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ENDOVASCULAR TECHNIQUES IN LIMB SALVAGE: 
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Introduction
Critical limb ischemia (CLI), manifested by ischemic rest pain 

or tissue loss in the form of nonhealing wounds or gangrene, 

constitutes a major clinical problem that results in significant 

healthcare and economic burdens to the community. Currently, 

infrainguinal bypass surgery and percutaneous endovascular 

interventions are the two approaches available to restore blood 

flow to the foot. During the past decade, however, the primary 

approach to limb salvage has transitioned from bypass surgery 

to endovascular intervention.1 This article discusses the role of 

peripheral stenting in the treatment of CLI and reviews the relevant 

current literature and future direction of such interventions.

Principles of Stenting
The term “stent” is derived from Charles Stent (1807-1885), an 

English dentist who applied the term to a dental apparatus used for 

making molds.2 The concept of vascular stents was first described 

in 1912 by Alexis Carrel. However, it was not until 1964 that 

Charles Dotter revisited the concept, describing the need to leave 

an endoluminal splint after angioplasty to prevent early failure 

due to recoil and dissection.3 The age of metallic stent therapy 

for cardiovascular disease officially began in the United States in 

1993, when the US Food and Drug Administration approved the 

Gianturco-Roubin stent for coronary interventions.4 More recent 

clinical practice has been characterized by an expanded variety of 

available stents and additional indications for stent deployment.

Percutaneous endovascular intervention for CLI is intended to 

improve perfusion of the affected limb by restoring flow in the 

vessels occluded by atherosclerotic disease. This goal is achieved 

by first crossing the affected lesion, then maintaining wire access 

in the true lumen of the vessel distally, and lastly treating the 

occlusion through any one or combination of three available 

endovascular interventions: balloon angioplasty, stenting, and/or 

atherectomy. The principle of balloon angioplasty and its different 

modalities is to disrupt the plaque, thus creating a controlled 

dissection and restoring the vessel lumen. However, the use of 

balloon angioplasty alone cannot address the problem of elastic 

recoil of the lesion. Furthermore, balloon angioplasty can result in 

uncontrolled dissections, which create flow-limiting intimal flaps 
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in the treated vessels that can, in turn, lead to technical failure or 

early loss of patency. In these situations, the use of stents becomes 

a reasonable method to repair the flow-limiting dissection or 

avoid the elastic recoil (Figure 1). The other problem inherent in 

all endovascular interventions is the relatively low patency rates 

compared to those for standard open surgical bypass. Multiple 

studies have demonstrated that the one-year restenosis rate after 

balloon angioplasty alone is 40-60%.5 The patency rate also is lower 

when dealing with longer lesions, with 1-year rates of restenosis 

exceeding the 70% range for lesions longer than 100 mm.6 A 

promise of stents is that they can improve patency rates when used 

as part of endovascular therapy (Figure 2).
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Figure 1. Stent use for flow-limiting dissection after balloon angioplasty. (A) 
Superficial femoral artery disease; (B) unacceptable result following balloon 
angioplasty with flow-limiting dissection; (C) stenting using 6 mm nitinol 
stent with excellent hemodynamic result.
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The Biologic Response to Stents
The biologic response to vascular stenting starts immediately 

after the stent has been deployed. Upon deployment, the 

electropositively charged stent struts attract the negatively charged 

circulating proteins and platelets. This creates a thin layer of 
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randomly oriented fibrinogen strands and platelets that neutralize 

the stent surface.7, 8 Endothelial cells from the surrounding intima 

then start migrating over the thin protein layer on the stent struts 

in an attempt to facilitate full endothelialization of the stent and 

thus minimize thrombosis.9 Meanwhile, due to the effects of the 

activated platelets, inflammatory cells are recruited to platelet-rich 

thrombi. This is followed by migration and proliferation of smooth 

muscle cells in response to cytokines, mitogens, and growth 

factors. The clinical outcome associated with this process is in-stent 

restenosis. 

