair

3. Previous amputation of a limb or foot due to vascular
insufficiency

4. Documented CAD and an ABI < 0.9
5. Radiologic evidence of carotid artery stenosis > 50% or

prior carotid revascularization
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Unlike the COMPASS CAD population, PAD patients
were not restricted based on age or additional vascular risk
factors. Exclusion criteria for the trial were contraindications
to low-dose rivaroxaban, including elevated bleeding risk,
stroke within 1 month or any prior hemorrhagic stroke, severe
heart failure (NYHA III/IVor EF < 40%), and eGFR < 15mL/
min. Patients with indications for dual antiplatelet, other non-
aspirin antiplatelet, or oral anticoagulation therapy were also
excluded.

Among COMPASS PAD patients, vascular risk factors in-
cluding hypertension (79%), diabetes mellitus (44%), and cur-
rent or former smoking history (74%) were common. The
proportion of patients with concomitant CAD was 66%. Use
of vascular protective agents such as antiplatelet therapy prior
to randomization (87%), lipid-lowering agents (83%), and
ACE-I/ARB (70%) was higher than is observed in registries.

COMPASS Results

Patients with PAD who were randomized to receive
rivaroxaban 2.5 mg twice daily plus 100 mg aspirin daily
experienced significant reduction in MACE (cardiovascular
death, MI, or stroke) (HR 0.72, 95% CI 0.57–0.90, p =
0.0047) and MALE (HR 0.54, 95% CI 0.35–0.82, p =
0.0037) when compared to those receiving aspirin alone
[23•]. MALE in COMPASS was defined as any episode of
severe limb ischemia leading to an intervention including
acute limb ischemia, chronic limb ischemia, or major vascular
amputation. Rates of acute limb ischemia alone were similarly
reduced (HR 0.56; 95% CI 0.32–0.99; p = 0.042). While this
regimen was associated with an increase in major bleeding
events (HR 1.61, 95% CI 1.12–2.31, p = 0.0089) primarily
from gastrointestinal sites, however there was no increase in
critical organ bleeding, non-fatal intracranial bleeding, or fatal
bleeding (HR 1.10, 95% CI 0.59–2.05). The net clinical ben-
efit analysis, incorporating MACE, MALE, and severe bleed-
ing events, maintained significant benefit in favor of the
rivaroxaban plus aspirin arm (HR 0.72, 95% CI 0.59–0.87,
p = 0.0008) [23•]. This benefit was consistent across patients
from all included PAD subtypes (Fig. 1) [23•].

MALE was found to be an exceptionally poor prognostic
factor. In the year following a MALE event, the risk of recur-
rent hospitalization (HR 7.21; p < 0.0001), amputation (HR
197.5; p < 0.0001), and death (HR 3.23; p < 0.001) all sub-
stantially increased [3•]. Patients who were randomized to
rivaroxaban and aspirin also had a better prognosis after
MALE than did patients randomized to aspirin alone [3•],
suggesting that the type of MALE among patients on
rivaroxaban and aspirin was of a lesser severity, i.e., non-
occlusive thrombus compared to those on aspirin alone.
Furthermore, this analysis demonstrated that in patients
experiencing MALE, management of subsequent antithrom-
botic therapy was extremely heterogeneous, reflecting the

clinical uncertainty surrounding the management of this con-
dition. Post-MALE almost two-thirds of patients were main-
tained on their blinded study drug, while one-third of patients
were removed from study drug and changed, in nearly equal
proportions, to either SAPT, DAPT, or no therapy [3•].

Of all trials assessing antithrombotic management in PAD,
aspirin and rivaroxaban 2.5 mgBID is the only regimen, when
compared to aspirin alone, which demonstrates reductions in
both MACE and MALE in the setting of stable PAD, while
also maintaining an acceptable safety profile (Fig. 2).

Implementing COMPASS in Patients with PAD

Who to Consider for Therapy

Dual pathway therapy with aspirin and rivaroxaban 2.5 mg
BID is widely applicable to clinical practice. As described in
the REACH registry, 68.4% of real-world PAD patients would
meet eligibility criteria for COMPASS therapy [24]. In the
REACH analysis, the most common reason PAD patients
would be excluded from consideration to start low-dose
rivaroxaban and aspirin therapy was high bleeding risk
(51.8%), followed by the need for full-dose anticoagulation
(44.8%) and the need for DAPT in the context of acute coro-
nary syndrome (ACS) or percutaneous coronary intervention
(PCI) (25.9%) [24]. COMPASS patients were seen to have
lower absolute event rates than those in REACH, suggesting
that the true effect estimate of ASA and low-dose rivaroxaban
may be even greater in non-trial settings.

