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Symposium

Diabetes mellitus (DM) is an exploding epidemic, with a 
current worldwide prevalence of 422 million, representing a 
four-fold increase over the last 35 years.1 The increased con-
tribution of DM to the atherosclerotic phenotype has changed 
the presentation of limb-threatening ischemia (LTI).2-4 The 
risk of a major amputation is 10-30 times higher among indi-
viduals with DM.5 Worldwide, there are approximately one 
million major lower extremity amputations/year, which 
translates to a lower-extremity amputation every twenty sec-
onds among individuals with DM.6

Hence, there is a pressing need to develop new tools to 
improve lower extremity perfusion. To meet this need, there 
have been multiple endovascular devices and techniques 
designed to augment perfusion in LTI. Understanding the 
strategies, advantages, disadvantages, and outcomes is 
daunting given the cornucopia of options. In this context, we 
aim to briefly describe patient selection and goals of endo-
vascular revascularization in LTI among individuals with 
DM. We will then review some of the latest techniques and 
devices available, mechanisms of action, and outcomes.

Goals of Revascularization

There are two broad categories of revascularization: open 
and endovascular. The comparative efficacy of open versus 
endovascular revascularizations remains contentious, and is 
the subject of ongoing prospective randomized controlled 
trials.7,8 This article will focus on endovascular therapies.

Wound-healing and limb-salvage in LTI is multifactorial, but 
revascularization is critical.9-12 There is no absolute perfusion 
target threshold, making goals of revascularization difficult to 
define. A recent review found that skin perfusion pressure ≥ 25 
mm Hg, toe pressure ≥ 30 mm Hg and a transcutaneous pressure 
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Abstract

Diabetes mellitus (DM) is a rapidly worsening global epidemic over the last thirty-five years. The increased prevalence of DM 
has changed the phenotypic expression of atherosclerotic limb threatening ischemia (LTI), resulting in an increase in lesions 
in the tibial vessels. These patients are also afflicted with peripheral neuropathy, foot deformities, and medial calcification of 
the vasculature. In response to the evolving phenotype of atherosclerosis, newer minimally invasive tools and techniques have 
been developed to improve the blood supply in LTI. Arterial access, traditionally obtained from the contralateral common 
femoral artery (CFA) in a retrograde fashion, is now also frequently being obtained in the ipsilateral limb in an antegrade 
fashion. Retrograde access of the tibial, pedal, tarsal, or calf collateral vessels is also being utilized to provide a route through 
which wires, catheters, balloons and stents may be placed. Wires have evolved to have a variety of diameters, materials and 
coatings providing interventionalists with a wide variety of choices when attempting to traverse blockages in the arteries. 
When catheters and wires fail to traverse the lesion, newer chronic total occlusion (CTO) devices have been developed 
to aid in the placement of a wire across the offending lesions. Due to medial calcification associated with DM, atherectomy 
devices have been developed to debulk the atherosclerotic plaque within the vessel. High pressure balloon angioplasty with 
or without stents remain the mainstay of intervention, with drug-coated balloons (DCBs) and drug-eluting stents (DESs) now 
being frequently used to prevent reocclusions of atherosclerotic lesions.
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of oxygen (TcPO
2
) ≥ 25 mm Hg was associated with ≥ 25% 

greater chance of healing.13 Ankle pressures often mislead in 
DM, due to medial calcification and incompressible tibial ves-
sels.14 Palpable pulses have a greater than two-fold likelihood of 
healing. The interrater reliability in detecting pedal pulses is 
poor, however.15

Angiosome-Directed Revascularization 
(ADR)

ADR is the principle that guides revascularization strategies 
in LTI. Angiosomes are anatomical units of tissue (skin, sub-
cutaneous tissue, fascia, muscles, nerves, and bone) that are 
supplied by a major vessel. There are three vessels that sup-
ply five angiosomes in the foot.16,17 The anterior tibial 
becomes the dorsalis pedis and supplies the dorsum of the 
foot. The peroneal artery provides a collateral vessel that 
supplies the lateral ankle and heel. The posterior tibial artery 
divides into the medial and lateral plantar arteries. These 
three vessels then supply the medial ankle, and the medial, 
and lateral plantar surface of the foot and digits.