Multiple techniques have been developed to help prevent 

or slow the process of in-stent restenosis. One approach is 

pharmacologic manipulation of platelet function with antiplatelet 

medications, including double antiplatelet coverage. Other 

approaches have included changes in the stent design (including 

cell design), material choice, and radial force characteristics, and 

the development of covered stents to prevent ingrowth of the 

neointima through the stent cells. Another promising modification 

is the drug-eluding stent that delivers antiproliferative agents into 

the arterial wall to prevent hyperproliferation during the healing 

process. All of these techniques have been used with varying 

degrees of success in conjunction with lower-extremity stenting.

Stent Use in the Lower Extremities
For many years, arterial stents have used in an attempt to 

improve the outcome of endovascular interventions for the 

lower extremities.10 The initial reports evaluated the use of 

balloon-expandable stents compared with angioplasty alone.11 

Those reports found that there is no difference in 1- and 2-year 

angiographically determined patency rates between these groups. 

Since then, use of nitinol stents has expanded with somewhat 

conflicting results, although there is evidence of the beneficial 

effect of these stents, especially in long lesions.6, 12 Furthermore, 

many new nitinol designs have become available in the past few 

years. In fact, multiple randomized trials have illustrated the 

potential benefits of stenting in the lower extremity, especially in 

the femoropopliteal segment, compared to angioplasty alone. There 

also have been isolated reports of stent use in the infrapopliteal 

segment, especially with the development of the drug-eluting stent 

technology; however, the experience of stent use in that segment is 

still limited.13 

More recently, covered stents (stent grafts), namely the 

VIABAHN® stent (W.L. Gore & Associates, Inc., Flagstaff, AR), 

have been used successfully in the superficial femoral artery to 

address in-stent restenosis due to the accumulation of cells and 

ground substance (neo-intima) through the stent interstices.14 

The use of covered stents, however, does not address the risk of 

edge stenosis that appears on both ends of the stent, the so-called 

candy wrapper stenosis.15 Also, these stents have the potential to 

cover important collaterals in the treated segment compared to 

bare metal stents, which tend to preserve such collaterals. This 

difference in collateral preservation may be an important factor in 

the degree of ischemia the limb suffers in cases of stent occlusion. 

Since its success in the coronary circulation, the technology 

of drug-eluting stents has been developing rapidly over the past 

few years.16, 17 The application of a drug coating on a stent surface 

inhibits the inflammatory response and smooth muscle cell 

proliferation in the vessel wall and delays the process of intimal 

hyperplasia. The use of these drug coatings for the treatment of 

femoropopliteal lesions has been tested in multiple studies, with 

promising results.18

As the permanence of an artificial stent implant is thought to 

be the potential trigger for late restenosis, stenting technology has 

moved towards the development of temporary implants composed 

of biocompatible materials that mechanically support the vessel 

during the high-risk period for recoil and then completely degrade 

in the long term.19 Most of the available work on this technology 

has been performed in the coronary circulation; however, recent 

reports on the use of this new technology in the lower extremity 

below the knee have emerged.19-21 So far, the available evidence 

suggests that although the technology has been proven safe for use 

in that vascular bed, restenosis rates are significantly higher than 

those for bare metal stents and drug-eluting stents.19, 22, 23

Current Literature Review
The use of stents for lower-extremity revascularization is 

usually limited to the femoropopliteal segment. While use in 

the infrapopliteal segment is developing, the available literature 

describing this revascularization approach is limited.

Stent Use for the Femoropopliteal Segment
The stents that are used within the femoropopliteal segment 

currently include nitinol self-expanding bare metal stents, 

VIABAHN covered stents, and the newly introduced drug-eluting 

stents. Multiple published studies have examined the use of each 

of these stent options in that segment. 

The nitinol bare metal stent is the most commonly used and 

extensively studied device in the femoropopliteal segment. The 

ABSOLUTE trial was the first randomized trial to compare 

balloon angioplasty and nitinol stenting of the superficial femoral 

artery (SFA).6 The trial randomly assigned 104 patients to primary 

stenting or balloon angioplasty alone with secondary stenting for 

suboptimal results. At 6 months, the rate of restenosis was 24% in 

the stent group and 43% in the angioplasty group, a statistically 

significant difference (P = .05). At 12 months, the difference was 

more significant, with a restenosis rate of 37% in the stented group 

and 63% in the angioplasty group (P = .01). The investigators 

concluded that primary implantation of self-expanding nitinol 

stents for the treatment of SFA lesions was associated with 

superior anatomical and clinical intermediate-term results 

compared to the recommended approach of balloon angioplasty 

with optional secondary stenting (Figure 3).6

Similar to the ABSOLUTE trial, the RESILIENT trial was a 

multicenter randomized trial that compared nitinol bare metal 

Figure 2. Primary patency of percutaneous interventions using 
percutaneous transluminal angioplasty (PTA), PTA with stenting (Stent), and 
laser-based intervention strategies (Laser). Redrawn after Bosiers et al.13
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stents with balloon angioplasty for moderate-length lesions (mean 