In patients eligible for COMPASS therapy, those at the
highest risk of MACE and MALE should be the first
considered for treatment. PAD patients with polyvascular
disease, a history of heart failure, diabetes, or renal insuf-
ficiency are particularly susceptible to major vascular
events and have greater absolute risk reduction in adding
rivaroxaban 2.5 mg BID to aspirin as compared to aspirin
alone [25•]. For example in PAD patients with concomi-
tant CAD (i.e., 2 or more vascular beds affected vascular
bed), the absolute risk reduction for vascular events is a
striking 6%, compared to the 1.36% absolute risk reduc-
tion in patients with PAD alone [25•]. This number need-
ed to treat is comparable to utilizing warfarin rather than
aspirin in patients with non-valvular atrial fibrillation
[26]. Clinical history to determine if your PAD patient
has polyvascular disease, diabetes, or heart failure, in con-
junction with basic bloodwork to screen for low eGFR,
can help guide antithrombotic decision-making. While
there is considerable residual risk reduction for
COMPASS patients without high-risk features, an individ-
ualized discussion risk of MACE, MALE, and bleeding,
contextualized within a patient’s access to medication,
guides therapy.
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Monitoring After Initiation

As with any medication, clinical and laboratory monitoring
are essential to avoid adverse events. Clinical and biochemical
vigilance for bleeding while on the COMPASS regimen is
prudent, with a particular focus on gastrointestinal and cuta-
neous bleeding, the areas where the COMPASS regimen has
been shown to confer increased bleeding risk [5]. The
COMPASS regimen has not been shown to increase intracra-
nial or life-threatening hemorrhage [5]. Renal function should

be monitored at least once per year, with consideration for
more frequent measurement at times of acute illness or in
patients with low baseline creatinine clearance [27]. In the
setting of significantly reduced renal function (estimated glo-
merular filtration rate less than 15 mL/min), this regimen
should be discontinued until renal function recovers.
Additionally, rivaroxaban has the potential for drug interac-
tions given its metabolism via cytochrome P450 3A4 and P-
glycoprotein [28]. While only those with major interaction
will be ineligible for COMPASS therapy, attentiveness

Fig. 2 Visual summary of relative bleeding and ischemic risks associated with antithrombotic therapy regimes based on current available evidence

Fig. 1 Analyses of primary and
secondary outcomes—hazard
ratios and 95% CI are shown for
all subgroups of patients with
peripheral artery disease for major
adverse cardiac events (a) and
major adverse limb events
including major amputation (b),
major adverse cardiac or limb
events including major
amputation (c) and for major
bleeding (d). The dotted line
indicates the point estimate for the
overall COMPASS trial
population (n = 27,395).
(Reprinted from The Lancet:
Anand SS, et al. Lancet Lond
Engl. November 2017.
doi:https://doi.org/10.1016/
S0140-6736(17)32409-1, with
permission from Elsevier) [23•]
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towards interactions is neededwith any newly prescribed ther-
apy, particularly with antiepileptics and medications for HIV
[28].

Barriers to Implementation

The COMPASS regimen has been approved by the United
States Food and Drug Administration, Health Canada, and
the European Medicines Agency, among other medication
regulatory bodies. Yet once a clinician determines that
COMPASS therapy is appropriately indicated, barriers to pre-
scriptions remain. Polypharmacy can limit patient adherence.
Similar to other manifestations of atherosclerosis, an increas-
ing number of medications are indicated to decrease morbidity
and/or mortality in PAD. Statins and renin-angiotensin-
aldosterone-receptor blockers are core therapies for vascular
protection, though other antihypertensives, lipid-lowering
agents, antihyperglycemics, and smoking cessation adjuncts
are common as well given the pattern of comorbidity in vas-
cular patients [6]. Regular exercise and smoking reduction
should always be emphasized, and superfluous medications
should be terminated in order to emphasize the use of effica-
cious vascular protective medications. PAD patients are
undertreated and have approximately half the rate of
guideline-based medication use as compared to their counter-
parts in CAD [29], despite the fact that optimal medical ther-
apy for PAD patients has been shown to decrease MACE,
MALE, and overall mortality [30, 31]. Antithrombotic thera-
py is one key aspect of medical management, but other risk
factors should be modified including use of LDL, blood pres-
sure, and glucose-lowering agents, as part of a global vascular
risk reduction strategy [9].

