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IN DEPTH

A Structured Review of Antithrombotic Therapy
in Peripheral Artery Disease With a Focus on

Revascularization

A TASC (InterSociety Consensus for the Management of Peripheral Artery

Disease) Initiative

ABSTRACT: Peripheral artery disease affects >200 million people
worldwide and is associated with significant limb and cardiovascular
morbidity and mortality. Limb revascularization is recommended to
improve function and quality of life for symptomatic patients with peripheral
artery disease with intermittent claudication who have not responded to
medical treatment. For patients with critical limb ischemia, the goals of
revascularization are to relieve pain, help wound healing, and prevent
limb loss. The baseline risk of cardiovascular and limb-related events
demonstrated among patients with stable peripheral artery disease is
elevated after revascularization and related to atherothrombosis and
restenosis. Both of these processes involve platelet activation and the
coagulation cascade, forming the basis for the use of antiplatelet and
anticoagulant therapies to optimize procedural success and reduce
postprocedural cardiovascular risk. Unfortunately, few high-quality,
randomized data to support use of these therapies after peripheral artery
disease revascularization exist, and much of the rationale for the use

of antiplatelet agents after endovascular peripheral revascularization

is extrapolated from percutaneous coronary intervention literature.
Consequently, guideline recommendations for antithrombotic therapy after
lower limb revascularization are inconsistent and not always evidence-
based. In this context, the purpose of this structured review is to assess
the available randomized data for antithrombotic therapy after peripheral
arterial revascularization, with a focus on clinical trial design issues that
may affect interpretation of study results, and highlight areas that require
further investigation.
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atherosclerotic arterial occlusive disease of the

lower extremities, which will be the focus of this
review.! PAD is reported to affect 202 million people
worldwide in 2010.23 In an administrative database of
>9 million patients in the United States, the prevalence
of symptomatic PAD was 10.7% and of critical limb isch-
emia (CLI) was 1.3%.* As a result of a growing propot-
tion of older patients, the prevalence of PAD is rising:
between 2000 and 2010, the number of PAD cases in-
creased by 13% in highincome countries and 29% in
low- and middle-income countries.?

Symptomatic PAD can manifest as atypical, exercise-
limiting limb symptoms, intermittent claudication (IC,
pain induced by walking and relieved by rest), or chronic
CLI (ischemic rest pain or ulceration for >14 days).>®
Indications for revascularization in patients with PAD vary
according to clinical presentation. In lifestyle-limiting IC
unresponsive to medical treatment, revascularization is
recommended to improve walking capacity and quality
of life.>8 In CLI, patients should always be considered for
revascularization with the goals of relieving pain, healing
ischemic ulcers, and preventing limb loss.>®

Contemporary series demonstrate that =20% of
lower limb revascularization procedures are performed
surgically, and 80% are endovascular.”® Procedures are
performed by specialists in vascular surgery, interven-
tional cardiology, interventional radiology, and interven-
tional angiology/vascular medicine. A major limitation of
revascularization is restenosis or thrombosis with subse-
quent failure of the procedure, with mean patency rates
of 56% to 77% at 1 year and 39% to 80% at 5 years,
depending on revascularization method and location of
disease.®

In addition to the risk of limb-related events, patients
with PAD, who often have more widespread atherosclero-
sis than patients with coronary artery or cerebrovascular
disease,® have an increased risk of cardiovascular mor-
bidity and mortality.!® Recent clinical trial data showed
that 11% to 12% of patients with stable, symptomatic
PAD suffered cardiovascular death, myocardial infarc-
tion (M), or stroke, and 2% to 4% were hospitalized for
acute limb ischemia (ALI) over 36 months of follow-up.!!
After PAD revascularization, corresponding risks are
even higher, with reported rates of nonfatal M, ischemic
stroke, or cardiovascular death 36 months after proce-
dure of 14% among patients with IC and 34% among
those with CLI.*2 A prior history of peripheral revascular-
ization is a strong predictor of ALI,'3 and compared with
patients with stable PAD, those with a history of limb
revascularization >30 days before enrollment have a
significantly higher risk of Ml (adjusted hazard ratio [HRI,
1.29; 95% confidence interval [CI], 1.08-1.55) and ALI
(adjusted HR, 4.23; 95% CI, 2.86-6.25).1* These risks
are further elevated after repeat limb revascularization,
supporting the need for more aggressive secondary

Peripheral artery disease (PAD) commonly refers to
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prevention measures, including intensive antithrombot-
ic therapy, to prevent recurrent events in this high-risk
population.

Despite the greater risk of cardiovascular and limb
adverse outcomes in patients with PAD undergoing limb
revascularization, high-quality data on antithrombotic
therapy in this clinical context are sparse. As a result,
recommendations regarding antithrombotic therapy for
these patients are based on lower levels of evidence and
are inconsistent.>615-17 The purpose of this structured
review is to critically examine the design and results
of clinical trials of antithrombotic therapy after periph-
eral arterial revascularization that provide the current
evidence to support practice decisions and guidelines,
highlighting gaps in knowledge and areas requiring fur-
ther investigation. For this review, a comprehensive lit-
erature search was conducted to identify and retrieve all
relevant published international publications pertaining
to antithrombotic therapy in PAD in patients undergoing
revascularization (see online-only Data Supplement for
details). Given the limitations of observational analyses,
only data from randomized trials were included, with the
exception of 1 large registry-based study using well-val-
idated data.!?

Pathobiology and Mechanisms of
Atherothrombosis and Restenosis

Morbidity and mortality in patients with PAD is related
to both acute arterial thrombosis and luminal stenosis.
Platelets play a central role in acute thrombosis through
complex biological pathways.!® When endothelium or ath-
erosclerotic plaque is disrupted, platelets adhere to sub-
endothelial matrix ligands and to each other, forming a
rudimentary plug. A second phase of thrombosis involves
platelet activation, an autocrine and paracrine stimula-
tion of redundant platelet receptors, including P2Y12,
protease-activated receptors (PAR-1 and PAR-4), and
thromboxane receptors (TPa. and TPB). Platelet activa-
tion promotes morphological changes and glycoprotein
lIlb/llla receptor expression that further increase platelet
adhesion. The latter stages of thrombosis involve activa-
tion of the coagulation cascade at the platelet surface,
with production of thrombin. Thrombin catalyzes fibrin
crossHinking of platelets to stabilize the thrombus and
is a potent platelet activator through PAR-1 and PAR-4
stimulation, spurring further platelet adhesion and throm-
bus propagation. Therefore, acute thrombosis depends
on amplified interplay between platelets and coagulation,
with thrombin driving the process (Figure 1).1° Endovas-
cular and surgical techniques disrupt endothelium and
atherosclerotic plaques and introduce foreign bodies, all
of which may activate platelets and local coagulation fac-
tors, initiate atherothrombosis, and result in occlusion.
In contrast with acute thrombosis, mechanisms of ar-
terial restenosis reflect remodeling of the arterial wall and
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Figure 1. Pathways of coagulation and platelet aggregation.

Components of the coagulation cascade and platelet activation and aggregation, which ultimately result in the formation of a platelet-
fibrin clot and thrombosis. Various anticoagulant and antiplatelet agents and their targets are also shown. Adapted with permission.?
ADP indicates adenosine diphosphate; AT, antithrombin; GP, glycoprotein; LMWH, low molecular weight heparin; PAR, protease-activated
receptor; TP, thromboxane receptor; TxA,, thromboxane A,; VKA, vitamin K antagonist; and vWF, von Willebrand factor.

depend on the modality of revascularization. Endovas-
cular revascularization with percutaneous transluminal
angioplasty induces both short- and long-term changes
that promote restenosis. Elastic recoil is common and
decreases lumen diameter after angioplasty.? Initial lu-
men narrowing from elastic recoil may promote proste-
notic physiological changes and is associated with future
restenosis,? whereas long-term restenosis after angio-
plasty is likely mediated by arterial remodeling.?? Arterial
remodeling involves adaptive revision to vessel adventitial
composition and is stimulated by endothelial signaling in
response to changes in shear stress.?® Lumen diameter
changes from remodeling show a positive correlation with
arterial flow, and poor postprocedural flow disturbances
can increase lumen-narrowing remodeling.>

The use of stents after angioplasty prevents early lu-
men loss from elastic recoil and minimizes the effects of
arterial remodeling. However, stented arteries are subject
to restenosis, primarily through subsequent neointimal hy-
perplasia, a response to endothelial injury and inflamma-
tion.?2 Venous grafts are at risk for a similar complication
because of endothelial injury,?* whereas synthetic grafts
that do not endothelialize develop flow-limiting intimal
hyperplasia in anastomotic regions from disturbed flow
caused by differences in compliance between the pros-
thetic material and native vessel.?> Endothelial injury, the
inciting event in both intimal and neointimal hyperplasia,
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triggers platelet adherence and disrupts normal endothe-
lial production of antithrombotic prostacyclin and nitrous
oxide. Activation of adherent platelets leads to the produc-
tion of mitogens, such as thrombin, thromboxane A,, and
platelet-derived growth factor, which promote proliferation
of vascular smooth muscle cells and their migration into
the intima. Coagulation cascade activation at the site of
endothelial injury may also contribute directly to intimal
hyperplasia since disruption of tissue factor stimulation of
coagulation attenuates intimal hyperplasia.?6?”

Intimal hyperplasia causing in-stent and surgical graft
restenosis is likely promoted most strongly by smooth
muscle cell proliferation and migration, as evidenced
by the retardant effects of therapies targeting vascular
smooth muscle cells. Stents eluting the drugs paclitaxel
and sirolimus, cytotoxic to smooth muscle cells, have
shown reduced restenosis rates compared with bare
metal stents in coronary and peripheral revasculariza-
tion.282% Other novel emerging antimitogenic therapeu-
tics further point to a key role of vascular smooth muscle
cells.3%3! The phosphodiesterase-3 inhibitor cilostazol is
an antiplatelet drug that appears to have additional in-
hibitory effects on smooth muscle cell proliferation and
stimulatory effects on endothelial cell growth.3! These
pleiotropic effects of cilostazol may underlie its reported
benefits in preventing restenosis in peripheral artery
stenting.3233
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As illustrated, platelet activation and the coagulation
cascade are involved in atherothrombosis and resteno-
sis after revascularization, forming the basis for trials of
post-procedural antiplatelet and anticoagulant therapies.
These mechanisms may also provide insight into future
targets to improve outcomes in this population.

Pharmacology of Antithrombotic Agents

Antithrombotic therapies can be divided into antiplatelet
and anticoagulant agents (Figure 1).1819 Antiplatelet ther-
apies interrupt platelet activation and aggregation. Aspi-
rin does so by inhibiting cyclooxygenase 1, preventing
the formation of thromboxane A,, whereas cilostazol and
dipyridamole inhibit phosphodiesterase 3. Ticlopidine
prevents platelet aggregation by blocking the platelet
surface adenosine diphosphate receptor, and clopido-
grel and prasugrel indirectly inhibit the P2Y12 receptor.
Direct inhibitors of the P2Y12 receptor include ticagrelor
and cangrelor. The antiplatelet effects of vorapaxar are a
result of its inhibition of the protease-activated receptor
1, which is involved in thrombin-induced platelet aggre-
gation. Platelet glycoprotein lIb/llla receptor inhibition by
abciximab, eptifibatide, and tirofiban also prevents plate-
let aggregation and thrombus formation.

In contrast, anticoagulant agents prevent thrombus
formation by interrupting the coagulation cascade (Figure
1).1819 Vitamin K antagonists, such as warfarin, phen-
procoumon, and dicumarol, inhibit the activation of vita-
min K-dependent clotting factors, including factors I, VI,
IX, and X, as well as anticoagulant proteins C and S. Riva-
roxaban, apixaban, and edoxaban selectively inhibit factor
Xa, whereas heparin, low-molecular-weight heparin, and
fondaparinux potentiate factor Xa neutralization through
activation of antithrombin Ill, all reducing thrombin forma-
tion. Lastly, bivalirudin and dabigatran provide anticoagu-
lant effects by inhibiting thrombin. Studies examining the
use of these agents in stable PAD and after peripheral
revascularization will be discussed below.

Antithrombotic Therapy After Peripheral Revascularization

Clinical Trial Design for Studies of
Antithrombotic Therapies After Peripheral
Arterial Revascularization

Relative to studies of antithrombotic therapies in acute
coronary syndrome or after percutaneous coronary in-
tervention, few randomized trial data support the use of
these therapies in patients with PAD with or without re-
vascularization. Furthermore, interpretation of available
studies is hindered by multiple and varying limitations of
each trial. To inform a critical appraisal of existing data,
important components of clinical trial design for a study
of antithrombotic therapy after peripheral revasculariza-
tion are examined.

End Points
Relevant efficacy end points for trials of antithrombotic
therapies in PAD revascularization can be broadly cat-
egorized into limb-related and systemic outcomes (Fig-
ure 2). Limb outcomes may be further categorized into
clinical versus surrogate end points. Examples of clini-
cal end points include changes in function and quality
of life, as measured by peak treadmill walking time and
the Peripheral Artery or Walking Impairment Question-
naires, respectively, or improvement in a patient’s clinical
stage, as assessed by the Rutherford classification for
PAD.3* Major amputation, repeat limb revascularization
for occlusion, and ALl are additional clinically relevant
end points. The outcome of major adverse limb events
(MALE) is variably defined as a combination of the follow-
ing components: ALI, thrombectomy or thrombolysis,
major amputation, or repeat surgical revascularization
of the target limb.3435

In addition to clinical end points, surrogate end
points may be used when evaluating limb outcomes
in antithrombotic treatment after PAD revasculariza-
tion.3* One such surrogate end point is change in an-
kle-brachial index or toe-brachial index, usually defined
as a meaningful difference of >0.10. Transcutaneous

PAD Endpoints

Systemic Outcomes

Figure 2. End points for trials of anti-
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thrombotic therapies in PAD revascu-
larization.

Shown are categories of relevant end
points for clinical trials of antithrombotic
therapies after peripheral arterial revascu-
larization. ALl indicates acute limb isch-
emia; CV, cardiovascular; PAD, peripheral
artery disease; and TcPO,, transcutaneous
oxygen tension.

Safety
¢ Bleeding

Net clinical benefit
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oxygen content is an end point often used in CLI tri-
als. Measures of vascular patency have also been as-
sessed, including primary (without further intervention)
and assisted graft patency and significant target lesion
restenosis, defined as a peak systolic velocity ratio of
>2.4 by duplex ultrasonography or >50% diameter or
>70% area stenosis on computed tomographic, mag-
netic resonance, or catheter-based angiography. As
with the use of all surrogate outcomes, there may or
may not be a true correlation with clinical benefit, and
therapeutic efficacy on a surrogate outcome may not
translate into a true health benefit. However, these end
points can provide important information on the mech-
anism of action and the effect of a drug or device.

