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INTENDED AUDIENCE
This activity is intended for primary care physicians and podiatrists interested in the
diagnosis and management of peripheral artery disease (PAD).
STATEMENT OF NEED
Peripheral artery disease affects approximately 8 million people in the US and is
associated with increased risk of cardiovascular morbidity and mortality, including
myocardial infarction and stroke, as well as significant functional impairment and decline
with disease progression. Early, accurate diagnosis and treatment can prevent or delay
some of the cardiovascular and functional impairments; therefore, detection of PAD by
primary care physicians and podiatrists can play an important role in improving patient
outcomes and quality of life. This educational program will address PAD risk factors and
recent clinical guidelines for the diagnosis and management of the disease. Screening
techniques and diagnostic methods for the detection of PAD will be discussed, as well as
treatment of PAD through lifestyle modification, pharmacologic therapy, and surgical
intervention.
METHOD OF PARTICIPATION
This activity will consist of a lecture that includes discussion of case studies with
collateral slides, syllabus, and an interactive question-and-answer session. To receive
credit, participants will log on to accesscme.org and complete the enrollment/evaluation
form. Upon completion of the online evaluation form, they will immediately receive a
certificate via email. There is no fee to participate in the activity or for the generation of
the certificate.
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Learning Objectives
• Upon completion of this program, participants
will be able to:
– Identify the risk factors associated with PAD
– Summarize clinical guidelines for the diagnosis and
management of PAD
– Apply appropriate diagnostic tools and methods for
the detection of PAD
– Analyze therapeutic options for the management of
PAD to improve patient quality of life

PAD Overview
• Affects 12% of the general population in the US
– Up to 30% of people >70 years of age
– Up to 29% in people 50-70 years of age with history of diabetes
or tobacco use

• Expected to rapidly increase in near future with aging
population
• Warning sign for asymptomatic coronary artery disease
(CAD)
• Significantly increases risk for cardiovascular or
cerebrovascular events and deaths
• Femoral-popliteal arterial segment is a common lower
extremity site for PAD
• Availability of endovascular therapy has altered current
treatment options
Gandhi S, et al. Prog Cardiovasc Dis. 2011;54:2-13.
Norgren L, et al. TASC II. J Vasc Surg. 2007;45(Suppl S):S5-S67.

PAD Overview (cont)
• Can include disease of multiple vascular beds
–
–
–
–
–

Aorta
Carotid arteries
Coronary arteries
Lower extremity arteries
Mesenteric arteries

• Purpose of current discussion is lower extremity
vascular bed

PAD Risk Factors
• Male sex
• Increasing age
– ≥70 years
– 50-69 years and
history of smoking or
diabetes
– <50 years, with
diabetes and one other
atherosclerosis risk
factor

• Alcohol use
• BMI 25
• Family history

• Increased risk of
developing lower
extremity PAD with
– Smoking: 2- to 6-fold
– Diabetes: 2- to 4-fold
– High cholesterol: 1- to 2fold
– Hypertension: 1.5- to 2.5fold
– Hyperhomocystinemia: 2to 3-fold
– C-reactive protein: 2-fold

Gandhi S, et al. Prog Cardiovasc Dis. 2011;54:2-13.
Hirsch AT, et al. ACC/AHA 2005 Practice PAD guidelines. Circulation. 2006; 113:e463-e654.

PAD Risk Factors (cont)
• 51,529 US male health
professionals 40-75
years followed for
median of 24 years
• Incidence of PAD
correlates with number
of risk factors
• Smoking, hypertension,
hypercholesterolemia,
and type 2 diabetes
account for majority of
PAD risk

Risk
Factors (n)
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Joosten MM, et al. JAMA. 2012;308(16):1660-7.

Burden of PAD: Age and Gender
AHA Call to Action: Women and PAD
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Age-Adjusted Prevalence of Obesity
in the United States
40
35.5

Prevalence (%)

32.2

30

25.9
20.6

20

17.0
15.8 16.6
10.7

12.1 12.7

10

0

Men

Women

1960-1962

1976-1980

1971-1974

1988-1994

1999-2008
CDC/NCHS Web site.
Flegal KM, et al. JAMA. 2010;303:235-241.

Serum Cholesterol and Death Rate

Death Rate per 1000 Men

18
16
14
12

10
8
6
4
2
0
140

160

180

200 220

240

260 280

300

320

Serum Cholesterol (mg/dL)
LaRosa JC, et al. Circulation. 1990;81:1721-1733.

