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A B S T R A C T

Peripheral artery disease (PAD) commonly refers to atherosclerotic narrowing of noncoronary arteries, primarily those supplying the lower extremities. The risk
factors for PAD include smoking, hyperlipidemia, hypertension, and diabetes mellitus. Patients with PAD are at a heightened risk of major adverse cardiovascular
events (including myocardial infarction, stroke, and cardiovascular death) and major adverse limb events (including progressive symptoms or limb ischemia requiring
peripheral revascularization, amputation, and acute limb ischemia), highlighting the need for guideline-directed therapies. Lifestyle modifications and medical
therapies are utilized to improve function and outcomes in this patient population. Adherence to a healthy diet and smoking cessation are both associated with better
outcomes in patients with PAD. Medical therapies targeting axes of risk, including lipid-modifying therapies, antithrombotic therapies, and targeted diabetes therapies,
are available to reduce this risk in patients with PAD; however, significant residual risk remains. Unfortunately, despite guideline recommendations and efforts at
education, even available medical therapies remain underutilized in patients with PAD. Continued development of novel therapies and efforts to improve the provision
of care in patients with PAD are needed.
Introduction

Peripheral artery disease (PAD) commonly refers to atherosclerotic
narrowing of noncoronary arteries; this review focuses on atherosclerosis
of the lower extremities. The prevalence of PAD in patients aged �50
years is 12% to 20% and increases to ~50% at the age of�85 years.1 The
risk factors for PAD include smoking, hyperlipidemia, hypertension, and
diabetes mellitus (DM).2 Patients with PAD are at a heightened risk of
major adverse cardiovascular events (MACE), including myocardial
infarction (MI), stroke, and cardiovascular (CV) death. Importantly, PAD
is a manifestation of systemic atherosclerosis: in the Study Comparing
Cardiovascular Effects of Ticagrelor and Clopidogrel with Patients with
Peripheral Artery Disease (EUCLID) trial, 44% of patients with symp-
tomatic PAD had concomitant coronary artery and/or cerebrovascular
disease.3 These patients with polyvascular disease are at the highest risk
of MACE.4

In addition to MACE, patients with PAD experience limb-related
disabilities and adverse events, which represent dominant morbidity.
Impaired lower-extremity perfusion can cause exertional leg discomfort
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and impaired walking performance.5 Severe impairment can lead to
critical limb ischemia (CLI) and increases the risk of major adverse limb
events (MALE) such as peripheral revascularization, amputation, and
acute limb ischemia (ALI). Prior peripheral revascularization has been
shown to be associated with a ~4-fold increased risk of ALI.6 Impor-
tantly, the pathophysiology of PAD is complex and involves inflamma-
tion, atherogenesis, and thrombosis.7 In addition to obstructive PAD,
microvascular disease (MVD) may contribute to an increased risk of
amputation in high-risk subgroups, for example, patients with chronic
renal insufficiency and diabetes.8

Medical therapies have been shown to reduce the risk of MACE and/
or MALE in patients with PAD; yet, the undertreatment of PAD, especially
relative to coronary artery disease (CAD), remains well recognized.9,10

This undertreatment may be related to multiple factors, including lack of
awareness, fragmentation of care, and racial and ethnic disparities
regarding delayed diagnosis and treatment.11,12 Raising awareness about
PAD and understanding treatment options are key for optimizing care for
these high-risk patients. The following review discusses available medi-
cal management strategies to improve outcomes in patients with PAD.
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Risk factor modification

The treatment of patients with PAD using proven therapies can lower
the incidences of MACE and MALE, highlighting the importance of
guideline-directed therapies. In addition, a major component of the
treatment strategy includes lifestyle modifications such as dietary
changes, exercise, and smoking cessation. The American Heart Associa-
tion has created “Life’s Essential 8,” a resource for patients and providers
that outlines 8 lifestyle choices to improve CV health.13
Dietary modifications

Adherence to a healthy diet is associated with a lower incidence of
clinical PAD. This was demonstrated in the Primary Prevention of Car-
diovascular Disease with a Mediterranean Diet Supplemented with Extra-
Virgin Olive Oil or Nuts (PREDIMED) trial, in which aMediterranean diet
was associated with a reduced risk of PAD.14 Among patients with PAD,
poor nutrition has been shown to be associated with worse outcomes in
terms of CLI, and there is evidence supporting chronic inflammation in
patients with PAD.15 Diets enriched with foods with anti-inflammatory
and antioxidant properties have not been proven beneficial in patients
with PAD16; however, dietary modifications and access to high-quality
and healthy nutrition are important both for prevention of PAD and
improved outcomes in patients with established PAD.
Smoking cessation

Tobacco smoking promotes arterial damage throughadverse effects on
platelets, endothelial tissue, and coagulation pathways through oxidative
stress and inhibition of nitric oxide,17,18 and cigarette smoking is associ-
ated with reduced patency in patients who have undergone bypass graft-
ing.19 Cigarette smoke not only contains nicotine, which has been shown
to accelerate plaque production,20 but also has other volatile organic
compounds, such as acrolein, that have been shown to induce arterial
endothelial damage.21 Beyond tobacco, both marijuana and “vaping”
have also been shown topromote arterial damage in a similarmanner.22,23

