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Peripheral arterial disease (PAD) is a common manifestation of atherosclerosis that affects more than 10 million
people in the United States. The risk factors associated with PAD are similar to those found in patients with coronary
artery disease and cerebrovascular disease. Medical therapy of PAD must include modification of cardiovascular risk
factors with application of strict secondary prevention guidelines. For improvement in quality of life, a structured
exercise rehabilitation program remains the most effective noninterventional treatment strategy, but it is difficult to
employ from economic and patient-compliance perspectives. Newer pharmacologic therapies have demonstrated
efficacy in patients with intermittent claudication. Emerging strategies for management of these patients include
revascularization and maximal medical therapy for improvement of physical function as well as reduction in risk for
subsequent major cardiovascular events. This article will review the clinical data supporting aggressive medical
interventions for patients with PAD.
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Abbreviations: ABI � ankle-brachial index, ACE � angiotensin-converting enzyme, CAD � coronary artery disease, CLI � critical limb ischemia, FDA �
Food and Drug Administration, LDL � low-density lipoprotein, PAD � peripheral arterial disease

PERIPHERAL arterial disease (PAD)
is a common manifestation of systemic
atherosclerosis that affects an increas-
ing population in the United States.
Physicians commonly mistake PAD
for musculoskeletal or neurologic dis-
orders because manifestations of PAD
may mimic nonvascular etiologies. Pa-
tients with symptomatic PAD are
functionally impaired, often unable to
perform daily activities (1). Similarly,
PAD represents a marker for prema-
ture cardiovascular events (eg, myo-
cardial infarction, stroke) and vascu-

lar-related death. With the recent
advances in endovascular therapy,
awareness of this diagnosis among
cardiovascular subspecialty physi-
cians is increasing. Primary care phy-
sicians (eg, family practice, internal
medicine, podiatric medicine) may not
appreciate the prevalence of PAD, the
magnitude of associated cardiovascu-
lar disease in patients with PAD, and
the benefits of aggressive risk factor
intervention in these patients.

DEFINITION OF PERIPHERAL
ARTERIAL DISEASE

PAD is defined as obstructive arte-
rial disease of the lower extremities
that reduces arterial flow during exer-
cise or, in advanced stages, at rest. The
presentation of PAD is varied and
may appear as asymptomatic arterial
disease with abnormal noninvasive
test results, symptomatic disease pre-
senting as classic or atypical inter-
mittent claudication, or critical limb
ischemia (CLI). Classic (ie, Rose) inter-
mittent claudication is characterized
by exertional discomfort in a major
muscle group of a lower limb that de-
velops with exercise and is promptly
relieved with rest. A significant pro-

portion of patients with symptomatic
PAD will not describe classic symp-
toms, making the diagnosis more dif-
ficult. CLI manifests as ischemic rest
pain (nocturnal foot/toe discomfort
that interferes with sleep), nonhealing
ischemic ulcers (painful, dry skin ul-
cers commonly found over distal bony
prominences or toes), or gangrene
(skin/soft-tissue necrosis resulting
from severe impairment in arterial
circulation).

More than 50% of patients with
PAD are asymptomatic or have atypi-
cal symptoms, one third have classic
symptoms of intermittent claudica-
tion, and 10% of patients develop CLI
(1). The spectrum of PAD is not a con-
tinuum. Patients commonly present
with CLI without having experienced
symptoms earlier—the classic exam-
ple is the patient with diabetes melli-
tus who sustains minor trauma to a
foot after wearing ill-fitting shoes and
develops gangrene, never having ex-
perienced claudication in the past.

EPIDEMIOLOGY

The prevalence of PAD depends on
how one defines the disease. Given the
inaccuracy of physical examination,
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use of pulse examination as the sole
criterion will grossly overestimate the
true prevalence (2). In contrast, a his-
torical query for the presence of inter-
mittent claudication underestimates
the prevalence of PAD. Epidemiologic
studies have wide-ranging prevalence
rates from 1.6% to 12%, whereas other
studies that use objective disease de-
tection with noninvasive tests have re-
ported prevalence rates from 3.8% to
33% (1).

Noninvasive methods for disease
definition in epidemiologic surveys
have usually included statistically val-
idated claudication questionnaires.
The Edinburgh Claudication Ques-
tionnaire (a modification of the World
Health Organization/Rose claudica-
tion questionnaire), when compared
with independent assessment by two
physicians of 300 patients older than
55 years of age, demonstrated a sensi-
tivity of 91% and a specificity of 99%
for the diagnosis of intermittent clau-
dication (3).

The ankle-brachial index (ABI),
which is a comparison of systolic
blood pressure in the dorsalis pedis
and posterior tibial arteries of the
lower limb to that in the brachial ar-
tery of the arm with use of a hand-held
Doppler device, has been validated
against angiographic confirmation of
PAD and found to be 95% sensitive
and almost 100% specific (4). In clini-
cal practice, this is the most simple,
inexpensive, reliable, and reproduc-

ible method of identifying patients
with PAD.

The age-adjusted prevalence of
PAD as defined by ABI no greater
than 0.9 is 12% (1). PAD prevalence
rates defined by noninvasive testing
are reported to be 2.5% at 40–59 years
of age, 8.3% at 60–69 years, and 18.8%
at 70–79 years (5).

RISK FACTORS FOR THE
DEVELOPMENT OF PAD

The risk of developing PAD can be
predicted by age and well-defined ath-
erosclerotic risk factors, including to-
bacco use, diabetes mellitus, hyper-
cholesterolemia, and hypertension.
Framingham Heart Study data have
defined age, sex, serum cholesterol
level, hypertension, tobacco use, dia-
betes mellitus, and coronary heart dis-
ease as factors associated with an in-
creased risk for PAD and intermittent
claudication (5) (Table 1). This risk
factor profile is useful in determining
populations and patients at risk.

