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         Introduction 

 Peripheral arterial disease (PAD) is caused by systemic 
 atherosclerosis and is strongly associated with cardiovascular 
and cerebrovascular disease. Important risk factors for PAD 
include age > 70, history of smoking, diabetes, hypertension, 
and hyperlipidemia, all known markers for cardiovascular 
disease  [  1  ] . While medical management in conjunction with 
an exercise regimen is the recommended initial approach, 
according to the American Heart Association/American 
College of Cardiology guidelines for the management of 
PAD, patients with lifestyle-compromising pain, nonhealing 
ulcers, or critical limb ischemia require invasive endovascu-
lar or surgical intervention  [  2  ] . There is some disagreement 
about the appropriate management of femoral-popliteal 
lesions among various groups of interventionalists, but the 
Inter-Society Consensus for the Management of PAD (TASC) 
provides a general approach. Because of the rapidly chang-
ing technology, for many interventionalists the endovascular 
option is the  fi rst line of therapy, despite very poor evidence 
for many of the products currently on the market. 

 According to the 2007 TASC II updated guidelines, TASC 
A and B lesions requiring intervention should be managed 
with endovascular intervention. TASC C lesions in patients 
who can tolerate open surgery should receive open bypass, 
but many patients will have comorbid conditions that limit 
surgical options, and in that case endoluminal intervention is 
appropriate  [  3  ] . These recommendations are supported with 
only level C evidence, meaning no randomized or well- 
conducted clinical trials have been performed and the evi-
dence is based on solely expert opinion. According to the 
BASIL trial, the only multi-center randomized controlled 
trial (RCT) of angioplasty versus open surgical bypass for 

infrainguinal disease, the angioplasty  fi rst strategy was asso-
ciated with similar amputation-free survival and decreased 
costs  [  4  ] . This, however, did not take into account the early 
endovascular failure rate of 20 % that required re- intervention. 
It is estimated that the reason endovascular interventions 
looked so good was that patients often go on to have a  surgical 
bypass later, and so probably overall surgical results are  better 
in spite of short-term drawbacks. In practice, interventions 
have moved far beyond the scope of the consensus guidelines 
(which in 2000 addressed only percutaneous transluminal 
angioplasty (PTA), bare metal stents, and open surgical 
bypass). Since  fi rst being introduced, widespread develop-
ment of new technologies for peripheral endovascular inter-
ventions has occurred. This is true not only for the therapeutic 
device, but also for the platform that provides access to and 
the ability to treat the pathology. Flexible robotics offers the 
ability to reliably provide a stable platform through which 
one can deliver a variety of therapeutic devices. This has been 
demonstrated in a recent  fi rst-in-man study in which the tech-
nical success rate was 100 % for the navigation of 20 iliofe-
moral lesions and 95 % for successful delivery of therapeutic 
interventions (the only failure occurring when a surgeon with 
no previous endovascular experience was unable to cross the 
lesion). Safety of the device was demonstrated with no 
 peri- procedural complications (Duran et al., article in press). 
In this chapter, we describe the pathophysiology of femoral 
atherosclerosis and restenosis, followed by an overview of 
 current endovascular therapies for femoral-popliteal athero-
sclerotic disease and the role of in fl ammation in the  durability 
of endovascular interventions.  

   Pathophysiology of PAD 

 PAD results from atherosclerosis of the aortoiliac and lower 
extremity vasculature. It occurs concurrently with athero-
sclerotic processes throughout the body, including the extrac-
erebral and coronary vasculature, and is associated with the 
same risk factors. Atherosclerosis develops slowly over time 
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and in the majority of individuals will not become symptom-
atic. The initial step in the development of atherosclerotic 
plaques involves diffuse initimal thickening and formation of 
a fatty streak of lipid- fi lled macrophages and smooth muscle 
cells (SMCs). These lesions are not pathologic, but retain the 
potential to develop into  fi brous plaques that contain lipids 
and  fi brous connective tissues. These  fi brous plaques become 
calci fi ed and can rupture, erode into the endothelium, or 
hemorrhage within the plaque, all processes that are associ-
ated with clinical sequelae. Ultimately, the plaques develop a 
necrotic core that is surrounded by in fl ammatory cells and 
SMCs, which are prone to rupture, intraplaque hemorrhage, 
and occlusion  [  5  ] . Not all plaques are created equal, how-
ever, and atheromatous lesions are known to differ by vascu-
lar bed  [  6  ] . Examination of plaque morphology demonstrates 
that  fi brous cap atheromas predominate in the carotid arter-
ies, while  fi brocalci fi c plaques form in the femoral arteries 
 [  7  ] . The implication is that lesions with higher levels of 
in fl ammatory cells, while unstable, are less prone to recur-
rent stenosis, while more stable plaques are highly calci fi ed 
and prone to restenosis. However, because the time between 
the initial insult of lower extremity ischemia and intervention 
is prolonged compared to cerebral ischemia resulting from 
carotid disease, it is unclear if these differing plaque charac-
teristics represent differing linear progressions of disease.  