Smoking cessation has been shown to be associatedwith improvement
of the arterial vasodilatory ischemic response, suggesting that some of the
drivers of PAD can be reversed through smoking cessation.24 Smoking
cessation is associated with a decreased risk of progression of PAD to CLI,
amputation, andall-causemortality.25 Further, patientswho stop smoking
have improved walking ability and decreased claudication symptoms.26

In addition to counseling, pharmacologic approaches increase the
rates of smoking cessation. In the Study Evaluating the Safety and Effi-
cacy of Varenicline and Bupropion for Smoking Cessation in Subjects
With and Without a History of Psychiatric Disorders (EAGLES) trial, the
effect of varenicline or bupropion versus that of single nicotine replace-
ment therapy was studied, and it was found that that varenicline was
superior to both nicotine replacement and bupropion27; varenicline is
now considered first-line therapy.
Lipid-lowering therapy

Lipid-lowering therapies have been shown to slow the natural history
of the progression of atherosclerosis in patients with PAD.28 Associations
between higher levels of low-density lipoprotein-cholesterol (LDL-C) and
increased risks of MACE and MALE have been consistently demon-
strated.29,30 The Heart Protection Study (HPS) demonstrated that statins
reduce MACE compared with a placebo, with consistent benefits in a
subgroup of 6748 patients with PAD, wherein simvastatin reducedMACE
by 22% and reduced the risk of the first acute peripheral vascular event
(characterized by noncoronary revascularization, major amputation,
aneurysm repair, or death due to PAD) by 16%.31 Confirmatory findings
for the limb benefits of statins have largely been derived from observa-
tional data.32-34 In the Reduction of Atherothrombosis for Continued
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Health (REACH) registry, the use of statins was associated with lower
rates of adverse limb events, characterized by worsening claudication or
new CLI, limb revascularization, or amputation.34 A subsequent analysis
from Thrombin Receptor Antagonist in Secondary Prevention of Athe-
rothrombotic Ischemic Events—Thrombolysis in Myocardial Infarction
50 (TRA 2P-TIMI 50) demonstrated that statin therapy was associated
with a 23% lower risk of MACE and 27% lower risk of an ischemic limb
event,35 with greater benefit according to the intensity of the statin used.

Ezetimibe lowers the LDL level by inhibiting the gastrointestinal ab-
sorption of cholesterol. In the Ezetimibe Added to Statin Therapy After
Acute Coronary Syndromes (IMPROVE-IT) trial, the effect of ezetimibe
plus statin versus that of statin alone was studied in patients with prior
acute coronary syndrome. Ezetimibe was associated with an 8% relative
risk reduction in CV death, major coronary events, and stroke.36 The
benefit was consistent among patients with polyvascular disease,
including patients with PAD and cerebrovascular disease.

Proprotein convertase subtilisin/kexin type 9 inhibitors are effective
therapies for reducing LDL-C levels by inhibiting the hepatic protease
that internalizes LDL receptors into lysosomes for destruction, thus pre-
venting the destruction of LDL receptors. The effect of evolocumab was
studied in patients with stable atherosclerotic cardiovascular disease
(ASCVD) in Further Cardiovascular Outcomes Research With PCSK9 In-
hibition in Subjects With Elevated Risk (FOURIER).37 Among 3642 pa-
tients with PAD, evolocumab reduced the primary composite end point of
CV death, MI, stroke, and hospitalization for unstable angina or coronary
revascularization by 15% and reduced the risk of MALE by 37%. A linear
relationship between risk reduction and LDL-C lowering down to an
LDL-C level of <10 mg/dL was observed. In the ODYSSEY Outcomes:
Evaluation of Cardiovascular Outcomes After an Acute Coronary Syn-
drome During Treatment with Alirocumab trial, the effect of alirocumab
was studied in patients with recent acute coronary syndrome, which
showed a 15% risk reduction in death related to CAD, nonfatal MI,
ischemic stroke, or hospitalization for unstable angina while also
reducing the risk of PAD events (CLI, limb revascularization, and
amputation for ischemia) by 31%.38 The limb-related benefit of alir-
ocumab appeared to be related to reductions in the levels of both lip-
oprotein(a) and LDL-C, supporting an important role of lipoprotein(a).
Although inclisiran has been shown to reduce the LDL-C level by ~50%
in addition to statin therapy in patients with ASCVD or CV risk factors,
data on its outcomes are not yet available.39