Age

The prevalence of PAD increases
sharply with age, from 3% in patients
younger than 60 years of age to 20% in
patients older than 75 years of age (5).
Data from subjects in the Framingham
study revealed that the prevalence of
PAD increased 10-fold from men aged
30–44 to men aged 65–74 and almost

20-fold in women in the same age
groups (6,7). In the two other epidemi-
ologic studies (8,9), prevalence rates
increased with advancing age for in-
termittent claudication and PAD de-
fined with the use of objective tests.

Hypertension

The role of hypertension as a major
risk factor for the development and
progression of PAD is well-demon-
strated in the Framingham Offspring
Study and the German Epidemiologi-
cal Trial in ABI (10,11). However, no
studies are available to evaluate
whether antihypertensive therapy di-
rectly alters the progression of symp-
tomatic PAD. The Appropriate Blood
Pressure Control in Diabetes study
demonstrated a marked reduction in
cardiovascular events in normotensive
PAD patients with diabetes when
treated with an intensive blood pres-
sure–lowering strategy compared
with standard antihypertensive ther-
apy (12). In the most recent guidelines
from the Joint National Committee on
the Detection, Evaluation, and Treat-
ment of Hypertension, PAD is consid-
ered equivalent in risk to ischemic
heart disease, which supports the use
of aggressive blood pressure control
(13).

Tobacco Use

The single most important modifi-
able risk factor for the development of
atherosclerotic disease is tobacco use.
The amount and duration of tobacco
use correlate directly with the devel-
opment and progression of PAD (14).
Multiple factors seem to be involved
in the atherogenic effect of tobacco
use: activation of the sympathetic sys-
tem with resultant vasoconstriction,
oxidation of low-density lipoprotein
(LDL) cholesterol, inhibition of tissue
plasminogen activator release from
the endothelium, increased blood fi-
brinogen concentration, increased
platelet activity, increased expression
of plaque tissue factor, and endothelial
dysfunction (15).

Smoking increased the risk of inter-
mittent claudication by a factor of
eight to 10 in the Reykjavik Study (16),
and cessation of tobacco use resulted
in a 50% reduction in rates of intermit-
tent claudication over a 20-year period
among Icelandic men. A cause-and-

Table 1
Summary Statistics for Risk Factors by Intermittent Claudication Status

Intermittent Claudication

With Without P Value

Male sex (%) 56 42 �.0001
Mean age (y) 64 60 .0001
High-normal blood pressure (%) 16 19 .1302
Stage 1 hypertension (%) 29 28 .4164*
Stage 2 hypertension (%) 36 22 .0001†
Diabetes (%) 20 6 .0001
Daily cigarette smoking rate 10 7 .0001
Mean cholesterol (mg/dL) 248 239 .0018
Preexisting CHD (%) 34 12 .0001

* Stage 1 hypertension: systolic blood pressure 140–159 mm Hg; diastolic blood
pressure 90–99 mm Hg.
† Stage 2 hypertension: systolic blood pressure �160 mm Hg; diastolic blood
pressure �100 mm Hg.
Note.—Reproduced with permission from reference 6. CHD � coronary heart
disease.
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effect relationship between the use of
tobacco products and the develop-
ment of PAD is best demonstrated by
those patients who successfully dis-
continue tobacco use and have no fur-
ther progression or regression of their
PAD. Tobacco cessation results in im-
proved ankle pressure and exercise
tolerance in patients with intermittent
claudication as early as 10 months af-
ter tobacco cessation (17). Tobacco ces-
sation also has a major impact on the
long-term risk of complications, in-
cluding progression of PAD, myocar-
dial infarction, and mortality. In a
study by Jonason et al (18), the rates of
development of rest pain in patients
with intermittent claudication were 0
in nonsmokers and 16% in smokers,
whereas 10-year rates of myocardial
infarction were 11% and 53%, 10-year
cumulative rates of cardiac death were
6% and 43%, and 10-year survival
rates were 82% and 46% among non-
smokers and smokers, respectively. In
addition, tobacco cessation is associ-
ated with improved postoperative ar-
terial bypass graft patency rates (19).

Diabetes Mellitus

PAD is prevalent in patients with
diabetes mellitus. Diabetes increases
the risk for atherogenesis via deleteri-
ous effects on the vessel wall (eg, de-
rangement of nitric oxide bioavailabil-
ity in endothelial cells, stimulation of
proatherogenic activity in vascular
smooth muscle cells via reductions in
phosphatidylinositol-3 kinase, and in-
creases in oxidative stress and upregu-
lation of protein kinase C receptor for
advanced glycation end-products and
nuclear factor–�B) as well as effects on
blood cells (eg, enhanced platelet ag-
gregation, hypercoagulable state) and
rheology (eg, increased blood viscos-
ity and fibrinogen levels) (20).

A survey of patients with diabetes
50 years of age or older demonstrated
a prevalence of PAD of 29% (21). In the
Rotterdam study (22), diabetes was
present in 11.9% and 16% of male and
female patients with abnormal ABI,
versus 6.7% and 6.3% of those without
PAD. In the Cardiovascular Health
Study (23), diabetes was associated
with a 3.8-fold increased prevalence of
PAD in patients older than 65 years of
age. In a Veterans Administration pa-
tient population with intermittent

claudication, diabetes was the major
independent predictor of death (24).