Given the high cardiovascular risk associated with PAD,
systemic outcomes are an important focus of studies of
antithrombotic therapy after limb revascularization. To ad-
dress this, studies often examine a composite of major
adverse cardiac events (MACE), which is typically defined
as cardiovascular death, nonfatal MI, or nonfatal stroke.
All-cause mortality is another important outcome for this
population. Although not typically used for PAD trials, an
expanded MACE definition may include additional end
points, such as hospitalization for unstable angina, coro-
nary revascularization, or hospitalization for heart failure.

It should be noted that many of the early trials of aspi-
rin and other antiplatelet drugs were performed in small
populations where the primary end point of the trial was
procedural patency. In these studies, MACE was not the
primary end point but was captured as an unadjudicated
adverse event. Assessments of MACE in this context
are unreliable with respect to event estimates and study
drug treatment effects on these events and highlight the
importance of prospective definition and collection and
blinded adjudication of major events of interest, includ-
ing MACE, MALE, and major bleeding.

The primary systemic safety outcome for trials of an-
tithrombotic therapies is major bleeding, an issue par-
ticularly important after PAD revascularization, which is
associated with its own procedural bleeding risk. The
most widely used bleeding classification systems are
the Thrombolysis in Myocardial Infarction, Bleeding Aca-
demic Research Consortium, and International Society
on Thrombosis and Haemostasis.® Specific to patients
with PAD undergoing revascularization, procedure-relat-
ed bleeding events that are serious enough to require
procedural intervention to stop the bleeding are of inter-
est to both clinicians and regulatory agencies. To date,
many of the trials of antithrombotic therapies in PAD have
captured bleeding as unadjudicated adverse events or
have adjudicated prospectively defined bleeds but have
not used a defined bleeding scale; few have adjudicated
bleeding as a primary safety outcome according to a
standard classification system (Tables 1-3).11.37-73

To balance the potential risks and benefits of anti-
thrombotic therapies, the concept of net clinical benefit
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has been applied. The net clinical benefit measure tries to
quantify the tradeoff between the experimental treatment
effect on reduced risk of atherothrombotic or thrombotic
efficacy versus increased risk of bleeding associated with
antithrombotic medications.” The simplest approach
assumes that efficacy and safety events are of equal
clinical importance and calculates the numeric difference
between efficacy events avoided and bleeding events
caused by the treatment. In situations where end points
are of different clinical importance, a weighted sum can
be calculated to account for these differences. A further
refinement is a bivariate approach where unweighted effi-
cacy and safety events are evaluated in a 2-by-2 bivariate
space, allowing for net clinical benefit to be compared
between trials and drugs in a similar class.” Although
net clinical benefit has not yet been used as a primary
outcome in clinical trials of antithrombotic therapies in
patients with PAD, this approach might provide additional
information to help providers optimize treatments for this
high-risk population.

Study Population

The choice of study population is another key component
to successful clinical trial design. Most randomized as-
sessments of antithrombotic therapy for PAD have been
limited by small sample size as well as heterogeneity in
study population and end points, especially in the post-
revascularization setting (Tables 1-3). To date, few large-
scale trials enrolling a primary PAD population have been
completed, and these have focused on patients with sta-
ble PAD.3738 Although some large antithrombotic therapy
trials have included PAD as an inclusion criterion and per-
formed prespecified analyses of patients with PAD,!1:13.39.40
other data have come from post hoc subgroup analyses
of patients with PAD at the time of randomization;*! all of
these analyses are hypothesis-generating only.

Comparator and Background Treatment

Another important component of clinical trial design is
selection of a comparator treatment. Comparator treat-
ments may include a placebo used in the early trials of as-
pirin or active treatment and should be chosen to address
true uncertainties and explore treatments for which there
is clinical equipoise. Although comparison of a new anti-
thrombotic drug to placebo may be performed to demon-
strate efficacy, that design would require that both groups
received standard background therapy (eg, aspirin). When
the trial design uses an active comparator, the control
arm should not use an active comparator that is either
known to be less effective than the standard of care or at
aless effective dose because that can lead to comparator
bias, biasing a trial toward a positive result. Conversely,
selection of a potent active comparator may reduce the
likelihood of a positive trial but may definitively answer a
clinical uncertainty. In this situation, a noninferiority design
may be used. Thus, comparator treatment selection can
significantly affect trial results in either direction.

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469
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Table 1. Antithrombotic Therapy for Stable PAD
Number of Primary Efficacy | Primary Safety
Variable Study Population Subjects | Treatment End Point(s) End Point(s) Result
Meta-analyses of various antiplatelet agents
Antithrombotic Intermittent claudication 400 Antiplatelet Vascular patency Bleeding* Efficacy: odds reduction,
Trialists’ subgroup therapy vs 64% (standard
Collaboration placebo deviation, 18%)
(1994)%
Antithrombotic Intermittent claudication 6263 Antiplatelet Vascular death, M, or Bleeding Efficacy: odds
Trialists’ subgroup therapy vs stroke reduction, 23%
Collaboration placebo (standard error, 9%)
(2002)*
Aspirin
CLIPS (2007)* Fontaine stage | or Il 366 Aspirin vs Validated vascular Bleeding Enroliment stopped
PAD placebo death, MI, or stroke early.
Antioxidant vs Efficacy: HR, 0.35 (95%
placebo (2x2) Cl,0.15-0.82)
Safety: 2.2% vs 0%
(P not calculated)
POPADAD (2008)* | Diabetes mellitus and 1276 Aspirin vs Adjudicated death from Bleeding Efficacy: HR, 0.98 (95%
asymptomatict PAD placebo coronary heart disease Cl, 0.76-1.26)
or stroke, nonfatal Mi or
stroke, or above-ankle
amputation for critical
limb ischemia
Berger (2009)% Meta-analysis of small 5269 Aspirin with Cardiovascular death, | Major bleeding | Efficacy: HR, 0.88 (95%
trials mainly evaluating or without MI, or stroke as defined in Cl, 0.76-1.04)
patency dipyridamole vs gach study Safety: RR, 0.99 (95%
placebo Cl, 0.66-1.50)
Aspirin for Asymptomatic PADT 3350 Aspirin vs Adjudicated fatal or Adjudicated Efficacy: HR, 1.03 (95%
Asymptomatic placebo nonfatal coronary major Cl, 0.84-1.27)
Atherosclerosis event or stroke or hemorrhage | Safety: HR, 1.71 (95%
Trialists (2010)* revascularization requiring Cl,0.99-2.97)
admissiont
Clopidogrel
CAPRIE (1996)% Recent MI, 19185 | Clopidogrel vs Validated vascular Bleeding Efficacy: RR, 0.91 (95%
recent ischemic aspirin death, MI, or ischemic Cl, 0.84-0.97)
cerebrovascular stroke
accident, or
symptomatic PAD
PAD subgroup 6452 Clopidogrel vs Validated vascular Bleeding Efficacy: RR, 0.76 (95%
aspirin death, MI, or ischemic Cl, 0.64-0.91)
stroke
CHARISMA Coronary artery disease, | 15603 Clopidogrel Adjudicated Adjudicated | Efficacy: RR, 0.93 (95%
(2006)% cerebrovascular plus aspirinvs | cardiovascular death, | GUSTO severe Cl,0.8310 1.05)
disease, symptomatic aspirin alone MI, or stroke bleeding Safety: RR, 1.25 (95%

PAD, or atherosclerotic
risk factors

Cl, 0.97-1.61)

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469
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Table 1. Continued
Number of Primary Efficacy | Primary Safety
Variable Study Population Subjects | Treatment End Point(s) End Point(s) Result
CHARISMA PAD subgroup 3096 Clopidogrel Adjudicated Adjudicated | Efficacy: HR, 0.85 (95%
(2009)* plus aspirinvs | cardiovascular death, | GUSTO severe Cl, 0.66—1.08)
aspirin alone MI, or stroke bleeding Safety: RR, 0.97 (95%
Cl, 0.56-1.66)
Vorapaxar
TRACER (2012)% Non-ST-elevation acute 12944 Vorapaxar vs Adjudicated Adjudicated | Efficacy: HR, 0.92 (95%
coronary syndrome plus placebo cardiovascular GUSTO Cl, 0.85-1.01)
=1 of the following: death, Ml stroke, moderate or | Safety: HR, 1.35 (95%
=55y of age; prior MI, recurrent ischemia | severe bleeding Cl, 1.16-1.58)
percutaneous coronary with rehospitalization,
intervention, or coronary or urgent coronary
artery bypass grafting; revascularization
diabetes mellitus; or PAD
TRACER (2014) PAD subgroup 936 Vorapaxar vs Adjudicated Adjudicated Efficacy:
placebo cardiovascular GUSTO HR, 0.85 (95% Cl,
death, MI, stroke, moderate or 0.64-1.13)
recurrent ischemia | severe bleeding | Safety: HR, 1.47 (95%
with rehospitalization, Cl, 0.89-2.45)
or urgent coronary
revascularization
TRA 2°P-TIMI 50 Prior MI, ischemic 26449 Vorapaxar vs Adjudicated Adjudicated | Efficacy: HR, 0.87 (95%
(2012)% stroke, or PAD placebo cardiovascular death, GUSTO Cl, 0.80-0.94)
MI, or stroke moderate o | Safety: HR, 1.66 (95%
severe bleeding Cl, 1.43-1.93)
TRA 2°P-TIMI 5 PAD subgroup 3787 Vorapaxar vs Adjudicated Adjudicated | Efficacy: HR, 0.94 (95%
(2013)" placebo cardiovascular death, GUSTO Cl,0.78-1.14)
MI, or stroke moderate o | Safety: HR, 1.62 (95%
severe bleeding Cl,1.21-2.18)
Ticagrelor
PLATO (2009)* Acute coronary 18624 Ticagrelor vs | Adjudicated vascular Adjudicated | Efficacy: HR, 0.84 (95%
syndrome clopidogrel death, MI, or stroke PLATO major Cl, 0.77-0.92)
bleeding Safety: HR, 1.04 (95%
Cl,0.95-1.13)
PLATO (2015)* PAD subgroup 1144 Ticagrelorvs | Adjudicated vascular Adjudicated | Efficacy: HR, 0.85 (95%
clopidogrel death, MI, or stroke PLATO major Cl,0.64-1.11)
bleeding Safety: HR, 0.81 (95%
Cl, 0.59-1.10)
PEGASUS-TIMI 54 Prior MI within past 21162 Ticagrelor Adjudicated Adjudicated TIMI |  Efficacy: 90-mg dose:
(2015)% 1-3y plus aspirinvs | cardiovascular death, | major bleeding HR, 0.85 (95% Cl,
aspirin alone MI, or stroke 0.75-0.96)

60-mg dose: HR, 0.84
(95% Cl, 0.74-0.95)
Safety: 90-mg dose:
HR, 2.69 (95% Cl,
1.96-3.70)

PEGASUS-TIMI
54 (2015)%

(Continued)

60-mg dose: HR, 2.32
(95% Cl, 1.68-3.21)

2540 June 20/27,2017
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Table 1. Continued
Number of Primary Efficacy | Primary Safety
Variable Study Population Subjects | Treatment End Point(s) End Point(s) Result
PEGASUS-TIMI 54 PAD subgroup 1143 Ticagrelor Adjudicated Adjudicated TIMI |  Efficacy: 90-mg dose:
(2016)* plus aspirinvs | cardiovascular death, | major bleeding |HR, 0.81 (95% Cl, 0.57-
aspirin alone MI, or stroke 1.15)
60-mg dose: HR, 0.69
(95% Cl, 0.47-0.99)
Safety: 90-mg dose: HR,
1.46 (95% Cl, 0.39-
5.43)
60-mg dose: HR, 1.18
(95% Cl, 0.29-4.71)
EUCLID (2016)* Stable PAD 13800 Ticagrelor vs Adjudicated Adjudicated TIMI | Efficacy: HR, 1.02 (95%
clopidogrel cardiovascular death, | major bleeding Cl,0.92-1.13)
MI, or ischemic stroke Safety: HR, 1.10 (95%
Cl, 0.84-1.43)
Anticoagulation
WAVE (2007)% PAD or carotid artery 2161 Warfarin or Coprimary 1: Adjudicated Efficacy: Coprimary
disease acenocoumarol Adjudicated bleedingt 1:RR, 0.92 (95% Cl,
Vs aspirin, cardiovascular death, 0.73-1.16)
ticlopidine, or MI, or stroke Coprimary 2: RR, 0.91
clopidogrel Coprimary 2: (95% Cl, 0.74-1.12)
Adjudicated Safety: RR, 3.41 (95%
cardiovascular death, Cl, 1.84-3.65)
MI, stroke, or urgent
peripheral or coronary
artery intervention for
severe ischemia
ROCKET-AF Nonvalvular atrial 14264 | Rivaroxaban vs | Adjudicated stroke and |  Adjudicated | Efficacy: HR, 0.79 (95%
(2011)> fibrillation with warfarin systemic embolism bleedingt Cl, 0.66—-0.96)
moderate to high Safety: HR, 1.03 (95%
stroke risk Cl,0.96-1.11)
ROCKET-AF PAD subgroup 839 Rivaroxaban vs | Adjudicated stroke and |  Adjudicated | Efficacy: HR, 1.19 (95%
(2013)% warfarin systemic embolism bleedingt Cl, 0.63-2.22)
Safety: HR, 1.40 (95%
Cl, 1.06-1.86)

Asymptomatic PAD is evidence of occlusive atherosclerosis in the limb based on an abnormal ankle-brachial index without symptoms of vascular
disease. CAPRIE indicates Clopidogrel versus Aspirin in Patients at Risk of Ischaemic Events; CHARISMA, Clopidogrel for High Atherothrombotic Risk
and Ischemic Stabilization, Management, and Avoidance; Cl, confidence interval; CLIPS, Critical Leg Ischaemia Prevention Study; EUCLID, Examining
Use of Ticagrelor in Peripheral Artery Disease; GUSTO, Global Utilization of Streptokinase and t-PA for Occluded Coronary Arteries; HR, hazard ratio; MI,
myocardial infarction; PAD, peripheral arterial disease; PEGASUS-TIMI 54, Prevention of Cardiovascular Events in Patients With Prior Heart Attack Using
Ticagrelor Compared to Placebo on a Background of Aspirin—Thrombolysis in Myocardial Infarction 54; POPADAD, Prevention of Progression of Arterial
Disease and Diabetes; ROCKET-AF, Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke
and Embolism Trial in Atrial Fibrillation; RR, relative risk; TIMI, Thrombolysis in Myocardial Infarction; TRA 2°P-TIMI 50, Thrombin Receptor Antagonist in
Secondary Prevention of Atherothrombotic Ischemic Events—Thrombolysis in Myocardial Infarction 50; and WAVE, Warfarin Antiplatelet Vascular Evaluation.

*Bleeding assessed by a variety of measures, including ascertainment of adverse events or various bleeding scores without clearly defined adjudication

parameters.