The cost of rivaroxaban may represent a barrier to treat-
ment for some PAD patients who do not have health insur-
ance. However, cost-effectiveness analyses done using the
COMPASS trial data indicate this therapy is cost effective
for PAD patients due to avoided acute limb events, major
amputations, and hospitalizations associated with these out-
comes [32]. Once the drug becomes generic, its use will likely
become more widespread. It is promising that an increasing
number of private and public insurance agencies are providing
coverage for low-dose rivaroxaban and aspirin as the impor-
tance of preventing costly cardiac and limb events becomes
evident.

Remaining Uncertainties

Some questions remain regarding the use of COMPASS ther-
apy for patients with PAD. Foremost among them is the choice
and intensity of antithrombotic therapy following major ad-
verse limb events as this was not the primary question ad-
dressed in the COMPASS trial. Despite a 20.5% risk of am-
putation, 57.6% risk of cardiovascular hospitalization, and

8.3% risk of death in the year following a MALE, there was
substantial heterogeneity in clinical management [3•]. The
VOYAGER-PAD trial is underway and has randomized
6500 patients with symptomatic PAD undergoing
infrainguinal endovascular and/or open revascularization to
rivaroxaban 2.5 mg BID or placebo, on a background of as-
pirin (with allowances for a limited course of thienopyridine
as well) [33]. The primary outcome includes MACE and
MALE. While VOYAGER-PAD will provide valuable infor-
mation regarding antithrombotic therapy following vascular
intervention, further studies are required to clarify antithrom-
botic treatment following acute limb ischemia.

Common Clinical Scenarios

Given the high risk of recurrent events in the polyvascular
disease population, scenarios in which breakthrough throm-
bosis occurs or a separate indication for antithrombotic thera-
py arises will be common. We consider several of these sce-
narios below.

Acute Coronary Syndrome or Percutaneous Coronary
Intervention

In COMPASS, approximately 1.1% of patients in the
rivaroxaban combination arm experienced acute coronary
syndrome (ACS) per year [23•]. After ACS, current guidelines
suggest use of dual antiplatelet therapy with low-dose aspirin
and a P2Y12 inhibitor for at least 6–12 months [34]. When
choosing a P2Y12 inhibitor, the PLATO trial supports use of
ticagrelor over clopidogrel for the first 12 months after ACS
[35]. This is associated with decreased overall mortality and
MACE but an increase in non-procedure-related bleeding
[35]. In light of this, it is reasonable to treat patients with
PADwho experience ACS and are not at high risk of bleeding
with ticagrelor and aspirin for 6–12 months. Beyond this 6–
12-month period, a return to low-dose rivaroxaban plus aspi-
rin should be considered. Patients with a history of ACS in
COMPASS experienced a similar benefit with the combina-
tion regimen compared to aspirin as the overall group, includ-
ing a decrease in overall mortality. This was consistent in
patients who were enrolled < 2 years after MI [36]. By com-
parison, the PEGASUS trial demonstrated that 1–3 years post
MI ticagrelor 60 mg twice daily in addition to aspirin reduced
the risk of MACE, but not the risk of overall mortality com-
pared to aspirin monotherapy [37]. It also increased risk of
major bleeding events [37]. A small substudy of patients with
both PAD and CAD however demonstrated a decrease in
MACE and overall mortality, with no observed increase in
major bleeding with the 60 mg dose alone [38]. Given this
evidence, after a period of 6–12 months of dual antiplatelet
therapy, either continued dual antiplatelet therapy with
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ticagrelor and aspirin or the COMPASS combination regimen
can be employed. With increasing time since the ACS event,
the COMPASS evidence becomes more compelling given the
effect on mortality.

Atrial Fibrillation

Patients with an indication for anticoagulation were excluded
from the COMPASS trial. Given that RCTs have consistently
shown reduced efficacy for stroke prevention in atrial fibrilla-
tion with lower compared to higher doses of DOACs [20], the
2.5-mg bid dose of rivaroxaban and aspirin is likely to have
lower efficacy in this population than the standard 20mg daily
dose. Therefore, for PAD patients with atrial fibrillation, full-
dose anticoagulation instead of the combination of low-dose
rivaroxaban and aspirin should be used. Initial randomized
trials assessing DOAC efficacy have revealed an elevated risk
of bleeding when aspirin is added to DOAC in atrial fibrilla-
tion [39], and therefore aspirin should not be routinely pre-
scribed to patients with stable PAD and atrial fibrillation who
are receiving full-dose anticoagulant.