Hyperlipidemia

The Lipid Research Clinics Preva-
lence Study (25) confirmed the associ-
ation of dyslipoproteinemia (specifi-
cally low levels of high-density
lipoprotein cholesterol and elevated
LDL cholesterol) with symptoms and
signs of PAD. In the National Choles-
terol Education Program Adult Treat-
ment Panel III report on detection,
evaluation, and treatment of high
blood cholesterol in adults (26), PAD
(regardless of diagnostic methods)
was considered a coronary artery risk
equivalent. Lipid-lowering agents,
most commonly hydroxymethyl glu-
taryl coenzyme A reductase inhibitors
(ie, statins), are thought to benefit pa-
tients with PAD by decreasing risk for
coronary events and by potentially re-
versing atherosclerotic lesions. Data
from the Scandinavian Simvastatin
Survival Study of 4,444 patients with
known cardiovascular disease re-
vealed that use of simvastatin reduced
episodes of new or worsening inter-
mittent claudication by 38% (27). In
patients with familial hypercholester-
olemia treated with simvastatin for 2
years, the intima/media thickness in
the femoral artery decreased by a
mean of 0.283 mm. This suggests ath-
erosclerotic disease reversal with sta-
tin treatment in patients at high risk
with hypercholesterolemia (28).

Hyperhomocysteinemia

Multiple prospective and case-con-
trolled studies have suggested that an
increased plasma homocysteine con-
centration is an independent risk fac-
tor for atherothrombotic vascular dis-
ease in the coronary, cerebral, and
peripheral vasculature. Homocysteine
appears to promote atherogenesis by
oxidative damage to vascular endo-
thelial cells and increased proliferation
of vascular smooth muscle cells. This
is the result of direct oxidative metab-
olism of homocysteine to homocystine
and homocysteine thiolactone and
of oxidative modification of LDL,
thereby promoting the formation of
foam cells (29).

In a metaanalysis of 27 studies, a
modest increase in homocysteine was
independently associated with an in-

creased risk of coronary artery disease
(CAD), cerebrovascular disease, and
PAD (30). In a prospective study of
patients with symptomatic PAD, for
each 1.0-�mol/L increase in plasma
homocysteine level, there was a 3.6%
increase in the risk of all-cause mortal-
ity at 3 years and a 5.6% increase in the
risk of cardiovascular-related death
(31).

C-Reactive Protein

C-reactive protein has emerged re-
cently as a novel risk factor associated
with risk of systemic atherosclerosis.
C-reactive protein, together with the
total cholesterol/high-density lipopro-
tein cholesterol ratio were the stron-
gest independent predictors of devel-
opment of symptomatic PAD in a
study by Ridker et al (32). In the same
study, C-reactive protein provided
prognostic information in addition to
standard lipid measures (32).

Chronic Renal Insufficiency

Chronic renal insufficiency has re-
cently emerged as a risk factor
strongly associated with PAD. In a co-
hort of 136 patients with varying de-
grees of chronic renal insufficiency,
the prevalence rates of PAD were 22%
in patients not yet undergoing dialy-
sis, 30.6% in patients requiring dialy-
sis, 4.6% in renal transplant recipients,
and 1.7% in patients with normal renal
function (33). The North Thames Dial-
ysis study (34) of patients older than
age 70 noted the prevalence of PAD to
be 46% among patients undergoing
chronic dialysis treatment.

In the National Health and Nutri-
tion Examination Survey (35), the as-
sociation of an ABI lower than 0.9 with
renal insufficiency (defined as creati-
nine clearance less than 60 mL/min)
was quite strong (odds ratio, 2.5) and
was independent of age, diabetes, hy-
pertension, CAD, stroke history, and
hypercholesterolemia.

NATURAL HISTORY OF PAD

The impact of PAD on limb and life
is quite different and has implications
on management strategies. Weitz et al
(1) defined the 5-year outcomes (on
limb and life) of PAD on patients older
than 55 years of age with intermittent
claudication. The majority of patients
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(�60%) have no progression of limb
symptoms beyond the subsequent 5
years after initial presentation. Of the
remaining patients, 27% demonstrate
progression of symptoms, and the
need for revascularization or limb loss
occurs in a minority of patients
(�10%).

Despite the relatively stable prog-
nosis for the affected limb, there is a
marked risk of cardiovascular morbid-
ity and mortality during the 5 years
after diagnosis of intermittent claudi-
cation. The rate of nonfatal cardiovas-
cular events (myocardial infarction
and stroke) is 20%, with a 5-year mor-
tality rate of 30% (36). At the time of
diagnosis of intermittent claudication,
at least 10% of patients with PAD have
concomitant cerebrovascular disease,
and 28% have coronary heart disease.
In the German Epidemiological Trial
on ABI, the cerebrovascular event rate
was 15% in the PAD group, versus
7.6% in the control group (odds ratio,
1.8), and the cardiovascular event
rates were 28.9% and 17%, respec-
tively (odds ratio, 1.5) (11).

The overall mortality rates in pa-
tients with intermittent claudication
are 30% at 5 years, 50% at 10 years,
and 70% at 15 years. The mortality rate
of patients with intermittent claudica-
tion is approximately 2.5 times that in
an age-matched general population
(35). The majority of these deaths are
caused by CAD, cerebrovascular dis-
ease, and other vascular diseases (ie,
abdominal aortic aneurysm, mesen-
teric ischemia) (37). Subjects with
asymptomatic PAD appear to have the
same risk of cardiovascular events and
death seen in patients with intermit-
tent claudication (38).

For patients with CLI, the outcomes
are significantly worse. In addition to
the marked increase in rates of limb
loss, 20% of these patients die within 6
months. The annual mortality rate in
patients with CLI is 25%. Virtually all
patients who present with gangrene
and/or ischemic rest pain die within
10 years (35,39).