TProspectively defined and collected bleeding events not assessed with a defined bleeding scale.

Summary

Multiple issues should be considered in the design and
interpretation of data from studies of antithrombotic
therapy in PAD revascularization, and variations in de-
sign components have been listed in Figure 3. Ideally, a
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study of antithrombotic treatment after PAD revascular-
ization would enroll a primary PAD population, include a
composite adjudicated MACE and MALE primary efficacy
end point, and assess a primary safety end point of ad-
judicated major bleeding events according to a defined
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bleeding scale as well as bleeding requiring procedural
intervention for hemostasis.

Antithrombotic Therapy for Medical Management
of Stable PAD

Most data for antithrombotic therapy use in the PAD pop-
ulation have come from studies of patients with stable
PAD (Table 1).

Aspirin

Although meta-analyses have shown that antiplatelet
agents reduce the risk of vascular death, MI, and stroke
by =25% among patients with symptomatic coronary and
cerebrovascular disease,*’> randomized trials have not
consistently demonstrated efficacy of aspirin for reduc-
tion of cardiovascular events in stable PAD. A meta-anal-
ysis by the Antithrombotic Trialists” Collaboration found
a 22% odds reduction for cardiovascular events among
patients with symptomatic PAD treated with antiplate-
let therapy.*? However, this study included antiplatelet
agents other than aspirin or clopidogrel and is based on
older data where standard background therapies were
not available (eg, statins). More recently, in a small trial
of aspirin versus placebo in patients with Fontaine stage
I PAD, aspirin reduced vascular death, MI, or stroke,
but this trial stopped enroliment early after randomizing
only 18% of the intended population.*® Another placebo-
controlled trial in patients with diabetes mellitus and as-
ymptomatic PAD found no benefit for aspirin in reducing
ischemic cardiovascular events or major amputation for
CLIL.** In a meta-analysis of 18 trials involving 5269 pa-
tients with PAD, aspirin (given in a wide range of doses
with or without dipyridamole) versus placebo resulted in
a nonsignificant relative risk reduction of 12% for cardio-
vascular death, M, or stroke.*®> Although MACE was the
primary outcome of this meta-analysis, only 2 of the in-
cluded trials evaluated MACE as the primary end point;
the majority of trials assessed MACE as secondary end

points or safety events. The largest randomized placebo-
controlled trial of aspirin in 3350 asymptomatic patients
with PAD found no efficacy of aspirin for the prevention of
coronary events, stroke, or revascularization (HR, 1.03;
95% CI, 0.84-1.27).3” An observational, population-
based study of 18742 revascularized patients with PAD
in the Swedvasc Registry demonstrated that antiplatelet
therapy, most commonly aspirin, was prescribed at ad-
mission to 73% of patients but was not associated with
cardiovascular protection.!? However, this study was lim-
ited by lack of randomization and control of confounding.

Clopidogrel
In the CAPRIE study (Clopidogrel versus Aspirin in Pa-
tients at Risk of Ischemic Events),*® clopidogrel con-
ferred an 8.7% relative risk reduction for vascular
death, MI, or ischemic stroke compared with aspirin
among patients with recent MI, recent ischemic stroke,
or symptomatic PAD. The risk reduction with clopido-
grel versus aspirin was greater among the PAD sub-
group (relative risk [RR], 0.76; 95% Cl, 0.64-0.91).40
Bleeding in this study was assessed as an adverse
event. These data led to approval of clopidogrel by the
US Food and Drug Administration for use in stable PAD
20 years ago, and clopidogrel as an alternative to as-
pirin monotherapy is now a Class |, Level of Evidence A
recommendation for patients with symptomatic PAD.>
The CHARISMA trial (Clopidogrel for High Atherothrom-
botic Risk and Ischemic Stabilization, Management, and
Avoidance) in patients with established atherosclerotic
disease or atherosclerotic risk factors showed that aspi-
rin plus clopidogrel versus aspirin alone resulted in a non-
significant 7.1% risk reduction in the primary end point of
cardiovascular death, MI, or ischemic stroke.*® In a CHA-
RISMA post hoc analysis of 3096 patients with PAD, the
primary end point occurred in 7.6% of the clopidogrel plus
aspirin group and in 8.9% of the aspirin-only group (HR,
0.85; 95% Cl, 0.66-1.08).3° Although rates of severe, fa-
tal, or moderate bleeding did not differ between treatment
arms, minor bleeding was increased with clopidogrel plus

Less than ideal

Study population PAD as part of inclusion

criteria and as a pre-

specified subgroup

Adjudicated MACE,
MALE as adverse events

Primary efficacy endpoint
Primary safety endpoint Adjudicated major bleeds
according to defined

bleeding scale

Figure 3. Classification of compo-
nents of PAD trials evaluating anti-
thrombotic therapies after revascu-

larization.

Examples of ideal, less than ideal, and sub-
optimal components of trial design related
to the study population, primary efficacy
end point, and primary safety end point.
MACE indicates major adverse cardiac
events; MALE, major adverse limb events;
and PAD, peripheral artery disease.
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aspirin (odds ratio [OR], 1.99; 95% Cl, 1.69-2.34). Over-
all, CHARISMA does not support the use of dual antiplate-
let therapy (DAPT) in stable, symptomatic PAD.

Ticagrelor

In the PLATO trial (Platelet Inhibition and Patient Outcomes),*’
ticagrelor as compared with clopidogrel significantly reduced
MACE (HR, 0.84; 95% Cl, 0.77-0.92) without an increase in
major bleeding in patients with acute coronary syndrome.
This benefit was numerically similar among the subgroup
with PAD (HR, 0.85; 95% Cl, 0.64-1.11).*8 In a more recent
trial studying ticagrelor plus aspirin versus aspirin alone in
patients with prior MI,*® a subgroup analysis of 1145 pa-
tients with PAD demonstrated an absolute risk reduction for
cardiovascular death, M, or stroke with ticagrelor of 4.1%,
corresponding to a number needed to treat of 25.4! The ab-
solute excess of major bleeding was 0.12% (number needed
to harm of 834). In this study, ticagrelor significantly reduced
the risk of adjudicated MALE, defined as ALl or peripheral re-
vascularization for ischemia (HR, 0.65; 95% Cl, 0.44-0.95).
An important distinction of this subgroup is that they had
both symptomatic coronary disease and PAD.

The EUCLID trial (Examining Use of Ticagrelor in PAD)
evaluated ticagrelor versus clopidogrel in 13885 patients
with symptomatic PAD.® Patients were enrolled from 2
major subgroups: those with a prior lower extremity re-
vascularization (56.7%) and those with a low ankle-brachial
index (43.3%). The primary efficacy end point was a com-
posite of cardiovascular death, MI, or ischemic stroke, and
the primary safety end point was major bleeding. The pri-
mary efficacy end point had a hazard ratio of 1.02 (95%
Cl, 0.92-1.13; P=0.65), and major bleeding had an HR
of 1.10 (95% CI, 0.84-1.43; P=0.49). The first-ordered
secondary end point was the primary end point plus AL,
and that had a hazard ratio of 1.02 (95% Cl, 0.92-1.12).
Thus, ticagrelor had no benefit over clopidogrel in prevent-
ing major cardiovascular or limb events. Patients with a
prior revascularization had a risk of ALl of 2.5% compared
with 0.6% in patients enrolled based on an abnormal ankle-
brachial index. Ticagrelor was not superior to clopidogrel
in preventing cardiac or limb events in the prior revascular-
ization subgroup, reflecting the overall results of the trial.

Vorapaxar

Vorapaxar was studied in high-risk patients with non-
ST-segment elevation acute coronary syndromes.>° Al-
though the trial was terminated early for safety because
of bleeding, the target number of primary end points had
already accrued by that time, and vorapaxar added to
standard therapy did not reduce cardiovascular death,
MI, or stroke. In the PAD subgroup, rates of the primary
MACE end point were similar in vorapaxar and placebo
groups, although there were numerically fewer periph-
eral revascularization procedures (8.1% versus 9.0%,
P=0.16) and lower extremity amputations (0.9% versus
1.5%, P=0.11).5" In contrast with the findings in acute
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coronary syndrome, vorapaxar significantly reduced
MACE compared with placebo (HR, 0.87; 95% Cl, 0.80-
0.94) in patients with stable atherosclerosis, including
a history of MI, ischemic stroke, or PAD, although at a
cost of increased bleeding.5? Among the symptomatic
PAD subgroup (n=3787), the primary end point was not
significantly different with vorapaxar (HR, 0.94; 95% ClI,
0.78-1.14).11 However, vorapaxar reduced the rate of
first ALI by 41% (HR, 0.58; 95% Cl, 0.39-0.86) and total
ALl events by 41% (RR, 0.59; 95% ClI, 0.38-0.93).23 In
that same report, vorapaxar also reduced the need for
urgent and elective lower extremity revascularizations.

Anticoagulation

The WAVE trial (Warfarin Antiplatelet Vascular Evaluation)
randomized 2161 patients with PAD to oral anticoagula-
tion plus antiplatelet therapy or antiplatelet therapy alone
to prevent MACE.>3 After 35 months, there were no dif-
ferences in MACE (RR, 0.92; 95% Cl, 0.73-1.16). Life-
threatening bleeding was more common in the warfarin
group (RR, 3.41; 95% Cl, 1.84-6.35). Thus, full-dose,
systemic anticoagulation is harmful in stable PAD and
marked by excess bleeding. Rivaroxaban versus warfa-
rin was examined in patients with nonvalvular atrial fibril-
lation at moderate-high risk of stroke.> In a subgroup
analysis of patients with baseline PAD, full-dose rivaroxa-
ban did not reduce stroke or systemic embolism com-
pared with warfarin (HR, 1.19; 95% CI, 0.63-2.22) but
increased bleeding (HR, 1.40; 95% Cl, 1.06-1.86).%

Antithrombotic Therapy After Endovascular
Peripheral Revascularization

Peripheral endovascular interventions damage the endo-
thelium, which can lead acutely to thrombosis or longer
term restenosis. The goal of post-procedural antithrom-
botic therapy is to promote efficacy of revascularization
and reduce systemic outcomes, including MACE, while
minimizing the inherent bleeding risk.

Extrapolations From Coronary Artery Disease

The use of antiplatelet therapies in patients with stable and
acute manifestations of coronary artery disease undergo-
ing percutaneous coronary intervention is mostly evidence-
based, and clear recommendations guiding their use ex-
ist.’677 The benefit of aspirin in acute coronary syndrome
was well established with a placebo-controlled trial,”® and
aspirin has since been the cornerstone of antiplatelet
therapy for acute coronary syndrome and, by default, per-
cutaneous coronary intervention. Currently, treatment with
DAPT with aspirin and a P2Y12 inhibitor is recommended
after percutaneous coronary intervention.”®’” Guidelines
for the duration of DAPT vary according to clinical presen-
tation, stent type, and whether procedural success was
achieved.”®7® Clopidogrel has been the most frequently
used P2Y1?2 inhibitor after percutaneous coronary interven-
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tion, but its efficacy has been questioned in certain popula-
tions,”?# and newer P12Y12 inhibitors have a more consis-
tent effect on platelet inhibition.8! Improved stent platforms
may be safer than previous device generations and are as-
sociated with significant reductions in thrombotic events.82
In addition, randomized trials suggest no increased risk of
thrombosis after 3 to 6 months of DAPT in patients treated
primarily with newer drug-eluting stents.8-%% Consequently,
recommendations favoring a minimum of DAPT therapy for
1 year in patients undergoing elective percutaneous coro-
nary intervention are now being challenged.”®

In contrast with percutaneous coronary intervention,
evidence for medical therapy after peripheral endovascular
treatment is sparse (Table 2), and current antiplatelet use
after peripheral revascularization is based on the coronary
literature. Clinical trials of peripheral endovascular devices,
such as atherectomy,® stents,®” covered scaffolds,® and
drug-coated balloons,®® empirically included use of variable
durations of DAPT after procedure in their protocols without
supporting peripheral endovascular-specific data. Based on
the coronary literature as well as the use of DAPT in these
device trials, many operators use DAPT after peripheral
procedures in their clinical practice.®® Despite similarities
between percutaneous interventions in coronary and pe-
ripheral arteries, PAD patients have diminished responses
to DAPT and increased platelet reactivity compared with
patients with coronary artery disease.’® In light of these
physiological differences, inferring benefit of antithrombotic
therapies after peripheral artery intervention from the coro-
nary literature may be flawed.

Aspirin

Although aspirin is widely used after peripheral artery
intervention, the effect of aspirin versus placebo after
peripheral angioplasty has only been studied in 2 small
randomized trials.>” Both studies, which combined aspirin
plus dipyridamole, were evaluated in the most recent Co-
chrane meta-analysis evaluating antiplatelet and anticoagu-
lant drugs for prevention of restenosis or reocclusion after
peripheral endovascular therapy,® which included 3529
patients from 22 trials. In this review, no reduction in reste-
nosis or reocclusion with aspirin plus dipyridamole versus
placebo was found (OR, 0.69; 95% CI, 0.44-1.10). At 6
months after intervention, a significant reduction in reoc-
clusion was found for high-dose aspirin plus dipyridamole
but not in combination with low-dose aspirin. At 12 months
after intervention, no statistically significant difference in
restenosis or reocclusion was detected for any of the fol-
lowing comparisons: high- versus low-dose aspirin, aspirin
plus dipyridamole versus vitamin K antagonists, or clopi-
dogrel and aspirin versus low-molecular-weight heparin
plus warfarin. Compared with aspirin alone, low-molecular-
weight heparin plus aspirin significantly decreased occlu-
sion/restenosis (by <85%) in patients with CLI but not in
patients with IC, and batroxobin plus aspirin reduced reste-
nosis in patients with diabetes mellitus.5” Data on bleeding
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and other potential gastrointestinal side effects were not
consistently reported, although some evidence suggested
that high-dose aspirin increased gastrointestinal side ef-
fects compared with low-dose aspirin. It should be noted
that most of the individual trials were generally small, the
risk of bias was often unclear because of limitations in re-
porting, and only 3 included trials were placebo-controlled.

Clopidogrel

An attempt was made to evaluate the role of DAPT with
clopidogrel and aspirin versus aspirin alone in patients
undergoing infrainguinal endovascular intervention in the
CAMPER trial (Clopidogrel and Aspirin in the Management
of Peripheral Endovascular Revascularization), but unfor-
tunately this trial was halted prematurely because of poor
enrollment (William R. Hiatt, MD, personal communication,
2016). More recently, another trial randomized 80 patients
to clopidogrel plus aspirin versus aspirin alone after femo-
ropopliteal endovascular intervention and found a benefit
for DAPT in reducing target lesion revascularization at 6
months (5% versus 20%, P=0.04). However, primary
events were not adjudicated, and bleeding events were not
reported. Clopidogrel was stopped at 6 months, and the
benefit did not persist at 12-month follow-up (25% versus
32.4%, P=0.35). However, this evidence is not sufficient
to support prolonged DAPT with clopidogrel plus aspirin.