MALE

As outlined above, questions remain regarding the opti-
mal antithrombotic therapy following major adverse limb
events. A subanalysis of the COMPASS trial revealed that
2% of enrolled PAD patients experienced MALE. In these
patients, recurrent events were common and there was
wide variation in subsequent antithrombotic therapy
choices. The choice of optimal antithrombotics following
a MALE event depends on the nature of the arterial
atherothromboembolic event, the type of surgical inter-
vention performed, and the patient’s bleeding risk. No
studies have adequately investigated antithrombotic
choice after acute limb ischemia (as defined as limb-
threatening ischemia with evidence of acute arterial ob-
struction by radiological criteria or a new pulse deficit
leading to an intervention—i.e., surgery, thrombolysis, pe-
ripheral angioplasty, or amputation—within 30 days of
symptoms onset). There are a few small trials that have
investigated antithrombotic choice post-vascular interven-
tion. The largest of which is the DUTCH BOA trial,
which found an overall increased bleeding risk, without
a decrease in MACE or MALE, when utilizing warfarin
(INR 3–4.5) as compared to aspirin following surgical
bypass. Interestingly, anticoagulation was significantly
better than aspirin in the subgroup of patients receiving
vein graf t s [18 • , 19] . For pa t ien ts undergoing
endovascular intervention, studies have suggested a bene-
fit of dual antiplatelet therapy with clopidogrel and aspirin
over aspirin monotherapy [40], and current guidelines
suggest at least 1 month of DAPT after infrainguinal

stenting [6]. The more recent ePAD study found no dif-
ference in MACE and a trend towards decrease restenosis
and revascularization with the combination of edoxaban
and aspirin as opposed to clopidogrel and aspirin in pa-
t ients with endovascular intervention [41]. The
VOYAGER-PAD trial is currently investigating the bene-
fit of rivaroxaban 2.5 mg twice daily added to antiplatelet
therapy in patients undergoing infrainguinal surgical or
endovascular revascularization [33]. This large random-
ized, double blind, placebo-controlled trial will help to
better inform decision-making for these patients.

Urgent Surgery

The concentration of rivaroxaban below which it should be
considered safe to perform surgery is currently unknown. An
international consensus statement considers a drug level of
less than 30 ng/mL acceptable to undergo cardiac surgery,
one of the surgical procedures with highest risk of bleeding.
Although pharmacokinetic analyses on the 2.5-mg bid dose
are few [42], studies of a 5-mg twice daily dose in healthy
subjects suggest that median peak concentrations are likely to
be around 40 ng/mL, with a peak time of 3 h after the dose and
half-life of 7 h [43]. Patients with reduced creatinine clearance
may have somewhat higher peak concentrations and longer
time to clearance. It therefore seems reasonable to withhold
rivaroxaban 2.5 mg for 12 h pre-operatively if possible, by
which time, most patients will have levels below 30 ng/mL. In
case of requirement for urgent surgery and a concern about
bleeding, use of andexanet alfa (or prothrombin complex con-
centrate if andexanet is not available) could be considered.

Conclusions

Patients with PAD have high rates of morbidity and mortality.
Dual pathway inhibition with rivaroxaban and aspirin is effec-
tive at reducing the risk of MACE and MALE [7, 31]. With
widespread approval by governing bodies, it should be strong-
ly considered in PAD patients without high bleeding risk.
Implementing the COMPASS regimen in patients with PAD,
along with other vascular risk reduction strategies, will have a
substantial impact on individual patient risk and overall pop-
ulation health.

Despite recent advancements, PAD continues to carry sig-
nificant rates of morbidity andmortality. Much of this is due to
underutilization of medical therapy [29,31]. Widespread com-
mitment to the medical treatment of PAD is urgently required.
Both existing and emerging therapies must be implemented by
the vascular medicine and surgery community, working to-
gether to prevent cardiac events, limb events, and cardiovas-
cular death.

Curr Cardiol Rep (2019) 21: 115 Page 7 of 9 115



Compliance with Ethical Standards

Conflict of Interest Graham R. McClure, Eric Kaplovitch, and Sukrit
Narula declare that they have no conflict of interest.

Vinai C. Bhagirath reports grants and personal fees from Pfizer, and
personal fees from Bayer.

