
• TIA
• Ischemic stroke

• Claudication

• Critical limb ischemia, rest pain, 
gangrene, amputation

Systemic Manifestations of Systemic Manifestations of 
AtherosclerosisAtherosclerosis

• Renovascular hypertension
• Intestinal ischemia
• Erectile dysfunction

• TIA
• Ischemic stroke
• TIA
• Ischemic stroke

• Q-wave MI
• Non-Q-wave MI
• Unstable angina pectoris



PAD & Cardiovascular DiseasePAD & Cardiovascular Disease

At the time claudication is diagnosed, nearly          At the time claudication is diagnosed, nearly          
1 in 3 will have evidence of CAD, stroke, or 1 in 3 will have evidence of CAD, stroke, or 
CHF.CHF.

In patients without overt disease, the risk of In patients without overt disease, the risk of 
developing either CAD or stroke occurs at             developing either CAD or stroke occurs at             
22--3 times the general population rate.3 times the general population rate.



PAD and Cardiovascular DiseasePAD and Cardiovascular Disease

Within 10 years of onset of claudication, Within 10 years of onset of claudication, 43%43%
of patients will develop CAD, of patients will develop CAD, 21%21% will have      will have      
had strokes, and had strokes, and 24%24% will have cardiac failure.will have cardiac failure.

Survival following onset of claudication is only Survival following onset of claudication is only 
twotwo--thirds of that of the general population,          thirds of that of the general population,          
and after 10 years 60% are dead.and after 10 years 60% are dead.



PAD and All-Cause Mortality *PAD and AllPAD and All --Cause MortalityCause Mortality **

* Kaplan-Meier survival curves based on mortality from all causes.
† Large-vessel PAD.

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

* Kaplan-Meier survival curves based on mortality from all causes.
† Large-vessel PAD.

Adapted from Criqui MH et al. N Engl J Med. 1992;326:381-386.
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Population >55 yrPopulation >55 yr

IntermittentIntermittent
ClaudicationClaudication

5%5%

Peripheral VascularPeripheral Vascular
OutcomesOutcomes

Other CardiovascularOther Cardiovascular
Morbidity/Total MortalityMorbidity/Total Mortality

Lower Lower 
ExtremityExtremity
Bypass Bypass 
SurgerySurgery

7%7%

MajorMajor
AmputationAmputation

4%4%

WorseningWorsening
ClaudicationClaudication

16%16%

Progression of Progression of 
Intermittent ClaudicationIntermittent Claudication

NonfatalNonfatal
CardiovascularCardiovascular

EventEvent
(MI/Stroke, (MI/Stroke, 

55--Year Rate)Year Rate)
20%20%

55--yryr
MortalityMortality

30%30%

CardiovascularCardiovascular
CauseCause
75%75%

Adapted from Weitz JI et al. Adapted from Weitz JI et al. CirculationCirculation. 1996;94:3026. 1996;94:3026--3049.3049.
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Risk Factor Modification for Patients Risk Factor Modification for Patients 
with PADwith PAD

Symptom/LimbSymptom/Limb
–– Tobacco CessationTobacco Cessation
–– Foot CareFoot Care
–– Control of DMControl of DM
–– Reduction in Reduction in 

CholesterolCholesterol
–– Antiplatelet AgentsAntiplatelet Agents
–– ExerciseExercise
–– CilostazolCilostazol
–– AngiogenesisAngiogenesis
–– Gingko Gingko BilobaBiloba

LifeLife
–– Tobacco CessationTobacco Cessation

–– Control of DMControl of DM

–– Reduction in Reduction in 
CholesterolCholesterol

–– Reduction in BPReduction in BP

–– Antiplatelet AgentsAntiplatelet Agents

–– ExerciseExercise



Independent Risk Factors for PAD*Independent Risk Factors for PAD*

Newman AB, et al. Newman AB, et al. Circulation.Circulation. 1993;88:8371993;88:837--845845

*PAD diagnosis based on ABI <0.90.