Severity of PAD can be defined
based on ABI values (Table 2). An
abnormal ABI is a potent predictor of
cardiovascular events and premature
mortality. In the Heart Outcomes Pre-
vention Evaluation study (40), an ab-
normal ABI was a strong predictor of
cardiovascular morbidity and mortal-
ity during 4.5 years of follow-up, even

in patients without symptoms sugges-
tive of PAD.

In the Cardiovascular Health Study
(41), a statistically significant decrease
in survival was observed for each dec-
rement of 0.1 in ABI. The Strong Heart
Study (42) demonstrated that an ABI
greater than 1.4 (artifactually elevated
as a result of arterial calcification, of-
ten seen in patients with diabetes mel-
litus, chronic renal insufficiency, and
advanced age) is as strongly associ-
ated with cardiovascular mortality as
an ABI less than 0.9. These findings
have prompted the American Diabetes
Association to recommend screening
ABI in all diabetic patients older than
age 50 and in diabetic patients
younger than 50 years with other PAD
risk factors (eg, smoking, hyperten-
sion, hyperlipidemia, or duration of
diabetes greater than 10 years) (43).

MANAGEMENT OF PAD

The goals of therapy for patients
with PAD are to prevent systemic ath-
erosclerotic disease progression and
clinical cardiovascular events, prevent
limb loss, and improve functional sta-
tus of patients with intermittent
claudication.

Patients with PAD must be ap-
proached with the same intensity for
secondary cardiovascular disease pre-
vention and risk-factor modification as
recommended for patients with CAD
or carotid artery disease. In 2001, a
multidisciplinary task force of the
American College of Cardiology and
American Heart Association pub-
lished recommendations for risk factor
modification in patients with athero-
sclerotic cardiovascular disease (44).
In these guidelines, all patients diag-
nosed with PAD must receive aggres-
sive therapy to prevent subsequent
atherosclerotic disease and clinical

events. Secondary prevention strate-
gies include:

1. Tobacco cessation;
2. Physical activity;
3. Dietary modification;
4. Weight maintenance/reduction

with target body mass index of
18.5–24.9 kg/m2 and waist cir-
cumference less than 35 inches in
women and less than 42 inches
in men;

5. Blood pressure control;
6. Modification of elevated total

and LDL cholesterol levels;
7. Antiplatelet therapy;
8. Angiotensin-converting enzyme

(ACE) inhibitor therapy; and
9. Glycemic control in patients

with diabetes mellitus.
Modification of risk factors requires

knowledge, patience, and persever-
ance by the clinician, as most patients
find this aspect of their care very chal-
lenging with limited short-term
rewards.

Tobacco Cessation

The U.S. Public Health Service has
recently published guidelines for
treating tobacco use and dependence
(45). These guidelines emphasize the
importance of the systematic and con-
sistent identification, documentation,
and treatment of every tobacco user at
every office visit. Treatment options
consist of behavioral-modification
counseling and short-term tobacco de-
pendence pharmacotherapy. Effective
first-line pharmacotherapies for to-
bacco dependence include sustained-
release bupropion hydrochloride and
nicotine supplements in varied deliv-
ery systems (eg, gum, respiratory in-
halers, nasal spray, transdermal
patches). At least one of these medica-
tions should be prescribed in the ab-
sence of contraindications.

Nicotine replacement appears to be
a safe therapeutic intervention, even in
outpatients with known cardiovascu-
lar disease. Concerns about excess car-
diac toxicity associated with nicotine
therapy and concurrent smoking,
based on early case reports, appear to
be unfounded (46).

Treatment with sustained-release
bupropion alone or in combination
with nicotine patches results in signif-
icantly higher long-term rates of
smoking cessation than use of nicotine
patches alone (47). The safety profile

Table 2
Interpretation of ABI

ABI Interpretation

�1.3 Noncompressible
0.91–1.3 Normal
0.41–0.9 Mild to moderate PAD

0–0.4 Severe PAD

Note.—Adapted with permission from
Reference 1.
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of bupropion in patients with cardio-
vascular disease is similar to that ob-
served in the general population (48).
Unfortunately, the long-term absti-
nence rates remain poor. If standard
methods of tobacco cessation fail, es-
pecially in patients with documented
PAD, alternative methods (eg, hypno-
therapy, acupuncture) should be con-
sidered, as the risk of continued smok-
ing outweighs the risks of these
nontraditional options.

Glycemic Control in Patients with
Diabetes Mellitus

Patients with diabetes and PAD are
more likely to present with CLI than
patients without diabetes (20). As a
result of the diffuse and distal nature
of PAD in patients with diabetes mel-
litus and the associated diabetic sen-
sory neuropathy, neuroischemic ulcer-
ation or infection is quite common
after minor leg or foot trauma. These
factors contribute to the increased in-
cidence of CLI in this patient popula-
tion. Outcomes of revascularization
procedures for PAD are also less fa-
vorable in diabetic patients. In 2,653
patients followed for almost 25 years
after lower-extremity revasculariza-
tion, the presence of diabetes mellitus
was the sole predictor of recurrent
symptoms or progression of PAD (49).