Icosapent ethyl is an eicosapentaenoic acid ethyl ester that reduces
the levels of triglycerides. In the Cardiovascular Risk Reduction with
Icosapent Ethyl for Hypertriglyceridemia (REDUCE-IT) trial, the effect of
icosapent ethyl was studied in patients with established CV disease or
diabetes and other risk factors as well as those with elevated fasting
levels of triglycerides while on statin therapy.40 Icosapent ethyl signifi-
cantly reduced the risk of CV events by 25%, with no benefit described
for limb outcomes. The efficacy was consistent in a subgroup of 688
patients with PAD.41 Questions regarding the mechanism and magnitude
of the benefit of icosapent ethyl have been raised in a post hoc analysis
that demonstrated minimal differences in lipid and inflammatory bio-
markers between treatment groups.42

Additional classes of lipid-lowering therapies have not been shown to
be beneficial or have not yet been studied in patients with PAD. In
Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/
High Triglyceride: Impact on Global Health Outcomes (AIM-HIGH), the
effect of niacin was examined in statin-treated patients with polyvascular
disease, including PAD. Although niacin treatment did increase the level
of high-density lipoprotein and lower the levels of LDL or triglycerides, it
did not reduce MACE, and MALE was not reported.43 A combination of
niacin plus lovastatin versus a dietary intervention also showed no effect
on walking function or claudication onset time in patients with PAD.44

The effects of fibrates, which lower the levels of LDL-C and triglycerides
and increase that of high-density lipoprotein-cholesterol via activation of
lipoprotein lipase, on CV and limb events in patients with PAD have not
been well studied. However, a 36% reduction in the risk of the first
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amputation with fenofibrate versus that with a placebo in patients with
diabetes was observed in the Effect of Fenofibrate on Amputation Events
in People With Type 2 Diabetes Mellitus (FIELD) study.45 Further studies
may provide an insight into the mechanism of this benefit.
Glucose-lowering therapy

Diabetes promotes atherosclerosis and endothelial dysfunction and is
a major risk factor for the development of PAD. Patients with diabetes
have a heightened risk of MACE,46 and relative to PAD alone, the addi-
tion of DM to PAD is associated with a high risk of amputation.11

DM-related MVD involves impairment of vascular tone and autor-
egulation of blood flow. MVD and its role in limb complications are often
discussed in the context of impaired wound healing and neuropathy in
patients with diabetes. However, a recent analysis demonstrated that
MVD not only is an independent risk factor for amputation but also po-
tentiates the risk of amputation in patients with PAD.47

The data to support glycemic control to improve outcomes in patients
with PAD and DM are mixed. In the United Kingdom Prospective Dia-
betes Study (UKPDS), glucose lowering with medical therapy versus with
dietary restrictions showed benefits for the treatment of MVD and long-
term benefits for reduction in the incidence of MI at 10 years.48 Other
studies of intensive glucose lowering demonstrated no benefit for MACE
reduction up to 5 years,49,50 whereas 1 trial reported lower amputation
rates but excess mortality with intensive glucose control.49 Newer dia-
betes therapies have demonstrated large benefits for patients with DM
that cannot be explained by glycemic control alone. These novel thera-
pies are discussed below.
Glucagon-like peptide 1 receptor agonists

Glucagon-like peptide 1 receptor agonists (GLP1-RAs) exert phar-
macologic effects by increasing glucose-dependent insulin secretion from
pancreatic beta cells, decreasing glucagon secretion, and delaying gastric
emptying. The beneficial CV effects of these drugs are driven by weight
loss, improved blood pressure, decreased levels of glycosylated hemo-
globin, and anti-inflammatory effects, in addition to inhibition of platelet
aggregation and endothelial signaling.51 A subgroup analysis of the
placebo-controlled Exenatide Study of Cardiovascular Event Lowering
(EXSCEL) trial demonstrated no benefit for reduction in MACE or am-
putations in patients with PAD and diabetes treated with exenatide.52

However, in Semaglutide and Cardiovascular Outcomes in Patients With
Type 2 Diabetes (SUSTAIN-6), it was found that patients with diabetes
and PAD treated with semaglutide versus those treated with a placebo
had a 39% reduction in the risk of MACE.53 Beyond CV benefits, a post
hoc analysis of Liraglutide Effect and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results (LEADER) demonstrated a significant
reduction of 35% in the risk of amputation in patients with diabetes
treated with liraglutide versus that in patients treated with a placebo.54

Observational data have reported decreased risks of MACE and MALE
associated with GLP1-RAs when compared to dipeptidyl peptidase-4
(DPP-4) inhibitors.54 The trials of GLP1-RAs specifically in patients with
DM and PAD include the Liraglutide and Peripheral Artery Disease Trial
(STARDUST; NCT04881110), which examined the effects of liraglutide
versus those of aggressive risk factor treatment on transcutaneous oxygen
pressure, and Effects of Semaglutide on Functional Capacity in Patients
with Type 2 Diabetes and Peripheral Artery Disease Trial (STRIDE;
NCT04560998), which will assess for improvement of walking function
with semaglutide.
Sodium-glucose cotransporter 2 inhibitors

Sodium-glucose cotransporter 2 (SGLT2) inhibitors impair the renal
tubular reabsorption of glucose, leading to reduction in the concentration
3

of blood glucose. Treatment with SGLT2 inhibitors reduces MACE, hos-
pitalizations for heart failure (HF), and progression of kidney disease.55