of 62 mm) in the SFA and popliteal artery.24 In the study, 206 

patients from 24 centers in the United States and Europe were 

randomized to primary nitinol stenting versus balloon angioplasty 

alone, with bailout stenting for suboptimal results that occurred in 

40% of patients in the angioplasty group. At 12 months, freedom 

from target lesion revascularization was 87% for the stent group 

compared with 45% for the angioplasty group (P <.0001).

The DURABILITY I study was a nonrandomized prospective 

multicenter study evaluating the long-term efficacy and integrity of 

nitinol stent implantation in longer SFA lesions with a mean length 

of 96 mm.25 A total of 151 patients from 12 centers in Europe were 

treated using the nitinol PROTÉGÉ® EverFlexTM Self-Expanding 

Stent (ev3 Inc., Plymouth, Minnesota). The rates for freedom from 

>50% restenosis at 6 and 12 months were 91% and 72%, respectively, 

which is significantly higher than the literature restenosis rates 

with angioplasty alone.

One frequently noted problem associated with nitinol stent 

use in the femoropopliteal segment is that of stent fracture. Stent 

fractures have been recognized with all available nitinol stents 

in varying percentages. Stent type is a major factor associated 

with the risk of stent fracture, ranging from 2% in some stents to 

50% in others; this indicates that stent design may substantially 

influence the likelihood of fractures.26 The length of the stented 

segment also has been identified as a key determinant of material 

fatigue and subsequent fracture due to its presence in the hostile 

femoropopliteal segment environment, with extensive mechanical 

stresses involved (Figure 4).26-28 The relationship between stent 

fracture and restenosis rates has been inconsistent. Some studies 

reported that the presence of stent fractures influenced restenosis 

rates at a statistically significant level, while other studies did not 

identify a relationship between the two.24, 26

Use of covered stents in the femoropopliteal segment also 

has been studied. The VIABAHN covered stent graft has been 

compared to both prosthetic bypass and bare metal nitinol 

stents and evaluated for the treatment of very long lesions in the 

femoropopliteal segment. In a randomized prospective study, 

McQuade et al. compared the use of the VIABAHN covered 

stent to prosthetic femoralpopliteal bypass in the treatment of 

SFA occlusive disease.29 One hundred limbs in 86 patients were 

randomized into one of two treatment groups: percutaneous 

treatment with angioplasty and placement of one or more stent 

grafts, versus a surgical group with a femoral to above-knee 

popliteal artery bypass using synthetic conduit. Patients were 

followed for 48 months. The primary and secondary patency rates 

at 12, 24, 36, and 48 months were not statistically different between 

the two groups. The authors noted that use of this technique 

might offer an alternative to treatment of the SFA segment when 

prosthetic bypass is being considered or when autologous conduit 

is unavailable.

The VIBRANT trial is a multicenter randomized trial comparing 

VIABAHN stent grafting to uncovered nitinol stent placement 

in the SFA for lesions longer than 80 mm. Interim analysis of the 

1-year results showed comparable outcomes between the two 

approaches, and final analysis of the 3-year outcomes is currently 

underway.30 The VIASTAR trial is a European-based study 

similar to the VIBRANT in the United States. Preliminary 1-year 

results suggest a restenosis rate of 27% using the VIABAHN stent 

compared to 59% for bare nitinol stents.31

The VIPER registry studied the use of the newer generation of 

VIABAHN covered stents for the treatment of SFA lesions with a 

mean length of 19 cm. The 1-year primary and assisted patency 

was 74% and 87%, respectively. Additionally, the patency rates 

were similar for lesions longer than 20 cm, suggesting that the 

VIABAHN covered stent patency may not be as dependent on 

lesion length.32

Since drug-eluting stents with active stent coatings have 

proven beneficial in the treatment of coronary artery disease, 

the applicability of these drug coatings to the treatment of 

femoropopliteal lesions has also been tested.18 The SIROCCO 

(sirolimus-coated cordis self-expandable stent) study was the first 

randomized trial to publish results on the use of drug-eluting stents 

for treatment of these lesions. The trial failed to prove superiority 

Figure 4. Forces affecting the superficial femoral artery creating a hostile 
environment to stents placed in the femoropopliteal segment. Reprinted from 
Machan28 with permission from Elsevier