Sonia S. Anand reports grants and personal fees from Bayer.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Fowkes FGR, Rudan D, Rudan I, et al. Comparison of global esti-
mates of prevalence and risk factors for peripheral artery disease in
2000 and 2010: a systematic review and analysis. Lancet.
2013;382(9901):1329–40. https://doi.org/10.1016/S0140-
6736(13)61249-0.

2. Criqui MH, Aboyans V. Epidemiology of peripheral artery disease.
Circ Res. 2015;116(9):1509–26. https://doi.org/10.1161/
CIRCRESAHA.116.303849.

3.• Anand SS, Caron F, Eikelboom JW, et al. Major adverse limb
events and mortality in patients with peripheral artery disease: the
COMPASS Trial. J Am Coll Cardiol. 2018;71(20):2306–15.
https://doi.org/10.1016/j.jacc.2018.03.008 Findings from this
analysis of the COMPASS trial highlight the predictors of
MALE, the adverse prognosis after MALE in terms of the
increased risk of vascular amputation, re-hospitalization,
MACE, and death.

4. Narula N, Dannenberg AJ, Olin JW, et al. Pathology of peripheral
artery disease in patients with critical limb ischemia. J Am Coll
Cardiol. 2018;72(18):2152–63. https://doi.org/10.1016/j.jacc.
2018.08.002.

5. Eikelboom JW, Connolly SJ, Bosch J, et al. Rivaroxaban with or
without aspirin in stable cardiovascular disease. N Engl J Med.
August 2017. https://doi.org/10.1056/NEJMoa1709118.

6. Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/
ACC guideline on the management of patients with lower extremity
peripheral artery disease: executive summary: a report of the
American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. Circulation.
2017;135(12):e686–725. https:/ /doi.org/10.1161/CIR.
0000000000000470.

7. Kaplovitch E, Rannelli L, Anand SS. Antithrombotics in stable
peripheral artery disease. Vasc Med Lond Engl. 2019;24(2):132–
40. https://doi.org/10.1177/1358863X18820123.

8. Abramson BL, Huckell V, Anand S, et al. Canadian Cardiovascular
Society Consensus Conference: peripheral arterial disease-
executive summary. Can J Cardiol. 2005;21(12):997–1006.

9. Aboyans V, Ricco J-B, Bartelink M-LEL, et al. 2017 ESC guide-
lines on the diagnosis and treatment of peripheral arterial diseases,
in collaboration with the European Society for Vascular Surgery
(ESVS) Document covering atherosclerotic disease of extracranial
carotid and vertebral, mesenteric, renal, upper and lower extremity
arteries Endorsed by: the European Stroke Organization (ESO) The
Task Force for the Diagnosis and Treatment of Peripheral Arterial
Diseases of the European Society of Cardiology (ESC) and of the
European Society for Vascular Surgery (ESVS). Eur Heart J.
2018;39(9):763–816. https://doi.org/10.1093/eurheartj/ehx095

10. Berger JS, Krantz MJ, Kittelson JM, Hiatt WR. Aspirin for the
prevention of cardiovascular events in patients with peripheral ar-
tery disease: a meta-analysis of randomized trials. JAMA.
2009;301(18):1909–19. https://doi.org/10.1001/jama.2009.623.

11. Wong PF, Chong LY, Mikhailidis DP, Robless P, Stansby G.
Antiplatelet agents for intermittent claudication. Cochrane
Database Syst Rev. 2011;(11):CD001272. https://doi.org/10.1002/
14651858.CD001272.pub2.

12. CAPRIE Steering Committee. A randomised, blinded, trial of
clopidogrel versus aspirin in patients at risk of ischaemic events
(CAPRIE). CAPRIE Steering Committee. Lancet Lond Engl.
1996;348(9038):1329–39.

13. Hiatt WR, Fowkes FGR, Heizer G, et al. Ticagrelor versus
clopidogrel in symptomatic peripheral artery disease. N Engl J
Med . 2017 ;376(1 ) : 32–40 . h t tps : / / do i . o rg /10 .1056 /
NEJMoa1611688.

14. Cacoub PP, Bhatt DL, Steg PG, Topol EJ, Creager MA,
CHARISMA Investigators. Patients with peripheral arterial disease
in the CHARISMA trial. Eur Heart J. 2009;30(2):192–201. https://
doi.org/10.1093/eurheartj/ehn534.

