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PAD: A Global Epidemic 

The global prevalence of PAD increased by 24% from 2000 to 2010, from 

164 million to 202 million 

32 million peripheral diagnostic & interventional procedures performed 

annually in the U.S. 
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Fowkes et al. Lancet 2013, volume 382, issue 9901, pages 1329-1340 



Interventions in PAD 

ÁEarly detection of PAD 

ÁAnkle-brachial index (ABI) 

ÁMedical interventions in PAD 

ÁStatin & anti-platelet therapy 

ÁEndovascular interventions in PAD 

ÁTackling peripheral arterial CTO 

ÁDrug-coated balloons (DCB) & stents (DES) 



Interventions in PAD 

ÁEarly detection of PAD 

ÁAnkle-brachial index (ABI) 
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Using the Ankle-Brachial Index (ABI) 

ABI=ankle-brachial index; DP=dorsalis pedis; PT=posterior tibial; SBP=systolic blood pressure. 

Right ABI 

80/160=0.50  

Brachial SBP 
160 mm Hg 

PT SBP 120 mm Hg 

DP SBP 80 mm Hg 

Brachial SBP 
150 mm Hg 

PT SBP 40 mm Hg 

DP SBP 80 mm Hg 

Left ABI 

120/160=0.75  

Highest 

brachial SBP 

Highest of PT 

or DP SBP 

ABI 

(Normal >0.90) 



Interpreting the Ankle-Brachial Index 

ABI Interpretation 

1.00ð1.39 Normal 

0.91ð0.99 Borderline 

0.41ð0.90 Mild-to-moderate disease 

Ò0.40 Severe disease 

Ó1.40 Non-compressible 
(DM & CKD) 

ACC/AHA PAD Guidelines 2011 



Ankle Brachial Index (ABI) 

Diagnostic 

test 
Sensitivity Specificity 

ABI < 0.90 95% 100% 

Pap smear 30-87% 86-100% 

Fecal occult 

blood 
37-78% 87-98% 

Mammography 75-90% 90-95% 

Arch Intern Med. 2003;163:884-892 



Long-Term Survival in Patients 

With PAD 

Criqui MH et al. N Engl J Med. 1992;326:381-386.  

Normal subjects 

Asymptomatic PAD 

Symptomatic PAD 

Severe symptomatic PAD 
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624 men and women who were residents of a predominantly  

white, upper-middle-class community in southern CA 



Á Age <50 years with diabetes, and one additional risk factor 

(e.g., smoking, dyslipidemia, hypertension, or 

hyperhomocysteinemia) 

Á Age 50 to 69 years and history of smoking or diabetes 

Á Age Ó70 years 

Á Leg symptoms with exertion (suggestive of claudication) or 

ischemic rest pain 

Á Abnormal lower extremity pulse examination 

Á Known atherosclerotic coronary, carotid, or renal artery 

disease 

 

Based on the epidemiologic evidence, an òat riskó population for PAD 

can be defined as: 

Individuals ñAt Riskò for Lower Extremity PAD 

ACC/AHA PAD Guidelines 2011 
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Based on the epidemiologic evidence, an òat riskó population for PAD 

can be defined as: 

Individuals ñAt Riskò for Lower Extremity PAD 

ACC/AHA PAD Guidelines 2011 

Adding the ABI probably has limited 

value for predicting CVD, especially 

in those with CAD. Treatment 

benefits for asymptomatic 

individuals with screen-detected 

PAD are not established. 

U.S. Preventive Task Force 2013 



Predictive Value of ABI in Patients with 

Established CAD (XLPAD® Registry) 

Banerjee et al. AJC 2013 (under review) 

ABI<0.9 

(58.4%) 

ABI=0.9-1.4 

(38.7%) 

ABI>1.4 

(2.9%) 

Prevalence of Abnormal ABI in Patients with Stable CAD 

ABI: ankle-brachial index, CAD: coronary artery disease, 

Normal ABI (>0.9 and <1.4), Abnormal ABI (<0.9 and >1.4)  

n=679 



Predictive Value of ABI in Patients with 

Established CAD (XLPAD® Registry) 

Cardiovascular Events Based on ABI values & Diabetes Mellitus  
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p=0.006 

p=0.40 
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Death Non-fatal myocardial infarction Stroke Repeat coronary revascularization MACE 