Cilostazol

The effect of cilostazol in patients undergoing peripheral
endovascular interventions has been studied in several
small randomized trials. Among 127 patients undergoing
femoropopliteal endovascular intervention randomized to
cilostazol plus aspirin versus ticlopidine plus aspirin, cilo-
stazol significantly improved unadjudicated vascular paten-
cy at 36 months following the procedure (OR, 0.40; 95%
Cl, 0.19-0.83).%° Bleeding outcomes were not reported.
In another trial of 78 patients treated endovascularly for
femoropopliteal lesions, cilostazol plus aspirin versus as-
pirin alone improved freedom from the primary outcome
of target vessel revascularization with no difference in
major bleeding.®® The STOP-C trial (Sufficient Treatment
of Peripheral Intervention by Cilostazol) randomized 200
patients undergoing femoropopliteal endovascular inter-
vention to cilostazol plus aspirin versus aspirin alone and
found a significant reduction in 12-month angiographic re-
stenosis (OR 0.26; 95% Cl, 0.13-0.53) with cilostazol.t!
Bleeding outcomes were not reported.

Anticoagulation

The results of a recent randomized trial to assess the ef-
ficacy and safety comparing edoxaban to clopidogrel on a
background of aspirin therapy was presented in abstract
form but has not yet been published (Frans L. Moll, MD,
PhD, unpublished data, 2015). The trial included 203 pa-
tients who underwent femoropopliteal endovascular treat-
ment with or without available stents. The primary efficacy
end point was adjudicated restenosis or reocclusion, and

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469



Antithrombotic Therapy After Peripheral Revascularization

Table 2. Antithrombotic Therapy After Endovascular Revascularization for Peripheral Arterial Disease

2202 ‘2 yore N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Study Number of Primary Efficacy | Safety End
Variable Population Subjects Treatment End Point(s) Point(s) Result
Meta-analyses of various antiplatelet agents
Antithrombotic Trialists’ Peripheral 391 Antiplatelet therapy | Vascular patency Bleeding | Efficacy: odds reduction
Collaboration (1994)% angioplasty vs placebo 47% (standard
subgroup deviation, 25%)
Antithrombotic Trialists’ Peripheral 946 Antiplatelet therapy | Vascular death, Bleeding Efficacy: odds reduction
Collaboration (2002)* angioplasty vs placebo myocardial 29% (standard error,
subgroup infarction, or 35%)
stroke
Aspirin
Cochrane systematic Percutaneous 356 Aspirin plus Restenosis or Bleeding Efficacy: OR, 0.69 (95%
review (2012)%” transluminal dipyridamole vs reocclusion Cl, 0.44-1.10)
angioplasty placebo
Clopidogrel
CAMPERt Infrainguinal N/A Clopidogrel plus N/A N/A Trial stopped early
endovascular aspirin vs aspirin because of poor
intervention alone enroliment ]
MIRROR (2013)%® Femoropopliteal 80 Clopidogrel plus Target lesion Bleeding not | Efficacy: 5% vs 20%, E
endovascular aspirin vs aspirin revascularization reported P=0.04 =]
intervention alone —
=
Cilostazol :
lida (2008)%° Femoropopliteal 127 Cilostazol plus aspirin | Vascular patency | Bleeding not | Efficacy: OR, 0.32 (95% =
endovascular vs ticlopidine plus reported Cl, 0.13-0.76)
intervention aspirin
Soga (2009)%° Femoropopliteal 78 Cilostazol plus ASA Adjudicated Bleeding Efficacy: 84.6% vs.
endovascular vs. ASA alone target vessel 62.2%, P=0.04
intervention revascularization Safety: No major
bleeding events in either
group
STOP-IC (2013)° Femoropopliteal 200 Cilostazol plus ASA Adjudicated Bleeding not | Efficacy: OR 0.26 (95%
endovascular vs. ASA alone angiographic reported Cl, 0.13-0.53)
intervention restenosis
Anticoagulation
ePAD (2015)F Femoropopliteal 203 Edoxaban vs Adjudicated Adjudicated | Efficacy: RR, 0.89 (95%
endovascular clopidogrel plus restenosis or | TIMI and ISTH Cl, 0.59-1.34)
intervention aspirin reocclusion bleeding Safety: RR, 0.20, (95%
Cl, 0.02—1.70) (ISTH)

CAMPER indicates Clopidogrel and Aspirin in the Management of Peripheral Endovascular Revascularization; Cl, confidence interval; ePAD, Edoxaban in
Patients with Peripheral Artery Disease; ISTH, International Society on Thrombosis and Haemostasis; MIRROR, Follow-up Management of Peripheral Arterial
Intervention with Clopidogrel; N/A, not applicable; OR, odds ratio; RR, relative risk; and TIMI, Thrombolysis in Myocardial Infarction.

*Bleeding assessed by a variety of measures, including ascertainment of adverse events and/or various bleeding scores without clearly defined
adjudication parameters.

TWilliam R. Hiatt, MD, personal communication, 2016.

FFrans L. Moll, MD, PhD, unpublished data, 2015.

the primary safety end point was adjudicated Thrombolysis
in Myocardial Infarction and International Society on Throm-
bosis and Haemostasis bleeding. At 6 months after proce-
dure, there were numerically fewer restenosis or reocclusion
events with edoxaban compared with clopidogrel (RR, 0.89;
95% Cl, 0.59-1.34). There were no Thrombolysis in Myo-
cardial Infarction major or life-threatening bleeding events

in the edoxaban group, whereas there were 2 major and
2 lifethreatening bleeding events in the clopidogrel group.
By International Society on Thrombosis and Haemostasis
criteria, there was 1 major and 1 life-threatening bleeding
event versus 5 major and 2 life-threatening bleeding events
in the edoxaban and clopidogrel arms, respectively (RR,
0.20; 95% Cl, 0.02-1.70). These preliminary data suggest
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that edoxaban versus clopidogrel in addition to aspirin in
patients with PAD undergoing femoropopliteal endovascular
treatment may improve vascular patency and reduce the
risk for major and life-threatening bleeding events.

Antithrombotic Therapy After Surgical Peripheral
Revascularization

As with endovascular procedures, the goal of anti-
thrombotic treatment after surgical revascularization
is to improve procedural success and mitigate MACE
while limiting antithrombotic-related bleeding risk. How-
ever, surgical revascularization can induce a prothrom-
botic state with disturbances of the coagulation and
fibrinolytic systems,®2% imposing an increased risk for
occlusion of the vascular reconstruction. Consequent-
ly, a different antithrombotic treatment strategy after
surgical compared with endovascular revascularization
may be required to improve outcomes after surgery. To
date, few randomized studies have addressed this is-
sue, and some suffer from major limitations (Table 3).

Aspirin
Aspirin plus dipyridamole was no better than placebo at
maintaining patency in 549 patients after femoropopli-
teal saphenous vein bypass.?? In a large meta-analysis
performed by the Antithrombotic Trialists’ Collaboration
and published in 1994,% 11 randomized studies on an-
tiplatelet treatment versus placebo after lower limb by-
pass surgery (n=2437) were included. In this prespeci-
fied subgroup analysis, any antiplatelet therapy (mainly
aspirin) was associated with a 38% (standard deviation
9%, P=0.00001) relative risk reduction for graft occlu-
sion, regardless of whether low- or high-dose aspirin
was used. Any antiplatelet therapy was also associated
with a 22% odds reduction in vascular death, MI, or
stroke among patients undergoing peripheral grafting.*?
A more recent Cochrane systematic review, includ-
ing 16 randomized studies (total n=5638) on different
postoperative antiplatelet treatment strategies after
lower limb bypass procedures, concluded that aspirin
(with or without dipyridamole) versus placebo or no
treatment was associated with improved primary paten-
cy of the vascular reconstruction at 1 year (OR, 0.42;
95% Cl, 0.22-0.83).%% In a further subgroup analysis,
this benefit was mainly driven by an effect on prosthet-
ic bypass procedures (OR, 0.19; 95% CI, 0.10-0.36).
Thus, according to currently available evidence, aspirin
improves patency after lower limb revascularization pro-
cedures, particularly those using prosthetic conduits.
However, the efficacy of aspirin alone has been ques-
tioned, especially after autologous vein bypass,®*% and
individual patient factors, such as continued cigarette
smoking, may negatively affect the efficacy of aspirin
treatment after surgical revascularization.?
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Ticlopidine

Ticlopidine versus placebo was demonstrated to mark-
edly improve saphenous vein graft patency at 2 years
(66.4% versus 51.2%, P=0.02).88 Ticlopidine also re-
duced reocclusion after femoropopliteal thromboendar-
terectomy compared with placebo (12% versus 52%,
P=0.003).%5 Because of unusual but potentially serious
side effects of neutropenia and bone marrow aplasia,
ticlopidine is not widely used.

Clopidogrel

Clopidogrel has not yet been studied versus placebo
or monotherapy with aspirin after lower limb surgical
revascularization. However, 851 patients undergoing
below-knee femoropopliteal bypass were randomized
to clopidogrel plus aspirin versus aspirin alone in the
CASPAR ftrial (Clopidogrel and Acetylsalicylic Acid in
Bypass Surgery for Peripheral Artery Disease).®® The
primary efficacy end point was a composite of graft
occlusion, ipsilateral revascularization, above-ankle
amputation of affected limb, or death at 24 months,
whereas severe bleeding was the primary safety end
point. Among all studied patients, the primary efficacy
end point was similar between groups. In the sub-
group receiving prosthetic conduits (n=253), the ad-
dition of clopidogrel was associated with reduced risk
of the primary efficacy end point (HR, 0.65; 95% ClI,
0.45-0.95; P=0.03). This result should be interpreted
with caution because the patients were not stratified
for type of surgical conduit at randomization. Further-
more, the use of DAPT increased severe and moderate
bleeding compared with aspirin alone (HR, 2.84; 95%
Cl, 1.32-6.08). In contrast to these overall negative
results, a pilot study of clopidogrel plus aspirin com-
pared with aspirin alone showed improved surrogate
biomarkers of atherothrombosis and cardiac injury in
patients undergoing surgery for CLI, demonstrating a
theoretical benefit of DAPT after surgery in terms of
cardiovascular outcomes.®’

Anticoagulation

Data supporting the use of anticoagulation after surgi-
cal revascularization for PAD are mixed. Among 116
patients undergoing femoropopliteal or more distal
bypass surgery randomized to dicoumarol or no anti-
coagulation, 3-year primary graft patency was similar
between treatment arms (46% versus 42%, P=0.88)
and serious bleeding complications occurred in 4% to
5% of patients taking coumarin.®® The largest study
of anticoagulation after surgical peripheral revascu-
larization was the Dutch BOA trial (Dutch Bypass Oral
Anticoagulants or Aspirin) (n=2690) comparing vita-
min K antagonists to aspirin after infrainguinal bypass
grafting.®® The primary end point was adjudicated graft
occlusion, and mean follow-up was 21 (range 0-45)
months. In the main analysis population, vitamin K an-
tagonists did not confer any benefit over aspirin (HR,
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Table 3. Antithrombotic Therapy After Surgical Revascularization for Peripheral Arterial Disease

Number of Primary Efficacy | Primary Safety
Variable Study Population | Subjects Treatment End Point(s) End Point(s) Result
Meta-analyses of various antiplatelet agents
Antithrombotic Peripheral graft 2437 Antiplatelet Vascular occlusion Bleeding* Efficacy: odds
Trialists’ Collaboration subgroup therapy vs reduction 38% (standard
(1994)% placebo deviation, 9%)
Antithrombotic Peripheral graft 2497 Antiplatelet Vascular death, Bleeding Efficacy: odds reduction
Trialists” Collaboration subgroup therapy vs myocardial 22% (standard error,
(2002)* placebo infarction, or stroke 16%)
Aspirin
McCollum (1991)2 Femoropopliteal 549 Aspirin plus Graft patency Bleeding Efficacy: 61% vs 60%,
saphenous vein dipyridamole vs P=0.43
bypass placebo
Cochrane Infrainguinal bypass 954 Aspirin or aspirin Primary graft Bleeding Efficacy: OR, 0.42 (95%
systematic review plus dipyridamole patency Cl, 0.22-0.83)
(2015)% vs placebo Safety: OR, 1.88 (95% Cl,
0.85-4.16)
Ticlopidine
Becquemin (1997)% Femoropopliteal 243 Ticlopidine vs Adjudicated graft Adjudicated Efficacy: 66.4% vs
or femorotibial placebo patency bleedingt 51.2%, P=0.02
saphenous vein
bypass graft
Castelli (1986)% Femoropopliteal 50 Ticlopidine vs Reocclusion Efficacy: 12% vs 52%,
thrombendarterectomy placebo P=0.003
Clopidogrel
CASPAR (2010)%® Below-knee bypass 851 Clopidogrel plus | Adjudicated index Adjudicated Efficacy: HR, 0.98 (95%
graft aspirin vs aspirin | graft occlusion or | GUSTO severe Cl, 0.78-1.23)
revascularization, bleeding Safety: 2.1% vs 1.2%,
above-ankle P=NS
amputation, or
death
Burdess (2010)¢" Infrainguinal 108 Clopidogrel plus | Adjudicated positive | Major bleeding Efficacy:
bypass, femoral aspirin vs aspirin | cardiac troponin according to RR, 0.93 (95% Cl,
endarterectomy, or alone CURE criteria 0.39-2.17)
'OW? "m,?,a”l‘?“tﬁ“‘)” Safety: RR, 1.4 (95% Cl,
or crifical lim 0.49-3.76)
ischemia
Anticoagulation
Arfvidsson (1989)% Femoropopliteal or 116 Dicumarol vs Primary graft Bleeding Efficacy: 46% vs 42%,
femorodistal bypass control patency P=0.88
surgery
Dutch BOA (2000)% |  Infrainguinal bypass 2690 Phenprocoumon | Adjudicated graft Adjudicated Efficacy: HR, 0.95 (95%
graft or acenocoumarol occlusion major bleedingt Cl, 0.82-1.11)
vs aspirin Safety: HR, 1.96 (95% Cl,
1.42-2.71)
Anticoagulation plus antiplatelet therapy
Sarac (1998)"° Infrainguinal bypass 56 Warfarin plus Primary graft Bleeding Efficacy: 74% vs 51%,
grafting with aspirin vs aspirin patency P=0.04
autogenous vein and
high risk for graft
failure
(Continued)
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Table 3. Continued

Number of Primary Efficacy | Primary Safety
Variable Study Population | Subjects Treatment End Point(s) End Point(s) Result
Johnson (2002)" Axillofemoral, 831 Warfarin plus Graft patency Bleeding Efficacy:
femorofemoral, aspirin vs aspirin Prosthetic graft RR, 0.62
femoropopliteal, or (95% Cl, 0.42-1.92)
femorodistal bypass Vein bypass R, 1.04
surgery (95% Cl, 0.72-1.51)
Safety: 8.4% vs 3.6%,
P=0.02
Monaco (2012)" Femoropopliteal 341 Warfarin Coprimary 1: Graft Bleeding Efficacy: Coprimary
bypass surgery (international patency 1:86.7% vs 80.8%,
normalized Coprimary 2: P=0.03;
ratio, 2.0-2.5) Freedom from Coprimary 2: 77.6% vs
plus clopidogrel | severe peripheral 63.9%, P=0.04
Vs aspirin plus | ischemia leading to Safety: 4.63% vs 2.99%,
C|0p|dogl’e| amputation P=006
Jivegard (2005)" Peripheral arterial 284 Dalteparin plus Primary graft Bleeding Efficacy: 59% vs 59%,
bypass graft for critical aspirin vs placebo patency P=NS
limb ischemia plus aspirin

CASPAR, Clopidogrel and Acetylsalicylic Acid in Bypass Surgery for Peripheral Arterial Disease; Cl, confidence interval; CURE, Clopidogrel in Unstable
Angina to Prevent Recurrent Events; Dutch BOA, Dutch Bypass Oral Anticoagulants or Aspirin Study; GUSTO, Global Utilization of Streptokinase and t-PA
for Occluded Coronary Arteries; HR, hazard ratio; NS, not significant; OR, odds ratio; and RR, relative risk.