Hyperlipidemia
• Major risk factor for increased morbidity and mortality
in patients with PAD and CAD
• Aggressive lipid control for 30 days prior to carotid
endarterectomy has been shown to be beneficial
• Current recommendations for PAD patients suggest
– LDL <100 mg/dL
– LDL <70 mg/dL in patients with more than 1 vascular bed
involved or a history of major cardiovascular event

• Statins heavily underprescribed in vascular patients
• Rates of liver and muscle toxicity due to statins are
rare and no higher in PAD patients than other groups
Bulbulia R, et al. J Vasc Surg. 2007;45:645-654.
LaMuraglia GM, et al. J Vasc Surg. 2005;41:762-768.
Henke PK, et al. J Vasc Surg. 2004;39:357-365.

PAD Signs, Symptoms, and
Complications
• PAD encompasses a whole spectrum of disease
of the lower extremities
• Not all leg pain is of vascular origin
–
–
–
–
–

Nocturnal leg cramps
Sciatica
Arthritis
Gout
Pseudoclaudication

PAD Signs, Symptoms, and
Complications (cont)
• Claudication
– Muscle cramping brought on by exercise that is
relieved with rest
– Most commonly calf but can also be thigh and/or
buttock
– Distance walked before pain is reproducible
– “Angina of the leg”

PAD Signs, Symptoms, and
Complications (cont)
• Rest pain
– Pain on the dorsum of the foot or deep in the forefoot
without exertion due to ischemia at rest
– Often occurs at night and awakens patients
– Can be relieved by dangling the foot over the edge of
the bed (gravity)
– “Unstable angina of the foot”

PAD Signs, Symptoms, and
Complications (cont)
• Ischemic ulceration and gangrene
–
–
–
–

Ischemia severe enough to cause tissue loss
Thought to be the natural endpoint to rest pain
High risk for limb loss
Together with rest pain, considered critical limb
ischemia (CLI)
– “Acute myocardial infarction (MI) of the foot”

PAD Signs, Symptoms, and
Complications (cont)

Diabetes
x4

Lipid, TG
x2

Risk of
developing
CLI

Smoking
x3

Lumsden AB, et al. J Endovasc Ther. 2009;16(suppl II):II31-II61.

PAD Diagnosis
• History
– Angina, dyspnea on exertion, shortness of breath,
acute MI
– Transient ischemic attacks, amaurosis fugax, strokes
– Claudication, rest pain, ulcers

• Are symptoms vascular in origin?
– Evaluate for neurogenic, musculoskeletal, and
inflammatory etiologies
– Claudication vs rest pain
– How severe? What is the patient’s general condition
and lifestyle?
– Duration and acuity?

PAD Physical Exam
• General assessment
• Lower extremity
– Hair loss, shiny skin, dryness, ulcers
– Look between toes for hidden wounds/ulcers
– Pulse quality, character, presence
• Femorals most important to help distinguish inflow versus
outflow disease

PAD Physical Exam (cont)
• Palpate radial, carotid, femoral, popliteal, DP, PT
pulses
• Listen for bruits over carotids and abdomen
• Look for elevation palor and dependent rubor
• If you cannot feel pedal pulses, order anklebrachial index (ABI)

Vascular Lab Testing for PAD
• Interpretation of ABI
–
–
–
–

>1.40 = Noncompressible vessels
1.00 - 1.40 = Normal
0.91 - 0.99 = Borderline (equivocal) PAD
≤0.90 = Abnormal
• 0.41 - 0.90 = Mild-to-moderate PAD
• 0.00 - 0.40 = Severe PAD

• Claudication can occur anywhere from 0.1-1.0
– <0.4 is consistent with CLI
– “One level of disease” can decrease ABI by 0.3
Rooke W, et al. 2011 ACC/AHA PAD guidelines update. J Am Coll Cardiol. 2011;58(19):2020-2045.
Hirsch AT, et al. ACC/AHA 2005 PAD guidelines. Circulation. 2006; 113:e463-e654.
TASC Working Group. J Vasc Surg. 2000;31(suppl 1):S66-S67.

Vascular Lab Testing for PAD (cont)
Noninvasive Exam ABIs and Doppler Waveforms

Vascular Lab Testing for PAD (cont)
• Toe pressures
– Systolic BP in the great toe
– Predictive of ability to heal
– Normal is >60 mm Hg (ideally >80 mm Hg in
diabetics)
– Important adjunct in patients with diabetes
(noncompressible tibial arteries from calcification)

• Segmental pressures
– BP measurements at several locations along the leg
– Suggestive of location of blockage
Hirsch AT, et al. ACC/AHA 2005 PAD guidelines. Circulation. 2006;113:e463-e654.
TASC Working Group. J Vasc Surg. 2000;31(suppl 1):S66-S67.