ADR is not always feasible, and imprecisely defined 
between institutions.18-20 It appears that ADR results in 
approximately a 10-15% increase in wound healing rates 
relative to non-ADR.18-20 When possible, the author advo-
cates for achieving direct flow to the pertinent angiosome.

Challenges in LTI Among Individuals 
With Diabetes

The changing distribution of obstructions mandates that 
techniques and devices be able to navigate and treat tortuous, 
and narrow tibial and pedal vessels. Among individuals with 
diabetes, LTI involves the tibial vasculature in over 70% of 
subjects.4,21 Occlusion of all of the crural vessels are found in 
28% of subjects.4 The most common pattern of occlusive dis-
ease includes occlusion of the femoral-popliteal artery, with 
an occlusion of one or more of the tibial vessels. Isolated 
tibial disease is the next most frequent, where ≥ 1 tibial 
vessel(s) has an occlusion.4,21 Interestingly, the pedal vascu-
lature is often spared, with almost 90% of limbs having ≥ 1 
patent pedal artery.4

Medial calcification typifies LTI. It appears that exposure 
of advanced glycation end-products induce a change in vas-
cular smooth muscle cells (VSMCs) to an osteogenic pheno-
type. These osteogenic VSMCs deposit hydroxyapetite in the 
media of medium-sized arteries.22 Calcified lesions are dif-
ficult to traverse with a wire, resistant to transluminal angio-
plasty and stenting, and often require other atherectomy to 
debulk the plaque. Calcification also results in incompress-
ible vessels, making ankle-brachial indices less reliable mea-
sures of perfusion. Finally, calcium creates artifacts on 
computed tomographic and duplex ultrasound imaging, 
which obscures the ability to visualize the patency of tibial 

vessels. In many cases, arteriography is required simply to 
evaluate the infrapopliteal vasculature.

Revascularization in DM

Due to the preponderance of calcific, tibial occlusive disease 
in DM, interventionalists have adapted their tools. Newer 
techniques involving the pedal vasculature have become a 
larger fraction of the armamentarium of the modern interven-
tionalist. Newer devices also improve the treatment of cal-
cific lesions.

Obtaining Vascular Access

Interventions begin with vascular access. There are multiple 
options, without a significant difference in safety or techni-
cal success associated with a particular access vessel or com-
bination of vessels.23 The two most common options are 
retrograde puncture of the common femoral artery (CFA) 
contralateral to the affected foot, and antegrade ipsilateral 
access of the CFA. Physical exam and duplex ultrasound are 
instrumental in surveying the patient prior to intervention. 
These will reveal whether there is disease in the CFA, or 
proximally in the iliacs or aorta. The author recommends 
ultrasound-guided access to ensure accurate localization of 
the CFA. The author will choose the contralateral CFA retro-
grade access if there is a flush occlusion of the superficial 
femoral artery (SFA) at the bifurcation, or if the extent of 
disease to the ipsilateral leg is unclear from the preoperative 
pulse and duplex examination.

If examinations confirm there is no significant disease in 
the aorta, iliacs, CFA, and proximal SFA, the author favors 
antegrade CFA access, ipsilateral to the affected limb. 
Antegrade access shortens the distance between the sheath 
and the targets, which eases treatment. The size of the sheath 
ranges between 5-8 Fr. The larger sheath sizes accommodate 
dual wires, or larger devices, as needed. The sheath is 
advanced as far distally as there is healthy artery, minimizing 
the distance between the end of the sheath and the target 
lesion. This facilitates passage of devices, performance of 
lower extremity arteriograms and infusion of vasodilatory 
medications.