Relative Risk vs the General PopulationRelative Risk vs the General Population

1.10

1.51

2.55

4.05

Reduced Increased

DiabetesDiabetes

SmokingSmoking

HypertensionHypertension

Total cholesterol (10 mg/dL)Total cholesterol (10 mg/dL)

1.69
Age (per 5 years)Age (per 5 years)



Conventional Interventions for Conventional Interventions for 
Patients with PADPatients with PAD

Smoking cessationSmoking cessation

StatinStatin therapy for therapy for hyperlipidemiahyperlipidemia

AntiAnti--hypertensive medicationhypertensive medication

ExerciseExercise



PAD Risk Reduction TherapiesPAD Risk Reduction Therapies

SmokingSmoking
–– Complete cessationComplete cessation

Diabetes mellitusDiabetes mellitus
–– HbA1c <7.0%, treat other risk factorsHbA1c <7.0%, treat other risk factors

DyslipidemiaDyslipidemia
–– LDL <100 mg/dL, modify HDL and TGLDL <100 mg/dL, modify HDL and TG

HypertensionHypertension
–– BP <140/90 or <130/80 in diabetesBP <140/90 or <130/80 in diabetes

ACE InhibitorsACE Inhibitors
Antiplatelet therapyAntiplatelet therapy
–– Aspirin or clopidogrelAspirin or clopidogrel



Factors Influencing the Factors Influencing the 
Development of PADDevelopment of PAD

Hypercholesterolemia doubles the risk      Hypercholesterolemia doubles the risk      
of claudication and is found in nearly 50% of claudication and is found in nearly 50% 
of patients with lower extremity occlusive of patients with lower extremity occlusive 
disease.disease.

Tobacco use is the most important Tobacco use is the most important 
modifiable risk factor.modifiable risk factor.



Ridker PM, et al. JAMA. 2001;285:2481-2485. 
Pradhan AD, et al. Circulation. 2002;106:820-825.

0 1.0 2.0 4.0 6.0

Lipoprotein(a)

Homocysteine

VCAM-1

Fibrinogen

LDL-C

ICAM-1

hs-CRP

TC:HDL-C

CRP + TC:HDL-C

Relative Risk of Incident PAD
(Adjusted for age, smoking, DM, HTN, family history , exercise level, and BMI)

Novel Risk Factors as Novel Risk Factors as 
Predictors of PADPredictors of PAD



SmokingSmoking



ACC/AHA PAD Management GuidelinesACC/AHA PAD Management Guidelines
CV Risk Reduction: Smoking CessationCV Risk Reduction: Smoking Cessation

Individuals with lower extremity PAD who Individuals with lower extremity PAD who 
smoke cigarettes or use other forms of smoke cigarettes or use other forms of 
tobacco should be advised by each of tobacco should be advised by each of 
their clinicians to stop smoking and should their clinicians to stop smoking and should 
be offered comprehensive smoking be offered comprehensive smoking 
cessation interventions, including behavior cessation interventions, including behavior 
modification therapy, nicotine replacement modification therapy, nicotine replacement 
therapy, or bupropion.therapy, or bupropion.

I IIa IIb III
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Adapted from Hirsch AT, et al. J Am Coll Cardiol. 2006:47:1239-1312.



Heart Protection Study: Effects of Heart Protection Study: Effects of 
Simvastatin on Major Vascular EventsSimvastatin on Major Vascular Events

Benefit (SE)/1000 
allocated simvastatin
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%
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Follow-up, Years

0 1 2 3 4 5 6

Log-rank P<.001

Placebo-
allocated

Simvastatin-
allocated

5 (3) 20 (4) 35 (5) 46 (5) 54 (7) 60 (18)

Reprinted with permission from Heart Protection Study Collaborative Group. 
Lancet. 2002;360:7-22. 
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Baseline
Feature

No prior CHD
CVD 172 212

(18.7%) (23.6%)
PAD  n=3748 327 420

(24.7%) (30.5%)
Diabetes 276 367

(13.8%) (18.6%)

ALL PATIENTS 2033 2585
(19.8%) (25.2%)

24% SE 3 
reduction
(2P<.001)

0.4 0.6 0.8 1.0 1.2 1.4

Heart Protection Study:Heart Protection Study:
Vascular Event by Prior DiseaseVascular Event by Prior Disease

Previous MI 999 1250
(23.5%) (29.4%)

Other CHD (not MI) 460 591
(18.9%) (24.2%)

Risk ratio and 95% CI 
Statin             Statin
Better Worse

Statin 
(10,269)

Placebo 
(10,267) 

Reprinted with permission from Heart Protection Study Collaborative Group. 
Lancet. 2002;360:7-22. 