15. Bhatt DL, Flather MD, Hacke W, et al. Patients with prior myocar-
dial infarction, stroke, or symptomatic peripheral arterial disease in
the CHARISMA trial. J Am Coll Cardiol. 2007;49(19):1982–8.
https://doi.org/10.1016/j.jacc.2007.03.025.

16. Morrow DA, Braunwald E, Bonaca MP, et al. Vorapaxar in the
secondary prevention of atherothrombotic events. N Engl J Med.
2012;366(15):1404–13. https://doi.org/10.1056/NEJMoa1200933.

17. Bonaca MP, Creager MA, Olin J, et al. Peripheral revascularization
in patients with peripheral artery disease with vorapaxar: insights
from the TRA 2°P-TIMI 50 Trial. JACC Cardiovasc Interv.
2016;9(20):2157–64. https://doi.org/10.1016/j.jcin.2016.07.034.

18.• Oral anticoagulant and antiplatelet therapy and peripheral arterial
disease. N Engl J Med. 2007;357(3):217–227. https://doi.org/10.
1056/NEJMoa065959. This paper shows the results of the
warfarin antiplatelet vascular evaluation (WAVE) trial which
resulted in no ischemic reduction in PAD patients treated with
moderate-intensity warfarin and antiplatelet therapy and a sig-
nificant increase in life-threatening bleeding with this
combination.

19. Efficacy of oral anticoagulants. compared with aspirin after
infrainguinal bypass surgery (The Dutch Bypass Oral
Anticoagulants or Aspirin Study): a randomised trial. Lancet
Lond Engl. 2000;355(9201):346–51.

20. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus
warfarin in patients with atrial fibrillation. N Engl J Med.
2009;361(12):1139–51. https://doi.org/10.1056/NEJMoa0905561.

21. Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for
VTE disease: CHEST guideline and expert panel report. CHEST.
2016;149(2):315–52. https://doi.org/10.1016/j.chest.2015.11.026.

22. Mega JL, Braunwald E, Wiviott SD, et al. Rivaroxaban in patients
with a recent acute coronary syndrome. N Engl J Med.
2012;366(1):9–19. https://doi.org/10.1056/NEJMoa1112277.

Curr Cardiol Rep (2019) 21: 115115 Page 8 of 9

https://doi.org/10.1016/S0140-6736(13)61249-0
https://doi.org/10.1016/S0140-6736(13)61249-0
https://doi.org/10.1161/CIRCRESAHA.116.303849
https://doi.org/10.1161/CIRCRESAHA.116.303849
https://doi.org/10.1016/j.jacc.2018.03.008
https://doi.org/10.1016/j.jacc.2018.08.002
https://doi.org/10.1016/j.jacc.2018.08.002
https://doi.org/10.1056/NEJMoa1709118
https://doi.org/10.1161/CIR.0000000000000470
https://doi.org/10.1161/CIR.0000000000000470
https://doi.org/10.1177/1358863X18820123
https://doi.org/10.1093/eurheartj/ehx095
https://doi.org/10.1001/jama.2009.623
https://doi.org/10.1002/14651858.CD001272.pub2
https://doi.org/10.1002/14651858.CD001272.pub2
https://doi.org/10.1056/NEJMoa1611688
https://doi.org/10.1056/NEJMoa1611688
https://doi.org/10.1093/eurheartj/ehn534
https://doi.org/10.1093/eurheartj/ehn534
https://doi.org/10.1016/j.jacc.2007.03.025
https://doi.org/10.1056/NEJMoa1200933
https://doi.org/10.1016/j.jcin.2016.07.034
https://doi.org/10.1056/NEJMoa065959
https://doi.org/10.1056/NEJMoa065959
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1016/j.chest.2015.11.026
https://doi.org/10.1056/NEJMoa1112277


23.• Anand SS, Bosch J, Eikelboom JW, et al. Rivaroxaban with or
without aspirin in patients with stable peripheral or carotid artery
disease: an international, randomised, double-blind, placebo-
controlled trial. Lancet Lond Engl. 2017. https://doi.org/10.1016/
S0140-6736(17)32409-1 This is the main result of the
COMPASS PAD subgroup from the COMPASS trial showing
the significant 31% relative risk reduction in major adverse
cardiovascular events or major adverse limb events with the
low-dose rivaroxaban and aspirin combination over aspirin
only.

24. Darmon A, Bhatt DL, Elbez Y, et al. External applicability of the
COMPASS trial: an analysis of the reduction of atherothrombosis
for continued health (REACH) registry. Eur Heart J. 2018;39(9):
750–757a. https://doi.org/10.1093/eurheartj/ehx658.