The benefits of glycemic control on
microvascular disease (diabetic prolif-
erative retinopathy and nephropathy)
in patients with type 1 and type 2 di-
abetes have been demonstrated in the
Diabetes Control and Complications
Trial (50) and the UK Prospective Di-
abetes Study (51). However, the effects
on macrovascular disease (ie, PAD)
have been less definitive. For instance,
after 6.5 years of follow-up in the Di-
abetes Control and Complications
Trial, there was a nonsignificant trend
toward fewer cardiovascular events in
the intensive insulin therapy group
versus usual diabetes care (3.2% vs
5.4%; P � .08). The Diabetes Control
and Complications Trial (50) was not
designed to demonstrate reduction in
large artery atherosclerotic events, and
the small number of cardiovascular
events precluded detection of any car-
dioprotective effect.

A surrogate marker of large artery
atherosclerosis, carotid intima/media
thickness, was used in longer-term fol-
low-up in the Diabetes Control and

Complications Trial. Aggressive glyce-
mic control resulted in decreased pro-
gression of carotid intima/media
thickness after 6 years of follow-up
(52).

In a subgroup analysis of the UK
Prospective Diabetes Study (51), re-
duction in the hemoglobin A1c by 1%
resulted in an 18% reduction in myo-
cardial infarction, a 15% reduction in
stroke, and a 42% reduction in episodes
of PAD. We strongly recommend ag-
gressive attempts at strict glycemic con-
trol with a target hemoglobin A1c level
less than 7.0 in all patients with PAD.

Reduction in High Blood Pressure

In the seventh report from the Joint
National Committee on the Detection,
Evaluation, and Treatment of hyper-
tension (13), PAD is considered equiv-
alent in risk to ischemic heart disease,
therefore supporting aggressive blood
pressure control. Guidelines for treat-
ment of hypertension are beyond the
scope of this article and may be found
in the report (13). However, two
classes of antihypertensive agents
warrant specific comment.

In the past, �-blockers have been
avoided in patients with intermittent
claudication because of fears that
�-blockade would lead to unopposed
�-receptor vasoconstriction and dete-
rioration in peripheral arterial circula-
tion (ie, worsening intermittent claudi-
cation and development of CLI). A
metaanalysis of published data sug-
gests that �-blockers do not adversely
affect walking capacity or symptoms
of intermittent claudication in patients
with mild to moderate PAD (53). In
patients with known CAD or medi-
cally treated aortic dissection in asso-
ciation with PAD, the benefits of
�-blockers far outweigh any risk of
deterioration in PAD status and
should therefore be used.

Recent evidence suggests that the
use of ACE inhibitors in patients with
PAD may offer protection against ma-
jor cardiovascular events beyond
those expected from blood pressure
lowering. The Heart Outcomes Pre-
vention Evaluation study demon-
strated that ramipril significantly re-
duced the rates of death, myocardial
infarction, and stroke in patients who
are at high risk for cardiovascular
events, independent of antihyperten-
sive impact (54). These same cardio-

vascular protective effects of ramipril
were seen in patients with clinical or
subclinical PAD (38).

Based on the available evidence, we
recommend that patients with PAD be
considered for treatment with ACE in-
hibitors if tolerated. ACE inhibitors
may be first-line agents for hyperten-
sion in patients with PAD, Further
data will be needed to provide a stron-
ger recommendation regarding the
use of ACE inhibitors in normotensive
patients with PAD.

Reduction in Hypercholesterolemia

The Adult Treatment Panel of the
National Cholesterol Education Pro-
gram states that PAD represents
equivalent risk to that of established
CAD. Aggressive LDL cholesterol
lowering must be offered to all pa-
tients with PAD to reduce subsequent
risk of myocardial infarction, stroke,
and vascular death (26). Moreover, re-
cent data suggest that use of hydroxy-
methyl glutaryl coenzyme A reductase
inhibitors may actually improve
symptoms associated with PAD.
Treatment with simvastatin in hyper-
cholesterolemic patients with PAD re-
sulted in an increase in pain-free and
total walking distances, as well as im-
provement physical function (55,56).
In another trial by Mohler et al (57),
treatment with atorvastatin 80 mg/d
for 12 months resulted in significant
improvements in pain-free walking
time and overall physical activity com-
pared with placebo and atorvastatin
10 mg/d. A large-scale multicenter
trial in patients with intermittent clau-
dication in which several doses of nic-
otinic acid and lovastatin were com-
pared with placebo is currently
enrolling patients to determine if this
pharmacologic strategy offers similar
symptomatic benefit.

The Heart Protection Study (58) in
the United Kingdom addressed the
question of timing of statin therapy.
This is the largest randomized trial
(20,536 adults) of cardiovascular dis-
ease prevention to date among a broad
population of patients at high risk. The
addition of simvastatin to existing car-
diovascular therapy safely produced
substantial additional benefits regard-
less of patients’ initial cholesterol con-
centrations. The decision to initiate
statin therapy should be based on the
10-year risk of CAD. Given that PAD
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confers a 10-year risk of death greater
than 20%, all patients with PAD
should be administered statin therapy
independent of baseline LDL level.
According to the guidelines set forth
in the National Cholesterol Education
Program, the target LDL level in pa-
tients with PAD should be less than
100 mg/dL (26). Recent data challenge
this and suggest lower LDL choles-
terol treatment goals (59). Further data
specific to patients with PAD will be
required before target LDL cholesterol
levels less than 100 mg/dL are recom-
mended. Statins are currently recog-
nized as first-line agents to lower LDL
levels in patients with PAD, and ag-
gressive lipid lowering is mandatory
in patients with PAD.

Hyperhomocystinemia

Despite the ease of therapy with
vitamin supplements, before wide-
spread screening of patients with PAD
for hyperhomocystinemia is advo-
cated, more evidence of the clinical
efficacy of this therapy is needed. Re-
cent randomized interventional trials
failed to demonstrate any beneficial
effect of folic acid administration on
cardiovascular endpoints in patients
with stable CAD and end-stage renal
disease (60,61). In patients with isch-
emic stroke, the Vitamin Intervention
for Stroke Prevention trial (62) failed
to show any benefit of high-dose folic
acid, pyridoxine, and cobalamin sup-
plementation in stroke prevention.