*Bleeding assessed by a variety of measures, including ascertainment of adverse events and/or various bleeding scores without clearly defined

adjudication parameters.

TProspectively defined and collected bleeding events not assessed with a defined bleeding scale.

0.95; 95% Cl, 0.82-1.11). In the subgroup receiving
autologous vein grafts, vitamin K antagonism was as-
sociated with a reduction in graft occlusion (HR, 0.69;
95% ClI, 0.54-0.88), whereas study treatment was as-
sociated with a greater risk of graft occlusion among
patients receiving prosthetic grafts (HR, 1.26; 95% Cl,
1.03-1.55). However, patients were not stratified for
graft material at randomization. In addition, the target
international normalized ratio for vitamin K antagonism
in this trial was 3 to 4.5; although patients receiving
study drug were within this treatment range only ~50%
of the time, adjudicated major bleeding complications
were significantly higher with vitamin K antagonists
than with aspirin (HR, 1.96; 95% CI, 1.42-2.71).
Although not tested in a randomized fashion, obser-
vations such as those in the Dutch BOA study suggest
that bypass graft material may influence the effect of
specific classes of antithrombotic agents. A recent
Cochrane systematic review (14 studies, n=4970)
exploring several different antithrombotic treatment
strategies after infrainguinal bypass surgery concluded
that patients receiving infrainguinal autologous vein by-
pass surgery are more likely to benefit from vitamin K
antagonists than from platelet inhibitors.?” Conversely,
patients receiving prosthetic bypass surgery may de-
rive more benefit from platelet inhibition. However, the
evidence for vitamin K antagonist use after venous by-
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pass was considered weak and partly inconsistent in
the Cochrane report: 4 of the 14 included studies com-
pared a vitamin K antagonist versus no anticoagulation
(with 2 studies performed on a background of aspirin),
whereas 2 other studies used aspirin or aspirin plus
dipyridamole as the comparator.®’

Anticoagulation Plus Antiplatelet Therapy

Several studies have examined the effect of antico-
agulation plus antiplatelet therapy after surgical re-
vascularization for PAD. Warfarin plus aspirin versus
aspirin alone was studied in 56 patients undergoing
infrainguinal bypass grafting with autogenous vein.”®
Combination therapy improved primary graft patency
at 3 years (74% versus 51%, P=0.04), but postop-
erative hematoma complications were more frequent
(32% versus 3.7%, P=0.004). Among 831 patients
undergoing peripheral arterial bypass surgery ran-
domized to warfarin plus aspirin versus aspirin alone
and stratified by graft material, primary patency rates
were similar among patients with prosthetic bypasses
(RR, 0.62; 95% Cl, 0.42-1.92) and vein bypasses (RR,
1.04; 95% CI, 0.72-1.15).7* There was a suggestion
of benefit for warfarin plus aspirin among subgroups
of patients with 6-mm versus 8-mm prosthetic bypass
grafts and those with prosthetic femoropopliteal grafts
in the above-knee position. Major bleeding was great-
er among patients assigned to combination therapy
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(8.4% versus 3.6%, P=0.02). In an open-label, pseudo-
randomized study,’? low-intensity (international normal-
ized ratio, 2.0-2.5) warfarin plus clopidogrel versus
aspirin plus clopidogrel was tested in 341 patients
undergoing femoropopliteal artery bypass grafting for
IC or CLI. Graft patency and amputation for severe pe-
ripheral ischemia were coprimary end points, although
the study sample size determination was based on the
former end point, and events were not adjudicated.
In this study, treatment with warfarin plus clopidogrel
versus aspirin plus clopidogrel was associated with
improved graft patency (P=0.03) and less amputation
(P=0.04) during long-term follow-up. Minor but not ma-
jor bleeding episodes were more common among pa-
tients treated with warfarin plus clopidogrel, although
the study was not powered to detect hemorrhagic
complications.

Beyond reducing thrombotic complications that may
threaten graft patency, anticoagulation with unfraction-
ated or low-molecular-weight heparin, which experi-
mentally inhibits smooth muscle cell proliferation, may
also improve longer term graft patency by reducing
neointimal hyperplasia.”® In this context, Jivegard et al
tested the efficacy of adjuvant treatment with daltepa-
rin, a low-molecular-weight heparin, versus placebo for
3 months after aortoiliac or infrainguinal bypass graft-
ing in patients with CLI.7> Among 284 patients, adjuvant
treatment with dalteparin did not confer any patency
benefit at either 3 months or 1 year after the vascular
procedure.

Guideline Recommendations for Antithrombotic
Therapy After Peripheral Arterial
Revascularization

Current guideline recommendations for antithrombotic
therapies after revascularization for PAD are variable and
do not always conform to the level of evidence available.
Class | recommendations from the European Society of
Cardiology advise treatment with aspirin in all patients
undergoing angioplasty to reduce systemic vascular
events, despite the absence of any data supporting this
claim, at least 1 month of aspirin plus a thienopyridine
after infrainguinal bare-metal stent implantation, also
without any direct evidence, and aspirin or aspirin plus
dipyridamole after infrainguinal bypass surgery.'®> Class
Ilb recommendations include use of vitamin K antago-
nists after autogenous vein infrainguinal bypass surgery
and aspirin plus clopidogrel for patients with below-knee
prosthetic graft bypass. These recommendations are
based on data from overall negative trials with poten-
tial benefit in subgroup analyses. As discussed, these
data can inform the design of future trials but should
not be used to make treatment decisions. In contrast,
the American College of Chest Physicians recommends
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single antiplatelet therapy with aspirin or clopidogrel in
all patients after angioplasty with or without stenting
(grade 1A) and after surgical revascularization (grade
1A), except for patients receiving prosthetic conduits
in the below-knee position, for whom aspirin plus clopi-
dogrel is suggested for 1 year after revascularization
(grade 2C but without conclusive evidence).'® The So-
ciety for Vascular Surgery practice guidelines recom-
mend aspirin, clopidogrel, or aspirin plus clopidogrel in
patients undergoing lower extremity bypass (venous or
prosthetic, grade 2B) and at least 30 days of aspirin plus
clopidogrel in patients undergoing infrainguinal endovas-
cular intervention (grade 2B).!” However, as noted ear-
lier, the CASPAR trial assessing DAPT in lower extremity
bypass was an overall negative trial. In the recently up-
dated guideline from the American College of Cardiology
and the American Heart Association, a grade lIb (level of
evidence C) recommendation for DAPT with aspirin and
clopidogrel to reduce the risk of limb-related events after
lower extremity revascularization exists, which again suf-
fers from the limitations described earlier.> Although not
entirely updated to include recent data, the second TASC
Consensus Document recommends single antiplatelet
therapy, started before the procedure and continued in-
definitely, as a firstline treatment after lower limb endo-
vascular or surgical revascularization (grade A).6 These
important discrepancies in guideline recommendations
for antithrombotic treatment after lower extremity re-
vascularization reflect the paucity of high-quality data in
this area and may contribute to the variation in the use
of antithrombotic therapies observed in practice after
procedure.

Despite a lack of evidence to support its use, many
operators currently treat patients with a variable course
of DAPT with aspirin and clopidogrel after peripheral
revascularization. Data from the Swedish National Reg-
istry for Vascular Surgery demonstrate baseline treat-
ment with aspirin monotherapy before revascularization
and the addition of clopidogrel postprocedure, typically
for 3 months, for 19% and 13% of CLI and IC patients,
respectively.’? In the United States, a study of 85830
patients undergoing peripheral vascular intervention re-
vealed that after procedure, 18.3% were treated with an
oral anticoagulant, 19.1% received no P2Y12 inhibitor,
30.8% received a P2Y12 inhibitor before and after the
procedure, 6.2% were treated with a P2Y12 inhibitor for
<30 days, and 25.6% received a P2Y12 inhibitor for >30
days.®® In this study, P2Y12 inhibitor use differed accord-
ing to physician specialty and the clinical setting of the
procedure. In a survey of members of the Peripheral Vas-
cular Surgery Society, aspirin plus clopidogrel was the
most commonly prescribed regimen after lower extrem-
ity endovascular intervention, with distal lesion location
and stent placement associated with greater use of this
combination.®® Although there was no consensus regard-
ing the optimal duration of treatment with aspirin plus
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clopidogrel, a 1- to 3-month course was the most com-
mon. Furthermore, many peripheral intervention device
trials recommend treatment with aspirin for =6 months
or indefinitely plus clopidogrel for 1 to 3 months.® As
demonstrated, current regimens for antithrombotic
therapy after procedure are varied and unsupported by
clinical trial data.

Summary and Future Directions

Antithrombotic therapies play a critical role in the man-
agement of the patient with stable PAD and an even more
important role in patients undergoing peripheral revascu-
larization. This review has highlighted the limitations of
current clinical trial data, including the central role of as-
pirin in maintaining the patency of the procedure and pos-
sibly reducing cardiovascular events after surgery, which
is based on older data that do not reflect contemporary
background therapy. More potent antiplatelet therapies
and combinations of those therapies also have limited
evidence for use after revascularization. For example,
the use of DAPT is quite common, with even more pro-
longed use being promoted without any clear benefit af-
ter peripheral revascularization. Currently available clini-
cal trial data for antithrombotic therapy after peripheral
revascularization have been discussed in this review and
are summarized according to the quality of study com-
ponents in Figures 4 and 5.11,37—41,43,44,48,51,53,55,58—62,64—73
What are clearly lacking and needed are adequately
powered trials of antithrombotic therapy after peripheral
revascularization in a primary PAD population with adjudi-
cated MACE, MALE, and bleeding end points (Figure 3).

A review of clinicaltrials.gov shows few studies that will
meet this need. The ASPIRE trial (Antiplatelet Strategy for
Peripheral Arterial Interventions for Revascularization of
Lower Extremities) (URL: http://clinicaltrials.gov. Unique
identifier: NCT02217501) is an ongoing study of the effect
of clopidogrel on a background of low-dose aspirin for a

Adjudicated
bleeding using

Adjudicated
bleeding using
trial-specific scale

standardized scale

Primary PAD
population and
adjudicated
efficacy endpoint

AAA37

Pre-specified PAD
subgroup and
adjudicated
efficacy endpoint

Post-hoc PAD
subgroup or non-
adjudicated
efficacy endpoint

CHARISMA?3®
TRACER®!
TRA2pP!

PLATO*®
PEGASUS*
ROCKET-AF>5

Non-adjudicated
bleeding or
bleeding not
reported

CLIPS*
POPADAD*

- -

Figure 4. Classification of trials of antithrombotic

therapy for stable PAD.
Trials of antithrombotic therapy for stable PAD are classified
according to criteria related to study population and efficacy
and bleeding end points. PAD indicates peripheral artery

disease.
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Primary PAD
population and
adjudicated

Pre-specified PAD | Post-hoc PAD
subgroup and subgroup or non-
adjudicated adjudicated
efficacy endpoint | efficacy endpoint | efficacy endpoint

Adjudicated
bleeding using
standardized
scale
Adjudicated Becquemin et al®*
bleeding using Burdess et al®”
trial-specific scale | Dutch BOA®®

Non-adjudicated | MIRROR®®

bleeding or Monaco et al’?
bleeding not Soga®®
reported STOP-IC5t

Figure 5. Classification of trials of antithrombotic
therapy after peripheral revascularization.

Trials of antithrombotic therapy after peripheral revasculariza-
tion are classified according to criteria related to study popu-
lation and efficacy and bleeding end points. *Frans L. Moll,
MD, PhD, unpublished data, 2015. PAD indicates peripheral
artery disease.

clinically indicated duration versus an additional 12 months
on rates of primary patency, limb salvage, MI, ischemic
stroke, or survival among patients undergoing endovascu-
lar treatment for PAD. The LONGDAPTPAD study (Effects
of Prolonged DAPT after Lower Extremity Percutaneous
Transluminal Angioplasty in Patients with LE-PAD) (URL:
http://clinicaltrials.gov. Unique identifier: NCT02798913)
is currently randomizing patients with PAD treated with en-
dovascular peripheral revascularization to 3 months versus
12 months of clopidogrel plus aspirin; MACE and MALE
are the primary outcomes for this study. Another random-
ized trial (URL: http://clinicaltrials.gov. Unique identifier:
NCT02433587) plans to examine the effect of 1 versus 6
months of clopidogrel plus aspirin after endovascular PAD
revascularization on MACE and MALE outcomes. Although
these studies involve primary PAD populations and exam-
ine systemic and limb-related outcomes, each study is
small (<500 patients), and full details regarding end point
definitions and adjudication are not yet available. Lastly,
the VOYAGER PAD trial (Vascular Outcomes Study of As-
pirin along with Rivaroxaban in Endovascular or Surgical
Limb Revascularization for PAD) (URL: http://clinicaltrials.
gov. Unique identifier: NCT02504216) is evaluating the ad-
dition of low-dose rivaroxaban to a background of aspirin
after lower extremity revascularization. Estimated enroll-
ment is 6500 patients, and the primary outcome is time
to first MI, ischemic stroke, cardiovascular death, ALI, or
major amputation for a vascular etiology.