(n=88) (n=145) (n=131) (n=315) 

n=679 



Predictive Value of ABI in Patients with 

Established CAD (XLPAD® Registry) 

Banerjee et al. AJC 2013 (under review) 

Freedom form Major Adverse Cardiovascular Events (MACE) 

No DM, Normal ABI 

DM, Normal ABI 

No DM, Abnormal ABI 

DM, Abnormal ABI 

(n=88) 

n=679 

(n=88) 

(n=145) 

(n=131) 

(n=315) 

No DM, Normal ABI  

(Reference group) 

DM, Normal ABI  

(HR=1.7, 95% CI: 0.71-4.06, p=0.24) 

No DM, Abnormal ABI  

(HR=2.03, 95% CI: 0.83-4.98, p=0.12) 

DM, Abnormal ABI  

(HR4.85, 95% CI: 2.22-10.61, p=0.0001) 



Interventions in PAD 

Á

Á

ÁMedical interventions in PAD 

ÁStatin & anti-platelet therapy 

Á

Á

Á



PAD Patients are Less Likely to Receive 

Established Therapies (REACH Registry) 
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CAD only population CVD only population

For antihypertensives, % is of pts diagnosed hypertension or elevated blood pressure at initial examination; 

For oral antidiabetics, % is of pts with history of diabetes or elevated blood glucose at initial examination 

Patients receiving established therapy (% of patients)1 

1Bhatt DL et al, on behalf of the REACH Registry Investigators. JAMA 2006; 295(2): 180-189 



Statin Therapy & Limb Outcomes in Patients 

with PAD: (REACH Registry) 
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% 

ÁPrior studies have documented improvements in walking distance & coronary revascularization 

ÁThis is the first study to demonstrate the impact of statins on adverse limb outcomes 

Kumbhami et al. ESC 2013 Late-breaking trial 

n=5,861 

4-year follow-up 



PREMIER Results: IVUS Assessment 

of Change in Atheroma Volume 

Banerjee et al. Confidential information. Reproduction or dissemination without permission prohibited 
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p-value = 0.2351 
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p-value = 0.2872 

SMT (n=10) ILLT  (n=20) 



Endovascular Revascularization & Supervised 

Exercise For Claudication (ERASE Trial) 

Fakhry et al. AHA 2013 Late-breaking trial 
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(n=106) 

(n=106) 

Endovascular revascularization plus supervised exercise therapy is associated 

with greater improvement in functional performance in patients with PAD 

Multicenter Randomized Clinical Trial 



Dual Antiplatelet Therapy (DAPT) in PAD 

Á DAPT (ASA+Clopidogrel) proved beneficial for patients with vascular disease in 

multiple territories in the CHARISMA trial 

Á Patients who only had symptomatic lower extremity PAD, however, do not 

derive any significant benefit from DAPT (CHARISMA, MATCH) 

Á DAPT post-peripheral intervention? 

 
Study n DM CTO CLI Length DAPT Outcomes 

ABSOLUTE 104 43% 37% 12% 130±70 mm 3m 

Restenosis: stent=37%, 

PTA=63% at 1y 

Reocclusion=12% 

RESILIENT 206 38% 17% 0% 70±44 mm Ó3m 

Restenosis: stent=19%, 

PTA=43% at 1y 

Reocclusion=NA 

COBRA 90 100% 55% 14% 148±90 mm 30d 

Restenosis: 

conventional=55.8%, 

cryoplasty=29.3% at 1y 

Reocclusion=30% 

ZILVER PTX 474 49% 30% 8.5% 66±40 mm Ó2m 

Restenosis: 12% vs. 

24% (PTA); 10% vs. 

27% (BMS) at 1y 

Reocclusion=NA 
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ASA+Clopidogrel (n=426) 

ASA+Placebo (n=425) 

Overall: HR=0.98; 95% CI: 0.78-1.23) 

Primary endpoint was significantly reduced by 

clopidogrel in prosthetic graft patients (HR=0.65; 

95% CI: 0.45-0.95; p=0.025)  

No significant difference in severe bleeding: clopidogrel+ASA=2.1% vs. ASA+placebo=1.2% 
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Belch et al. J Vasc. Surg. October 2010 

CASPER Trial: DAPT After Peripheral 

Arterial Bypass Surgery 



Interventions in PAD 

Á

Á

Á

Á

ÁEndovascular interventions in PAD 

ÁTackling peripheral arterial CTO 

ÁDrug-coated balloons (DCB) & stents (DES) 



Popliteal artery 

Aorta 

Common iliac 

External iliac 

Common femoral 

Suprainguinal 

Profunda femoral 

Superficial femoral (SFA) 
Infrainguinal 

Posterior tibial 

Anterior tibial 
Peroneal Below the knee 

(BTK) 

Anatomic Location of PAD 

50% SFA  

50% occlusions  



Treatment Challenges Specific to  

the Femoropopliteal Segment 

Extension / Contraction  

Torsion  

Compression 

Flexion 

Hostile environment for  

stent implantation 



Durability of Surgical Interventions 

for Inflow Improvement 

Inflow Procedure 

Operative 

Mortality (%) 

Expected Patency 

Rate at Follow-up 

(%) Follow-up 

Aortobifemoral bypass 3.3 87.5 5 years    

Aortoiliac or aortofemoral 

bypass 

1-2 85-90 5 years 

Iliac endarterectomy 0 79-90 5 years 

Femorofemoral bypass 6 71 5 years 

Axillofemoral bypass 6 49-80 3 years 

Axillofemoral-femoral 

bypass 

4.9 63-67.7 5 years 

Hirsch AT, et al. J Am Coll Cardiol. 2006;47:e1-e192. 



 Primary Patency (%, 95% CI)  

Durability of Endovascular Procedures 

Mean 

1-year data 

2-year data 

3-year data 

4-year data 

5-year data 

Femoropopliteal Stent  

0 20 40 60 80 100 

Infrapopliteal PTA  

Femoropopliteal PTA  

Iliac PTA 

Iliac Stent  

Hirsch AT, et al. J Am Coll Cardiol. 2006;47:e1-e192. CI=confidence interval; PTA=percutaneous transluminal angiography 



Femoropopliteal Stent: 

Randomized Trials 
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Stent PTA 

n=123 n=121 n=51 n=53 n=51 n=53 n=134 n=72 

12m 6m 6m 12m 

Low ïIntermediate complexity patients (~30% DM) & lesions (Mean=69.6 mm) 

1. Circulation. 2007 Jul 17;116(3):285-92 2. N Engl J Med 2006; 354:1879-1888 3. Circulation: CV Interventions.2010; 3: 267-276 



COBRA Trial 

Cryoplasty  

n = 45  

Conventional balloon  

n = 45 
p Value 

Mean Rutherford stage 3.18 3.14 0.66 

Baseline ABI 0.59 ±  0.21 0.62 ±  0.19 0.50 

Lesion length (mm) 146.85 ±  97.03 149.35 ±  100.00 0.90 

No. of run-off vessels 2.1 ±  0.9 2.0 ±  0.9  0.60 

Chronic total occlusions 56% 44% 0.06 

Total stent length (mm) 183.62 ±  123.10 197.35 ±  109.79 0.58 

Stent diameter (mm) 6.09 ±  0.55 6.10 ±  0.30 0.87 

Debulking 36% 27% 0.45 

Post-dilations  

Balloon length (mm) 83.53 ±  28.69 86.18 ±  44.16 0.72 

Balloon diameter (mm) 5.23 ±  0.51 5.51 ±  0.72 0.02 

Number of dilations 2.51 ±  1.65 2.17 ±  1.01 0.25 

Procedural Characteristics 

ABI: ankle-brachial index Banerjee et al. JACC. Nov. 2012 



COBRA Trial 

 Primary endpoint: 12m binary restenosis 

55.8% 

29.3% 

Conventional 
Balloon Post-dilation 

n=43 

Cryoplasty 
Balloon Post-dilation 

n=41 

20% 

60% 

40% 

p=0.01 

Banerjee et al. JACC. Nov. 2012 



Stent & Non-Stent Treatment Strategies 

Pershwitz, Mohammad et al. ACC 2014 
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Crossing Peripheral CTO  

Proximal cap 

Distal cap 

Distal target  

vessel 

CTO body 

Side branch 

a b c 

Figure: (a) Parts of a typical SFA CTO (b) Inability to direct the wire in a SFA CTO (c) Formation of a wire 

loop and passage advanced through the sub-intimal space. Arrow head indicates the width of the wire loop 

and the size of the potential sub-intimal space created    



Crossing Peripheral CTO  

(XLPAD® Registry) 
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p<0.01 

 

Primary Crossing Device 
n=127 

Primary Wire-Catheter 
n=216 

SFA & BTK CTO 

n=343 



Crossing Peripheral CTO  

(VA Cooperative Trial) 

Flowchart of the proposed study design. 

SFA = superficial femoral artery; CTO = chronic total occlusion; IVUS = intravascular ultrasound; BMS= bare metal Nitinol 

self-expanding stents; DES= drug-eluting Nitinol self-expanding stents; R = randomization; m = month; FU = follow-up; 

R1= first randomization based on either use of wire-catheter or dedicated crossing device; R2= second randomization to 

either drug-coated or bare Nitinol self-expanding stents; ABI= ankle-brachial index 

Banerjee et al. VA CSP LOI, 2012 



Peripheral Drug Coated Stent 
Zilver PTX (Paclitaxel) Trial: Design 

Femoro-popliteal 

lesions (n=508) 

PTA 

n=251 

DES 

n=247 

Optimal PTA Failed PTA 

n=126 

DES 

n=68 

BMS 

n=68 

479 patients with Rutherford category Ó 2 

PAD symptoms 

Up to 2 lesions per SFA 

Primary effectiveness end point: 

primary patency at 12 months. 

defined by DUS or angio  
 

ñAs prespecified, acute PTA failure 

was counted as a loss of patency 

for the primary effectiveness end 

point.ò 

Dake et al. Circ. Interv. Oct. 2011 

Lesion length = 64.8 mm 

CTO = 27.2% 

89.9%* 73.0% 

32.8% 83.1%* 

PTA: balloon angioplasty; DES: drug-eluting stent; BMS: bare metal stent; *pÒ0.01 



Peripheral Drug Coated Stents 

Trial Control 
Inclusion 

Criteria 

Drug/ Dose 

(µg/mm2) 

Follow-Up 

(months) 

Restenosis* 

vs. Control 

Zilver PTX 

n = 479 
PTA & BMS 

Femoropopliteal 

stenosis 
Paclitaxel/3.0 24 

19% vs. 37% 

(BMS) 

SIROCCO 

n = 93 
BMS 

Femoropopliteal 

stenosis 
Sirolimus/0.9 24 23% vs. 21% 

PARADISE 

n = 106 
N/A BTK stenosis Paclitaxel/1.4 27 12% 

Yukon-BTK 

n = 161 
BMS BTK stenosis Sirolimus 24 19% vs. 44% 

STRIDES 

n = 104 
N/A 

Femoropopliteal 

stenosis 
Everolimus/2.25 12 32% 

DESTINY 

n = 140 
BMS BTK stenosis Everolimus/2.25 12 21% vs. 47% 

Contributed by: Karan Sarode BS; David Spelber, MD (Manauscript in preparation) 



Peripheral Drug Coated Balloons (DCB) 

Trial Study  
Inclusion 

Criteria 

Balloon/Dose 

(µg/mm2) 

Follow-

Up 

(months) 

Restenosis* 

vs. Control 

THUNDER 

n=154 

DCB vs. PTA vs. 

PTA + Paclitaxel 

in contrast 

Femoropopliteal 

stenosis 

Paclitaxel-

iopromide/3.0 
48 

17% vs. 44% vs. 

54% 

FemPac 

n=87 
DCB vs. PTA 

Femoropopliteal 

stenosis 

Paclitaxel-

iopromide/3.0 

18 

  
7% vs. 17% 

LEVANT I 

n=101 
DCB vs. PTA 

Femoropopliteal 

stenosis 

Paclitaxel-

polysorbate/sorbitol/

2.0 

6 28% vs. 51% 

PACIFIER 

n=91 
DCB vs. PTA 

Femoropopliteal 

stenosis 
Paclitaxel-urea/3.0 12 7% vs. 35% 

LEVANT 2 

n = 476 
DCB vs. PTA 

Femoropopliteal 

stenosis 

Paclitaxel-

polysorbate/sorbitol/

2.0 

6 

  

7.7% vs. 17.3% 

  

DEBATE-BTK 

n=132 
DCB vs. PTA 

Diabetes, BTK 

stenosis  
Paclitaxel-urea/3.0 

12 

  
27% vs. 74% 

DEBATE SFA 

n = 110 

DCB + BNS vs. 