Antiplatelet Therapy

Antiplatelet agents are recom-
mended to prevent associated cardio-
vascular morbidity and mortality.
Platelet activation is increased in pa-
tients with PAD, suggesting an under-
lying prothrombotic state (63) How-
ever, until recently, the use of aspirin
in patients with PAD was not based on
direct evidence, but only on analogous
data in coronary and cerebral athero-
sclerosis, in which antiplatelet therapy
has documented clear efficacy. In
small studies (64,65), the routine use of
low-dose aspirin by apparently
healthy men reduced the need for pe-
ripheral artery surgery and delayed
the onset and progression of PAD. A
metaanalysis of antiplatelet treatment
in patients after peripheral arterial by-
pass surgery demonstrated a nonsig-

nificant effect on cardiovascular out-
comes and survival but a mildly
positive effect on the patency of pe-
ripheral arterial bypass grafts (66).

The Antithrombotic Trialists’ Col-
laboration (67) summarized the results
from 287 studies involving 135,000 pa-
tients randomized to receive antiplate-
let therapy or placebo. This meta-
analysis also evaluated 77,000 patients
treated with different antiplatelet reg-
imens. In the subset of patients treated
with antiplatelet therapy for PAD (n �
9,214), antiplatelet therapy demon-
strated a 23% reduction in serious vas-
cular events, with similar benefits
among patients with intermittent clau-
dication and patients undergoing low-
er-extremity revascularization. Cur-
rently, there is no evidence supporting
the additive effect of dipyridamole
with aspirin in patients with PAD, as
seen in patients with symptomatic ce-
rebrovascular disease (64).

Ticlopidine, a thienopyridine deriv-
ative that blocks the activation of
platelets by adenosine diphosphate,
has demonstrated significant benefit
in patients with PAD. However, en-
thusiasm for this drug has been tem-
pered by the substantial risk of throm-
bocytopenia, neutropenia (which
occurs in 2.3% of treated patients), and
thrombotic thrombocytopenic pur-
pura (which occurs in one in 2,000-
4,000 patients) (68). We do not recom-
mend the routine use of ticlopidine in
patients with PAD.

Clopidogrel, a second thienopyri-
dine derivative, has an action similar
to ticlopidine without the serious he-
matologic side effects. The Clopi-
dogrel Versus Aspirin in Patients at
Risk of Ischemic Events study (69), a
multicenter, multinational, prospec-
tive, randomized trial, evaluated aspi-
rin versus clopidogrel in more than
19,000 patients with recent stroke or
myocardial infarction or symptomatic
PAD. Clopidogrel was associated with
a modest yet significant reduction in
the primary composite endpoint of
myocardial infarction, ischemic stroke,
and vascular death compared with as-
pirin. In a subgroup analysis of 6,452
patients enrolled in the trial with PAD,
clopidogrel resulted in a relative risk
reduction of 24% compared with aspi-
rin (69). Clopidogrel is well-tolerated,
with no increase in adverse events or
discontinuation rates compared with
aspirin. Clopidogrel has been associ-

ated with a low risk of adverse hema-
tologic effects. The estimated risk of
thrombotic thrombocytopenic pur-
pura is four per 1 million patients, a
level that does not warrant routine he-
matologic monitoring (70). Clopi-
dogrel is the only antiplatelet agent
approved by the United States Food
and Drug Administration (FDA) spe-
cifically for the reduction of cardiovas-
cular events in patients with PAD.

The combined effect of aspirin plus
clopidogrel has been demonstrated in
patients with acute coronary syn-
dromes (71). Currently enrolling trials
will address combination therapy in
PAD; however, this recommendation
cannot be made at present.

We recommend antiplatelet ther-
apy in every eligible patient with PAD
as primary prevention against major
cardiovascular events and mortality.
There are insufficient data supporting
the use of a particular antiplatelet
agent or combination antiplatelet ther-
apy after endovascular therapy for
PAD. If the economic issues of long-
term clopidogrel are manageable, this
agent is superior to aspirin in reducing
the risk of major cardiovascular events
and vascular death.

Exercise Therapy

Patients with intermittent claudica-
tion have marked impairment in exer-
cise performance and overall func-
tional capacity. Reduced walking
capacity is associated with impair-
ment in the performance of activities
of daily living and in general quality
of life. These patients’ peak oxygen
consumption measured during graded
treadmill exercise is 50% of age-
matched subjects with normal periph-
eral arterial circulation, indicating a
level of impairment similar to patients
with debilitating congestive heart fail-
ure (20).

Regular aerobic exercise reduces
cardiovascular risk (by lowering cho-
lesterol and blood pressure and im-
proving glycemic control) and pro-
duces symptomatic improvement in
patients with PAD. The beneficial ef-
fects of exercise may be explained by
several mechanisms, including im-
provements in endothelial vasodilator
function, skeletal muscle metabolism,
blood viscosity, and inflammatory re-
sponses. Exercise training also im-
proves oxygen extraction and walking
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efficiency by decreasing oxygen con-
sumption for the same workload (72).

In older patients with PAD, data
have demonstrated that exercise reha-
bilitation lowered total and LDL cho-
lesterol levels, was associated with a
decrease in systolic blood pressure,
and significantly increased pain-free
and maximum walking distance (73). In
a metaanalysis of randomized trials of
exercise in patients with intermittent
claudication, exercise therapy signifi-
cantly improved pain-free walking time
by 180% and maximal walking time by
150% at 6 months. Compared with per-
cutaneous revascularization, supervised
exercise produced significant improve-
ments in walking time at 6 months and
did not differ significantly from the re-
sults of surgical treatment (74).