However, a signal for an increased risk of amputation was observed with
canagliflozin in patients with DM at a high CV risk (hazard ratio [HR],
1.97; 95% CI, 1.41-2.75).56 This finding was not confirmed in the sub-
sequent Evaluation of the Effects of Canagliflozin and Renal Outcomes in
Type 2 Diabetes and Nephropathy (CREDENCE) trial, which examined
the effect of canagliflozin versus that of a placebo in patients with DM
and chronic kidney disease.57 The Dapagliflozin Effect on Cardiovascular
Events–Thrombolysis in Myocardial Infarction 58 (DECLARE-TIMI 58)
trial demonstrated a broad benefit of dapagliflozin in patients with DM
with or at the risk of ASCVD for reduction in hospitalizations for HF as
well as renal complications; a benefit for MACE reduction was noted
predominantly in patients with established vascular disease.58 Patients
with PAD versus those without PAD enrolled in DECLARE-TIMI 58 had an
increased risk of limb events.59 The benefit of dapagliflozin for reduction
in CV deaths or hospitalizations for HF was consistent among patients
with PAD (HR, 0.86; 95% CI, 0.60-1.24), although the absolute benefits
of dapagliflozin were greater given the increased ischemic risk at base-
line in the population with PAD. No increased risk of amputation with
dapagliflozin was observed.

More supporting data on SLGT2i in patients with PAD were ob-
tained from Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients (EMPA-REG OUTCOME) trial, which assessed the
effect of empagliflozin versus that of a placebo in patients with dia-
betes and CV risk factors.60 In patients with PAD, compared with the
placebo, empagliflozin reduced CV deaths (HR, 0.57; 95% CI,
0.37-0.88) as well as hospitalizations for HF (HR, 0.56; 95% CI,
0.35-0.92) and worsening kidney disease (HR, 0.54; 95% CI,
0.41-0.71). Empagliflozin was also associated with a 16% reduced risk
of limb amputations in the patients with PAD.60 Similar results were
seen in Cardiovascular Outcomes Following Ertugliflozin Treatment in
Type 2 Diabetes Mellitus Participants With Vascular Disease (VER-
TIS-CV), which examined the effect of ertugliflozin versus that of a
placebo in patients with DM and ASCVD.61 Ertugliflozin was not
inferior to the placebo for MACE reduction, with a consistent reduction
in hospitalizations for HF (HR, 0.70; 95% CI, 0.54-0.90) without any
increase in the amputation rate (2.0% and 1.6% in the ertugliflozin
and placebo groups, respectively). A meta-analysis of 15 randomized
SGLT2 inhibitor trials and >63,000 patients confirmed no significant
difference in amputation events.62 More recently, DM, polyvascular
disease, and chronic kidney disease were found to be independent
predictors of hospitalization for HF in a population with stable
atherosclerotic disease.63 Taken together, these data suggest clear
benefits of the use of SGLT2 inhibitors in patients with PAD and DM,
especially in high-risk patients with HF or chronic kidney disease.
Antithrombotic therapy

In patients with PAD, dysfunction and disruption of platelets in
coagulation pathways contribute to CV risk,64 and MALE is driven by
thrombus formation, even in the absence of a large atherosclerotic
burden.65 Few trials have studied the effect of antithrombotic therapy in
a primary population with PAD (Table 1), and most of the early data
regarding antithrombotic therapy have been derived from a subgroup
analysis of larger trials of patients with ASCVD, including PAD, in which
therapies that target MACE reduction were studied. MALE is a more
common end point in contemporary antithrombotic trials, allowing for a
better understanding of therapeutic benefits in the population with PAD.
Aspirin

The use of aspirin in the treatment of PAD is based on the AntiTh-
rombotic Trialists meta-analysis, which involved 22 trials.66 Antiplatelet
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therapy was associated with a 22% reduction in MACE but a 60% relative
excess in major extracranial bleeding. Although generally taken as evi-
dence for the benefit of low-dose aspirin, this trial included multiple
doses of aspirin as well as nonaspirin antiplatelet agents such as picota-
mide. Two trials have studied the effect of aspirin in patients with an
abnormal ankle brachial index (ABI). In the Prevention of Progression of
Arterial Disease and Diabetes (POPADAD) trial, aspirin had no effect
compared with a placebo in terms of MACE or major amputation in
diabetic patients with an ABI of<0.99.67 In the Aspirin for the Prevention
of Cardiovascular Events in a General Population Screened for a Low
Ankle Brachial Index (AAA) trial, the CV outcomes with aspirin were
examined in patients with abnormal ABI but no evidence or symptoms of
atherosclerosis. There was no benefit in terms of fatal coronary events,
stroke, or revascularization, whereas major bleeding was increased with
aspirin (HR, 1.71; 95% CI, 0.99-2.97).68 No randomized trial has
demonstrated the benefit of aspirin monotherapy for reduction in MALE.
Based on these data, aspirin monotherapy is recommended for MACE
reduction.
P2Y12 receptor inhibition