Vascular Lab Testing for PAD (cont)
• Pulse volume recordings (PVRs)
– Waveforms showing the quality of the pulse wave at
different levels of the leg
– Suggestive of the location/severity of blockage

• Exercise ABIs
– Analogous to a treadmill test
– Only necessary for patient with a convincing history
but palpable pulses or normal ABIs at rest

Hirsch AT, et al. ACC/AHA 2005 PAD guidelines. Circulation. 2006;113:e463-e654.
TASC Working Group. J Vasc Surg. 2000;31(suppl 1):S66-S67.

Imaging Methods for PAD
• Ultrasound duplex exam
– Evaluate for aneurysmal disease, embolic disease,
traumatic injury
– Not as reliable/accurate for occlusive disease

• Arteriography
– Use has decreased as CT angiography has slowly
replaced formal angiography for diagnostic studies
– Used occasionally to plan and commonly to perform
therapeutic interventions
– Inherent risks of contrast administration
Hirsch AT, et al. ACC/AHA 2005 PAD guidelines. Circulation. 2006;113:e463-e654.
TASC Working Group. J Vasc Surg. 2000;31(suppl 1):S66-S67.

Imaging Methods for PAD (cont)
• Arteriography and metformin (glucophage)
– Metformin is contraindicated around the time of contrast
administration
– Can cause acute metabolic acidosis, especially in the setting of
renal insufficiency
– Current recommendations include
• Cessation of metformin immediately before the contrast study and for
48 hours after the study in patients with normal renal function
• Cessation for 48 hours before and after in patients with decreased renal
function or at increased risk for contrast nephropathy (eGFR <60 mL/min)

• MRA
– Comparative sensitivity/specificity to angiography
– May be better for distal runoff
– Use in renal insufficiency and abdominal aortic aneurysm may be
limited
– Contrast (gadolinium) may lead to nephrogenic systemic fibrosis
(NSF)
Stacul F, et al. Am J Cardiology. 2006;98(suppl 1):59-77.

NSF After Gadodiamide Administration
• Gadodiamide–extracellular contrast media often
used for contrast enhanced MRI/MRA
– Almost exclusively excreted by renal system

•
•
•
•

First reported case 1997
Symptoms usually appear between 2-75 days
Not dependent on race, sex, or age
Symptoms may include red/dark patches of skin,
burning, itching, swelling, hardening/tightening of
skin, yellow spots on conjunctiva, joint stiffness, and
muscle weakness
• At 25 months, mortality was 48% in patients with
cutaneous changes and 20% in those without
cutaneous changes
Marckmann P, et al. J Am Soc Nephrol. 2006;17:2359-2362.
Todd D, et al. Arthritis Rheum. 2007;56:3433-3441.

Atherosclerosis and Patients With
Claudication
• Risk of amputation in patients with claudication is
estimated at 1% per year
• Symptoms are likely to progress in 24%-48% of
patients over a 5-year period
• These patients are at risk for multiple cardiovascular
events and potential deterioration in renal function
– 20% have a nonfatal MI or cerebrovascular accident (CVA)
– 30% die from cardiovascular event

• Ongoing tobacco use, age, diabetes, hyperlipidemia,
and hypertension are correlated with decreasing ABI
Lee AJ, et al. Circulation. 2004;110:3075-3080.
Kennedy M, et al. Arch Intern Med. 2005;165:1896-1902.
O’Riordain DS, et al. Br J Surg. 1991;78:861-863.
Fowl RJ, et al. Ann Vasc Surg. 1992;6:31-33.

Atherosclerosis and Patients With
Claudication (cont)
• Mainstay of treatment
– Risk factor modification
– Exercise program, antiplatelet therapy
– Revascularization if warranted for symptomatic relief

• Intermittent claudication is most commonly
associated with the superficial femoral artery (SFA)
• A Cochrane review of 3 randomized trials showed
exercise increased maximal walking distance by
150% over a 3-12 month period as compared with
usual care
White C. N Engl J Med. 2007;356:1241-1250.
Hankey GJ, et al. JAMA. 2006;295:547-553.

Medical Management of PAD
• Smoking cessation
– Claudicants can double their walking distance simply
by smoking cessation
– Smokers or former smokers should be asked about
status of tobacco use at every visit
– Smokers should be counseled and offered behavioral
or pharmacologic treatment for smoking cessation

Rooke W, et al. 2011 ACC/AHA PAD guidelines update. J Am Coll Cardiol. 2011;58(19):2020-2045.

Medical Management of PAD (cont)
• Exercise therapy
– Does not improve macrocirculation but can double
walking distance due to accommodation
– Works through better oxygen utilization by the
affected muscles

Effect of Exercise Programs
Maximum Distance
Before (m)

Maximum Distance
After (m)

Alpert ,1969

209

362

Dahlof, 1974

318

725

Ekroth, 1978

283

720

Clifford, 1980

299

535

Rosetzky, 1985

133

401

Ernst, 1987

127

281

Johnson, 1989

430

717

Carter, 1989

590

1000

Lundgren, 1989

183

459

Rosfors, 1989

575

924

Feinberg, 1992

205

1351

Author, Year

Medical Management of PAD (cont)
• Treatment of diabetes mellitus
– Goal of HbA1c <7%
– Trends shown towards survival benefit

• Treatment of hyperlipidemia
– Serum triglyceride goal <150 mg/dL
– LDL goal <100 mg/dL
– Use of statins is recommended with possible
addition of niacin

Hiatt WR. J Vasc Surg. 2002;36:1283-1291.
Hankey GJ, et al. JAMA. 2006;295:547-553.

Medical Management of PAD (cont)
• Treatment of hypertension
– Blood pressure goal <135/85 mm Hg
– Beta blockers are recommended
• Safe in PAD unless patient also has severe COPD or CHF
• Decrease perioperative MI in vascular disease

– Calcium channel blockers
– ACE inhibitors (but be wary if patient has chronic
renal insufficiency)

• Treatment of high serum homocysteine
– B vitamin supplementation and folate
Hiatt WR. J Vasc Surg. 2002;36:1283-1291.
Hankey GJ, et al. JAMA. 2006;295:547-553.

Medical Management of PAD: Antiplatelet
and Antithrombotic Therapy
• Aspirin (75 mg-325 mg daily)
– Reduces risk of death (MI, stroke) by 25% in patients with
vascular diseases
– Not shown to improve claudication

• Clopidogrel (75 mg per day)
– Inhibits platelet aggregation by selectively binding to the
platelet ADP receptor
– Fewer side effects than ticlopidine; alternative to aspirin
– Clopidogrel vs Aspirin in Patients at Risk of Ischemic
Events (CAPRIE) Trial
• Clopidogrel reduced the risk of MI, stroke, or cardiovascular
death by 8.7% compared with aspirin in high-risk patients

Hiatt WR. J Vasc Surg. 2002;36:1283-1291.
Hankey GJ, et al. JAMA. 2006;295:547-553.

Medical Management of PAD:
Pharmacologic Therapy for IC
• Cilostazol
– Potent, reversible, phosphodiesterase III inhibitor with
vasodilator and antiplatelet activities
– Results in increased levels of cyclic-AMP
– Mediates many agonist-induced platelet inhibitory,
vasodilatory, and vascular antiproliferative responses
– Increases walking distance by about 50% after 3-6
months of therapy compared with placebo

Reilly MP, et al. Ann Pharmacother. 2001;35:48-56.
White C. N Engl J Med. 2007;356:1241-1250.

Medical Management of PAD:
Pharmacologic Therapy for IC (cont)
• Pentoxifylline—alternative for patients unable to
tolerate cilostazol
• Naftidrofuryl—not included in ACC/AHA
guidelines but recommended by TASC II
• Prostanoids—used to treat severe
manifestations of PAD
• Agents not recommended
–
–
–
–

Oral vasodilators
EDTA
Vitamin E
Rifalazil
Gandhi S, et al. Prog Cardiovasc Dis. 2011;54:2-13.

Improvement in Walking Distance With
Non-Invasive Interventions
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Gandhi S, et al. Prog Cardiovasc Dis. 2011;54:2-13.

Current AHA/ACC Secondary Prevention
Guidelines
• Smoking cessation
– New Class I recommendation: Smokers or former
smokers should be asked about tobacco status at
every visit and assisted with counseling on cessation
– New Class I recommendation: In the absence of
contraindication, one or more of the following should
be offered: varenicline, bupropion, or nicotine
replacement therapy

Rooke W, et al. 2011 ACC/AHA PAD guidelines update. J Am Coll Cardiol. 2011;58(19):2020-2045.

Current AHA/ACC Secondary Prevention
Guidelines (cont)
• Hypertension
–
–
–
–

Check blood pressure in every patient
<130/80 mm Hg in patients with diabetes
Lower is better
Class I recommendation: Antihypertensive therapy should
be administered to hypertensive patients with lower
extremity PAD to achieve a goal of <140 mm Hg systolic
over 90 mm Hg diastolic (nondiabetics) or <130 mm Hg
systolic over 80 mm Hg diastolic (diabetics and individuals
with chronic renal disease) to reduce the cardiovascular
risk
– Class I recommendation: Beta-adrenergic blocking drugs
are effective antihypertensive agents and are not
contraindicated in patients with PAD
Smith SC, et al. Circulation. 2006;113:2363-2372.

Current AHA/ACC Secondary Prevention
Guidelines (cont)
• Lipids
–
–
–
–

Screen all adults
Low fat, low cholesterol diet
Treat if LDL >130 mg/dL (or LDL >100 mg/dL)
Goal of LDL <100 mg/dL (or LDL <70 mg/dL)

• Class I recommendation: Treatment with a
statin medication is indicated for all patients
with PAD to achieve a target LDL cholesterol
level of <100 mg/dL

Smith SC, et al. Circulation. 2006;113:2363-2372.

Current AHA/ACC Secondary Prevention
Guidelines (cont)
• Exercise
– 30 minutes, daily or 3-4 times per week

• Diabetes
– Screen all adults (HbA1c/fasting glucose)
– Goal HbA1c <7%

• Antiplatelet therapy
– Start aspirin in all patients unless contraindicated

• ACE inhibitors
– All post-MI patients with CHF
– All high-risk patients?
Smith SC, et al. Circulation. 2006;113:2363-2372.

Treating to New Targets (TNT)

Major CV Events (%)

0.15
Atorvastatin, 10 mg
LDL=101

0.10

22% risk reduction
[HR=0.78 (0.69–0.89);
P<0.001]

0.05

Atorvastatin, 80 mg
LDL=77

ARR = 2.2%

0.00
0
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N=10,001
LaRosa JC, et al. N Engl J Med. 2005;352:1425-1435.

Tolerability of Treatments in TNT

% Atorvastatin
10 mg Patients
(n=5006)

% Atorvastatin
80 mg Patients
(n=4995)

P-Value

Adverse events

5.8

8.1

<0.001

Discontinuation

5.3

7.2

<0.001

Myalgia

4.7

4.8

0.72

ALT/AST >3x ULN

0.2

1.2

<0.001

ALT/AST=alanine aminotrasferase/aspartate aminotrasferase
ULN=upper normal limit of serum

LaRosa JC, et al. N Engl J Med. 2005;352:1425-1435.

Statin Use in PAD Patients
• Which one?
– Any tolerated statin (or
combo of nonstatins,
or statins + nonstatins)
to reduce LDL by a
minimum of 40%-50%
– Considerations include
chronic kidney
disease, transplant,
and statin interactions
with fibrates

• When?
– All CHD risk equivalent
patients (LDL >90 mg/dL)
• Goal LDL 50-70 mg/dL

– Most intermediate risk
patients (FRS >9%)
• Goal LDL <130 mg/dL for
most patients
• Goal LDL <100 mg/dL in
patients with metabolic
syndrome/HTN (ASCOT)
or low HDL/CRP >1.6
(AFCAPS)

– FRS <5% (rarely)
• Consider for LDL 190-220
mg/dL, very strong family
history, novel risk factor

FRS=Framingham Risk Score

LaRosa JC, et al. N Engl J Med. 2005;352:1425-1435.

ACC/AHA/NHLBI Clinical Advisory on the
Use and Safety of Statins
• Check ALT and CPK prior to use
• Modest increase in LFT (3x)
– “Not contraindicated for initiating, continuing, or
advancing statin therapy”

• With large increase in LFT (>3x)
– Stop medication
• Restart lower dosage and follow closely once LFT decreases
• Consider low statin dosage + ezetimibe/colesevelam,
alternatives
• Investigate other etiologies (virus, EtOH, meds)
• Usage with chronic liver disease? Base upon NEED
CPK=Creatine phosphokinase
LFT=Liver function tests

Pasternak RC, et al. J Am Coll Cardiol. 2002;40:567-572.

Do the patient’s signs and symptoms
warrant an intervention beyond risk
factor modification, exercise therapy,
and pharmacologic treatments?

Treatment Depends on Patient’s
Complaints
Symptoms

Fontaine
Class

Rutherford
Category

ABI

Associated Characteristics

Asymptomatic

I

0

0.85-1

None

Mild claudication

IIa

1

0.5-0.8

Walking distance >200 m

Moderate claudication

IIb

2

0.5-0.8

Walking distance 100-200 m

Severe claudication

IIb

3

0.5-0.8

Walking distance <100 m

Ischemic rest pain

III

4

<0.5

Rest pain

Minor tissue loss

IV

5

<0.5

Ulceration

Major tissue loss

IV

6

<0.5

Gangrene

Rutherford R, et al. J Vasc Surg. 1997;26:517-538.