ACC/AHA PAD Management GuidelinesACC/AHA PAD Management Guidelines
CV Risk Reduction: LipidCV Risk Reduction: Lipid --Lowering DrugsLowering Drugs

Treatment with a hydroxymethyl glutaryl Treatment with a hydroxymethyl glutaryl 
coenzymecoenzyme--A reductase inhibitor (statin) A reductase inhibitor (statin) 
medication is indicated for all patients with medication is indicated for all patients with 
PAD to achieve a target lowPAD to achieve a target low--density density 
lipoprotein (LDL) cholesterol level oflipoprotein (LDL) cholesterol level of
< 100 mg per dL.< 100 mg per dL.

I IIa IIb III
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Adapted from Hirsch AT, et al. J Am Coll Cardiol. 2006:47:1239-1312.



Intensive BP Therapy in PAD:Intensive BP Therapy in PAD:
The ABCD TrialThe ABCD Trial

*enalapril or nisoldipine
ABCD = Appropriate Blood Pressure Control in Diabetes study; 
ABI = ankle-brachial index.
Reprinted with permission from Mehler PS, et al. Circulation. 2003;107:753-756.

Moderate treatment (137/81 mm Hg)  n = 227= 227
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ACC/AHA  PAD Management Guidelines ACC/AHA  PAD Management Guidelines 
CV Risk Reduction: Antihypertensive DrugsCV Risk Reduction: Antihypertensive Drugs

Antihypertensive therapy should be Antihypertensive therapy should be 
administered to hypertensive patients administered to hypertensive patients 
with lower extremity PAD to achieve a with lower extremity PAD to achieve a 
goal of less than 140 mm Hg systolic over goal of less than 140 mm Hg systolic over 
90 mm Hg diastolic (nondiabetics) or less 90 mm Hg diastolic (nondiabetics) or less 
than 130 mm Hg systolic over 80 mm Hg than 130 mm Hg systolic over 80 mm Hg 
diastolic (diabetics and individuals with diastolic (diabetics and individuals with 
chronic renal disease) to reduce the risk chronic renal disease) to reduce the risk 
of MI, stroke, congestive heart failure, of MI, stroke, congestive heart failure, 
and cardiovascular death. and cardiovascular death. 

I IIa IIb III
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Adapted from Hirsch AT, et al. J Am Coll Cardiol. 2006:47:1239-1312.



RR = relative risk; PVD = peripheral vascular disease.
Reprinted with permission from UKPDS Group. Lancet. 1998;352:837-853.

UKPDS: Intensive Blood Glucose Control vs UKPDS: Intensive Blood Glucose Control vs 
Conventional Treatment in Patients With Conventional Treatment in Patients With 
Type 2 DiabetesType 2 Diabetes

Any diabetes-related 
end point

.029

Diabetes-related deaths .34

All-cause mortality .44

MI .052

Stroke .52

Amputation or death 
from PVD

.15

Microvascular disease .0099

0.88

0.90

0.94

0.84

1.11

0.65

0.75

RR intensive P value

Clinical End Point
1 10

Favors
conventional

Favors Log-rank

0.1



ACC/AHA 2006 PAD Management Guidelines ACC/AHA 2006 PAD Management Guidelines 
CV Risk Reduction: Diabetes TherapiesCV Risk Reduction: Diabetes Therapies

Treatment of diabetes in individuals with Treatment of diabetes in individuals with 
lower extremity PAD by administration of lower extremity PAD by administration of 
glucose control therapies to reduce the glucose control therapies to reduce the 
hemoglobin Ahemoglobin A1C1C to less than 7% can be to less than 7% can be 
effective to reduce effective to reduce microvascularmicrovascular
complications and potentially improve complications and potentially improve 
cardiovascular outcomes. cardiovascular outcomes. 

I IIa IIb III
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Adapted from Hirsch AT, et al. J Am Coll Cardiol. 2006:47:1239-1312.



The H.O.P.E. TrialThe H.O.P.E. Trial

QuickTime™ and a
Planar RGB decompressor

are needed to see this picture.