In 1990, in The Swedish Ticlopidine Multicenter Study (STIMS), a
29.1% lower mortality was observed (64 vs 89, P ¼ .015), driven mainly
by reduced mortality from ischemic heart disease, with first-generation
thienopyridine ticlopidine as monotherapy versus a placebo (no anti-
platelet therapy) in 687 patients with intermittent claudication leading to
a 2.5% increase in bleeding.69 In the Clopidogrel Versus Aspirin in Pa-
tients at Risk of Ischemic Events (CAPRIE) trial, the effect of
second-generation thienopyridne clopidogrel versus that of aspirin on
MACE was evaluated in a broad population of 19,185 patients with
Table 1. Key antithrombotic trials in a primary population with peripheral artery d

Study Population Treatment Outcom

POPADAD67 Patients with diabetes
with an ABI of <0.99

Aspirin versus placebo No diffe
or strok
0.98; 95

AAA68 Asymptomatic PAD Aspirin versus placebo No diffe
coronar
1.03; 95

EUCLID72 Patients with
symptomatic PAD

Ticagrelor versus clopidogrel Ticagre
reductio

WAVE82 Patients with PAD Warfarin þ antiplatelet versus
antiplatelet

No MAC

Dutch BOA87 Patients with PAD after
infrainguinal arterial
grafting

Oral anticoagulant
(phenprocoumon or
acenocoumarol; coumarin
derivatives) versus aspirin
equivalent

No diffe
0.82-1.1
vascula
0.89; 95

CASPAR88 Patients with PAD
undergoing below-knee
bypass grafting

Clopidogrel þ aspirin versus aspirin
þ placebo

No redu
revascu
0.98; 95

MIRROR89 Patients with PAD
undergoing
endovascular LER

Clopidogrel þ aspirin versus
placebo þ aspirin

Decreas
(5% vs 8
(25% vs

ePAD90 Patients with PAD after
endovascular LER

Edoxaban þ aspirin versus aspirin þ
clopidogrel

No diffe
femorop
1.34)

VOYAGER
PAD91

Patients with PAD after
LER

Rivaroxaban þ aspirin versus
placebo þ aspirin

Compos
0.85; 95

AAA, Aspirin for the Prevention of Cardiovascular Events in a General Population Screen
disease; CASPAR, Clopidogrel and Acetylsalicylic Acid in Bypass Surgery for Periphera
ePAD, Oral AnticoagulationWith Edoxaban Plus Aspirin vs Dual Antiplatelet Therapy in
Comparing Cardiovascular Effects of Ticagrelor and Clopidogrel with Patients with P
Thrombosis and Haemostasis; LER, lower-extremity revascularization; MACE, major a
infarction; MIRROR, Management of Peripheral Arterial Interventions with Mono or Du
Progression of Arterial Disease and Diabetes; RR, risk reduction; TIMI, Thrombolysis in
with Rivaroxaban in Endovascular or Surgical Limb Revascularizations for Peripheral A
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atherosclerosis, including 6452 patients with symptomatic PAD.70

Overall, the trial showed that clopidogrel was superior to aspirin as
monotherapy (5.32% vs 5.83%, respectively; HR, 8.7%; 95% CI,
0.3-16.5; P ¼ .043), although the magnitude of benefit was considered
modest (8.7% relative risk reduction), and there was no benefit in terms
of amputation (52 events with clopidogrel vs 47 events with aspirin). In a
subgroup analysis, an effect modification was suggested, with greater
benefit in those with PAD versus that in others (Pinteraction ¼ .0028);
however, this was driven by apparent worse outcomes with clopidogrel
versus those with aspirin in patients with MI (risk reduction increase,
3.7%). In the context of subsequent studies demonstrating favorable
outcomes in patients with coronary disease with P2Y12 monotherapy and
the lack of validation of this observation,71 the robustness of the potential
interaction is uncertain.

The use of ticagrelor, a third-generation P2Y12 receptor inhibitor, in
patients with PAD was examined in EUCLID,72 the first large CV out-
comes antithrombotic therapy trial conducted in a primary population
with PAD. In EUCLID, ticagrelor monotherapy was not superior to clo-
pidogrel for reduction in MACE (HR, 1.02; 95% CI, 0.92-1.13) but did not
increase bleeding (HR, 1.10; 95% CI, 0.84-1.43). Similar results were
observed in patients with prior lower-extremity revascularization
(LER).73 However, an interaction favoring ticagrelor for the primary ef-
ficacy end point was observed in a subgroup of patients with previous
coronary or carotid revascularization or previous coronary stenting.3 It
should be noted that although the results of the overall EUCLID trial have
been interpreted by some as demonstrating equivalence between tica-
grelor and clopidogrel in patients with symptomatic PAD, EUCLID was
not designed or powered to show noninferiority, and this claim has not
been made by the primary authors of the article or the sponsors.
Furthermore, the Food and Drug Administration has not given ticagrelor
an indication for use in patients with PAD.
isease.