25.• Anand SS, Eikelboon JW, Dyal L, et al. Impact of rivaroxaban plus
aspirin compared with aspirin by risk level in the COMPASS trial.
2019. J Am Coll Cardiol. 2019;73(25):3271–80. https://doi.org/10.
1016/j.jacc.2019.02.079 This risk stratification analysis
highlights the higher absolute risk reduction in subgroups of
patients from the COMPASS trial when treated with low-dose
rivaroxaban and aspirin compared to aspirin alone. The
highest risk groups are patients with 2 or more vascular beds
affected, renal insufficiency, history of heart failure, and
diabetes.

26. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic
therapy to prevent stroke in patients who have nonvalvular atrial
fibrillation. Ann Intern Med. 2007;146(12):857–67.

27. Xarelto Product Monograph. https://www.bayer.ca/omr/online/
xarelto-pm-en.pdf.

28. Burnett AE,Mahan CE, Vazquez SR, Oertel LB, Garcia DA, Ansell
J. Guidance for the practical management of the direct oral antico-
agulants (DOACs) in VTE treatment. J Thromb Thrombolysis.
2016;41(1):206–32. https://doi.org/10.1007/s11239-015-1310-7.

29. Welten GMJM, Schouten O, Hoeks SE, et al. Long-term prognosis
of patients with peripheral arterial disease: a comparison in patients
with coronary artery disease. J Am Coll Cardiol. 2008;51(16):
1588–96. https://doi.org/10.1016/j.jacc.2007.11.077.

30. Hussain MA, Al-Omran M, Mamdani M, et al. Efficacy of a
guideline-recommended risk-reduction program to improve cardio-
vascular and limb outcomes in patients with peripheral arterial dis-
ease. JAMA Surg. 2016;151(8):742–50. https://doi.org/10.1001/
jamasurg.2016.0415.

31. Armstrong EJ, Chen DC,Westin GG, et al. Adherence to guideline-
recommended therapy is associated with decreased major adverse
cardiovascular events and major adverse limb events among pa-
tients with peripheral arterial disease. J Am Heart Assoc.
2014;3(2):e000697. https://doi.org/10.1161/JAHA.113.000697.

32. LamyA. Costs impact rivaroxaban plus aspirin versus aspirin in the
COMPASS trial. Presented at the: 2017 American Heart
Association Scientific Sessions; November 11, 2017.

33. Capell WH, BonacaMP, Nehler MR, et al. Rationale and design for
the vascular outcomes study of ASA along with rivaroxaban in
endovascular or surgical limb revascularization for peripheral artery
disease (VOYAGER PAD). Am Heart J. 2018;199:83–91. https://
doi.org/10.1016/j.ahj.2018.01.011.

34. Levine Glenn N., Bates Eric R., Bittl John A., et al. 2016 ACC/
AHA guideline focused update on duration of dual antiplatelet ther-
apy in patients with coronary artery disease: a report of the

American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines: an update of the 2011
ACCF/AHA/SCAI guideline for percutaneous coronary interven-
tion, 2011 ACCF/AHA guideline for coronary artery bypass graft
surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAI/STS guideline
for the diagnosis and management of patients with stable ischemic
heart disease, 2013 ACCF/AHA guideline for the management of
ST-elevation myocardial infarction, 2014 AHA/ACC guideline for
the management of patients with non–ST-elevation acute coronary
syndromes, and 2014ACC/AHAguideline on perioperative cardio-
vascular evaluation and management of patients undergoing non-
cardiac surgery. Circulation. 2016;134(10):e123-e155. doi:
10.1161/CIR.0000000000000404

35. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes. N Engl J
Med. 2009;361(11):1045–57. https://doi.org/10.1056/
NEJMoa0904327.

36. Connolly SJ, Eikelboom JW, Bosch J, et al. Rivaroxaban with or
without aspirin in patients with stable coronary artery disease: an
international, randomised, double-blind, placebo-controlled trial.
Lancet Lond Engl. 2018;391(10117):205–18. https://doi.org/10.
1016/S0140-6736(17)32458-3.

37. Bonaca MP, Bhatt DL, Cohen M, et al. Long-term use of ticagrelor
in patients with prior myocardial infarction. N Engl J Med.
2015 ; 372 ( 19 ) : 1791–800 . h t t p s : / / d o i . o rg / 10 . 1056 /
NEJMoa1500857.