We recommend a supervised exer-
cise program that encompasses the fol-
lowing specific factors:

Duration greater than 30 minutes
per session;

Frequency of at least three sessions
per week;

Walking used as the mode of
exercise;

Use of near-maximal pain during
training as claudication pain endpoint;

Walking speed to achieve moderate
claudication symptoms within the first
5 minutes; and

Program length of greater than 6
months.

Supervised exercise therapy is the
most effective symptomatic therapy
for patients with intermittent claudica-
tion. The main factors limiting success
of exercise therapy include lack of pa-
tient motivation and compliance and
the economic obstacles for reimburse-
ment for supervised peripheral arte-
rial rehabilitation programs in the
United States. Unsupervised exercise
rarely offers clinically meaningful ben-
efit. Available data analyzing the im-
plementation of supervised exercise in
patients with PAD are not encourag-
ing. In the United Kingdom, regular
walking exercise programs were not
followed by almost 50% of patients
with intermittent claudication (75).

Pharmacologic Treatment of
Peripheral Arterial Disease

Pentoxifylline (Trental; Aventis,
Bridgewater, NJ), a methylxanthine

derivative, improves red blood cell de-
formability, lowers fibrinogen levels,
and retards platelet aggregation. It is
the first medication approved by the
FDA (in 1984) for the treatment of in-
termittent claudication (1).

A recent review of available trials
concluded that the actual improve-
ment in walking distance attributable
to pentoxifylline is unpredictable, may
not be clinically important compared
with the effects of placebo, and does
not justify the added expense for most
patients (76). Based on current evi-
dence, we do not recommend the rou-
tine use of pentoxifylline in patients
with PAD.

Cilostazol, a phosphodiesterase III
inhibitor, was the second oral agent
approved for the treatment of mild to
moderate intermittent claudication in
1999. In addition to its antiplatelet
properties, cilostazol promotes vaso-
dilation, increases plasma high-den-
sity lipoprotein, and decreases plasma
triglyceride levels (1). However, the
true mechanism whereby cilostazol
improves pain-free walking distance is
unknown. Cilostazol increases pain-
free and maximum walking distances
by 40%–70% and 65%–83%, respec-
tively, after 12–24 weeks when used at
the recommended oral dosage of 100
mg twice daily. Treatment with
cilostazol is also associated with im-
provements in health-related quality
of life (77).

In a pivotal prospective, multi-
center, 24-week randomized trial com-
paring cilostazol to pentoxifylline and
placebo in 698 patients with intermit-
tent claudication, the improvement
seen with cilostazol (a mean percent
increase of 54% from baseline) was
significantly greater than that seen
with either pentoxifylline (a 30% mean
percent increase) or placebo. Side ef-
fects such as headache, palpitations,
and diarrhea were more common in
the cilostazol group, but discontinua-
tion rates were similar between
cilostazol and pentoxifylline (16% vs
19%) (78).

Chronic use of phosphodiesterase
III inhibitors in patients with conges-
tive heart failure has been associated
with an increase in mortality caused
by a proarrhythmic effect. Therefore,
cilostazol must not be prescribed to
patients with intermittent claudication
who have congestive heart failure (79).

The safety data from eight phase III

clinical trials involving 2,702 patients
and from postmarketing surveillance
in the United States representing
70,430 patient-years of exposure did
not reveal increased cardiovascular
morbidity or mortality risk in patients
receiving cilostazol (80).

Cilostazol should be taken 30 min-
utes before or 2 hours after eating be-
cause high-fat meals markedly in-
crease its absorption. Diltiazem,
grapefruit juice, or omeprazole can in-
crease the serum concentration of
cilostazol if they are taken concur-
rently. Cilostazol can be safely admin-
istered with aspirin or clopidogrel
without any further increase in bleed-
ing time (81). We recommend the use
of cilostazol as initial therapy for pa-
tients with mild to moderate intermit-
tent claudication.

Chelation Therapy

Chelation therapy has been pro-
moted as a form of alternative medi-
cine in the treatment of atherosclerotic
cardiovascular disease for decades. A
metaanalysis of available studies eval-
uating chelation therapy in patients
with intermittent claudication demon-
strated no measurable improvement
in outcomes in patients with PAD (82).
We do not recommend chelation ther-
apy as a primary treatment modality
of PAD.

POTENTIAL EMERGING
THERAPIES

Vasodilator drugs such as papaver-
ine were the first medications studied
for the treatment of claudication. Sev-
eral controlled trials have found no
evidence of clinical efficacy of vasodi-
latory agents (1).

Over a period of many years, pro-
stanoids have been evaluated as po-
tential therapy in patients with inter-
mittent claudication and CLI. Various
studies have evaluated prostacyclin,
prostacyclin analogues (iloprost and
beraprost), and intravenous infusion
of prostaglandin E1. In a pooled anal-
ysis of five placebo-controlled trials in-
cluding a total of 728 patients with
CLI, intravenous infusion of iloprost
demonstrated a 21% increase in ulcer
healing rates compared with placebo,
as well as a significantly lower rate of
major limb amputation (83). Pooled
data from 519 patients with intermit-
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tent claudication randomized to re-
ceive oral prostanoids or placebo dem-
onstrated improvement in mean
maximum walking distance by 30%
(84).