Despite the additional insight into the field that these
trials may provide, results are several years out, and ad-
ditional trials will be necessary to develop the optimal
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strategies to prevent both cardiac and limb events after
revascularization while minimizing bleeding risk. Given
the beneficial effects of vorapaxar on ALl seen in patients
with symptomatic PAD,!3 the use of vorapaxar after pe-
ripheral revascularization may represent a rational path-
way for future investigation. Highlighted in this review are
the required key components of a rigorous clinical trial of
antithrombotic therapy after peripheral revascularization.
However, there is limited capacity to answer all scientific
inquiries with large-scale randomized clinical trials, neces-
sitating the development of novel study designs. From
a methodologic perspective, leveraging existing large
registries or electronic medical records for randomized
trials may provide an alternative approach to evaluate
new therapeutics in the setting of PAD revascularization.
Although challenges to using these strategies exist, they
could potentially reduce costs and provide more general-
izable results. Given the large burden of disease, the high
risk of the population, and the current state of the field,
tremendous opportunity exists for clinician-scientists to
design high-quality studies that will help guide treatment
of and optimize care for patients with PAD.

SOURCES OF FUNDING

Financial support for the literature search for this review was
provided by the InterSociety Consensus for the Management of
Peripheral Artery Disease.

DISCLOSURES

Dr Ansel participates on advisory boards for Abbott Vascular,
Boston Scientific, Medtronic, Philips/Volcano, WL Gore; has eq-
uity in Embolitech and Primacea; is a board member of VIVA
Physicians (a 501(c)3 not-for-profit education and research orga-
nization); and receives royalties from Cook Medical. Drs Capell,
Hess, and Hiatt have research grants from Bayer Pharmaceu-
ticals. Dr Hiatt also reports research grants from the National
Institutes of Health, Patient-Centered Outcomes Research Insti-
tute, AstraZeneca, and Pluristem. Dr Gottsater has conducted
clinical trials with AstraZeneca, Bayer Pharmaceuticals, and
Pfizer. Dr Gottsater has consulted and given lectures for Amgen,
AstraZeneca, Boehringer Ingelheim, Bristol-Myers Squibb, LEO
Pharma, Novartis, Novo Nordisk, Pfizer, Sanofi, the Swedish
Medical Products Agency, and the Swedish Board for Health and
Welfare; and is the chairman of the Swedish Society for hyper-
tension, stroke, and vascular medicine. Dr Fowkes participates
on the advisory boards of AstraZeneca, Merck, and Bayer Phar-
maceuticals. Dr Jaff is a noncompensated advisor for Abbott
Vascular, Boston Scientific, Cordis, and Medtronic; a consultant
for Philips/Volcano; receives equity from PQ Bypass, Vascular
Therapies, Embolitech, Primacea, and Valiant; and is a board
member of VIVA Physicians (a 501(c)3 notfor-profit education
and research organization). Dr Nordanstig has an unrestricted
research grant through AstraZeneca through 2016. Dr Norgren
provides consulting and participates in advisory boards for An-

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469

Antithrombotic Therapy After Peripheral Revascularization

Ges, AstraZeneca, Bayer Pharmaceuticals, CESCA, Mitsubishi,
and Pluristem. The other author reports no conflicts of interest.

AFFILIATIONS

From Department of Medicine, Division of Cardiology, Univer-
sity of Colorado School of Medicine, Aurora (C.N.H., W.R.H.);
CPC Clinical Research, Aurora, CO (C.N.H., WH.C., W.R.H.);
Department of Surgery, Faculty of Medicine and Health, Orebro
University, Sweden (L.N.); Ohio Health, Columbus (G.M.A.); De-
partment of Medicine, Division of Endocrinology, Diabetes, and
Metabolism, University of Colorado School of Medicine, Aurora
(W.H.C.); University of Sydney, Westmead Hospital, Australia
(J.P.F.); Usher Institute of Population Health Sciences and Infor-
matics, University of Edinburgh, UK (F.G.R.F.); Department of
Vascular Diseases, Lund University, Skane University Hospital,
Malmo, Sweden (A.G.); Department of Surgery, University of
Sydney, Westmead Hospital, Australia (K.H.); Harvard Medical
School, Boston, MA (M.R.J.); and Department of Vascular Sur-
gery and Institute of Medicine, Department of Molecular and
Clinical Medicine, Sahlgrenska University Hospital and Acad-
emy, Gothenburg University, Sweden (J.N.).

FOOTNOTES

The online-only Data Supplement is available with this article
at http://circ.ahajournals.org/lookup/suppl/doi:10.1161/
CIRCULATIONAHA.116.024469/-/DC1.

Circulation is available at http://circ.ahajournals.org.

REFERENCES

1. Hiatt WR, Goldstone J, Smith SC Jr, McDermott M, Moneta G,
Oka R, Newman AB, Pearce WH; American Heart Association
Writing Group 1. Atherosclerotic Peripheral Vascular Disease
Symposium Il: nomenclature for vascular diseases. Circula-
tion. 2008;118:2826-2829. doi: 10.1161/CIRCULATIONAHA.
108.191171.

2. Fowkes FG, Rudan D, Rudan I, Aboyans V, Denenberg JO, Mc-
Dermott MM, Norman PE, Sampson UK, Williams LJ, Mensah GA,
Criqui MH. Comparison of global estimates of prevalence and risk
factors for peripheral artery disease in 2000 and 2010: a sys-
tematic review and analysis. Lancet. 2013;382:1329-1340. doi:
10.1016/S0140-6736(13)61249-0.

3. Criqui MH, Aboyans V. Epidemiology of peripheral artery dis-
ease. Circ Res. 2015;116:1509-1526. doi: 10.1161/CIRCRE-
SAHA.116.303849.

4. Nehler MR, Duval S, Diao L, Annex BH, Hiatt WR, Rogers K,
Zakharyan A, Hirsch AT. Epidemiology of peripheral arterial
disease and critical limb ischemia in an insured national popu-
lation. J Vasc Surg. 2014;60:686.e2-695.e2. doi: 10.1016/.
vs.2014.03.290.

5. Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corri-
ere MA, Drachman DE, Fleisher LA, Fowkes FG, Hamburg NM,
Kinlay S, Lookstein R, Misra S, Mureebe L, Olin JW, Patel RA,
Regensteiner JG, Schanzer A, Shishehbor MH, Stewart KJ,
Treat-Jacobson D, Walsh ME. 2016 AHA/ACC Guideline on the
Management of Patients With Lower Extremity Peripheral Ar-
tery Disease: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice

June 20/27,2017 2551

4
5
m
(=]
-
-
==
m
b
=
-




2202 ‘2 yore N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Hess et al

10.

11.

12.

13.

14.

15.

16.

Guidelines. Circulation. 2017;135:€726-e779. doi: 10.1161/
CIR.0000000000000471.

. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA and

Fowkes FG. Inter-Society Consensus for the Management of Pe-
ripheral Arterial Disease (TASC Il). Eur J Vasc Endovasc Surg.
2007;33:S1-S75.

. Jones WS, Mi X, Qualls LG, Vemulapalli S, Peterson ED, Patel MR

and Curtis LH. Trends in settings for peripheral vascular interven-
tion and the effect of changes in the outpatient prospective pay-
ment system. J Am Coll Cardiol. 2015;65:920-927.

. Hong MS, Beck AW, Nelson PR. Emerging national trends in the

management and outcomes of lower extremity peripheral arte-
rial disease. Ann Vasc Surg. 2011;25:44-54. doi: 10.1016/].
avsg.2010.08.006.

. Mukherjee D, Eagle K. The importance of early diagnosis and

treatment in peripheral arterial disease: insights from the PART-
NERS and REACH registries. Curr Vasc Pharmacol. 2010;8:293-
300.

Criqui MH, Ninomiya JK, Wingard DL, Ji M, Fronek A. Progres-
sion of peripheral arterial disease predicts cardiovascular disease
morbidity and mortality. J Am Coll Cardiol. 2008;52:1736-1742.
doi: 10.1016/j.jacc.2008.07.060.

Bonaca MP, Scirica BM, Creager MA, Olin J, Bounameaux H, Dell-
borg M, Lamp JM, Murphy SA, Braunwald E, Morrow DA. Vorapax-
ar in patients with peripheral artery disease: results from TRA2°P-
TIMI 50. Circulation. 2013;127:1522-1529. doi: 10.1161/
CIRCULATIONAHA.112.000679.

Sigvant B, Kragsterman B, Falkenberg M, Hasvold P, Johansson
S, Thuresson M, Nordanstig J. Contemporary cardiovascular risk
and secondary preventive drug treatment patterns in peripheral
artery disease patients undergoing revascularization. J Vasc Surg.
2016;64:1009.e3-1017.e3. doi: 10.1016/}.jvs.2016.03.429.
Bonaca MP, Gutierrez JA, Creager MA, Scirica BM, Olin J, Mur-
phy SA, Braunwald E, Morrow DA. Acute limb ischemia and
outcomes with vorapaxar in patients with peripheral artery dis-
ease: results from the Trial to Assess the Effects of Vorapaxar
in Preventing Heart Attack and Stroke in Patients With Athero-
sclerosis-Thrombolysis in Myocardial Infarction 50 (TRA2°P-TIMI
50). Circulation. 2016;133:997-1005. doi: 10.1161/CIRCULA-
TIONAHA.115.019355.

Jones WS, Baumgartner |, Hiatt WR, Heizer G, Conte MS, White
CJ, Berger JS, Held P, Katona BG, Mahaffey KW, Norgren L,
Blomster J, Millegard M, Reist C, Patel MR, Fowkes FG; Inter-
national Steering Committee and Investigators of the EUCLID
Trial. Ticagrelor compared with clopidogrel in patients with
prior lower extremity revascularization for peripheral artery dis-
ease. Circulation. 2017;135:241-250. doi: 10.1161/CIRCULA-
TIONAHA.116.025880.

Tendera M, Aboyans V, Bartelink ML, Baumgartner |, Clément D,
Collet JP, Cremonesi A, De Carlo M, Erbel R, Fowkes FG, Heras
M, Kownator S, Minar E, Ostergren J, Poldermans D, Riambau V,
Roffi M, Rother J, Sievert H, van Sambeek M, Zeller T; European
Stroke Organisation; ESC Committee for Practice Guidelines. ESC
Guidelines on the diagnosis and treatment of peripheral artery
diseases: document covering atherosclerotic disease of extra-
cranial carotid and vertebral, mesenteric, renal, upper and lower
extremity arteries: the Task Force on the Diagnosis and Treatment
of Peripheral Artery Diseases of the European Society of Cardi-
ology (ESC). Eur Heart J. 2011;32:2851-2906. doi: 10.1093/
eurheartj/ehr211.

Alonso-Coello P, Bellmunt S, McGorrian C, Anand SS, Guzman
R, Criqui MH, Akl EA, Olav Vandvik P, Lansberg MG, Guyatt GH,
Spencer FA; American College of Chest P. Antithrombotic ther-
apy in peripheral artery disease: Antithrombotic Therapy and
Prevention of Thrombosis, 9th ed: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest.
2012;141:669S-e690S.

2552 June 20/27, 2017

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Conte MS, Pomposelli FB, Clair DG, Geraghty PJ, McKinsey JF,
Mills JL, Moneta GL, Murad MH, Powell RJ, Reed AB, Schanzer A,
Sidawy AN; Society for Vascular Surgery Lower Extremity Guide-
lines Writing Group; Society for Vascular Surgery. Society for
Vascular Surgery practice guidelines for atherosclerotic occlusive
disease of the lower extremities: management of asymptomatic
disease and claudication. J Vasc Surg. 2015;61(3 Suppl):2S-
41S. doi: 10.1016/j.jvs.2014.12.009.

Davi G, Patrono C. Platelet activation and atherothrombo-
sis. N Engl J Med. 2007;357:2482-2494. doi: 10.1056/
NEJMra071014.

Gurbel PA, Tantry US. Antiplatelet and anticoagulant agents in
heart failure: current status and future perspectives. J Am Coll Car-
diol Heart Fail. 2014;2:1-14. doi: 10.1016/j.jchf.2013.07.007.
Baumann F, Fust J, Engelberger RP, Hiigel U, Do DD, Willenberg T,
Baumgartner |, Diehm N. Early recoil after balloon angioplasty of
tibial artery obstructions in patients with critical limb ischemia. J
Endovasc Ther. 2014;21:44-51. doi: 10.1583/13-4486MR.1.
Rodriguez A, Santaera O, Larribeau M, Sosa MI, Palacios IF. Early
decrease in minimal luminal diameter after successful percutane-
ous transluminal coronary angioplasty predicts late restenosis.
Am J Cardiol. 1993;71:1391-1395.

Nakatani M, Takeyama Y, Shibata M, Yorozuya M, Suzuki H, Koba
S, Katagiri T. Mechanisms of restenosis after coronary interven-
tion: difference between plain old balloon angioplasty and stent-
ing. Cardiovasc Pathol. 2003;12:40-48.

Gibbons GH, Dzau VJ. The emerging concept of vascular re-
modeling. N Engl J Med. 1994;330:1431-1438. doi: 10.1056/
NEJM199405193302008.

Mitra AK, Gangahar DM, Agrawal DK. Cellular, molecular and
immunological mechanisms in the pathophysiology of vein graft
intimal hyperplasia. Immunol Cell Biol. 2006;84:115-124. doi:
10.1111/).1440-1711.2005.01407 x.

Perktold K, Leuprecht A, Prosi M, Berk T, Czerny M, Trubel W,
Schima H. Fluid dynamics, wall mechanics, and oxygen transfer in
peripheral bypass anastomoses. Ann Biomed Eng. 2002;30:447-
460.

Jang Y, Guzman LA, Lincoff AM, Gottsauner-Wolf M, Forudi F, Hart
CE, Courtman DW, Ezban M, Ellis SG, Topol EJ. Influence of block-
ade at specific levels of the coagulation cascade on restenosis in
a rabbit atherosclerotic femoral artery injury model. Circulation.
1995;92:3041-3050.

Huynh TT, Davies MG, Thompson MA, Ezekowitz MD, Hagen P,
Annex BH. Local treatment with recombinant tissue factor path-
way inhibitor reduces the development of intimal hyperplasia in
experimental vein grafts. J Vasc Surg. 2001;33:400-407.

Dake MD, Ansel GM, Jaff MR, Ohki T, Saxon RR, Smouse HB,
Zeller T, Roubin GS, Burket MW, Khatib Y, Snyder SA, Ragheb AO,
White JK, Machan LS; Zilver PTX Investigators. Paclitaxel-eluting
stents show superiority to balloon angioplasty and bare metal
stents in femoropopliteal disease: twelve-month Zilver PTX ran-
domized study results. Circ Cardiovasc Interv. 2011;4:495-504.
doi: 10.1161/CIRCINTERVENTIONS.111.962324.

Biondi-Zoccai GG, Sangiorgi G, Lotrionte M, Feiring A, Commeau
P, Fusaro M, Agostoni P, Bosiers M, Peregrin J, Rosales O, Co-
troneo AR, Rand T, Sheiban I. Infragenicular stent implantation
for below-the-knee atherosclerotic disease: clinical evidence
from an international collaborative meta-analysis on 640 pa-
tients. J Endovasc Ther. 2009;16:251-260. doi: 10.1583/09-
2691.1.