38. BonacaMP, Bhatt DL, Storey RF, et al. Ticagrelor for prevention of
ischemic events after myocardial infarction in patients with periph-
eral artery disease. J Am Coll Cardiol. 2016;67(23):2719–28.
https://doi.org/10.1016/j.jacc.2016.03.524.

39. Ezekowitz MD, Reilly PA, Nehmiz G, et al. Dabigatran with or
without concomitant aspirin compared with warfarin alone in pa-
tients with nonvalvular atrial fibrillation (PETRO Study). Am J
Cardiol. 2007;100(9):1419–26. https://doi.org/10.1016/j.amjcard.
2007.06.034.

40. Tepe G, Bantleon R, Brechtel K, et al. Management of peripheral
arterial interventions with mono or dual antiplatelet therapy—the
MIRROR study: a randomised and double-blinded clinical trial.
Eur Radiol. 2012;22(9):1998–2006. https://doi.org/10.1007/
s00330-012-2441-2.

41. Moll F, Baumgartner I, Jaff M, et al. Edoxaban plus aspirin vs dual
antiplatelet therapy in endovascular treatment of patients with pe-
ripheral artery disease: results of the ePAD trial. J Endovasc Ther
Off J Int Soc Endovasc Spec. 2018;25(2):158–68. https://doi.org/
10.1177/1526602818760488.

42. Xu XS, Moore K, Burton P, et al. Population pharmacokinetics and
pharmacodynamics of rivaroxaban in patients with acute coronary
syndromes. Br J Clin Pharmacol. 2012;74(1):86–97. https://doi.org/
10.1111/j.1365-2125.2012.04181.x.

43. Kubitza D, Becka M, Wensing G, Voith B, Zuehlsdorf M. Safety,
pharmacodynamics, and pharmacokinetics of BAY 59-7939—an
oral, direct Factor Xa inhibitor—after multiple dosing in healthy
male subjects. Eur J Clin Pharmacol. 2005;61(12):873–80. https://
doi.org/10.1007/s00228-005-0043-5.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Curr Cardiol Rep (2019) 21: 115 Page 9 of 9 115

https://doi.org/10.1016/S0140-6736(17)32409-1
https://doi.org/10.1016/S0140-6736(17)32409-1
https://doi.org/10.1093/eurheartj/ehx658
https://doi.org/10.1016/j.jacc.2019.02.079
https://doi.org/10.1016/j.jacc.2019.02.079
https://www.bayer.ca/omr/online/xarelto-pm-en.pdf
https://www.bayer.ca/omr/online/xarelto-pm-en.pdf
https://doi.org/10.1007/s11239-015-1310-7
https://doi.org/10.1016/j.jacc.2007.11.077
https://doi.org/10.1001/jamasurg.2016.0415
https://doi.org/10.1001/jamasurg.2016.0415
https://doi.org/10.1161/JAHA.113.000697
https://doi.org/10.1016/j.ahj.2018.01.011
https://doi.org/10.1016/j.ahj.2018.01.011
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1016/S0140-6736(17)32458-3
https://doi.org/10.1016/S0140-6736(17)32458-3
https://doi.org/10.1056/NEJMoa1500857
https://doi.org/10.1056/NEJMoa1500857
https://doi.org/10.1016/j.jacc.2016.03.524
https://doi.org/10.1016/j.amjcard.2007.06.034
https://doi.org/10.1016/j.amjcard.2007.06.034
https://doi.org/10.1007/s00330-012-2441-2
https://doi.org/10.1007/s00330-012-2441-2
https://doi.org/10.1177/1526602818760488
https://doi.org/10.1177/1526602818760488
https://doi.org/10.1111/j.1365-2125.2012.04181.x
https://doi.org/10.1111/j.1365-2125.2012.04181.x
https://doi.org/10.1007/s00228-005-0043-5
https://doi.org/10.1007/s00228-005-0043-5

	Rivaroxaban...
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	State of the Literature Preceding COMPASS
	Single Antiplatelet Therapy
	Dual Antiplatelet Therapy
	Full-Dose Anticoagulation
	Rationale for the COMPASS Regimen
	COMPASS Population
	COMPASS Results

	Implementing COMPASS in Patients with PAD
	Who to Consider for Therapy
	Monitoring After Initiation
	Barriers to Implementation
	Remaining Uncertainties

	Common Clinical Scenarios
	Acute Coronary Syndrome or Percutaneous Coronary Intervention
	Atrial Fibrillation
	MALE
	Urgent Surgery

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance





