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Objectives
• Review the pathophysiology of atherosclerosis 
• Discuss specific risk factors and epidemiology for 

lower extremity peripheral arterial disease 
• Discuss presentation of patients with peripheral 

arterial disease 
• Compare different forms of evaluation and work up 

for peripheral arterial disease 
• Discuss and compare potential interventions-open 

surgical and endovascular
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Introduction

• Definition: thickening of the arterial wall 
as a result of accumulation of fatty 
materials 

• Greek roots: 
• Athere=gruel 
• skleros=hard
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Risk Factors
•Modifiable risk factors


•Nicotine use (i.e., Tobacco smoking, chewing) 

•Diet (contributing to hyperlipidimia) 

•Hypertension 

•Diabetes 

•Sedentary life style

•Elevated CRP

•Hyperhomocysteinemia


•Non modifiable risk factors 


•Age

•Gender

•Family history
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Relative Risk
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Prevalence
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Symptoms
• Asymptomatic 
• Intermittent claudication 

• Latin: claudicare “to limp” from clouds 
“lame” 

• Reproducible, exercise-induced lower 
extremity pain that is relieved at rest 

• Ischemic rest pain 
• Tissue loss 

• Minor and major
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Symptoms Based on Location of Disease

• Aorto-iliac disease 
• Hip, thigh, buttock claudication 
• Erectile dysfunction 
• Can have calf claudication 

• Femoropopliteal Disease 
• Calf and foot claudication
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Classification
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Evaluation

• Non-invasive 
• ABI’s-Pre & Post exercise 
• Pulse Volume Recording (PVR)/Segmental pressures 
• Arterial duplex 
• MRA 
• CTA 

• Invasive 
• Contrast angiography
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ABI’s

• Ratio of ankle to brachial systolic blood 
pressure 

• Can be limited by medial calcification, 
significant peripheral edema 

• Post-exercise ABI’s in patients with 
suspicion for claudication to confirm 
diagnosis
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ABI Interpretation

• >1.4: Falsely elevated 
• 0.95-1.39: Normal 
• 0.75-0.94: Mild arterial insufficiency 
• 0.50-0.74: Moderate arterial insufficiency 
• <0.50: Severe arterial insufficiency
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PVR/Segmental Pressures

• Helps to identify levels of disease 
• Compare to proximal segments and 

contralateral leg 
• Technician dependent 
• Some limitation with calcified arteries
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Objectives
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Arterial Duplex

• Helps to specifically identify location of 
lesions 

• Very technician dependent 
• Can be limited by calcification 
• Monitor post procedure (surgical or 

endovascular)
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Arterial Duplex
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Arterial Duplex
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PSV* Stenosis 
Severity

Triphasic <100 cm/s Normal

>30% increase in PSV 20% to 
49%

Doubling of PSV( greater than 100% relative to the 
adjacent proximal segment and reduced systolic velocity 
distal to the stenosis)

50% to 
99%

No Doppler flow in artery Occluded



MRA
• Tool for patients with renal 

dysfunction 
• Not as limited by heavily 

calcified lesions 
• Time consuming 
• Claustrophobia
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CTA
• Good evaluation of disease 

from aorta to popliteal 
arteries 

• Tibial evaluation can be 
limited especially in 
calcified tibial 

• Less expensive, quicker 
• Exposure to contrast and 

radiation
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Contrast Angiography

• Best identifies extent and location of disease 
• Can often treat at the same time of the 

diagnosis 
• Invasive 
• Iodine based contrast used—can use CO2 
• Subjects patient, physician and personnel to 

radiation

24



Recommendations: Diagnosis of 
Peripheral Arterial Disease
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Grade
Level of 
evidence

2.1. We recommend using the ABI as the first-line noninvasive test to establish a diagnosis of PAD in 
individuals with symptoms or signs suggestive of disease. When the ABI is borderline or normal 
(>0.9) and symptoms of claudication are suggestive, we recommend an exercise ABI.

1 A

2.2. We suggest against routine screening for lower extremity PAD in the absence of risk factors, 
history, signs, or symptoms of PAD.

2 C

2.3. For asymptomatic individuals who are at elevated risk, such as those aged >70, smokers, diabetic 
patients, those with an abnormal pulse examination, or other established cardiovascular disease, 
screening for lower extremity PAD is reasonable if used to improve risk stratification, preventive 
care, and medical management.

2 C

2.4. In symptomatic patients who are being considered for revascularization, we suggest using 
physiologic noninvasive studies, such as segmental pressures and pulse volume recordings, to 
aid in the quantification of arterial insufficiency and help localize the level of obstruction.

2 C

2.5. In symptomatic patients in whom revascularization treatment is being considered, we recommend 
anatomic imaging studies, such as arterial duplex ultrasound, CTA, MRA, and contrast 
arteriography.

1 B

ABI, Ankle-brachial index; CTA, computed tomography angiography; MRA, magnetic resonance angiography.



Indications for Treatment

• All patients, regardless of symptoms must 
be medically maximized 

• Rutherford 0-3 
• Rutherford 4-6
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Medical Management of PAD

• Smoking cessation 
• Antiplatelets 
• Statins 
• Diabetes 
• Hypertension 
• Hyperhomocysteinemia?
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Objectives
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Medical treatment for intermittent claudication Grade
Level of 
evidence

4.1. We recommend multidisciplinary comprehensive smoking cessation interventions for patients with IC 
(repeatedly until tobacco use has stopped).

1 A

4.2. We recommend statin therapy in patients with symptomatic PAD. 1 A

4.3. We recommend optimizing diabetes control (hemoglobin A1c goal of <7.0%) in patients with IC if this 
goal can be achieved without hypoglycemia.

1 B

4.4. We recommend the use of indicated β-blockers (eg, for hypertension, cardiac indications) in patients 
with IC. There is no evidence supporting concerns about worsening claudication symptoms.

1 B

4.5. In patients with IC due to atherosclerosis, we recommend antiplatelet therapy with aspirin (75-325 mg 
daily).

1 A

4.6. We recommend clopidogrel in doses of 75 mg daily as an effective alternative to aspirin for antiplatelet 
therapy in patients with IC.

1 B

4.7. In patients with IC due to atherosclerosis, we suggest against using warfarin for the sole indication of 
reducing the risk of adverse cardiovascular events or vascular occlusions.

1 C

4.8. We suggest against using folic acid and vitamin B12 supplements as a treatment of IC. 2 C

4.9. In patients with IC who do not have congestive heart failure, we suggest a 3-month trial of cilostazol 
(100 mg twice daily) to improve pain-free walking.

2 A

4.10. In patients with IC who cannot tolerate or have contraindications for cilostazol, we suggest a trial of 
pentoxifylline (400 mg thrice daily) to improve pain-free walking.

2 B

4.11. We suggest the ACEI ramipril (10 mg/d) to improve pain-free and maximal walking times in patients 
with IC. (ACEIs are contraindicated in individuals with known renal artery stenosis).

2 B



Walking Program

• Walk, walk, walk 
• >30 minutes at a time 
• >3 times per week 
• >6 months in duration 
• Supervised vs unsupervised
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Surgical Treatment

• Open vs endovascular 
• First line therapy for patients with life 

limiting/disabling claudication 
• Failure of medical treatment for 

claudication 
• Treat critical limb ischemia due to risk for 

limb loss
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Principles of Revascularization

• Inflow 
• Optimize hemodynamics to improve patency 

• Outflow  
• Number of outflow vessels improve patency 

• Conduit 
• Vein 
• Prosthetic
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Endovascular Techniques

• Percutaneous Transluminal Angioplasty (PTA) 
• Drug coated balloons 

• Stents 
• Drug eluting stents 
• Covered stents/stent grafts 

• Atherectomy
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Outcomes of Revascularization for AIOD
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References (first author) Modality FU duration, years Patency (PAP), %

Yilmaz,154 Soga,161 Ichihashi,160 Indes139 PTA + stent 5 63-79

deVries,157 Rutherford,146 Reed,180 Brewster,182 Chiu166 AFB 5 81-93

Cham,176 Melliere,177 Van der Vliet,178 Chiu,166 Ricco175 IFB 5 73-88

Criado,267 Ricco,175 Mii268 FFB 5 60-83

AFB, Aortofemoral bypass; FFB, femorofemoral bypass; FU, follow-up; IFB, iliofemoral bypass; PAP, primary assistant 
patency; PTA, percutaneous transluminal angioplasty.
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TASC Classification
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Surgical Revascularization
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Surgical Revascularization

37



Surgical Revascularization
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Endovascular Revascularization
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Endovascular Revascularization
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Endovascular Revascularization
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Endovascular Revascularization
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Outcomes of Revascularization for 
Infrainguinal Disease 
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References (first author) Modality FU duration, years Patency (PAP), %

Hunink,193 Muradin,269 Schillinger270 PTA 2 26-68

Schillinger,270 Laird,210 Matsumura211 PTA + stent 2 51-68

Kedora,271 Shackles,272 Geraghty196 Covered stent 1 53-77

Pereira,273 Klinkert274 FP vein 5 70-75

Robinson,275 Klinkert,274 Pereira273 FP prosthetic 5 40-60

FP, Femoropopliteal; FU, follow-up; PAP, primary patency; PTA, percutaneous transluminal angioplasty.
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Surgical Revascularization
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Endovascular Revascularization
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Endovascular Revascularization
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Patency of Endovascular 
Revascularization
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Just because we can, should we?
• The Benefit of Revascularization in Nonagenarians with Lower 

Limb Ischemia is Limited by High Mortality: (Saarinen, 
E.EJVES.2015;49:420–425.) 

• Functional Outcomes After Lower Extremity Revascularization 
in Nursing Home Residents: (Oresanya L, Zhao S, Gan S, et al. 
Functional Outcomes After Lower Extremity Revascularization 
in Nursing Home Residents: A National Cohort Study. JAMA 
Intern Med. Published online April 06, 2015. doi:10.1001/
jamainternmed.2015.0486.) 

• And of course there is the New York Times Article: “Medicare 
Payments Surge for Stents to Unblock Blood Vessels in Limbs”
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What does the future hold?

• BEST-CLI 
• Stem cell therapy
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Questions??
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