Management Goals and Treatment
Strategies for Patients With PAD
Asymptomatic

Mild

Moderate-Severe

CLI

ABI < 0.9
(exercise ABI or
TBI may be
used)

IC (or atypical leg
symptoms
suspected to be
PAD)

Lifestyle interfering
claudication
(symptoms in
<200 m of walking)

• Rest pain
• Non-healing ulcer

Goals:
Reduce progression
of PAD and CV risk
and improve
symptoms

Goals:
Reduce
progression of PAD
and CV risk and
improve symptoms

Goals:
Limb salvage

Treatment:
• Risk factor
modification
• Exercise program
• Statin
• Consider aspirin or
clopidogrel
• Consider cilostazol

Treatment:
• Risk factor
modification
• Aspirin or
clopidogrel
• High-dose statin
• Consider
revascularization

Goals:
Reduce
progression of
PAD and CV risk
Treatment:
• Lifestyle
changes
• Risk factor
modification

Claudication

Symptom
Progression

Treatment:
• CV risk factor
modification as in
other stages
• Revascularization
(endovascular or
surgical)
• Consider cell
therapy trial (if
available/eligible)

Gandhi S, et al. Prog Cardiovasc Dis. 2011;54:2-13.

Intervention Indications
• Lifestyle limiting
claudication
• Rest pain
• Tissue loss
• CLI

Endovascular Treatment Options for
Lower Extremity PAD
•
•
•
•
•

Angioplasty
Stenting
Atherectomy (mechanical and laser)
ePTFE-covered stents/stent-grafts
Microchannel dissectors/re-entry catheters (CTO
devices)
• Cutting balloons
• Cryoplasty
• Drug-eluting, biodegradable, and partially
covered stents

Surgical Treatment
• Patency and limb salvage rates are better when
the disease is more proximal
– Aortobifemoral bypass
• 91% 5-year, 87% 10-year patencies

– Fem-pop bypass
• 67%-87% 5-year patency (conduit dependent)

– Fem-distal bypass
• 70% 5-year patency (vein)

Nasr M, et al. Ann Vasc Surg. 2003;17:192-197.
Bates MC and Aburahma AF. J Endovasc Ther. 2004;11(suppl II):II-107-II-127.

Surgical Treatment–Inflow Disease
• Complications
– General: MI, CVA, renal failure
– Specific: impotence, nerve damage, infection
– Longer postoperative recovery with abdominal
procedures

• Long-term patency generally good

Surgical Treatment–Outflow Disease
• Complications
– General, cardiac, wound problems, edema
– Graft occlusion
• Early failure (<30 days) usually technical problem
• Failure 30-180 days usually intimal hyperplasia
• Late failure usually secondary to PAD recurrence/progression

• Primary versus secondary patency
– 5-year assisted: 70%-80% reversed or in situ greater
saphenous vein
– Lesser for prosthetic or composite bypass
Dorrucci V. J Cardiovasc Surg. 2004;45:193-201.
Bates MC and Aburahma AF. J Endovasc Ther. 2004;11(suppl II):II-107-II-127.

Percutaneous Transluminal Angioplasty
(PTA)
• “Most studied” interventional technique
– Limited randomized studies
– Multiple retrospective studies
• 506 procedures (237 SFA only)
• Lesion length 9.9 cm
• 31% primary patency in SFA at 36 months

• 9-cm lesion will have ~33%-45% primary
patency at 1 year
• Patency appears to be dependent on lesion
length
Scott EC, et al. J Vasc Surg. 2008;48:878-884.

PTA Randomized Trials
PMA #1

PMA #2

PMA #3

Total/Average

Number of patients

29

24

63

116

Lesion length (cm)

11.6

6.8

8.1

8.7

12

17

36

28

1-year primary patency (%)
Zdanowski
1999

Minar
2000

Pokrajac
2004

Van Der Zaag
2004

Schillinger
2006

Total/
Average

Number of patients

17

56

46

31

53

203

Lesion length (cm)

7.1

8

10.3

9

9.2

8.9

0

35

47

40

37

37

1-year primary patency (%)

COMBINED DATA

TOTAL/AVERAGE

Number of patients

319

Lesion length (cm)

8.8

1-year primary patency (%)

33

Angioplasty vs Stenting for SFA Lesions
• Cochrane review
– 8 trials with 968 participants were included
– Average age was 67 and participants were followed for up
to 2 years

• Small but statistically significant improvement in
primary angiographic and duplex patency at 6
months in patients treated with PTA + stent over
lesions treated with PTA alone
– Primary angiographic patency was non-significant at 12
months and 24 months
– A similar but lesser effect was seen for ABPI

• Improvement observed in treadmill walking distance
in patients with PTA + stent at 6 and 12 months
(P<0.0001), but not at 24 months
Twine CP, et al. Cochrane Database Syst Rev. 2009;(2):CD006767.