Figure 3. (A) Rates of restenosis on angiography and (B) duplex ultrasound. Redrawn after Schillinger et al.6
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of the drug-eluting stent over bare metal stents in the SFA.33, 34 

However, the enthusiasm for drug-eluting stents in the SFA has 

resurged with the use of a second-generation stent platform linked 

to a polymer-free, paclitaxel-eluting system. The Zilver® PTX® 

Drug-Eluting Stent (Cook Medical, Inc., Bloomington, Indiana) 

study is composed of two components. The first is a randomized 

multicenter trial in the United States, Germany, and Japan with two 

levels of randomization. The first level randomized patients with 

SFA lesions up to 14 cm in length to Zilver PTX stenting or balloon 

angioplasty alone. The second level of randomization addressed 

those patients with failed primary balloon angioplasty; this group 

was randomized to receiving either Zilver PTX or Zilver bare metal 

stents. The second component of the study is a registry of 794 

patients treated using Zilver PTX for lesions of the SFA up to 

28 cm in length.18 Collectively, there were 1034 total patients treated 

with the Zilver PTX stent. One-year results for both the single-arm 

study and the randomized study were published in 2011.35, 36 In 

the randomized trial, primary patency in the Zilver PTX group 

was significantly higher than the primary angioplasty group (83% 

versus 32%; P <.001). In the secondary randomized group, the 

Zilver PTX-treated patients showed significantly superior primary 

patency compared to the bare metal stent group (89% versus 73%; 

P = .01). Two-year results for primary patency in the Zilver PTX and 

bare metal stent groups are shown in Figure 5. The recent 3-year 

target lesion revascularization rates continue to favor the drug-

eluting stent arm over the angioplasty plus bare-metal stent arm 

(83% versus 70%, respectively).37 These encouraging results suggest 

that drug-eluting stents may have new applications in SFA disease. 

In October 2011, an FDA advisory panel recommended approval for 

their use in treating femoropopliteal lesions.

Stent Use for the Infragenicular Segment
The role of stenting in infragenicular vessels is still debated, 

with only a few small studies available despite introduction over 

15 years ago.38 A collaborative systematic review and meta-analysis 

of clinical studies focusing on below-the-knee stenting in patients 

with CLI has been published on 640 patients.39 These were studies 

reporting percutaneous transluminal angioplasty (PTA) with stent 

implantation in the tibial arteries in at least 5 patients and at least 

1 month follow-up. Of these patients, 232 were treated with 

balloon-expandable bare metal stents, 116 with self-expanding 

bare metal stents, and 272 with drug-eluting stents. In addition, 20 

patients were treated using absorbable metal stents.

Pooled analysis revealed that 12-month primary patency 

was 79%, secondary patency was 92%, and the limb salvage 

rate was 96%. Head-to-head comparison showed that balloon-

expandable bare metal stents reported results similar to those 

of self-expanding bare metal stents. Conversely, studies showed 

that sirolimus drug-eluting stents had better outcomes in terms of 

primary patency compared to both bare metal and paclitaxel drug-

eluting stents. At the end of the analysis, the authors recommended 

that percutaneous infragenicular stent implantation after failed 

or unsuccessful angioplasty is associated with favorable results in 

patients with CLI.39

Summary
Stents have become an important tool in the treatment of lower-

extremity arterial occlusive disease. This endovascular approach 

continues to evolve as new stent designs and technologies have 

been developed to provide superior patency rates and limb salvage. 

More studies are needed to determine the best candidates for stent 

use and to define the optimum role of stenting in the treatment of 

lower-extremity critical limb ischemia.
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