   Restenosis Following Infrainguinal 
Intervention 

 Rates of recurrent stenosis following endovascular interven-
tions are signi fi cantly different in the femoral system as com-
pared to the carotid and coronary arteries. Histopathologic 
evaluation of atherosclerotic plaques suggests that following 
intervention; stable plaques are actually more susceptible to 
restenosis  [  8  ] . In the carotid arteries, unstable, in fl ammatory 
plaques with high levels of macrophages and lipid cores were 
associated with lower restenosis rates, presumably related to 
extensive remodeling of the tissue induced by the in fl ammatory 
cells  [  9  ] . As opposed to the extensive remodeling induced by 
in fl ammatory mediators, which appears to result in positive 
remodeling in the carotid system, the  fi brotic characteristics 
of femoral plaques lead to constrictive remodeling and pro-
gressive vessel occlusion  [  10  ] , and constrictive remodeling 
may be the primary driver for luminal compromise in patients 
with recurrent disease  [  11  ] . Understanding this process may 
ultimately guide the choice of intervention or device.  

   Percutaneous Transluminal Angioplasty 

 The primary endovascular intervention for treatment of  fl ow-
limiting femoropopliteal atherosclerosis is balloon angio-
plasty or PTA. According to a 2008 Cochrane Database 

review, mortality and amputation rates did not differ 
signi fi cantly between bypass surgery and PTA. Primary pat-
ency was signi fi cantly higher in the bypass group after 
12 months (OR 1.6) but not after 4 years ( P  = 0.14)  [  12  ] . The 
outcomes for PTA, however, depend on lesion characteris-
tics, and the best results are seen in the group with short, 
focal lesions  [  3  ] . A 2008 meta-analysis of PTA found a 
pooled estimate of success was 89.0 ± 2.2 % for immediate 
technical results. Results at 1–36 months were 77.4 ± 4.1 % and 
48.6 ± 8.0 % for primary patency, 83.3 ± 1.4 % 
and 62.9 ± 11.0 % for secondary patency, 93.4 ± 2.3 % and 
82.4 ± 3.4 % for limb salvage, and 98.3 ± 0.7 % 
and 68.4 ± 5.5 % for patient survival, respectively  [  13  ] . 
Outcomes following PTA depend on a number of known 
 factors, including lesion length, presence of total occlusion, 
size of vessel, vessel overdilation, residual stenosis, and dis-
section, all parameters that in fl uence the degree of vessel 
disruption and resultant in fl ammation following angioplasty. 
Following PTA, the resultant injury to the vascular intima 
and media leads to proliferation of vascular smooth muscle 
cells and induces local and systemic in fl ammatory responses 
 [  14–  16  ] . Though the process has been more extensively 
studied in coronary interventions, the phenomenon has been 
shown to occur in peripheral vasculature as well  [  17  ] . Sheer 
stress during PTA induces a vascular in fl ammatory process 
in which polymorphonuclear neutrophils (PMNs) and mono-
cytes are localized to the injured endothelium. These 
in fl ammatory mediators induce the migration of smooth 
muscle cells (SMC) from the medial layer of the vessel to the 
subendothelium. In turn, SMCs induce proliferation of extra-
cellular matrix proteins and myo fi broblasts that are respon-
sible for neointimal hyperplasia, negative vascular 
remodeling, and ultimately restenosis  [  18  ] .  

   Alternative Modalities for Angioplasty 
(Table  26.1 )    

   Cryoplasty 

 Because of the high restenosis rates following PTA alone, 
alternative endovascular modalities have been developed to 
improve patency rates. One approach designed to limit the 
in fl ammatory response following angioplasty is endovascu-
lar cryoplasty in which cold thermal energy is delivered 
simultaneously inside an angioplasty balloon. Experimentally, 
cryotherapy induces SMC apoptosis, which would theoreti-
cally halt the in fl ammatory response to vessel injury during 
balloon angioplasty. However, a single-center experience 
with 86 patients failed to demonstrate improved outcomes 
over expected patency rates from PTA (48–37 % at 
12–24 months, respectively)  [  19  ] . Schmidt published a series 
in which 109 infrapopliteal lesions (the most challenging of 
the lower extremity lesions) were treated and reported 
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improvement in 94 %, healing in 74 %, and a limb salvage 
rate of 95 %  [  20  ] . The single RCT of comparing cryotherapy    
to balloon angioplasty (COLD trial) demonstrated a mean 
patency of 79 % in the cryoplasty arm versus 67 % in the 
PTA arm ( P  = 14) at 9 months and a 30 % rate of stent place-
ment for residual stenosis or dissection following cryoplasty 
versus 39 % in the PTA group  [  21  ] . Long-term results are 
pending, but at this time cryoplasty does not appear to offer 
signi fi cant advantages over PTA.  