Laser Atherectomy
• Peripheral Excimer Laser Angioplasty (PELA) trial
– Prospective, randomized, multicenter study
– Laser + PTA vs PTA alone in long total SFA occlusions
Laser + PTA

PTA

Number of patients

101

88

Lesion length (cm)

20

21

Adjunctive stenting (%)

42

59

Perforations (%)

9

3

Distal embolization (%)

2

7

1

2

Reocclusion (%)

1

2

Distal embolization (%)

1

2

Pseudoaneurysm (%)

3

0

49

49

Procedural complications

In-hospital complications (%)

1-year primary patency (%)

Laird JR. Presented at TCT 2004.

Laser Atherectomy (cont)
• LACI multicenter trial
– Prospective registry at 14 sites in the US and Germany
– Enrolled 145 patients with 155 critically ischemic limbs
– Patients were poor candidates for bypass surgery

• Endovascular treatment included guidewire traversal
and excimer laser angioplasty followed by balloon
angioplasty with optional stenting
– Occlusions were present in 92% of limbs
– Stents were implanted in 45% of limbs
– Procedural success, defined as <50% residual stenosis in
all treated lesions, was seen in 86% of limbs
– At 6-month follow-up, limb salvage was achieved in 110
(92%) of 119 surviving patients or 118 (93%) 127 limbs
Laird JR, et al. J Endovasc Ther. 2006;13:1-11.

Mechanical Atherectomy
• Zeller, et al.
– 131 lesions (100 limbs)
– Rutherford 2-5
– Patency reported by lesion NOT limb
De Novo

Restenotic

In-Stent
Restenosis

Number of lesions

45

43

43

Lesion length (cm)

4

11

13

1-year primary patency (%)

84

54

54

Conversion to bypass (%)

10

16

13

Amputations (%)

0

1

2

Zeller T, et al. J Am Coll Cardiol. 2006;48:1573-1578.

Mechanical Atherectomy (cont)
• Zeller, et al.
– 131 lesions (100 limbs)
– Rutherford 2-5
– Patency reported by lesion NOT limb

• Yancey, et al.
– 17 limbs (13 limbs with tissue loss, 4 limbs with rest
pain)
– 100% TASC C lesions per the TASC 2000 guidelines
– 75% primary patency at 6 months; 22% primary
patency at 12 months
Zeller T, et al. J Am Coll Cardiol. 2006;48:1573-1578.
Yancey AE, et al. J Vasc Surg. 2006;44:503-509.

Cryoplasty
• Multicenter registry
–
–
–
–
–

102 patients
Mean vessel diameter 5.5 mm
Mean lesion length 4.7 cm
9-month clinical patency in this group was 82.2%
9-month primary patency (determined by duplex
ultrasound) was 70.1%

• Pilot randomized trial of PTA vs cryoplasty
– 40 patients
– 6-month target lesion revascularization and target
vessel revascularization similar in both groups
Laird JR, et al. J Endovasc Ther. 2006;13(suppl 2):II52-59.
Shammas NW, et al. Cardiovasc Revasc Med. 2012;13(3):172-6.

Cryoplasty (cont)
• Retrospective review
–
–
–
–
–

92 lesions, 64 patients
Mean follow-up 16 months (range 1 day-44 months)
Mean lesion length 3.9 cm
39% recurrence rate
Patency 56% and 48% at 12 and 24 months,
respectively
– 11 patients excluded due to stenting required at
original procedure

Samson RH, et al. J Vasc Surg. 2008;48:634-637.

Cryoplasty (cont)
• Below-the-Knee (BTK) Chill Trial 12-month prospective
follow-up data
– 16 centers; 108 patients with CLI involving 111 limbs with 115
target infrapopliteal lesions
– Acute success achieved in 108 (97.3%) treated limbs
• 1 clinically significant dissection and 2 residual stenoses >50%
• Stent placement was required in 3 (2.7%) procedures
• Through 1 year, 21% of patients underwent target limb revascularization

– 1-year rates of major amputation and death, respectively, were
• 20.4% and 8.8% for diabetics
• 4.0% and 10.7% for non-diabetics

– At 1 year, major amputation occurred in 16.7% (2/12) of limbs
that were expected to be amputated at the time of treatment

Das TS, et al. J Endovasc Ther. 2009;16(Suppl II):II19-II30.

Studies of Nitinol Stents in the SFA
• FAST1
–
–
–
–

European study of stent vs PTA
68% vs 61% patency
PTA patency better than expected
Lesion length mean 4 cm

• RESILIENT2
– Stent versus PTA
– 80% vs 38%, and 78% vs 42% patency
– Superiority versus PTA established for study patients over
a 2-year period
– Lesions 9.9 cm; 17% occlusions
– PTA patency started at 60% postprocedure because of
bail-out stenting used
1. Krankenberg H, et al. Circulation. 2007;116:285-292.
2. Laird JR, et al. Circ Cardiovasc Interv. 2010;3:267-276.