es Bleeding
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Dual-antiplatelet therapy

The use of dual antiplatelet therapy (DAPT) with aspirin and clopi-
dogrel in patients with stable atherosclerosis was assessed in the Clopi-
dogrel for High Atherothrombotic Risk and Ischemic Stabilization,
Management, and Avoidance (CHARISMA) trial.74 The study found no
benefit of DAPT over aspirin for MACE reduction; however, subgroup
analyses have raised the hypothesis that theremay be a benefit of DAPT in
high-risk patients with prior MI (HR, 0.78; 95% CI, 0.61-0.98), prior
ischemic stroke (HR, 0.78; 95% CI, 0.62-0.97), and a history of PAD (HR,
0.83; 95% CI, 0.72-0.95).75 The effect of treatment with more intensive
DAPT using aspirin and ticagrelor in patients with PAD was studied in a
subgroup analysis of Prevention of Cardiovascular Events in PatientsWith
Prior Heart Attack Using Ticagrelor Compared to Placebo on a Back-
ground of Aspirin—Thrombolysis in Myocardial Infarction (PEGASUS--
TIMI 54).76 In this trial, the efficacy of different ticagrelor doses or a
placebo plus aspirin was evaluated for secondary prevention after MI. In
patients with concomitant CAD and PAD, ticagrelor reduced CVmortality
by 53% and reduced MALE, characterized by ALI or peripheral revascu-
larization for limb ischemia, by~40%. However, the combined ticagrelor
dose increased Thrombolysis in Myocardial Infarction (TIMI) major
bleeding (HR, 1.32; 95% CI, 0.41-4.29).77 The effect of aspirin plus tica-
grelor versus that of aspirin alone in patients with diabetes and stable
coronary disease was studied in The Effect of Ticagrelor on Health Out-
comes in Diabetes Mellitus Patients Intervention Study (THEMIS),78

which demonstrated a lower risk of MACE, as well as a 55% reduction in
MALE,withDAPT, although therewas an increase in TIMImajor bleeding,
especially in intracranial hemorrhage (HR, 2.32; 95% CI, 1.82-2.94).

In the TRA 2P-TIMI 50 trial, the effect of aspirin and/or clopidogrel
plus vorapaxar, a competitive and selective antagonist of the thrombin
receptor protease-activated receptor-1 (PAR-1), was examined in pa-
tients with a history of MI, stroke, or PAD.79 Overall, the vorapaxar
cohort had a 12% reduction in CV death, MI, stroke, or recurrent
ischemia leading to revascularization but a higher rate of Global Use of
Strategies to Open Occluded Arteries (GUSTO) moderate-severe bleeding
versus that with a placebo (HR, 1.66; 95% CI, 1.43-1.93) in patients with
prior stroke. A subsequent investigation of a subgroup with PAD revealed
a 42% reduction in hospitalizations for ALI in individuals in the vor-
apaxar arm, with no evidence of increased GUSTO moderate-severe
bleeding or intracranial hemorrhage in patients with CAD or PAD.80

Additional analyses have demonstrated greater absolute risk reduction
for MACE in those with concomitant PAD and CAD compared with that in
patients with PAD alone (�2.2% vs 0.1%, respectively), and the benefit
for MALE reduction was most favorable in those with prior LER (2.5 vs
0.2%).81 Currently, DAPT with ticagrelor is approved for use in the
treatment of CAD, and vorapaxar is approved for use in the treatment of
PAD or CAD.
Dual-pathway inhibition

Dual-pathway inhibition is characterized by the concomitant use of
antiplatelet therapy plus an anticoagulant. In the Warfarin Antiplatelet
Vascular Evaluation (WAVE) trial, the effect of the combination of ther-
apeuticwarfarinplus aspirinversus that of aspirinalonewasevaluated in a
populationwith PAD.82 Therewere nodifferences inMACE, and therewas
a significant increase in life-threatening bleeding in the combination
therapy arm (risk reduction, 3.41; 95% CI, 1.84-6.35). Dual-pathway in-
hibition with the factor Xa inhibitor rivaroxaban plus aspirin was studied
in patients with stable atherosclerosis, including PAD, in the Cardiovas-
cular Outcomes for People Using Anticoagulation Strategies (COMPASS)
trial.83 Relative to aspirin alone, 2.5 mg of rivaroxaban plus aspirin
decreased MACE (HR, 0.76; 95% CI, 0.66-0.86), with a greater risk of
severe bleeding in the rivaroxaban arm (HR, 1.70; 95% CI, 1.40-2.05) but
no significant difference in intracranial or fatal bleeding between the
groups. This benefitwas consistent in the subgroupwithPAD.84 In patients
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with PAD, 2.5 mg of rivaroxaban twice daily plus aspirin versus aspirin
also reducedMALE by 43%. Although there was a significant reduction in
major amputations with low-dose rivaroxaban plus aspirin in COMPASS,
the event rates were low, with 13 major amputation events in the pooled
treatment arm and 15 in the placebo arm.85
Antithrombotic therapy after LER