Evans BC, Hocking KM, Osgood MJ, Voskresensky |, Dmowska
J, Kilchrist KV, Brophy CM, Duvall CL. MK2 inhibitory peptide de-
livered in nanopolyplexes prevents vascular graft intimal hyper-
plasia. Sci Transl Med. 2015;7:291ra95. doi: 10.1126/scitrans-
Imed.aaa4549.

. Ge JJ, Zhao ZW, Zhou ZC, Wu S, Zhang R, Pan FM, Abendroth

DK. p38 MAPK inhibitor, CBS3830 limits vascular remodelling in

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469



2202 ‘2 yore N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

arterialised vein grafts. Heart Lung Circ. 2013;22:751-758. doi:
10.1016/j.hlc.2013.02.006.

Iftikhar O, Oliveros K, Tafur AJ, Casanegra Al. Prevention of femoro-
popliteal in-stent restenosis with cilostazol: a meta-analysis. Angi-
ology. 2016;67:549-555. doi: 10.1177/0003319715604768.
Warner CJ, Greaves SW, Larson RJ, Stone DH, Powell RJ, Walsh
DB, Goodney PP. Cilostazol is associated with improved out-
comes after peripheral endovascular interventions. J Vasc Surg.
2014;59:1607-1614. doi: 10.1016/j.jvs.2013.11.096.

Patel MR, Conte MS, Cutlip DE, Dib N, Geraghty P, Gray W, Hiatt
WR, Ho M, lkeda K, lkeno F, Jaff MR, Jones WS, Kawahara M,
Lookstein RA, Mehran R, Misra S, Norgren L, Olin JW, Povsic TJ,
Rosenfield K, Rundback J, Shamoun F, Tcheng J, Tsai TT, Suzuki Y,
Vranckx P, Wiechmann BN, White CJ, Yokoi H, Krucoff MW. Evalu-
ation and treatment of patients with lower extremity peripheral
artery disease: consensus definitions from Peripheral Academic
Research Consortium (PARC). J Am Coll Cardiol. 2015;65:931-
941. doi: 10.1016/j.jacc.2014.12.036.

Conte MS, Geraghty PJ, Bradbury AW, Hevelone ND, Lipsitz
SR, Moneta GL, Nehler MR, Powell RJ, Sidawy AN. Suggest-
ed objective performance goals and clinical trial design for
evaluating catheter-based treatment of critical limb ischemia.
J Vasc Surg. 2009;50:1462.e1-1473.el. doi: 10.1016/].
jvs.2009.09.044.

Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J,
Kaul S, Wiviott SD, Menon V, Nikolsky E, Serebruany V, Valgimigli
M, Vranckx P, Taggart D, Sabik JF, Cutlip DE, Krucoff MW, Ohman
EM, Steg PG, White H. Standardized bleeding definitions for car-
diovascular clinical trials: a consensus report from the Bleeding
Academic Research Consortium. Circulation. 2011;123:2736-
2747. doi: 10.1161/CIRCULATIONAHA.110.009449.

Fowkes FG, Price JF, Stewart MC, Butcher |, Leng GC, Pell AC,
Sandercock PA, Fox KA, Lowe GD, Murray GD; Aspirin for As-
ymptomatic Atherosclerosis Trialists. Aspirin for prevention of
cardiovascular events in a general population screened for a
low ankle brachial index: a randomized controlled trial. JAMA.
2010;303:841-848. doi: 10.1001/jama.2010.221.

Hiatt WR, Fowkes FG, Heizer G, Berger JS, Baumgartner |, Held
P, Katona BG, Mahaffey KW, Norgren L, Jones WS, Blomster J,
Millegard M, Reist C, Patel MR; EUCLID Trial Steering Committee
and Investigators. Ticagrelor versus clopidogrel in symptomatic
peripheral artery disease. N Engl J Med. 2017;376:32-40. doi:
10.1056/NEJMoal611688.

Cacoub PP, Bhatt DL, Steg PG, Topol EJ, Creager MA; CHARISMA
Investigators. Patients with peripheral arterial disease in the CHA-
RISMA trial. Eur Heart J. 2009;30:192-201. doi: 10.1093/eur-
heartj/ehn534.

CAPRIE Steering Committee. A randomised, blinded, trial of
clopidogrel versus aspirin in patients at risk of ischaemic events
(CAPRIE). Lancet. 1996;348:1329-1339.

Bonaca MP, Bhatt DL, Storey RF, Steg PG, Cohen M, Kuder J, Go-
odrich E, Nicolau JC, Parkhomenko A, Lopez-Sendén J, Dellborg
M, Dalby A, Spinar J, Aylward P, Corbalan R, Abola MT, Jensen EC,
Held P, Braunwald E, Sabatine MS. Ticagrelor for prevention of
ischemic events after myocardial infarction in patients with periph-
eral artery disease. J Am Coll Cardiol. 2016;67:2719-2728. doi:
10.1016/j.jacc.2016.03.524.

Antithrombotic Trialists' Collaboration. Collaborative meta-analy-
sis of randomised trials of antiplatelet therapy for prevention of
death, myocardial infarction, and stroke in high risk patients. BMJ.
2002;324:71-86.

Catalano M, Born G, Peto R. Prevention of serious vascular events
by aspirin amongst patients with peripheral arterial disease: ran-
domized, double-blind trial. J Intern Med. 2007;261:276-284.
Belch J, MacCuish A, Campbell I, Cobbe S, Taylor R, Prescott R,
Lee R, Bancroft J, MacEwan S, Shepherd J, Macfarlane P, Morris
A, Jung R, Kelly C, Connacher A, Peden N, Jamieson A, Matthews

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469

45,

46.

47.

48.

49.

50.

51.

52.

53.

Antithrombotic Therapy After Peripheral Revascularization

D, Leese G, McKnight J, O'Brien I, Semple C, Petrie J, Gordon
D, Pringle S, MacWalter R; Prevention of Progression of Arterial
Disease and Diabetes Study Group; Diabetes Registry Group;
Royal College of Physicians Edinburgh. The prevention of progres-
sion of arterial disease and diabetes (POPADAD) trial: factorial
randomised placebo controlled trial of aspirin and antioxidants in
patients with diabetes and asymptomatic peripheral arterial dis-
ease. BMJ. 2008;337:a1840.

Berger JS, Krantz MJ, Kittelson JM, Hiatt WR. Aspirin for the
prevention of cardiovascular events in patients with peripheral
artery disease: a meta-analysis of randomized trials. JAMA.
2009;301:1909-1919. doi: 10.1001/jama.2009.623.

Bhatt DL, Fox KA, Hacke W, Berger PB, Black HR, Boden WE,
Cacoub P, Cohen EA, Creager MA, Easton JD, Flather MD, Haffner
SM, Hamm CW, Hankey GJ, Johnston SC, Mak KH, Mas JL, Mon-
talescot G, Pearson TA, Steg PG, Steinhubl SR, Weber MA, Brennan
DM, Fabry-Ribaudo L, Booth J, Topol EJ; CHARISMA Investigators.
Clopidogrel and aspirin versus aspirin alone for the prevention of
atherothrombotic events. N Engl J Med. 2006;354:1706-1717.
doi: 10.1056/NEJM0a060989.

Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held
C, Horrow J, Husted S, James S, Katus H, Mahaffey KW, Scirica
BM, Skene A, Steg PG, Storey RF, Harrington RA, Freij A, Thorsén
M; PLATO Investigators. Ticagrelor versus clopidogrel in patients
with acute coronary syndromes. N Engl J Med. 2009;361:1045-
1057. doi: 10.1056/NEJM0a0904327.

Patel MR, Becker RC, Wojdyla DM, Emanuelsson H, Hiatt WR, Hor-
row J, Husted S, Mahaffey KW, Steg PG, Storey RF, Wallentin L,
James SK. Cardiovascular events in acute coronary syndrome pa-
tients with peripheral arterial disease treated with ticagrelor com-
pared with clopidogrel: Data from the PLATO Trial. Eur J Prev Car-
diol. 2015;22:734-742. doi: 10.1177/2047487314533215.
Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RF, Jensen EC,
Magnani G, Bansilal S, Fish MP, Im K, Bengtsson O, Oude Ophuis
T, Budaj A, Theroux P, Ruda M, Hamm C, Goto S, Spinar J, Nicolau
JC, Kiss RG, Murphy SA, Wiviott SD, Held P, Braunwald E, Sa-
batine MS; PEGASUS-TIMI 54 Steering Committee and Investiga-
tors. Long-term use of ticagrelor in patients with prior myocardial
infarction. N Engl J Med. 2015;372:1791-1800. doi: 10.1056/
NEJMoal500857.

Tricoci P, Huang Z, Held C, Moliterno DJ, Armstrong PW, Van de
Werf F, White HD, Aylward PE, Wallentin L, Chen E, Lokhnygina Y,
Pei J, Leonardi S, Rorick TL, Kilian AM, Jennings LH, Ambrosio G,
Bode C, Cequier A, Cornel JH, Diaz R, Erkan A, Huber K, Hudson
MP, Jiang L, Jukema JW, Lewis BS, Lincoff AM, Montalescot G,
Nicolau JC, Ogawa H, Pfisterer M, Prieto JC, Ruzyllo W, Sinnaeve
PR, Storey RF, Valgimigli M, Whellan DJ, Widimsky P, Strony J,
Harrington RA, Mahaffey KW; TRACER Investigators. Thrombin-
receptor antagonist vorapaxar in acute coronary syndromes. N
Engl J Med. 2012;366:20-33. doi: 10.1056/NEJMoal109719.
Jones WS, Tricoci P, Huang Z, Moliterno DJ, Harrington RA, Sin-
naeve PR, Strony J, Van de Werf F, White HD, Held C, Armstrong
PW, Aylward PE, Chen E, Patel MR, Mahaffey KW. Vorapaxar in
patients with peripheral artery disease and acute coronary syn-
drome: insights from Thrombin Receptor Antagonist for Clinical
Event Reduction in Acute Coronary Syndrome (TRACER). Am
Heart J. 2014;168:588-596. doi: 10.1016/].ahj.2014.06.017.
Morrow DA, Braunwald E, Bonaca MP, Ameriso SF, Dalby AJ, Fish
MP, Fox KA, Lipka LJ, Liu X, Nicolau JC, Ophuis AJ, Paolasso E,
Scirica BM, Spinar J, Theroux P, Wiviott SD, Strony J, Murphy SA;
TRA 2P-TIMI 50 Steering Committee and Investigators. Vorapaxar
in the secondary prevention of atherothrombotic events. N Engl J
Med. 2012;366:1404-1413. doi: 10.1056/NEJM0al200933.
Anand S, Yusuf S, Xie C, Pogue J, Eikelboom J, Budaj A, Sussex
B, Liu L, Guzman R, Cina C, Crowell R, Keltai M, Gosselin G. Oral
anticoagulant and antiplatelet therapy and peripheral arterial dis-
ease. N Engl J Med. 2007;357:217-227.

June 20/27,2017 2553

4
5
m
(=]
-
-
==
m
b
=
-




2202 ‘2 yore N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Hess et al

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Bre-
ithardt G, Halperin JL, Hankey GJ, Piccini JP, Becker RC, Nes-
sel CC, Paolini JF, Berkowitz SD, Fox KA, Califf RM; ROCKET AF
Investigators. Rivaroxaban versus warfarin in nonvalvular atrial
fibrillation. N Engl J Med. 2011;365:883-891. doi: 10.1056/
NEJMo0al009638.

Jones WS, Hellkamp AS, Halperin J, Piccini JP, Breithardt G, Sing-
er DE, Fox KA, Hankey GJ, Mahaffey KW, Califf RM, Patel MR. Effi-
cacy and safety of rivaroxaban compared with warfarin in patients
with peripheral artery disease and non-valvular atrial fibrillation:
insights from ROCKET AF. Eur Heart J. 2014;35:242-249. doi:
10.1093/eurheartj/eht492.

Collaborative overview of randomised trials of antiplatelet ther-
apy- II: Maintenance of vascular graft or arterial patency by
antiplatelet therapy. Antiplatelet Trialists’ Collaboration. BMJ.
1994;308:159-168.

Robertson L, Ghouri MA, Kovacs F. Antiplatelet and anticoagu-
lant drugs for prevention of restenosis/reocclusion following pe-
ripheral endovascular treatment. Cochrane Database Syst Rev.
2012;8:CD002071.

Strobl FF, Brechtel K, Schmehl J, Zeller T, Reiser MF, Claussen
CD, Tepe G. Twelve-month results of a randomized trial compar-
ing mono with dual antiplatelet therapy in endovascularly treat-
ed patients with peripheral artery disease. J Endovasc Ther.
2013;20:699-706. doi: 10.1583/13-4275MR.1.

lida O, Nanto S, Uematsu M, Morozumi T, Kitakaze M, Nagata S.
Cilostazol reduces restenosis after endovascular therapy in pa-
tients with femoropopliteal lesions. J Vasc Surg. 2008;48:144—
149. doi: 10.1016/}.jvs.2008.02.062.

Soga Y, Hiroyoshi Y, Kawasaki T, Nakashima H, Tsurugida M, Hi-
kichi Y, Nobuyoshi M. Efficacy of Cilostazol After Endovascular
Therapy for Femoropopliteal Artery Disease in Patients with Inter-
mittent Claudication. J Am Coll Cardiol. 2009;53:48-53.

lida O, Yokoi H, Soga VY, Inoue N, Suzuki K, Yokoi Y, Kawasaki D,
Zen K, Urasawa K, Shintani Y, Miyamoto A, Hirano K, Miyashita Y,
Tsuchiya T, Shinozaki N, Nakamura M, Isshiki T, Hamasaki T, Nanto
S. Cilostazol Reduces Angiographic Restenosis After Endovas-
cular Therapy for Femoropopliteal Lesions in the Sufficient Treat-
ment of Peripheral Intervention by Cilostazol Study. Circulation.
2013;127:2307-2315.

McCollum C, Alexander C, Kenchington G, Franks PJ, Greenhalgh
R. Antiplatelet drugs in femoropopliteal vein bypasses: a multi-
center trial. J Vasc Surg. 1991;13:150-161.

Bedenis R, Lethaby A, Maxwell H, Acosta S, Prins MH. Antiplatelet
agents for preventing thrombosis after peripheral arterial bypass
surgery. Cochrane Database Syst Rev. 2015;2:CD000535.
Becquemin JP. Effect of ticlopidine on the long-term patency
of saphenous-vein bypass grafts in the leg. N Engl J Med.
1997;337:1726-1731.

Castelli P, Basellini A, Agus GB, Ippolito E, Pogliani EM, Colombi
M, Gianese F, Scatigna M. Thrombosis prevention with ticlopi-
dine after femoropopliteal thromboendarterectomy. Int Surg.
1986;71:252-255.