HOPE TrialHOPE Trial

SubjectsSubjects
9297 high risk patients9297 high risk patients
with vascular disease orwith vascular disease or
diabetes and a risk factordiabetes and a risk factor

Normal EF and no CHFNormal EF and no CHF

MethodsMethods
RamiprilRamipril vs. Placebovs. Placebo

OutcomesOutcomes
MI/Stoke/Death compositeMI/Stoke/Death composite

The HOPE Investigators.  N The HOPE Investigators.  N EnglEngl J Med 2000;342:145J Med 2000;342:145--53.53.
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HOPE = Heart Outcomes Prevention Evaluation study
HOPE Study Investigators. N Engl J Med. 2000;342:145-153.

The HOPE Study: The HOPE Study: 
PAD Subgroup AnalysisPAD Subgroup Analysis

0.6 0.8 1.0 1.2

PAD 4051 22.0

No PAD 5246 14.3

No. of
Patients

Incidence (%) of 
Composite Outcome 

in Placebo Group 

Relative Risk in Ramipril Group



Antiplatelet Therapy and PADAntiplatelet Therapy and PAD

One cornerstone of therapy for patients One cornerstone of therapy for patients 
with peripheral arterial disease is with peripheral arterial disease is 
antiplatelet therapyantiplatelet therapy

Every patient should Every patient should (at least)(at least) receive receive 
AspirinAspirin



Antiplatelet TrialistsAntiplatelet Trialists ’’
CollaborationCollaboration

145 randomized trials of antiplatelet 145 randomized trials of antiplatelet 
therapy vs controltherapy vs control

102,459 patients102,459 patients

Categorized as acute MI, prior MI, prior Categorized as acute MI, prior MI, prior 
stroke/TIA, other high riskstroke/TIA, other high risk

25% odds reduction of MI, CVA, 25% odds reduction of MI, CVA, 
vascular death with aspirinvascular death with aspirin

Antiplatelet Antiplatelet TrialistsTrialists’’ Collaboration.Collaboration. BMJ. BMJ. 1994;308:811994;308:81--106106.



Antithrombotic Antithrombotic TrialistsTrialists ’’ Collaboration:  Collaboration:  
MI, Stroke, CV Death in Patients With PADMI, Stroke, CV Death in Patients With PAD

CategoryCategory APTAPT CTRLCTRL Reduction (%)Reduction (%)

IntermittentIntermittent 6.4%6.4% 7.9%7.9% 2323±±99
ClaudicationClaudication ((201/3123201/3123)) ((249/3140249/3140))

Peripheral arteryPeripheral artery 5.4%5.4% 6.5% 6.5% 2222±±1616
bypass graftbypass graft ((67/124967/1249)) ((81/124881/1248))

PeripheralPeripheral 2.5%2.5% 3.6%3.6% 2929±±3535
AngioplastyAngioplasty ((12/47212/472)) ((17/47417/474))

All PAD patientsAll PAD patients 5.8%5.8% 7.1%7.1% 2222±±22
(280/4844) (280/4844) (347/4862)(347/4862) ((PP<.001)<.001)

APT= antiplatelet therapy; CTRL = control
Reprinted with permission from Antithrombotic Trialists’ Collaboration. 
BMJ. 2002;324:71-86.

1.00.50.0 1.5 2.0



Impact of Antiplatelet Therapy on Impact of Antiplatelet Therapy on 
Peripheral Arterial DiseasePeripheral Arterial Disease

Odds Ratio
Antiplatelet:Control

Intermittent 
Claudication
Surgical Bypass Grafting

PTA

Total

1.0

Antiplatelet Better Antiplatelet Worse

% Odds Reduction
(SE)

23 (9)

22 (16)

29 (35)

23 (8)

9214 Patients in 42 Trials (p=0.004)9214 Patients in 42 Trials (p=0.004)

Antithrombotic Trialists’Collaboration.  BMJ 2002;324:71-86



ACC/AHA PAD Management Guidelines ACC/AHA PAD Management Guidelines 
CV Risk Reduction: Antiplatelet TherapyCV Risk Reduction: Antiplatelet Therapy

Antiplatelet therapy is indicated to reduce Antiplatelet therapy is indicated to reduce 
the risk of MI, stroke, or vascular death the risk of MI, stroke, or vascular death 
in individuals with atherosclerotic lower in individuals with atherosclerotic lower 
extremity PAD. extremity PAD. 