Naftidrofuryl is a 5-hydroxytrypta-
mine-2 receptor antagonist with vaso-
dilatory effects. A metaanalysis of four
placebo-controlled trials of this agent
revealed an improvement in maxi-
mum walking distance of 71 m,
whereas pentoxifylline-treated pa-
tients had an improvement of 43.8 m
(85). This agent is not approved by the
FDA and is available only in Europe.

L-carnitine is an agent that facili-
tates the transfer of acylated fatty ac-
ids and acetate across mitochondrial
membranes, thereby enhancing avail-
able energy stores and improving ox-
idative muscle metabolism. This agent
has been tested in Europe to improve
skeletal muscle abnormalities in PAD.
In a small double-blind, placebo-con-
trolled trial, patients treated with pro-
pionyl-L-carnitine noted an improve-
ment of 73% in maximum walking
distance compared with an improve-
ment in placebo-treated patients of
46% (86). Propionyl-L-carnitine is not
yet FDA-approved for treatment of in-
termittent claudication.

L-arginine induces nitric oxide for-
mation and improves endothelial-de-
pendent vasodilation in patients with
PAD (87). In a very small (n � 39)
prospective, randomized, placebo-
controlled trial, L-arginine (given via
intravenous infusion) demonstrated
an impressive improvement in maxi-
mum walking distance of 155% in pa-
tients with claudication (88). This
agent is currently available in nutri-
tional supplements, but data support-
ing its’ widespread use in PAD are
lacking.

Angiogenic growth factors can
stimulate the development of collat-
eral arteries, an approach known as
therapeutic angiogenesis. Many fac-
tors have been suggested for angio-
genesis, including vascular endothe-
lial growth factor, hepatocyte growth
factor, fibroblast growth factor–4, and
hypoxia-inducible factor–1.

Data supporting the use of angio-
genesis in patients with intermittent
claudication are emerging. The Re-
gional Angiogenesis with Vascular
Endothelial Growth Factor Trial (89)
evaluated a single intramuscular injec-
tion of adenovirus-encoding vascular

endothelial growth factor–121 to the
lower extremities of patients with
symptomatic PAD. The treatment was
not associated with improved exercise
performance or quality of life. The
Therapeutic Angiogenesis with Re-
combinant Fibroblast Growth Factor–2
for Intermittent Claudication study
(90) demonstrated moderate improve-
ment in exercise capacity in patients
with intermittent claudication after
one dose of intraarterial recombinant
fibroblast growth factor–2.

Other strategies include autologous
implantation of bone marrow mononu-
clear cells, injection of granulocyte-mac-
rophage colony-stimulating factor, and
therapy based on transcription factors
such as hypoxia-inducible factor–1�,
which regulates the expression of mul-
tiple angiogenic genes. Many relevant
trials are currently in progress (91).

Attempts at modification of the im-
mune system as a therapy for PAD can
be classified into immune modulation
therapy and antibiotic therapy (92).
One double blind, randomized, con-
trolled trial used ex vivo stress of
whole blood (including ultraviolet ra-
diation, ozone exposure, and heat) to
induce immune modulation followed
by intramuscular injection of the
treated blood. This process was re-
peated 12–24 times and did demon-
strate a significant increase in initial
claudication distance that was not sus-
tained after therapy was discontinued
(93). A larger-scale multicenter trial is
currently enrolling.

Antichlamydial therapy has been
tested in a randomized placebo-con-
trolled trial that investigated the effi-
cacy of roxithromycin (300 mg/d for
30 days) in 40 patients with PAD who
were seropositive for Chlamydia pneu-
moniae. During the 2.7-year follow-up,
20% of the patients in the roxithromy-
cin group versus 45% in the placebo
group required revascularization. Pro-
gression of PAD was observed in 20%
of the patients treated with roxithro-
mycin, compared with 65% in the pla-
cebo group (94). This link between in-
fection and atherosclerosis continues
to be studied, and further data are
forthcoming.

Intermittent pneumatic compres-
sion has been evaluated as possible
treatment for patients with intermit-
tent claudication and CLI. Possible
mechanistic benefits include improved
collateral circulation and antiplatelet

activity related to changes in adeno-
sine triphosphate thresholds for plate-
let aggregation (95). In a very small
group of 25 patients with IC, intermit-
tent pneumatic compression for 4.5
months resulted in improvement in
maximum walking distance by 106%
(96).

Gingko biloba is a non–FDA-ap-
proved dietary supplement with anti-
platelet, vasodilatory, and antioxidant
activity, which has been used in the
treatment of intermittent claudication.
As with other dietary supplements,
the potency of gingko biloba prepara-
tions may vary and their purity is not
assured. In a metaanalysis of several
trials comparing gingko biloba prepa-
rations to placebo, there was a border-
line-significant improvement in walk-
ing distance (97).

There has been no documented
benefit of heparin, low–molecular-
weight heparins, oral anticoagulants,
and oral glycoprotein IIb/IIIa inhibi-
tors as primary therapy for the symp-
toms of PAD (98).

CONCLUSIONS

Based on current evidence, nonin-
terventional medical treatment of pa-
tients with PAD includes supervised
exercise therapy, intensive risk factor
interventions based on secondary pre-
vention strategies, antiplatelet ther-
apy, and cilostazol. Implementation of
current secondary prevention guide-
lines in patients with PAD implies that
all patients with an ABI of 0.9 or less
will require aspirin with or without
clopidogrel, an ACE inhibitor, and a
statin (potentially independent of
baseline blood pressure and choles-
terol levels). A call to action has been
raised, and efforts on a national level
to improve the awareness of PAD
among patients and caregivers alike
are critical to prevent premature death
and impaired quality of life among
this expanding patient cohort.
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