Retrograde pedal vessel (dorsalis pedis, medial plantar, 
lateral plantar, distal posterior tibial, peroneal) access is fre-
quently utilized, with a 7-15 MHz “hockey-stick” shaped 
ultrasound probe, and a pedal-access micropuncture kit 
(Cook, Bloomington, IN).23 Other aids in pedal access 
include intraarterial vasodilators, such as Verapamil (1.0-2.5 
mg), nitroglycerin (100-200 mcg), and papaverine (5-10 mg) 
to prevent vasospasm. Brachial and radial access are infre-
quently used for tibial interventions, as the length of endo-
vascular instruments are inadequate. The author typically 
avoids placing a sheath in the distal tibial or pedal vessels. 
Instead, the dilator of the micropuncture kit, or 0.018-inch 
catheters are used to secure access. Once the wire is advanced, 
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catheters or balloons are advanced without a sheath, thereby 
minimizing trauma to distal tibial or pedal vessels.

Dual tibial/pedal access with femoral access is frequently 
used, which provides the advantage of exteriorizing the wire 
and obtaining “through-and-through” access, or “flossing.” 
This gives the operator firm control of wire position, increasing 
the support necessary to cross severely stenotic, fibrocalcific 
lesions.23 When wires are passed into the subintimal space, this 
is referred to as the SAFARI technique (Subintimal Arterial 
Flossing with Anterograde Retrograde Intervention).24,25 
Collateral vessels and the pedal loop can also be treated, and 
used to cross lesions in a retrograde fashion.26-29 Caution is 
required at bifurcations of vessels, as the wire itself can cut 
through the artery at angulated bifurcation points. Upon com-
pletion of the procedure, hemostasis at the retrograde puncture 
can be achieved with manual compression alone, or with brief 
balloon inflation.26-29

Crossing the Lesion

Ideally, the lesion is traversed intraluminally. The most dif-
ficult areas are the fibrocalcific “caps” (proximal and distal 
ends of the occlusion). Newer catheters and wires have made 
this easier, with the technology and techniques largely bor-
rowed from those developed to cross coronary chronic total 
occlusions (CTOs).27 Catheters now have improved support 
with wire braiding within the catheters, as well as hydro-
philic coatings which permit the catheter to slide past lesions 
more easily. Coaxial combinations of sheaths and/or cathe-
ters can be used in a “telescoping” fashion to provide 
improved wire passage. The author has found the CXI™ 
family of catheters (Cook, Bloomington, IN) to be especially 
useful for crossing CTOs.

Wires are supplied in 0.014-, 0.018-, and 0.035-inch 
diameters. The diameter is critical, as balloons, devices, or 
stents have specific wire requirements. Wires of 0.035 inches 
offer excellent support for devices, though are too large for 
tibial vessels. The coating varies, with many new polymers 
developed to create hydrophilic, durable coatings that are 
well suited to crossing CTOs. Some wires have a “core-to-
tip” design, where the tip of the wire is an extension of the 
core of the wire that has simply been tapered. In contrast, 
others have a coil that extends from the core which is radio-
opaque and shapeable, allowing the operator to select smaller 
branches and channels. The stiffness and tip-load of the wire 
varies also, depending on the material and design. Stiffer 
wires aid in passing subsequent balloons across the lesion, 
and may provide improved ability to push the wire across an 
occlusion, but are less able to navigate tortuous vessels. In 
the tibial vessels, 0.014-inch wires become the workhorse 
diameter.27-29

Subintimal angioplasty was first described in the late 
1980’s as a technique to cross femoropopliteal CTOs.30 
Typically, a wire and catheter are used to enter the subintimal 
space at or just proximal to where the occlusion begins. 

Within the subintimal space, a small wire loop is created, 
which, in combination with a braided catheter, is used to dis-
sect subintimally until the lesion is traversed. The catheter 
and wire then reenter the true lumen of the vessel distal to the 
CTO. Multiple combinations of wires and catheters have 
been used, with the precise combination varying signifi-
cantly by the individual practitioner. Popular combinations 
include a Glidewire™ (Terumo, Somerset, NJ) or a Treasure 
(Asahi Intecc, Santa Ana, CA ) wire, with a Navicross™ 
(Terumo, Somerset, NJ) or a Quickcross™ (Spectranetics, 
Colorado Springs, CO).