   Cutting Balloon Angioplasty (CBA) 

 Cutting balloons are designed with atherotome blades that 
score atherosclerotic plaques. This technique treats lesions 
while limiting overdilation of the vessel and therefore elastic 
recoil as well as distal dissection. Reports on their use in the 
coronary, pulmonary and peripheral vasculature indicated 
that there is in fact a reduction in vessel trauma and elastic 
recoil during CBA, with a positive impact in remodeling 
 [  22–  28  ] . Initial results of this technology in femoropopliteal 
lesions demonstrated high rates of technical success (93 %), 
limb salvage (100 %), and primary patency (88 %)  [  29  ] . 
However, in a RCT of CBA versus PTA in short (<10 cm) 
SFA stenosis, CBA yielded increased restenosis rates at 
6 months (62 %) compared to PTA (38 %)  [  30  ] .  

   Subintimal Angioplasty 

 The theories on the precise role of endovascular interven-
tions in femoropopliteal chronic total occlusions are in  fl ux. 
Open surgical bypass remains the de facto gold standard, 
but dedicated re-entry catheters designed for subintimal 
angioplasty have been shown to be safe and the procedure 
technically feasible  [  31  ] . In light of the improvements in 

endovascular tools for subintimal navigation and vessel 
 re-entry, as well as high rates of morbidity and mortality fol-
lowing open surgery in a subset of high-risk patients, 
increasing numbers of threatened limbs are being treated 
percutaneously  [  32  ] . Scott and colleagues published their 
single-center experience with 506 infrainguinal occlusions. 
Primary patency at 12–36 months was 45 % (SE 3.0 %) and 
25 % (SE 3.6 %), respectively, and secondary patency was 
76 % (SE 2.6 %) and 50 % (SE 4.8 %) at 12–36 months. 
Patients with femorotibial occlusions and critical limb isch-
emia had worse outcomes. Limb salvage in patients with CLI 
was 75 %, and open surgical bypass was avoided in 77 % at 
36 months  [  33  ] . These results indicate that in experienced 
hands, subintimal angioplasty is a reasonable  fi rst-line ther-
apy for patients with infrainguinal occlusions. The afore-
mentioned results are unlikely to be a true representation of 
the outcomes to be expected in the average interventional 
community practice, as the procedure is anecdotally plagued 
by being extremely operator dependent.   

   Stents (Table  26.2 )    

 Disappointing long-term patency rates following PTA in the 
femoropopliteal segment prompted the use of stents follow-
ing angioplasty. Balloon angioplasty leads to thrombus for-
mation, recoil, intimal hyperplasia, and ultimately negative 
remodeling, while stents are impacted only by thrombus for-
mation and in fl ammatory-mediated intimal hyperplasia  [  34, 
  35  ] . Additionally, stents in the muscular infrainguinal arter-
ies are subject to stresses that result in stent fracture, which 
also induces intimal hyperplasia and in-stent stenosis. 

 In the early years of infrainguinal endovascular interven-
tions, stainless-steel stents were deployed with disappoint-
ing results. Studies failed to demonstrate improved outcomes 
over angioplasty alone, and the indication for stents was 

   Table 26.1    Outcomes following traditional PTA and alternative angioplasty approaches for femoropopliteal lesions   

 Intervention  Study type 
 Technical 
success (%) 

 Amputation 
free (%)  Survival (%) 

 Primary 
patency (%) 

 Secondary 
patency (%) 

 Time to 
f/u (months) 

 PTA  Meta-analysis  95.8  93.4  98.3  77.4  83.3  1 
 82.4  68.4  48.6  62.9  36 

 RCT (BASIL)  80  NR     78  50  NR  12 
 Cryoplasty  Prospective  88  NR  NR  47  NR  12 

