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KEY POINTS

� Despite being a contiguous system, there are drastic architectural, ultrastructural, and
biophysiological differences between the coronary and peripheral vascular beds.

� The technologies that have been developed to perfect endovascular revascularization in the
coronary artery defies a direct application in the peripheral artery arena.

� An understanding of drug delivery mechanisms and the barriers to absorption is imperative in
the development and application of devices in the peripheral arteries.

� Current drug delivery devices available for above-knee targets are broader than for below-
knee targets; further studies are necessary to comprehend successful delivery in below-
knee arteries.

INTRODUCTION

Peripheral artery disease (PAD) affects an esti-
mated 8.5 million Americans over the age of 40,
with a global prevalence of approximately 202
million people.1 The spectrum of clinical manifes-
tations range from asymptomatic ischemia to
exercise-induced claudication to critical limb
ischemia (CLI). In patients with PAD, approxi-
mately 1% to 3% present with CLI, which still
carrieswith it a highmorbidity andmortality rate.2

Revascularization remains the cornerstone of
therapy for limbsalvage inpatientswithCLI.More-
over, patients with lifestyle-limiting claudication

despite guideline-directed medical therapy may
undergo revascularization to improve their quality
of life and functional status.1 Endovascular revas-
cularization is a suitable approach in patients
with favorable anatomy, as well as for those
deemed to be high risk for surgical revasculariza-
tion, and is frequently considered the first option
in patients with both claudication and CLI.

As with all endovascular interventions, the act
of dilating the blood vessel with a balloon with
or without the additional scaffolding of a stent
incites a stereotyped vascular response to injury.
The mechanical insult causes a thrombotic
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response with both fibrin-rich thrombi and
platelet aggregation, an inflammatory response
that includes monocyte adherence and macro-
phage infiltration, recruitment and stimulation
of vascular smooth muscle cells (SMCs), and
circumferential remodeling, which results in
intimal hyperplasia and clinical restenosis.3 Local
elution of antiproliferative drugs from stents and
balloons is widely used to help curb this cascade
of maladaptive responses while limiting the risk
of systemic toxicity.

CORONARY VERSUS PERIPHERAL
ARTERIES

Although parallels exist between the coronary
andperipheral vasculature and the available tech-
nology for revascularization, it should be recog-
nized that there are intrinsic differences
between the 2 vascular systems in their underly-
ing architecture. The archetype of the vascular
wall has been well described, with 3 layers known
as tunicae (intima, media, and adventitia). Each
layer contains distinct cells and extracellular ma-
trix constituents (Table 1), which serve to not
only provide the differential functions for each
layer, but also allows for a synergistic and regula-
tory partnership between the two.4,5 The extra-
cellular matrix is a dynamic and unique entity,
differing based on the type of vessel it resides
in, the specific tunica that it generates, and the
injury that is incurred (pressure or flow, mechani-
cal, and biochemical). This autoregulatory mech-
anism is vital in vertebrates with fully closed
circulatory systemsowing to the need to (i) accept
high-pressure ejection in the larger arteries and
(ii) accept large volume changes in the remainder
of the arterial tree with little change in pressure.6

Furthermore, on a macroscopic level, arteries in
the periphery are subject to significantly taxing
mechanical forces (eg, flexion, torsion, compres-
sion, elongation, and contraction), compared
with coronary arteries. These considerations
should be recognized in the development of tools
used for endovascular revascularization for the
coronaries and lower extremities alike.7

Throughout the history of coronary revasculari-
zation, many vital lessons have been learned that
may be relevant to peripheral revascularization.
First, the mechanism of balloon angioplasty is to
induce vessel injury to achieve acute lumen gain.
However, angioplasty alone has been plagued
with abrupt vessel closure, as well as vessel recoil,
resulting in both acute and late lumen loss. The
advent of bare metal stents (BMS) was intended
tocircumvent someof the shortcomingsofballoon
angioplasty. Despite the ability of BMS to reduce

initial adverse events, they remain an imperfect so-
lution for late lumen loss owing to development of
in-stent restenosis (ISR;Fig. 1).Drug-eluting stents
(DES) were thus introduced as a way to decrease
ISR.8 Despite ongoing advancements aimed at
improving DES deliverability, efficacy, and safety
to devise the “perfect” stent, stent thrombosis
and ISR remain rare but vexing complications.8,9

Bioresorbable vascular scaffolds (BVS)were devel-
oped to curtail the incidence of late ISR and to
return vasomotor reactivity to injured vessel,
although the first-generation iteration of this tech-
nologyhasbeenbesetbyan increased rateof scaf-
fold thrombosis.10,11

Comparatively, the narrative on endovascular
revascularization of peripheral arteries is still in
its infancy. Moreover, the management strategy
for 1 peripheral vessel cannot simply be applied
to all peripheral vessels (eg, iliacs vs tibial ar-
teries). Experience with drug-coated balloons
(DCB) in recent trials suggests that femoral ar-
teries are more forgiving to injury and emboli,
providing more flexibility in the development of
future technologies for this vascular bed. More-
over, there are some empiric observations that
further point to differences in the vascular biology
of different vascular beds. For example, recent
studies have suggested that the migration of
femoral artery vascular SMCs is more attenuated
by paclitaxel than coronary vascular SMCs.12

Nonetheless, the difficulties experienced with
coronary revascularization including vessel injury,
vessel closure, and ISR remain true in the periph-
eral vasculature. The effective durability of revas-
cularization is directly related to patency rates,
which is affected by vessel location, lesion length,
occlusion versus stenosis of the artery at presen-
tation, quality of vessel run-off, and patient
comorbidities (diabetes mellitus, chronic kidney
disease, and smoking).1 Currently available treat-
ment modalities for endovascular revasculariza-
tion of the lower extremities include balloon
angioplasty, atherectomy (rotational, excisional,
directional, and laser), BMS (self-expanding as
well as balloon-expandable stents), DES (self-
expanding), and DCBs. Herein we review the
concept of drug delivery via DES and DCB in pe-
ripheral arteries, beingmindful of the role that the
ultrastructure of the target vessel wall and its
burden of disease significantly alter the vascular
response to drug delivery.

PRINCIPLES OF VASCULAR DRUG
DELIVERY

The advantage of DES and DCB is to provide
localized delivery of a drug while limiting the risk
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