Technical success rates of crossing CTOs (transluminally 
or via subintimal angioplasty) range between 80-90%.30,31 
Hence, several devices have been developed to facilitate 
wire passage for the minority of cases where wire-and-cath-
eter techniques fail. The data are heterogeneous for each of 
these devices, with wide variation in the rates of technical 
success, and complications (Table 1). The devices are dubbed 
“CTO devices,” and fall into two categories: those that main-
tain transluminal wire position, and those that improve 
“reentry” from the subintimal plane. Each device has unique 
mechanisms of action that may prove advantageous in spe-
cific cases.

One of the earliest reentry devices available is the 
Outback™ catheter (Cordis, Warren, NJ), which has two 
separate wire lumens: one for the device, and one for the 
reentry needle. The device is deployed in the subintimal 
plane past the area of stenosis under fluoroscopic guidance, 
with markers on the catheter indicating the direction the nee-
dle will be deployed (Figure 1). After orthogonal views con-
firm the appropriate position of the catheter, the 22-gauge 
needle is deployed to gain entry into the true lumen distal to 
the occlusion. A separate wire is then advanced into the true 
lumen through the needle. The needle and catheter are then 
withdrawn, and 0.014-inch-compatible balloons and stents 
are advanced over the wire.32

Since then, the Pioneer™ (Medtronic, Minneapolis, MN) 
catheter has been developed which is a reentry device also 
with two wire lumens and a needle. The Pioneer utilizes 
intravascular ultrasound to orient the needle, and can deploy 
the needle to variable depths, providing the operator with an 
additional level of control. One of the limitations is that it is 
bulkier than the Outback.33 One of the newer reentry devices 
utilized in peripheral arterial disease is the Enteer™ 
(Medtronic, Minneapolis, MN) catheter, which borrows the 
similar platform as the Stingray™ (Boston Scientific, 
Marlborough, MA) device, which is utilized in the coronary 
vasculature. This device consists of a flat balloon with two 
wire ports. The device inflated in the subintimal plane. The 
flat shape of the balloon orients the two ports such that one 
faces the luminal side, while the other faces the adventitia. 
The balloon functions as a fulcrum against which an angled 
0.014-inch wire can be pushed more forcefully against a 
plaque, and into the true lumen. The Enteer is smaller, and 
able to be used in the tibials (Table 1).34
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Figure 1. Example of the Outback Cather (Cordis) utilized to reenter the common iliac artery after crossing an external iliac artery 
chronic total occlusion (CTO) in the subintimal plane. Note the L shaped marker at the tip, with the wire extending from the subintimal 
plane into the true lumen of the common iliac artery.

Table 1. Summary of CTO Devices.

Device Mechanism Technical successa Complications

Reentry devices
Outback (Cordis)
6 Fr

Reentry from subintimal plane 88-93% 1.6-4.2% vessel perforation

Pioneer (Medtronic)
7 Fr

Intravascular-ultrasound guided reentry 
from subintimal plane

95-100% 0% vessel perforation

Enteer (Covidien)
5 Fr

Flat balloon with sideport for wire 
reentry

70-86% 3.3% embolization, 0.6% 
perforation

Intraluminal devices
Crosser (Bard)
5-7 Fr

21 Hz mechanical vibrations, 4 µm 
amplitude

65-83.5% 1.6-3.0% vessel perforation, 
16% dissection

Frontrunner (Cordis)
6 Fr

Blunt actuating tip microdissects 
through plaque

65-95% 3.8% dissection, 3.8% vessel 
perforation

Ocelot (Avinger)
6 Fr

Optical coherence tomography with 
directional atherectomy

72% 2% vessel perforation

TruePath (Boston Scientific) 
(0.018-inch compatible)

Microdissection with diamond coated-
tip wire at 13,000 rpm

77% 0% reported

Viance (Covidien)
5 Fr (similar to 0.035-inch wire)