 38  24 
 RCT (COLD)  35  NR  NR  79  NR  9 

 CBA  Prospective  91  100  NR  88  NR  3 
 RCT  NR  93  100  38  NR  6 

 Subintimal angioplasty  Prospective  87  75  99  45  76  12 
 25  50  36 

 Drug-coated balloon  RCT  NR  95.6  83.6  96  NR  12 
 91.5  24 

 Prospective  NR  96  84.6  91.7  NR  12 

   NR  = not reported  
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limited to bail-out for residual stenosis or arterial dissection 
following PTA  [  36  ] . The role of primary stent placement 
has been revisited using nitinol stents. Second generation 
nitinol stents have spirally oriented interconnections, which 
have reduced rates of stent fracture and the resultant steno-
sis  [  37  ] . Recently, the RESILIENT trial demonstrated that 
primary deployment of self-expanding nitinol stents in mod-
erate length femoral and popliteal lesions yielded better 
results than angioplasty alone  [  38  ] . Overall, studies examin-
ing the role of nitinol stents have yielded variable results, 
with moderate improvement in outcomes over PTA alone, 
and results varying signi fi cantly based on lesion speci fi cs 
(TASC classi fi cation, lesions length, out fl ow vessel status) 
 [  39,   40  ] . 

   Stent-Grafts 

 Efforts to overcome the challenges of percutaneous 
 interventions in the femoropopliteal segment have led inter-
ventionalists to consider a role for covered stents. The idea is 
that covered stents will slow tissue in-growth and delay in-
stent re-stenosis. In 2000, Lammer and colleagues estab-
lished feasibility in a multicenter, international trial  [  41  ] . 
In 2005, ePTFE-covered stent-grafts (Viabahn, WL Gore 
and Associates, Flagstaff, AZ) were approved for deploy-
ment in the super fi cial femoral artery, and in 2007, approval 
was extended to a heparin-bonded Viabahn for SFA lesions. 
A 2007 single-center randomized study of Viabahn versus 
 surgical bypass in 100 limbs showed that primary and sec-
ondary patency rates were comparable at 12 months  [  42  ] , 
and in 4-year follow-up of patients randomized to surgical 
bypass versus stent-graft for SFA lesions, differences in pri-
mary and secondary patency rates were not statistically 
signi fi cant. Additionally, stent-grafts were much less likely 
to fracture, making them less vulnerable to failure from in-
stent stenosis at the fracture site, and unlike bare-metal stents, 
successful outcomes were not dependent on lesion length 
 [  43  ] . Therefore, it is likely preferable to treat long lesions 
with stent-grafts, and these results indicate that stent-grafts 
should be considered a viable alternative to bypass in these 
patients.  

   Drug-Eluting Stents 

 Drug-eluting stents (DES) have been used with great success 
in the coronary vasculature, and their use is now well de fi ned 
 [  44  ] . The utility of DES use in the infrainguinal arteries has 
begun to be explored. In a non-randomized, single-arm trial, 
everolimus-eluting stents use was found to be feasible with 
success rates comparable to established endovascular 
approaches  [  45  ] . The SIROCCO II trial randomized 57 
patients to sirolimus-eluting stents versus nitinol bare metal 
stents for treatment of SFA disease. Despite a trend toward 
improved outcomes in the DES group, there were no statisti-
cally signi fi cant differences in outcomes between the two 
groups  [  46  ] . Given the signi fi cant cost of DES stents, currently 
treatment with DES cannot be recommended, although more 
data are on the way, which may very well in fl uence that.  

   Drug-Coated Balloons 

 Local administration of the antiproliferative drug paclitaxel 
has also been found to effectively reduce rates of re-stenosis 
following PTA, but unlike DES, drug-coated balloons are 
effective in both the coronary and peripheral vessels. In a 
multicenter randomized trial of 154 patients with femoral or 
popliteal artery stenosis/occlusions, at 12 months 20 of 54 
(37 %) lesions in the control group required revasculariza-
tion compared with 2 of 48 (4 %) in the group treated with 
paclitaxel-coated balloons ( P  < 0.001 vs. control); at 
24 months, the re-intervention rates increased to 28 of 54 
(52 %) in the control group and 7 of 48 (15 %) in the pacli-
taxel group  [  47  ] . These early results are promising, but 
require further investigation before de fi nitive recommenda-
tions can be made. Currently, two large European studies are 
recruiting patients to further elucidate the role of drug-coated 
balloons in the treatment of peripheral vascular lesions.  