Studies of Nitinol Stents in the SFA (cont)
• Vienna Study1
– Stent versus PTA
– Mean lesion length 11 cm; 41% occlusions
– 2-year data showed 63% vs 37%, and 54% vs 31%
patencies

• FACT2
– Maximum lesion length 10 cm
– 6 sites with 110 symptomatic patients
– Outcomes compared with stent and PTA arms of FAST
(mean lesion length 59 mm vs 45 mm)
– 77% primary patency by target lesion revascularization
1. Schillinger M, et al. N Engl J Med. 2006;354:1879-1888.
2. Zeller T, et al. J Endovasc Ther. 2008;15:390-398.

Role of Stent-Grafts for Prevention and
Treatment of Restenosis
• Stent-grafts represent an alternative
endovascular treatment modality
– Constructed of nitinol and ePTFE with a heparin
bioactive surface

• The stent-graft has been shown in observational
studies and randomized trials to be an effective
and safe treatment strategy compared to bare
self-expanding stents and surgical prosthetic
bypass grafts
– Patient and appropriate lesion selection remain
important in achieving long term patency
Kwa AT, et al. J Cardiovasc Surg (Torino). 2010;51:579-589.

SFA Covered Stent-Graft Trials
Primary Patency (Year; %)

Number
of Limbs

Lesion
Length (cm)

% Occlusions

Lammer (Radiology, 2000)

80

13.8

NR

79

Railo (Ann Chir Gynaecol, 2001)

15

8

67

93

84

Jahnke (J Vasc Interv Radiol, 2003)

52

8.5

83

78

74

Turicchia (Osp Ital Chir, 2003)

16

10

50

80

80

Bleyn (Minerva Medica, 2004)

67

14.3

100

82

73

Panetta (Endovasc Today, 2005)

41

30.4

90

86

77

Chopra (AIM Symposium, 2006)

70

20

71

93

87

72

Fischer (J Endovasc Ther, 2006)

59

10.7

87

67

58

Zander (SIR Meeting, 2006)

31

16.6

NR

86

Saxon (J Vasc Interv Radiol, 2007)

87

14.2

42

Alimi (Eur J Vasc Endovasc Surg,
2008)

102

11.7

Djelmami-Hani (SCAI Meeting,
2008)

132

Saxon (J Vasc Interv Radiol, 2008)

Study

4

5

54

47

57

52

45

78

78

78

76

65

60

55

NR

74

71

71

21

NR

80

97

7

21

65

Verta (J Vasc Interv Radiol, 2008

28

26

NR

44

McQuade (J Vasc Surg, 2009)

50

25.6

NR

72

63

1010

15.8

68

78

74

AVERAGE / TOTAL:

1

2

3

62
68

59
67

60

46

Covered Stent-Graft

Before Procedure

After Procedure

Amputation
• Usually the last resort, but not always due to failed
therapy
• Guillotine for infection with staged formal amputation
• Survival outcomes are generally poor given the
nature and extent of the disease and the patient
population with the associated cardiovascular
disease
– BKA: 57% alive at 3 years
– AKA: 39% alive at 3 years

• Rehab physicians and care are crucial to the team
and patient recovery of independence and
ambulation with a prosthesis
Feinglass J, et al. Surgery. 2001;130:21-29.

Therapeutic
Algorithm for
Endovascular
Management of
CLI

Lumsden AB, et al. J Endovasc Ther.
2009;16(suppl II):II31-II61.

Summary and Conclusions
• PAD risk factors include age, smoking, diabetes,
high cholesterol, hypertension,
hyperhomocysteinemia, alcohol use, obesity, and
family history of premature CHD
• Signs, symptoms, and complications include
claudication, rest pain, ischemic ulceration, and
gangrene
• ABI is the appropriate initial test when pedal pulses
cannot be detected
• Ultrasound, arteriography, and magnetic resonance
arteriography are imaging methods for detection of
PAD
• Smoking cessation and exercise therapy can
improve walking distance and improve quality of life

Summary and Conclusions (cont)
• Pharmacologic treatment options include ticlopidine,
aspirin, clopidogrel, cilostazol, and pentoxifylline
• Statins are underprescribed in patients with PAD
• Success of PTA appears to depend upon lesion
length
• Laser and mechanical atherectomy appear to have
moderate and approximately equal efficacy
• Nitinol stents and covered stent-grafts appear to be
the most successful, longest-lasting procedural
interventions
• Amputation is typically the treatment of last resort
and survival outcomes are poor

Thank You!