Patients with PAD undergoing LER are at an increased risk of MALE,
particularly ALI.86 Until recently, antithrombotic therapies had not been
proven to be beneficial in this acute setting. In the Dutch Bypass Oral
Anticoagulants or Aspirin (Dutch BOA) study, warfarin versus aspirin in
patients undergoing infrainguinal grafting did not reduce the composite
outcome of vascular mortality, MI, stroke, or amputation but did increase
severe bleeding (HR, 1.96; 95% CI, 1.42-2.71).87 Similarly, aspirin and
clopidogrel versus aspirin alone in patients undergoing lower-extremity
bypass did not reduce MACE or MALE but did increase bleeding in the
Clopidogrel and Acetylsalicylic Acid in Bypass Surgery for Peripheral
Arterial Disease (CASPAR) trial.88 Antithrombotic therapy with aspirin
plus clopidogrel versus that with aspirin after endovascular LER was
assessed in Management of Peripheral Arterial Interventions with Mono
or Dual Antiplatelet Therapy (MIRROR).89 The primary end points were
markers of platelet activation and clopidogrel resistance. Target lesion
revascularization, a secondary end point, was reduced with DAPT at 6
months (5% vs 8%, P ¼ .04); however, this effect did not persist for 1
year. In the Oral anticoagulation with Edoxaban Plus Aspirin vs Dual
Antiplatelet Therapy in Endovascular Treatment of Patients With Pe-
ripheral Artery Disease (ePAD) trial, the effect of edoxaban plus aspirin
versus that of DAPT with aspirin and clopidogrel after endovascular
revascularization was assessed.90 No differences in restenosis or reoc-
clusion of femoropopliteal target lesions or serious bleeding were noted
between the groups. However, this study was focused on safety and not
powered for efficacy.

In the Vascular Outcomes Study of Aspirin Along with Rivaroxaban in
Endovascular or Surgical Limb Revascularizations for Peripheral Artery
Disease (VOYAGER PAD) trial, participants undergoing surgical or
endovascular revascularization for symptomatic PADwere randomized to
receive either 2.5 mg of rivaroxaban twice daily or a placebo on a back-
ground of low-dose aspirin.91 Rivaroxaban plus aspirin reduced the risk of
the primary composite end point of ALI, major amputation for vascular
etiology,MI, ischemic stroke, and CV death by 15%. Therewasmore TIMI
major bleeding with rivaroxaban, although this was not statistically sig-
nificant (HR, 1.43; 95% CI, 0.97-2.10). The overall benefit-risk ratio was
6:1 in favor of the use of rivaroxaban plus aspirin after LER to reduce
severe CV and limb events. In VOYAGER PAD, rivaroxaban also reduced
the total primary end point events (HR, 0.86; 95%CI, 0.75-0.98) and total
vascular events (HR, 0.86; 95% CI, 0.79-0.95).92

Secondary analyses from VOYAGER PAD have confirmed the
consistent benefit and safety of rivaroxaban plus aspirin after LER. The
benefit of rivaroxaban was particularly robust in preventing ALI (abso-
lute risk reduction of 2.6% at 3 years; HR, 0.67; 95% CI, 0.55-0.82),
irrespective of a surgical or endovascular approach and the use of clo-
pidogrel.6 Consistent efficacy and safety of rivaroxaban have also been
demonstrated in older patients aged >75 years.93 Among patients un-
dergoing surgical LER, rivaroxaban reduced the risk of the primary
composite end point by 19% without significantly increasing major
bleeding events.94

Although DAPT with clopidogrel and aspirin is often used after pe-
ripheral revascularization,95 robust randomized data related to PAD to
support this practice are lacking. In VOYAGER PAD, the benefit of
rivaroxaban was consistent irrespective of the concomitant use of clopi-
dogrel (Pinteraction ¼ .92), and the increase in TIMI major bleeding
observed with rivaroxaban relative to that observed with aspirin was
similar regardless of the use of clopidogrel (Pinteraction ¼ .71). However,
rivaroxaban was associated with more International Society on
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Thrombosis and Haemostasis (ISTH) major bleeding in patients treated
with clopidogrel for >30 days than in those treated for shorter durations
(HR, 3.2; 95% CI, 1.44-7.13; P ¼ .06).96 Taken together, these data
suggest that DAPT is insufficient and should be used for limited dura-
tions, and the addition of low-dose rivaroxaban should be considered
after peripheral revascularization.
Therapies to improve function

Patients with PAD often have functional impairments, including
diminished walking distance, speed, and balance. Cilostazol has been
shown to increase the maximal and pain-free walking distances by ~40
and 30 m, respectively.46 However, cilostazol is contraindicated in pa-
tients with HF because of its similarity to other phosphodiesterase 3 in-
hibitors that have previously been shown to increase mortality in this
patient population. Pentoxifylline, a derivative of theophylline, has also
been approved for use in patients with PAD and claudication. Unfortu-
nately, small studies have shown that the benefit of pentoxifylline in this
population is small or nonexistent.97,98
Exercise therapy