Metal microcatheter with rounded tip, 
rotated rapidly

70% 1.5% perforation

aAfter failure to pass a wire in either the transluminal or subintimal plane.
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The other strategy of CTO devices is to optimize intralu-
minal wire placement. The oldest such device is the 
Frontrunner™ (Cordis, Warren, NJ), which utilizes an actu-
ating tip that is opened and closed, allowing the operator to 
micro-dissect through the occlusion, and utilize the differ-
ence between the more rigid fibrocalcific plaque, and more 
compliant adventitia to prevent perforation.35 The Crosser™ 
(Bard, Murray Hill, NJ) utilizes a tip that functions similarly 
to a jackhammer by vibrating at 21,000 Hz, to slowly dissect 
through a lesion. Theoretically, the vibrations loosen the 
plaque, while guiding the catheter through microchannels 
within the plaque. After the catheter crosses the lesion, a 
catheter is advanced over the device, into the true lumen, and 
replaced with a wire (Figure 2).36,37 The devices by Avinger™ 
(Redwood City, CA) utilize optical coherence tomography to 
confirm intraluminal wire guidance through the CTO, and 
avoid inadvertent perforation. The devices also has direc-
tional atherectomy capability to enlarge the lumen.38

TruePath™ (Boston Scientific, Marlborough, MA) uses an 
0.018-inch wire, attached to a motor housing. The last 130 cm 
of the wire is hydrophilic-coated, with the last 9 cm tapering 
down to 0.009 inches, with a diamond coated tip that rotates 
at 13,000 rpm. This is utilized to drill through a CTO, ideally 
finding microchannels, as it traverses the CTO.39 Finally, the 
Viance™ catheter (Covidien, Minneapolis, MN) is analogous 
to the CrossBoss™ catheter (Boston Scientific, Marlborough, 
MA), and is composed of a stainless steel catheter with a 
rounded-tip. This is utilized with a Fast-spin™ device to 
rotate the catheter as it advances through CTOs. This can be 
performed over or in front of the wire. Ideally, the device 

passes intraluminally, though its actual path cannot be 
controlled.40

The lesions treated, as well as operator experience are het-
erogeneous in the literature, making the comparative effi-
cacy of the devices unclear. Banerjee et al suggest that 
perhaps a CTO device-first technique may be most effective 
at crossing lesions, compared to a wire-and-catheter-first 
technique.41 However, their success rate for the wire-and-
catheter strategy for traversing the CTO was 52%, which is 
considerably lower than the approximately 80% rates of suc-
cess in other series.24-31

Atherectomy to Debulk the Lesion

Balloon angioplasty alone is imperfect to restore luminal 
diameter.42 Much of the plaque is ruptured leaving signifi-
cant amounts of residual lumen compromise. Hence, ather-
ectomy devices evolved to decrease the plaque burden. 
Atherectomy appears adjunctively important to debulk 
plaque within vessels, especially heavily calcified plaques.43 
The role of atherectomy is evolving, with the devices, tech-
niques and experience constantly growing. While success-
fully debulking lesions,43,44 atherectomy is insufficient alone 
to revascularize lesions.43 Further data with suitable control 
arms will be required to clarify its comparative efficacy as an 
adjunct to modify the lesion in preparation for balloon angio-
plasty and/or stenting.

There are four categories of atherectomy devices (Table 
2). Patency rates vary widely with their use, ranging between 
54-93%.43-50 Directional atherectomy devices utilize a 

Figure 2. The Crosser (Bard, Murray Hill, NJ) utilized to cross a CTO of the below-the-knee popliteal artery.



Chung 909

cutting device along the longitudinal plane of the vessel. 
These devices vary in the size and number of blades, and are 
limited by relatively high rates of distal embolization,47 lead-
ing many experts to recommend distal embolization protec-
tion devices, such as the Spyder FX™ (Ev3, Irvine, CA) with 
their use. Rotational atherectomy relies on blades or abrasive 
materials on the front of the device that rotates at high speeds 
to cut a lumen through the plaque.44 Orbital atherectomy uti-
lizes rotational devices coated with an abrasive surface that 
spin eccentrically within the vessel, thereby resulting in 
luminal gain (Figure 3).48 Excimer lasers rely on exciplex 
phenomena to excite the tissues that react to specific laser 
wavelengths to differentially destroy plaque while preserv-
ing the vessel.50