PTA + BNS 

Femoropopliteal 

stenosis  
Paclitaxel-urea/3.0 12 17.0% vs. 47.3% 

Contributed by: David Spelber, MD; Karan Sarode BS (Manauscript in preparation) 



12-m Restenosis Rates from Four Meta-

analyses of DCS & DCB Trials 
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p<0.02)
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Contributed by: David Spelber, MD; Karan Sarode BS (Manauscript in preparation) 



Drug-Coated 

Balloon 
Manufacturer  Drug Carrier  Drug Dose Density  (µg/mm²) 

Cotavance  MEDRAD Paccocath Paclitaxel 3 

SeQuent Please 
B. Braun 

Melsungen AG 
Paccocath Paclitaxel 3 

IN. PACT  Medtronic-Invatec FreePac Paclitaxel 3.5 

Dior, Freeway Eurocor  Shellac Paclitaxel 3 

Moxy Lutonix-Bard Nonpolymeric Paclitaxel 2 

Pantera Lux Biotronik 
Butyryl-tri-hexyl 

citrate 
Paclitaxel 3 

AngioSculpt AngioScore unkonwn Paclitaxel 3 

Protege Blue Medical unknown Paclitaxel 3 

Elutax Aachen Resonance 
No (2 layers of 

paclitaxel) 
Paclitaxel 2 

Wombat Avidal Vascular 
No (paclitaxel 

wrapped) 
Paclitaxel 3.3 

Magic Touch Concept Medical 
Phospholipid 

based excipient 
Sirolimus 1.2 

Anti-proliferative Drugs on DCB 

Waxman et al. JACC Cardiovasc Interv.2012; 5:1001-12 
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DCB 6x60 mm; 1 inflation=3,391µg 

Paclitaxel coated balloon= 

 Low-dose (0.2 ɛg/stent) 

 Intermediate-dose (15 ɛg/stent) 

 High-dose (187 ɛg/stent) 

Heldman et al. Circulation. 2001; 103: 2289-2295 



Multi-Ligand Nanoparticles (MLNP)  

Paclitaxel 

ÁñPlatelet mimickingò 

ÁPoly (L-lactic-co-glycolic 

acid) (PLGA) 

ÁSurface conjugated 

ligands: 

Á polyethylene glycol (PEG) 

Á glycoprotein 1b (GP1b) 

Á trans-activating 

transcriptional peptide 

(TAT) 

Á Extensive biocompatibility 

testing 
Xu, Hao et al. J Cardiovasc Transl Res. 2013 Aug;6(4):570-8 



Transfer of MLNP Coated 

Angioplasty Balloon to Rat Artery  

A. Angioplasty balloon without 

coating of nanoparticles 

 

B. Angioplasty balloon coated 

with nanoparticles before 

inflation 

 

C. Angioplasty balloon coated 

with nanoparticles after 

inflation-deflation 

 

D. Rat carotid artery before 

angioplasty 

 

E. Rat carotid artery after 

angioplasty 

7% particles 

were transferred 

to the artery wall  

27% particles 

were lost 

Hao et al. J Cardiovasc Transl Res. (manuscript in preparation) 



Paciltaxel-Loaded MLNP Suppresses 

Rat Carotid Artery Neointima 

Hao et al. J Cardiovasc Transl Res. (manuscript in preparation) 

Uninjured Normal saline Nanoparticles 

 w/o paclitaxel 
Paclitaxel 

solution 

Paclitaxel-

loaded 

nanoparticle 

Rat Carotid Balloon Injury Model 

Hart's elastin stain. Video microscopy with 

computerized digital planimetry 



Paciltaxel-Loaded MLNP Suppresses 

Rat Carotid Artery Neointima 

Rat Carotid Balloon Injury Model 

*p<0.001 Restenosis index= neointimal area/total vessel area  

  

Hao et al. J Cardiovasc Transl Res. (manuscript in preparation) 