I IIa IIb III

Adapted from Hirsch AT, et al. J Am Coll Cardiol. 2006:47:1239-1312.

Aspirin, in daily doses of 75 mg to 325 mg, 
is recommended as safe and effective 
antiplatelet therapy to reduce the risk 
of MI, stroke, or vascular death in 
individuals with atherosclerotic lower 
extremity PAD. 
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PAD and ClopidogrelPAD and Clopidogrel

Any patient with PAD has lower risk of MI, Any patient with PAD has lower risk of MI, 
Stroke, Vascular Death on Clopidogrel Stroke, Vascular Death on Clopidogrel 
compared with Aspirin alonecompared with Aspirin alone
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ITT analysis.  RRR = relative risk reduction
CAPRIE = Clopidogrel vs Aspirin in Patients at Risk of Ischemic Events.
Reprinted with permission from CAPRIE Steering Committee. Lancet. 1996;348:1329-1339.
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MI = myocardial infarction; RRR = relative risk reduction.
Reprinted with permission from Cannon CP. Am J Cardiol. 2002;90:760-762.

CAPRIE: CAPRIE: 
Reduction in Fatal or Nonfatal MIReduction in Fatal or Nonfatal MI



Clopidogrel vs. Aspirin in Patients at Clopidogrel vs. Aspirin in Patients at 
Risk for Ischemic Events (CAPRIE)Risk for Ischemic Events (CAPRIE)

Lancet 1996;348:1329-39
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CAPRIE StudyCAPRIE Study

Reprinted with permission fromReprinted with permission from CAPRIE Steering Committee. CAPRIE Steering Committee. LancetLancet. 1996;348:1329. 1996;348:1329--1339.1339. STRIVETM

Relative Risk Reduction and 95% CI by  Relative Risk Reduction and 95% CI by  
DiseaseDisease SubgroupSubgroup
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Placebo + ASA*
7.3%

Clopidogrel + ASA*
6.8%

RRR: 7.1% [95% CI: -4.5%, 17.5%]
P=.22 
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*All patients received ASA 75-162 mg/day.
†First occurrence of MI (fatal or nonfatal), stroke (fatal or nonfatal), or cardiovascular death.
§The number of patients followed beyond 30 months decreases rapidly to zero and there are 
only 21 primary efficacy events that occurred beyond this time (13 clopidogrel and 8 placebo).

Adapted with permission from Bhatt DL, et al. N Engl J Med. 2006;354:1706-1717. 
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PopulationPopulation RR (95% CI)RR (95% CI) PP

Qualifying CAD, CVD or PAD 0.88 (0.77, 0.998) .046
(n=12,153) 

Multiple Risk Factors 1.20 (0.91, 1.59) .20 
(n=3284) 

Overall Population* 0.93 (0.83, 1.05) .22 
(n=15,603) 

0.6 0.8 1.41.2

Clopidogrel Better Placebo Better

1.60.4

*A statistical test for interaction showed marginally significant heterogeneity (P=.045) in 
treatment response for these prespecified subgroups of patients.

Bhatt DL, et al. Bhatt DL, et al. N N EnglEngl J Med. J Med. 2006;354:17062006;354:1706--1717.1717.



Impact of ExerciseImpact of Exercise

Failure to address a patientFailure to address a patient’’s inability       s inability       
to aerobically exercise because of their to aerobically exercise because of their 
vascular disease condemns them to a vascular disease condemns them to a 
premature death from cardiovascular premature death from cardiovascular 
diseasedisease
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A program of supervised exercise training A program of supervised exercise training 
is recommended as an initial treatment is recommended as an initial treatment 
modality for patients with intermittent modality for patients with intermittent 
claudication.claudication.

I IIa IIb III
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Supervised exercise training should be Supervised exercise training should be 
performed for a minimum of 30 to 45 performed for a minimum of 30 to 45 
minutes, in sessions performed at least 3 minutes, in sessions performed at least 3 
times per week for a minimum of 12 weeks.times per week for a minimum of 12 weeks.
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Adapted from Hirsch AT, et al. Adapted from Hirsch AT, et al. J Am J Am CollColl CardiolCardiol. . 2006:47:12392006:47:1239--1312.1312.