Supervised exercise therapy (SET) is an effective strategy to reduce
claudication symptoms and improve functional outcomes and is recom-
mended for the treatment of symptomatic PAD.99 The potential mecha-
nisms of benefit include vasodilation and greater microvascular flow,
improved skeletal muscle metabolism and oxidative capacity, and
reduction of inflammation. SET using a structured regimen is recom-
mended and has been proven to improve walking performance.100 In
contrast, the data for home-based training are mixed: an older
Central Illustration. Medical therapy for peripheral artery disease. ACEi/ARB, an
tylsalicylic acid; DAPT, dual-antiplatelet therapy; GLP-1 RA, glucagon-like peptid
extremity revascularization; MALE, major adverse limb events; MI, myocardial infar
kexin type 9 inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitor.
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meta-analysis did not demonstrate an increase in walking distance be-
tween home-based structured exercise and walking advice101; however,
the Low-Intensity Exercise Intervention in PAD (LITE) trial reported a
benefit of high-intensity versus low-intensity home-based exercise ther-
apy for increasing walking distance.102 More recent comparisons have
included SET combined with LER and found that the combination is
superior to either treatment alone.103 The Claudication: Exercise Versus
Endoluminal Revascularization (CLEVER) trial demonstrated that SET
and revascularization improved peak walking time (4.7 and 3.0 minutes,
respectively) compared with optimal medical therapy alone.104 The
Endovascular Revascularization and Supervised Exercise for Peripheral
Artery Disease and Intermittent Claudication (ERASE) trial demonstrated
increased maximum walking distance, pain-free walking distance, and
better quality of life with SET plus revascularization in patients with
aortoiliac or femoropopliteal PAD compared with those with SET
alone.105 These data highlight the importance of SET in patients with
PAD even after revascularization.
Selection of therapy

Although patients with PAD are at overall heightened risks of MACE
andMALE, heterogeneity of risk exists and should be accounted for while
selecting therapies for individualized care (Central Illustration). All pa-
tients should undergo lifestyle modifications with adequate exercise
along with smoking cessation and blood pressure control, if applicable.
Targeted LDL-C-lowering therapies should be utilized to reduce the risks
of MACE and MALE, with more intensive LDL-C-lowering strategies
planned for patients at a higher risk of MACE, such as those with poly-
vascular disease, or a higher risk of MALE, such as those with a history of
amputation or LER. Similarly, although antiplatelet monotherapy should
be prescribed for patients with symptomatic PAD for MACE prevention,
giotensin-converting enzyme inhibitor/angiotensin receptor blocker; ASA, ace-
e-1 receptor agonist; LDL-C, low-density lipoprotein-cholesterol; LER, lower-
ction; PAD, peripheral artery disease; PCSK9i, proprotein convertase subtilisin/
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more intensive antithrombotic therapy should be considered for higher-
risk patients. Robust data support the use of a combination of aspirin plus
low-dose rivaroxaban in patients with chronic PAD and polyvascular
disease as well as in the acute setting of LER. Data also support the use of
DAPT with aspirin and ticagrelor in patients with prior MI or another
indication for DAPT (eg, percutaneous coronary intervention), and vor-
apaxar can be considered in patients at a high risk of MALE. In patients
with diabetes, GLP1-RAs may be prioritized in those at a high risk of
amputation, whereas SGLT2 inhibitors may be favored for those with HF
or chronic kidney disease.

Unfortunately, the medical treatment of PAD in most real-world
observational studies remains suboptimal despite evidence supporting
the efficacy of recommended therapies. For example, >33% of smoking
patients with symptomatic PAD presenting to a health care provider are
not offered evidence-based smoking cessation counseling or therapy.106

Although data support the use of SET, the utilization of this therapy has
also been reported to be as low as 1.3%.107 Lipid-lowering therapies are
consistently underutilized in patients with PAD, particularly compared
with their utilization in patients with coronary disease.10 Additional ef-
forts and studies based on implementation science are needed to help
providers deliver optimal care to patients with PAD. An example is the
Implementation of Vascular Care Team to Improve Medical Management
of PAD Patients (OPTIMIZE PAD-1) study, which is examining the use of
a multidisciplinary care team approach and algorithm-based manage-
ment for lipid lowering in patients with PAD (NCT04400409). Beyond
pivotal trials proving the efficacy of medical therapies, these types of
studies can help translate the evidence into practice to improve outcomes
in patients with PAD.
Conclusion

Although patients with PAD are at a very high risk of ischemic events,
many therapeutic options exist to reduce this risk. Initial treatment
should include lifestyle alterations such as smoking cessation, dietary
modifications, and exercise training. Additional medical therapies have
been shown to reduce the risks of MACE and MALE while also showing
benefits in functional outcomes, and treatment strategies should be
multifaceted and personalized to the risk profiles of individual patients.
Despite the availability of proven therapies for PAD, more work is needed
to translate the evidence into practice to optimize care for this high-risk
population and improve outcomes.
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