   Atherectomy 

 In contrast to the aforementioned devices, atherectomy 
devices aim to treat peripheral lesions through excision of an 

   Table 26.2    Outcomes following standard and alternative stent deployment and atherectomy for femoropopliteal lesions   

 Intervention  Study type 
 Technical 
success (%) 

 Amputation 
free (%)  Survival (%) 

 Primary 
patency (%) 

 Secondary 
patency (%) 

 Time to f/u 
(months) 

 Nitinol stent  RCT (RESILIENT)  95.8  100  92.8 (30 day)  87.3  100  12 
 RCT  NR  NR  95.8  66.6  NR  12 

 Stent-graft  RCT  100  98  92  72  83  12 
 63  74  24 

 DES  RCT  100  NR  NR  100  NR  6 
 Atherectomy  Prospective  100  100  98  80  100  6 

   NR  = not reported  
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atherosclerotic plaque using percutaneous means. The 
SilverHawk directional atherectomy device (EV3, 
Minneapolis, MN) has a highspeed carbide cutting disc that 
cuts ribbons of atheroma and stores the excised plaque in the 
nose cone of the device. In 2004, Zeller reported his initial 
experience in 52 patients using the SilverHawk device. 
Although <50 % stenosis was found in 96 % and <30 % in 
78 % of patients following atherectomy, additional percuta-
neous procedures were performed in 58 % of the patients. 
The device was safe, and rates of recurrent disease were not 
higher in the atherectomy-only group compared to the group 
in which additional procedures were performed  [  48  ] . 
Recently, the group with the largest experience (579 infrain-
guinal lesions) reported on their outcomes. The primary pat-
ency at 12–18 months was 59.1–49.4 % with a limb-salvage 
rate of 87.9 % at 18 months for patients with critical limb 
ischemia and 100 % limb salvage in patients with claudica-
tion  [  49  ] . At this time, no RCTs have compared atherectomy 
to angioplasty and stenting in the setting of lower extremity 
atherosclerotic disease. In our experience, atherectomy has 
been marred by distal embolization, and as we recently 
showed, distal embolization has the ultimate of consequence, 
limb loss  [  50  ] .   

   Medical Management 

 Endovascular interventions permit interventionalists to treat 
the consequences of atherosclerosis, which are an important 
corollary for limb salvage, wound healing, and overall qual-
ity of life. However, interventional procedures do not target 
the underlying disease process itself, and as illustrated above, 
likely intensify the in fl ammatory process that underlies the 
atherosclerotic process. Furthermore, these patients are at 
high risk of cardiac or cerebrovascular death due to their sys-
temic disease, with 25 % 1-year mortality from myocardial 
infarction or stroke among patients with CLI  [  51  ] . As such, 
irrespective of the type of intervention employed in treating 
these patients, appropriate medical management of their sys-
temic atherosclerotic disease is of paramount importance. 
This includes aggressive management of LDL cholesterol 
(<100 for all PAD patients, <70 for PAD with diabetes) using 
HMG-CoA reductase inhibitors, maintenance of blood pres-
sure <140/90 (or 130/80 for diabetics) using beta-blockade 
and ACE-inhibitors, anti-platelet therapy with aspirin or 
clopidogrel, and smoking cessation  [  52  ] .  

   Conclusion 

 Infrainguinal atherosclerosis resulting in lifestyle-altering 
limb ischemia is a challenging entity to treat. Formerly 
open surgical bypass was the only option available for 
restoration of  fl ow to the extremities, but the rapid pace of 
technologic advances in endovascular interventions has 

led to a paradigm shift in disease management. While 
there is no silver bullet for treating these complex lesions, 
increasingly endovascular interventions are being utilized 
as a  fi rst line therapy in even the most diseased segments. 
Interventionalists should closely scrutinize their approach 
to devices as clearly not all devices and techniques are 
created equal. Expectations often need to be tempered as 
the few and relatively poor studies are generally per-
formed in centers with vast experience. Furthermore, the 
key to any success in the interventional space is the under-
standing that we are managing the complications of an 
in fl ammatory disease and long-term success is in great 
part based on the continued management of the medical 
aspects of this disease.      

   References 

    1.    Hirsch AT, Criqui MH, Treat-Jacobson D, et al. Peripheral arterial 
disease detection, awareness, and treatment in primary care. JAMA. 
2001;286(11):1317–24.  

    2.    Hirsch AT, Haskal ZJ, Hertzer NR, et al. ACC/AHA 2005 practice 
guidelines for the management of patients with peripheral arterial 
disease (lower extremity, renal, mesenteric, and abdominal aortic): 
a collaborative report from the American Association for Vascular 
Surgery/Society for Vascular Surgery, Society for Cardiovascular 
Angiography and Interventions, Society for Vascular Medicine and 
Biology, Society of Interventional Radiology, and the ACC/AHA 
Task Force on Practice Guidelines (Writing Committee to Develop 
Guidelines for the Management of Patients with Peripheral Arterial 
Disease): endorsed by the American Association of Cardiovascular 
and Pulmonary Rehabilitation; National Heart, Lung, and Blood 
Institute; Society for Vascular Nursing; TransAtlantic Inter-Society 
Consensus; and Vascular Disease Foundation. Circulation. 
2006;113(11):e463–654.  