Belch JJ, Dormandy J, Biasi GM, Biasi BM, Cairols M, Diehm C,
Eikelboom B, Golledge J, Jawien A, Lepantalo M, Norgren L, Hiatt
WR, Becquemin JP, Bergqvist D, Clement D, Baumgartner |, Minar
E, Stonebridge P, Vermassen F, Matyas L, Leizorovicz A; CASPAR
Writing Committee. Results of the randomized, placebo-controlled
clopidogrel and acetylsalicylic acid in bypass surgery for periph-
eral arterial disease (CASPAR) trial. J Vasc Surg. 2010;52:825-
833. doi: 10.1016/j.jvs.2010.04.027.

Burdess A, Nimmo AF, Garden OJ, Murie JA, Dawson AR, Fox KA,
Newby DE. Randomized controlled trial of dual antiplatelet therapy
in patients undergoing surgery for critical limb ischemia. Ann Surg.
2010;252:37-42. doi: 10.1097/SLA.0b013e3181e40dde.
Arfvidsson B, Lundgren F, Drott C, Scherstén T, Lundholm K.
Influence of coumarin treatment on patency and limb salvage

2554  June 20/27, 2017

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

after peripheral arterial reconstructive surgery. Am J Surg.
1990;159:556-560.

Efficacy of oral anticoagulants compared with aspirin after infrain-
guinal bypass surgery (The Dutch Bypass Oral Anticoagulants or
Aspirin Study): a randomised trial. Lancet. 2000;355:346-351.
Sarac TP, Huber TS, Back MR, Ozaki CK, Carlton LM, Flynn TC,
Seeger JM. Warfarin improves the outcome of infrainguinal vein
bypass grafting at high risk for failure. J Vasc Surg. 1998;28:446-
457.

Johnson WC, Williford WO; Department of Veterans Affairs Coop-
erative Study #362. Benefits, morbidity, and mortality associated
with long-term administration of oral anticoagulant therapy to pa-
tients with peripheral arterial bypass procedures: a prospective
randomized study. J Vasc Surg. 2002;35:413-421.

Monaco M, Di Tommaso L, Pinna GB, Lillo S, Schiavone V, Stas-
sano P. Combination therapy with warfarin plus clopidogrel im-
proves outcomes in femoropopliteal bypass surgery patients. J
Vasc Surg. 2012;56:96-105. doi: 10.1016/j.jvs.2012.01.004.
Jivegard L, Drott C, Gelin J, Groth O, Hensater M, Jensen N,
Johansson G, Konrad P, Lindberg B, Lindhagen A, Lundqvist B,
Oden A, Smith L, Stenberg B, Thornell E, Wingren U, Ortenwall P.
Effects of three months of low molecular weight heparin (dalte-
parin) treatment after bypass surgery for lower limb ischemia—
a randomised placebo-controlled double blind multicentre trial.
Eur J Vasc Endovasc Surg. 2005;29:190-198. doi: 10.1016/].
€jvs.2004.11.011.

Kittelson JM, Steg PG, Halperin JL, Goldenberg NA, Schulman
S, Spyropoulos AC, Kessler CM, Turpie AG, Cutler NR, Hiatt WR;
Antithrombotic Trials Leadership and Steering (ATLAS) Group.
Bivariate evaluation of thromboembolism and bleeding in clinical
trials of anticoagulants in patients with atrial fibrillation. Thromb
Haemost. 2016;116:544-553. doi: 10.1160/TH15-12-1000.
Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, Peto R,
Buring J, Hennekens C, Kearney P, Meade T, Patrono C, Ronca-
glioni MC, Zanchetti A; Antithrombotic Trialists’ (ATT) Collabora-
tion. Aspirin in the primary and secondary prevention of vascular
disease: collaborative meta-analysis of individual participant data
from randomised trials. Lancet. 2009;373:1849-1860. doi:
10.1016/S0140-6736(09)60503-1.

Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek
B, Chambers CE, Ellis SG, Guyton RA, Hollenberg SM, Khot UN,
Lange RA, Mauri L, Mehran R, Moussa ID, Mukherjee D, Nalla-
mothu BK, Ting HH. 2011 ACCF/AHA/SCAI Guideline for Percu-
taneous Coronary Intervention: a report of the American College
of Cardiology Foundation/American Heart Association Task Force
on Practice Guidelines and the Society for Cardiovascular Angiog-
raphy and Interventions. Circulation. 2011;124:e574-e651. doi:
10.1161/CIR.0b013e31823ba622.

Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG,
Holmes DR Jr, Jaffe AS, Jneid H, Kelly RF, Kontos MC, Levine GN, Lieb-
son PR, Mukherijee D, Peterson ED, Sabatine MS, Smalling RW, Zieman
SJ; Members AATF. 2014 AHA/ACC guideline for the management of
patients with non-ST-elevation acute coronary syndromes: a report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Circulation. 2014;130:e344-426.
Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA,
Granger CB, Lange RA, Mack MJ, Mauri L, Mehran R, Mukherjee
D, Newby LK, O'Gara PT, Sabatine MS, Smith PK, Smith SC Jr.
2016 ACC/AHA Guideline Focused Update on Duration of Dual
Antiplatelet Therapy in Patients With Coronary Artery Disease: a
report of the American College of Cardiology/American Heart As-
sociation Task Force on Clinical Practice Guidelines: an update
of the 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coro-
nary Intervention, 2011 ACCF/AHA Guideline for Coronary Artery
Bypass Graft Surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAl/
STS Guideline for the Diagnosis and Management of Patients
With Stable Ischemic Heart Disease, 2013 ACCF/AHA Guideline

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469



2202 ‘2 yore N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

79.

80.

81.

82.

83.

84.

85.

86.

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 2014 ACC/AHA
Guideline on Perioperative Cardiovascular Evaluation and Man-
agement of Patients Undergoing Noncardiac Surgery. Circulation.
2016;134:e123-e155. doi: 10.1161/CIR.0000000000000404.
Geisler T, Zirn C, Simonenko R, Rapin M, Kraibooj H, Kilias A,
Bigalke B, Stellos K, Schwab M, May AE, Herdeg C, Gawaz M.
Early but not late stent thrombosis is influenced by residual plate-
let aggregation in patients undergoing coronary interventions. Eur
Heart J. 2010;31:59-66. doi: 10.1093/eurheartj/ehp402.
Marcucci R, Gori AM, Paniccia R, Giusti B, Valente S, Giglioli C,
Buonamici P, Antoniucci D, Abbate R, Gensini GF. Cardiovascu-
lar death and nonfatal myocardial infarction in acute coronary
syndrome patients receiving coronary stenting are predicted by
residual platelet reactivity to ADP detected by a point-of-care as-
say: a 12-month follow-up. Circulation. 2009;119:237-242. doi:
10.1161/CIRCULATIONAHA.108.812636.

Wallentin L, Varenhorst C, James S, Erlinge D, Braun 0O,
Jakubowski JA, Sugidachi A, Winters KJ, Siegbahn A. Prasugrel
achieves greater and faster P2Y12receptor-mediated platelet inhi-
bition than clopidogrel due to more efficient generation of its active
metabolite in aspirin-treated patients with coronary artery disease.
Eur Heart J. 2008;29:21-30. doi: 10.1093/eurheartj/ehmb545.
Baber U, Mehran R, Sharma SK, Brar S, Yu J, Suh JW, Kim HS,
Park SJ, Kastrati A, de Waha A, Krishnan P, Moreno P, Sweeny
J, Kim MC, Suleman J, Pyo R, Wiley J, Kovacic J, Kini AS, Dan-
gas GD. Impact of the everolimus-eluting stent on stent thrombo-
sis: a meta-analysis of 13 randomized trials. J Am Coll Cardiol.
2011;58:1569-1577. doi: 10.1016/].jacc.2011.06.049.
Schulz-Schiipke S, Byrne RA, Ten Berg JM, Neumann FJ, Han Y, Adri-
aenssens T, Tolg R, Seyfarth M, Maeng M, Zrenner B, Jacobshagen
C, Mudra H, von Hodenberg E, Wohrle J, Angiolillo DJ, von Merz
jak B, Rifatov N, Kufner S, Morath T, Feuchtenberger A, Ibrahim T,
Janssen PW, Valina C, Li Y, Desmet W, AbdelWahab M, Tiroch K,
Hengstenberg C, Bernlochner |, Fischer M, Schunkert H, Laugwitz
KL, Schomig A, Mehilli J, Kastrati A; Intracoronary Stenting and Anti-
thrombotic Regimen: Safety And EFficacy of 6 Months Dual Antiplate-
let Therapy After Drug-Eluting Stenting (ISAR-SAFE) Trial Investiga-
tors. ISAR-SAFE: a randomized, double-blind, placebo-controlled trial
of 6 vs. 12 months of clopidogrel therapy after drug-eluting stenting.
Eur Heart J. 2015;36:1252-1263. doi: 10.1093/eurheartj/ehu523.
Gilard M, Barragan P, Noryani AA, Noor HA, Majwal T, Hovasse T,
Castellant P, Schneeberger M, Maillard L, Bressolette E, Wojcik
J, Delarche N, Blanchard D, Jouve B, Ormezzano O, Paganelli F,
Levy G, Sainsous J, Carrie D, Furber A, Berland J, Darremont O, Le
Breton H, Lyuycx-Bore A, Gommeaux A, Cassat C, Kermarrec A,
Cazaux P, Druelles P, Dauphin R, Armengaud J, Dupouy P, Cham-
pagnac D, Ohlmann P, Endresen K, Benamer H, Kiss RG, Ungi |,
Boschat J, Morice MC. 6- versus 24-month dual antiplatelet ther-
apy after implantation of drug-eluting stents in patients nonresis-
tant to aspirin: the randomized, multicenter ITALIC trial. J Am Coll
Cardiol. 2015;65:777-786. doi: 10.1016/j.jacc.2014.11.008.
Colombo A, Chieffo A, Frasheri A, Garbo R, Masotti-Centol M, Sal-
vatella N, Oteo Dominguez JF, Steffanon L, Tarantini G, Presbitero
P, Menozzi A, Pucci E, Mauri J, Cesana BM, Giustino G, Sardella
G. Second-generation drug-eluting stent implantation followed by
6- versus 12-month dual antiplatelet therapy: the SECURITY ran-
domized clinical trial. J Am Coll Cardiol. 2014;64:2086-2097.
doi: 10.1016/j.jacc.2014.09.008.

Mittleider D, Russell E. Peripheral atherectomy: applications and
techniques. Tech Vasc Interv Radiol. 2016;19:123-135. doi:
10.1053/).tvir.2016.04.005.

Circulation. 2017;135:2534-2555. DOI: 10.1161/CIRCULATIONAHA.117.024469

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Antithrombotic Therapy After Peripheral Revascularization

Dake MD, Ansel GM, Jaff MR, Ohki T, Saxon RR, Smouse HB,
Machan LS, Snyder SA, O'Leary EE, Ragheb AO, Zeller T; Zilver
PTX Investigators. Durable clinical effectiveness with paclitaxel-
eluting stents in the femoropopliteal artery: 5-year results of the
Zilver PTX Randomized Trial. Circulation. 2016;133:1472-1483.
doi: 10.1161/CIRCULATIONAHA.115.016900.

Lammer J, Zeller T, Hausegger KA, Schaefer PJ, Gschwendtner
M, Mueller-Huelsbeck S, Rand T, Funovics M, Wolf F, Rastan A,
Gschwandtner M, Puchner S, Ristl R, Schoder M. Heparin-bonded
covered stents versus bare-metal stents for complex femoropop-
liteal artery lesions: the randomized VIASTAR trial (Viabahn en-
doprosthesis with PROPATEN bioactive surface [VIA] versus bare
nitinol stent in the treatment of long lesions in superficial femoral
artery occlusive disease). J Am Coll Cardiol. 2013;62:1320-
1327. doi: 10.1016/j.jacc.2013.05.079.

Laird JR, Schneider PA, Tepe G, Brodmann M, Zeller T, Metzger
C, Krishnan P, Scheinert D, Micari A, Cohen DJ, Wang H, Hasen-
bank MS, Jaff MR; IN.PACT SFA Trial Investigators. Durability of
treatment effect using a drug-coated balloon for femoropopliteal
lesions: 24-month results of IN.PACT SFA. J Am Coll Cardiol.
2015;66:2329-2338. doi: 10.1016/}.jacc.2015.09.063.
Sobieszczyk P, Eisenhauer A. Management of patients after

endovascular interventions for peripheral artery disease. Circu-

lation. 2013;128:749-757. doi: 10.1161/CIRCULATIONAHA.
113.001560.

Gremmel T, Xhelili E, Steiner S, Koppensteiner R, Kopp CW, Panzer
S. Response to antiplatelet therapy and platelet reactivity to throm-
bin receptor activating peptide-6 in cardiovascular interventions:
differences between peripheral and coronary angioplasty. Athero-
sclerosis. 2014;232:119-124. doi: 10.1016/j.atherosclerosis.
2013.10.027.

Parsson H, Holmberg A, Siegbahn A, Bergquist D. Activation of
coagulation and fibrinolytic systems in patients with CLI is not
normalized after surgical revascularisation. Eur J Vasc Endovasc
Surg. 2004;27:186-192. doi: 10.1016/].ejvs.2003.10.015.
Collins P, Ford |, Greaves M, Macaulay E, Brittenden J. Surgical
revascularisation in patients with severe limb ischaemia induc-
es a prothrombotic state. Platelets. 2006;17:311-317. doi:
10.1080,/09537100600746540.

Girolami B, Bernardi E, Prins MH, ten Cate JW, Prandoni P, Simioni
P, Andreozzi GM, Girolami A, Biiller HR. Antiplatelet therapy and
other interventions after revascularisation procedures in patients

with peripheral arterial disease: a meta-analysis. Eur J Vasc Endo-

vasc Surg. 2000;19:370-380. doi: 10.1053/ejvs.1999.1034.
Maufus M, Pernod G. Antithrombotic therapy after infrainguinal
bypass. J Vasc Surg. 2014;60:1367-1375. doi: 10.1016/].
jvs.2014.07.105.

Lassila R, Lepantalo M, Lindfors O. The effect of acetylsalicylic
acid on the outcome after lower limb arterial surgery with special
reference to cigarette smoking. World J Surg. 1991;15:378-
382.

Geraghty AJ, Welch K. Antithrombotic agents for preventing
thrombosis after infrainguinal arterial bypass surgery. Cochrane
Database Syst Rev. 2011;6:CD000536.

Jones WS, Mi X, Qualls LG, Turley RS, Vemulapalli S, Peterson ED,
Patel MR, Curtis LH. Significant variation in P2Y12 inhibitor use
after peripheral vascular intervention in Medicare beneficiaries.
Am Heart J. 2016;179:10-18.

Allemang MT, Rajani RR, Nelson PR, Hingorani A, Kashyap VS.
Prescribing patterns of antiplatelet agents are highly variable
after lower extremity endovascular procedures. Ann Vasc Surg.
2013;27:62-67. doi: 10.1016/j.avsg.2012.05.001.

June 20/27,2017 2555

4
5
m
(=]
-
-
==
m
b
=
-