Ballooning the Lesion

High-pressure percutaneous transluminal angioplasty (PTA) 
remains the mainstay of endovascular therapy.42 Materials 
have evolved, enabling miniaturization of balloons while still 
maintaining the ability to be inflated to high pressures without 
rupture. These balloons are designed to inflate to a specific 
diameter with increasing insufflation. The acronym POBA 
(plain old balloon angioplasty) is used to describe high-pres-
sure PTA performed without specialized balloons.51

Specialized balloons include cutting-balloons and drug-
coated balloons (DCBs), and are designed to minimize recur-
rent stenoses.51,52 Cutting balloons have wires covering the 

balloon, with sharp edges on the side facing the lesion. Upon 
insufflation, these wires then cut into the surface of the ath-
erosclerotic plaque. Theoretically, this should create a more 
controlled rupture of the atherosclerotic plaque than occurs 
with POBA.42 This appears helpful in SFA lesions; however, 
a number of these lesions require stenting as well, and meta-
analyses suggest that cutting-balloon angioplasty remains 
inferior to other alternatives with respect to primary 
patency.53 The author favors these in more fibrotic lesions, 
which tend to exhibit greater recoil and are more resistant to 
POBA.

DCBs were initially conceived for the coronary vascula-
ture, and are coated with medications that are applied to the 
surface of the lesion upon PTA. Over time, these medica-
tions diffuse into the underlying smooth muscle cells and 
inhibit neointimal hyperplasia.54 There are two DCBs avail-
able in the United States currently: the Lutonix™ (Bard, 
Murray Hill, NJ) and the In.Pact Admiral™ (Medtronic, 
Minneapolis, MN). Both utilize paclitaxel, though the 
In.Pact applies a higher dose of paclitaxel (3.0 micrograms/
mm2) compared to the Lutonix (2.0 micrograms/mm2).54-57 
It appears that the higher dose may achieve higher concen-
trations of paclitaxel in the VSMCs, though with compara-
ble levels of inhibition of neointimal hyperplasia relative to 
the lower dose formulation.55

Early results in the SFA appear encouraging for DCBs,56 
though utility may be limited in the tibial vasculature.57 
Moreover, regardless of the modifications that have been 

Table 2. Summary of Atherectomy Devices.

Device Mechanism
Technical success with 

PTA ± stent Complications

Directional atherectomy
Silverhawk (Medtronic)
6-8 Fr

Single-contoured blade, cuts 
longitudinally on one side

2.5% embolization
5.7% perforation

Turbohawk (Medtronic)
6-8 Fr

Four contoured blades, cuts 
longitudinally on one side

77% 1-year 1° patency 2.5% dissection

Rockhawk (Medtronic)
6-8 Fr

Additional burr to the solitary 
blade to cut calcified lesions

SpiderFx for embolization 
protection recommended

Orbital atherectomy
Diamondback (CSIa)
4-6 Fr

1.25-2 mm crown that spins 
360° eccentrically abrading the 
lesions

93% 1 year 1° patency 3.4% dissection
0% perforation or embolization

Rotational atherectomy
Jetstream (Boston Scientific)
7 Fr

Two sets of rotating stainless 
steel blades at 70 krpm with 
an aspiration port aspirating 51 
mL/min

62% 1-year 1° patency 1% occlusion, 9% dissection, 
10% minor embolization, 2% 
perforation

Phoenix (Volcano)
5-6 Fr

Rotating blades 1.2 krpm and an 
Archimedes screw to pull the 
plaque debris away

94% 30-day 1° patency 1.9% dissection, 0.95% 
embolization

Excimer laser atherectomy
Turbo-Elite (Spectranetics) Exciplex phenomena, resulting in 

photoablation of the plaque
54% 1-year 1° patency 0% occlusion, dissection, 

embolization, or perforation

aCardiovascular Systems Incorporated.
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made for balloons, complications with PTA persist, includ-
ing vessel recoil and dissection. Some have proposed that 
DCBs be used to prepare lesions for eventual stent placement 
to maximize patency. Whether this should be performed 
adjunctively with atherectomy also remains contested, with 
mixed results.53,56,57