    3.    Lyden SP, Smouse HB. TASC II and the endovascular management 
of infrainguinal disease. J Endovasc Ther. 2009;16(2 Suppl 2):
II5–18.  

    4.    Adam DJ, Beard JD, Cleveland T, et al. Bypass versus angioplasty 
in severe ischaemia of the leg (BASIL): multicentre, randomised 
controlled trial. Lancet. 2005;366(9501):1925–34.  

    5.    Owens C. Chapter 4: Atherosclerosis. In: Rutherford’s vascular sur-
gery. 7th ed. Philadelphia: Elsevier; 2010.  

    6.   Bianda N, Di Valentino M, Périat D, et al. Progression of human 
carotid and femoral atherosclerosis: a prospective follow-up study 
by magnetic resonance vessel wall imaging. Eur Heart J. 2011. 
Available at:   http://www.ncbi.nlm.nih.gov/pubmed/21920966    . 
Accessed 18 Dec 2011.  

    7.    Herisson F, Heymann M-F, Chétiveaux M, et al. Carotid and femo-
ral atherosclerotic plaques show different morphology. 
Atherosclerosis. 2011;216(2):348–54.  

    8.    Derksen WJM, de Vries J-PPM, Vink A, et al. Histologic athero-
sclerotic plaque characteristics are associated with restenosis rates 
after endarterectomy of the common and super fi cial femoral arter-
ies. J Vasc Surg. 2010;52(3):592–9.  

    9.    Hellings WE, Moll FL, De Vries J-PPM, et al. Atherosclerotic 
plaque composition and occurrence of restenosis after carotid 
endarterectomy. JAMA. 2008;299(5):547–54.  

    10.    Pasterkamp G, Wensing PJ, Post MJ, et al. Paradoxical arterial wall 
shrinkage may contribute to luminal narrowing of human athero-
sclerotic femoral arteries. Circulation. 1995;91(5):1444–9.  

http://www.ncbi.nlm.nih.gov/pubmed/21920966


226 C. Duran and J. Bismuth

    11.    Vink A, Schoneveld AH, Borst C, Pasterkamp G. The contribution 
of plaque and arterial remodeling to de novo atherosclerotic lumi-
nal narrowing in the femoral artery. J Vasc Surg. 2002;36(6):
1194–8.  

    12.   Fowkes F, Leng GC. Bypass surgery for chronic lower limb ischae-
mia. Cochrane Database Syst Rev. 2008;(2):CD002000.  

    13.    Romiti M, Albers M, Brochado-Neto FC, et al. Meta-analysis of 
infrapopliteal angioplasty for chronic critical limb ischemia. J Vasc 
Surg. 2008;47(5):975–81.  

    14.    Mendall MA, Patel P, Ballam L, Strachan D, North fi eld TC. C reac-
tive protein and its relation to cardiovascular risk factors: a popula-
tion based cross sectional study. BMJ. 1996;312(7038):1061–5.  

    15.    Forrester JS, Fishbein M, Helfant R, Fagin J. A paradigm for rest-
enosis based on cell biology: clues for the development of new pre-
ventive therapies. J Am Coll Cardiol. 1991;17(3):758–69.  

    16.    Serrano Jr CV, Ramires JA, Venturinelli M, et al. Coronary angio-
plasty results in leukocyte and platelet activation with adhesion 
molecule expression. Evidence of in fl ammatory responses in coro-
nary angioplasty. J Am Coll Cardiol. 1997;29(6):1276–83.  

    17.    Schillinger M, Exner M, Mlekusch W, et al. Balloon angioplasty 
and stent implantation induce a vascular in fl ammatory reaction. 
J Endovasc Ther. 2002;9(1):59–66.  

    18.    Joviliano EE, Piccinato CE, Dellalibera-Joviliano R, Moriya T, 
Évora PRB. In fl ammatory markers and restenosis in peripheral per-
cutaneous angioplasty with intravascular stenting: current concepts. 
Ann Vasc Surg. 2011;25(6):846–55.  

    19.    Samson RH, Showalter DP, Lepore Jr M, Nair DG, Merigliano K. 
CryoPlasty therapy of the super fi cial femoral and popliteal arteries: 
a reappraisal after 44 months’ experience. J Vasc Surg. 2008;48(3):
634–7.  

    20.    Schmidt A, Piorkowski M, Werner M, et al. First experience with 
drug-eluting balloons in infrapopliteal arteries: restenosis rate and 
clinical outcome. J Am Coll Cardiol. 2011;58(11):1105–9.  

    21.    Jahnke T, Mueller-Huelsbeck S, Charalambous N, et al. Prospective, 
randomized single-center trial to compare cryoplasty versus con-
ventional angioplasty in the popliteal artery: midterm results of the 
COLD study. J Vasc Interv Radiol. 2010;21(2):186–94.  

    22.    Barath P, Fishbein MC, Vari S, Forrester JS. Cutting balloon: a 
novel approach to percutaneous angioplasty. Am J Cardiol. 1991;
68(11):1249–52.  

    23.    Vorwerk D, Adam G, Müller-Leisse C, Guenther RW. Hemodialysis 
 fi stulas and grafts: use of cutting balloons to dilate venous stenoses. 
Radiology. 1996;201(3):864–7.  

    24.    Ito S, Suzuki T, Suzuki T. Adjunctive use of cutting balloon after 
rotational atherectomy in a young adult with probable Kawasaki 
disease. J Invasive Cardiol. 2003;15(5):297–300.  

    25.    Bergersen LJ, Perry SB, Lock JE. Effect of cutting balloon angio-
plasty on resistant pulmonary artery stenosis. Am J Cardiol. 2003;
91(2):185–9.  

    26.    De Giovanni JV. Balloon angioplasty for branch pulmonary artery 
stenosis – cutting balloons. Catheter Cardiovasc Interv. 2007;69(3):
459–67.  

    27.    Nakamura M, Yock PG, Kataoka T, et al. Impact of deep vessel wall 
injury on acute response and remodeling of coronary artery seg-
ments after cutting balloon angioplasty. Am J Cardiol. 2003;91(1):
6–11.  

    28.    Kawaguchi K, Kondo T, Shumiya T, et al. Reduction of early elastic 
recoil by cutting balloon angioplasty as compared to conventional 
balloon angioplasty. J Invasive Cardiol. 2002;14(9):515–9.  

    29.    Rabbi JF, Kiran RP, Gersten G, Dudrick SJ, Dardik A. Early results 
with infrainguinal cutting balloon angioplasty limits distal dissec-
tion. Ann Vasc Surg. 2004;18(6):640–3.  

    30.    Amighi J, Schillinger M, Dick P, et al. De novo super fi cial femo-
ropopliteal artery lesions: peripheral cutting balloon angioplasty 
and restenosis rates – randomized controlled trial. Radiology. 
2008;247(1):267–72.  

    31.   Aslam MS, Allaqaband S, Haddadian B, et al. Subintimal angio-
plasty with a true reentry device for treatment of chronic total 
occlusion of the arteries of the lower extremity. Catheter Cardiovasc 
Interv. 2010. Available at:   http://www.ncbi.nlm.nih.gov/
pubmed/20824749    . Accessed 4 Dec 2011.  

    32.    Markose G, Miller FNAC, Bolia A. Subintimal angioplasty for 
femoro-popliteal occlusive disease. J Vasc Surg. 2010;52(5):
1410–6.  

    33.    Scott EC, Biuckians A, Light RE, et al. Subintimal angioplasty: our 
experience in the treatment of 506 infrainguinal arterial occlusions. 
J Vasc Surg. 2008;48(4):878–84.  

    34.    Virmani R, Farb A. Pathology of in-stent restenosis. Curr Opin 
Lipidol. 1999;10(6):499–506.  

    35.    Moreno PR, Palacios IF, Leon MN, et al. Histopathologic compari-
son of human coronary in-stent and post-balloon angioplasty rest-
enotic tissue. Am J Cardiol. 1999;84(4):462–6, A9.  

    36.    Cejna M, Thurnher S, Illiasch H, et al. PTA versus Palmaz stent 
placement in femoropopliteal artery obstructions: a multicenter 
prospective randomized study. J Vasc Interv Radiol. 2001;12(1):
23–31.  

    37.    Minar E, Schillinger M. New stents for SFA. J Cardiovasc Surg 
(Torino). 2009;50(5):635–45.  

    38.    Laird JR, Katzen BT, Scheinert D, et al. Nitinol stent implantation 
versus balloon angioplasty for lesions in the super fi cial femoral 
artery and proximal popliteal artery: twelve-month results from the 
RESILIENT randomized trial. Circ Cardiovasc Interv. 2010;3(3):
267–76.  

    39.    Dick P, Wallner H, Sabeti S, et al. Balloon angioplasty versus stent-
ing with nitinol stents in intermediate length super fi cial femoral 
artery lesions. Catheter Cardiovasc Interv. 2009;74(7):1090–5.  