Stenting the Lesion

Stents are metallic tubular scaffolds that are designed to pre-
vent recoil, treat focal dissections, and maintain the patency 
of the treated segment. They are most commonly composed 
of nitinol, which is a nickel-titanium alloy with shape-mem-
ory and superelastic properties.58 Stainless steel is also uti-
lized for stents, as it is a relatively inert material with 
excellent radial force and durability. It fails to exhibit the 
shape memory traits found with nitinol, and is relatively 
bulky, and is hence less frequently utilized.59 Each material 
corrodes differently, which also influences the durability.59

There are several characteristics used to categorize stents. 
Stents can be either self-expanding or balloon-expandable. 
Self-expanding stents are typically made of nitinol, and 
expand to the desired diameter and shape upon deployment. 
PTA is often utilized to dilate the stent and the lesion after-
ward to ensure the stent is fully opened. In contrast, balloon-
expandable stents are mounted on a balloon, and exert greater 

outward radial force. When the stent is at the desired loca-
tion, the balloon is dilated, thereby expanding the stent pre-
cisely. Stents may also be covered or uncovered, which 
describes whether there is a fabric that covers the metallic 
struts. In theory, the fabric may help to prevent further 
ingrowth of intimal hyperplasia between the struts. However, 
they also occlude the collateral branches in the area that it is 
deployed, which may result in profound ischemia when they 
do fail.

Recently, drug-eluting stents (DESs) have been approved 
for peripheral use. These stents couple the ability to deploy 
medications to inhibit intimal hyperplasia, with the mechani-
cal stent properties. Moreover, DESs elute drug over longer 
periods of time than is possible with the single application of 
DCB. The most notable example of DES utilized in LTI is 
the Zilver™ stent (Cook Medical, Bloomington, IN), which 
also elutes paclitaxel. Zilver stents, however, are too large to 
be deployed in the tibial vasculature where they would be 
most useful for LTI among individuals with DM.

In general, longer lesions (>70 mm) are better treated with 
stents in the femoro-popliteal and external iliac segments.60,61 
The use of stents in the tibial vasculature is germane for indi-
viduals with DM, and has traditionally been avoided, as out-
comes are similar with PTA alone.62-66 Provisional stenting is 
required in some settings, however, due to excessive recoil, 
calcification, or dissection. For these situations, there have 

Figure 3. Results of orbital atherectomy. Panel (A) shows the initial angiogram. The proximal anterior tibial artery lesions were 
resistant to balloon angioplasty alone, as shown in panel (B). After orbital atherectomy with the Diamondback (CSI, St. Paul, MN), and 
repeat balloon angioplasty, we were able to restore flow to the anterior tibial artery (C).
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been comparisons with the off-label use of coronary DESs 
with bare metal stents in the tibial vasculature.62-66 With 
respect to tibial DCB, DES also appears to provide lower 
reintervention rates.66 While early results favor DES with 
respect to reintervention rates, these studies are small, and 
heterogeneous. Further work is required to determine the 
precise role of DES in the tibials. The author currently relies 
on a combination of atherectomy and PTA for infrapopliteal 
interventions, reserving the off-label use of coronary DES to 
treat lesions with excessive recoil, calcium, or dissection.

Conclusions

The latest iterations of the balloons, stents and devices have 
evolved to treat LTI individuals with DM. Alternative access 
using retrograde techniques, collateral vessels, and SAFARI 
have enhanced the ability to reperfuse in LTI significantly. 
Medial calcinosis remains the main barrier to successful 
revascularization, as calcium is frequently recalcitrant to any 
intervention. Future research will be required to improve the 
materials, devices, durability and cost-effectiveness of endo-
vascular procedures for LTI. Future trials7,8 will also clarify 
the most appropriate roles for open and endovascular inter-
ventions in LTI.
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