    40.    Mewissen MW. Primary nitinol stenting for femoropopliteal dis-
ease. J Endovasc Ther. 2009;16(2 Suppl 2):II63–81.  

    41.    Lammer J, Dake MD, Bleyn J, et al. Peripheral arterial obstruction: 
prospective study of treatment with a transluminally placed self-
expanding stent-graft. International Trial Study Group. Radiology. 
2000;217(1):95–104.  

    42.    Kedora J, Hohmann S, Garrett W, et al. Randomized comparison of 
percutaneous Viabahn stent grafts vs prosthetic femoral-popliteal 
bypass in the treatment of super fi cial femoral arterial occlusive dis-
ease. J Vasc Surg. 2007;45(1):10–6; discussion 16.  

    43.    McQuade K, Gable D, Pearl G, Theune B, Black S. Four-year ran-
domized prospective comparison of percutaneous ePTFE/nitinol 
self-expanding stent graft versus prosthetic femoral-popliteal 
bypass in the treatment of super fi cial femoral artery occlusive dis-
ease. J Vasc Surg. 2010;52(3):584–90. discussion 590–591, 591.
e1-591.e7.  

    44.    Zeller T, Macharzina R, Tepe G. The potential role of DES in 
peripheral in-stent restenosis. J Cardiovasc Surg (Torino). 2010;
51(4):561–5.  

    45.    Lammer J, Bosiers M, Zeller T, et al. First clinical trial of nitinol 
self-expanding everolimus-eluting stent implantation for peripheral 
arterial occlusive disease. J Vasc Surg. 2011;54(2):394–401.  

    46.    Duda SH, Bosiers M, Lammer J, et al. Sirolimus-eluting versus 
bare nitinol stent for obstructive super fi cial femoral artery dis-
ease: the SIROCCO II trial. J Vasc Interv Radiol. 2005;16(3):
331–8.  

     47.    Tepe G, Zeller T, Albrecht T, et al. Local delivery of paclitaxel to 
inhibit restenosis during angioplasty of the leg. N Engl J Med. 
2008;358(7):689–99.  

    48.    Zeller T, Rastan A, Schwarzwälder U, et al. Percutaneous periph-
eral atherectomy of femoropopliteal stenoses using a new- 
generation device: six-month results from a single-center experience. 
J Endovasc Ther. 2004;11(6):676–85.  

    49.    McKinsey JF, Goldstein L, Khan HU, et al. Novel treatment of 
patients with lower extremity ischemia: use of percutaneous 
atherectomy in 579 lesions. Ann Surg. 2008;248(4):519–28.  

http://www.ncbi.nlm.nih.gov/pubmed/20824749
http://www.ncbi.nlm.nih.gov/pubmed/20824749


22726 Endovascular Femoropopliteal Interventions: Evolving Devices

    50.    Davies MG, Bismuth J, Saad WE, et al. Implications of in situ 
thrombosis and distal embolization during super fi cial femoral 
artery endoluminal intervention. Ann Vasc Surg. 2010;24(1):
14–22.  

    51.    Weitz JI, Byrne J, Clagett GP, et al. Diagnosis and treatment of 
chronic arterial insuf fi ciency of the lower extremities: a critical 
review. Circulation. 1996;94(11):3026–49.  

    52.    Hirsch AT, Haskal ZJ, Hertzer NR, et al. ACC/AHA 2005 guide-
lines for the management of patients with peripheral arterial dis-
ease (lower extremity, renal, mesenteric, and abdominal aortic): 
executive summary a collaborative report from the American 

Association for Vascular Surgery/Society for Vascular Surgery, 
Society for Cardiovascular Angiography and Interventions, Society 
for Vascular Medicine and Biology, Society of Interventional 
Radiology, and the ACC/AHA Task Force on Practice Guidelines 
(Writing Committee to Develop Guidelines for the Management of 
Patients with Peripheral Arterial Disease) endorsed by the 
American Association of Cardiovascular and Pulmonary 
Rehabilitation; National Heart, Lung, and Blood Institute; Society 
for Vascular Nursing; TransAtlantic Inter-Society Consensus; and 
Vascular Disease Foundation. J Am Coll Cardiol. 2006;47(6):
1239–312.      


	26: Endovascular Femoropopliteal Interventions: Evolving Devices
	Introduction
	Pathophysiology of PAD
	Restenosis Following Infrainguinal Intervention
	Percutaneous Transluminal Angioplasty
	Alternative Modalities for Angioplasty (Table 26.1)
	Cryoplasty
	Cutting Balloon Angioplasty (CBA)
	Subintimal Angioplasty

	Stents (Table 26.2)
	Stent-Grafts
	Drug-Eluting Stents
	Drug-Coated Balloons
	Atherectomy

	Medical Management
	Conclusion
	References


