
CLINICAL REVIEW

Management of Peripheral Arterial Disease and
Intermittent Claudication
Robert M. Schainfeld, DO

Background: Peripheral arterial disease (PAD) is the chronic obstruction of the arteries supplying the
lower extremities. The most common symptom is intermittent claudication resulting in aching pain,
numbness, weakness, or fatigue in the muscle groups of the lower extremities.

Methods: Using the key words “peripheral arterial disease,” “intermittent claudication,” “atheroscle-
rosis,” and “cardiovascular disease,” MEDLINE databases were searched from 1970 to the present. The
most recent articles pertinent to current treatment recommendations for PAD and intermittent claudica-
tion were selected to document this review.

Results and Conclusions: Symptoms of intermittent claudication are induced by walking or exercise
and usually resolve with rest. Disease severity varies from patients who are asymptomatic to those who
have unremitting symptoms. A high overlap exists between PAD and coronary artery and cerebrovascu-
lar disease. Risks for long-term morbidity and mortality are identical for PAD, intermittent claudication,
and coronary artery disease. Treatment of PAD is aimed at maintaining or improving functional status,
reducing or eliminating ischemic symptoms, and preventing disease progression. Exercise and aggres-
sive risk factor modification represent the cornerstones of treatment. Risk factors include smoking,
diabetes, lipid abnormalities, hypertension, C-reactive protein, lipoprotein(a), and hyperhomocystine-
mia. Antiplatelet and lipid-altering therapies decrease risk of atherosclerotic vascular complications
and are being studied to improve intermittent claudication. Cilostazol, a new antiplatelet, antithrom-
botic agent, reduces claudication symptoms. Angiogenic growth factors have shown preliminary success
in patients with rest pain and ischemic ulcers and are being investigated for use in patients with inter-
mittent claudication. Invasive revascularization procedures can be considered for patients with critical
limb ischemia or when medical therapy fails. (J Am Board Fam Pract 2001;14:443–50.)

Peripheral arterial disease (PAD) is a common
manifestation of systemic atherosclerosis. The
most frequent symptom is intermittent claudica-
tion, which results from poor oxygenation of the
muscles of the lower extremities and is experienced
typically as an aching pain, cramping, or numbness
in the calf, buttock, hip, thigh, or arch of the foot.
Symptoms are induced by walking or exercise and
are relieved by rest.

Patients can be stratified into groups according
to symptom severity. One half of all PAD patients
older than 55 years are asymptomatic.1 Of the

symptomatic patients, approximately 40% experi-
ence intermittent claudication, and 10% have crit-
ical limb ischemia.1 Intermittent claudication is
usually accurately diagnosed based on the vascular
history and physical examination, which should in-
clude palpation of the abdomen and peripheral
pulses. Because palpation of the peripheral pulses
alone is too insensitive a measure of PAD, nonin-
vasive vascular tests, such as determining the ankle-
brachial index, should be performed to quantify the
degree of limb ischemia. The ankle-brachial index,
which is the ratio of the ankle systolic pressure to
the brachial artery systolic pressure (Table 1), is useful
in assessing disease severity. An ankle-brachial index
greater than 0.90 is considered normal; greater than
0.70 to 0.89 is considered mild disease; 0.5 to 0.69,
moderate disease; and less than 0.5, severe disease.2

Methods
The key words “peripheral arterial disease,” “inter-
mittent claudication,” “atherosclerosis,” and “car-
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diovascular disease,” were used to search MED-
LINE databases from 1970 to the present. The
most recent articles pertinent to current treatment
recommendations for PAD and intermittent clau-
dication, as well as research on emerging options,
were selected to document this review.

Prevalence of Peripheral Arterial Disease and
Intermittent Claudication
Determination of intermittent claudication is often
based on the highly specific WHO/Rose question-
naire, or the self-administered Edinburgh Claudi-
cation Questionnaire.3,4 The latter was designed as
an improvement over the WHO/Rose and has a
higher degree of specificity for the diagnosis of
intermittent claudication. Both measurement tools,
however, are considered too rigorous (with a low
degree of sensitivity) and therefore might tend to
underestimate the true prevalence of intermittent
claudication.5 In addition, many elderly patients
with intermittent claudication might consider their
symptoms to be a normal part of aging and do not
consult their physicians. Physicians would do well
to ask their elderly patients whether they experi-
ence pain or cramping in either or both of their legs
when walking. On the other hand, the absence of
one or more pulses tends to overestimate the prev-
alence of intermittent claudication.6 Hence esti-
mates of the incidence and prevalence of PAD and
intermittent claudication, based on patient or phy-
sician reporting or a cursory clinical examination,
could be prone to error.

The true prevalence of PAD, as indicated by
standardized noninvasive testing procedures, such
as measurement of the ankle-brachial index or
treadmill exercise testing, is age related and at least
five times higher than would be expected based on

patient-physician reports.6 Table 1 illustrates the
proper procedure for measuring the ankle-brachial
index. PAD prevalence rates by noninvasive testing
are reported to be 2.5% at ages 40 to 59 years,
8.3% at ages 60 to 69 years, and 18.8% at ages 70
to 79 years.7 Prevalence has been shown to be
higher in men than in women.6,8

Co-morbid Conditions
There is a high degree of overlap between PAD
and cardiovascular disease; the latter has been
found in 29% of patients with PAD compared with
only 11% of patients without PAD.6 In fact, de-
pending on the sensitivity of the diagnostic tech-
nique used, cardiovascular disease can be detected
in as many as 90% of patients with intermittent
claudication.5 Furthermore, numerous studies have
consistently shown a high mortality rate in patients
with PAD and intermittent claudication. In a
Swedish study of 439 men, an ankle-brachial index
of less than 0.9 was associated with a 2.4-fold
higher mortality rate and a twofold higher cardiac
event rate.9 Other studies have corroborated these
findings, showing up to a twofold to fourfold in-
creased risk of mortality in patients with intermit-
tent claudication, predominantly from cardiovascu-
lar disease.10

The prevalence of cerebrovascular disease in
PAD patients is higher than 50% and can be as
high as 75% if sensitive assessments such as Dopp-
ler ultrasound are used.6 There is a 5% overlap
between PAD, coronary artery disease, and cere-
brovascular disease in men and women aged 62
years and older.11 The 5-, 10-, and 15-year mor-
tality rates for intermittent claudication from all
causes are approximately 30%, 50%, and 70%, re-
spectively,5 with a cardiovascular cause estimated to
be responsible for 70% to 80% of deaths.5

Complications and Outcomes
Progression of PAD can result in critical limb isch-
emia, manifested by ischemic pain at rest or in
breakdown of the skin (ulcers or gangrene). Severe
PAD can result in tissue ischemia in the lower
extremities, causing gangrene and requiring ampu-
tation in 3% to 8% of patients.12,13 Aggressive
investigation for revascularization options, either
surgical or percutaneous, are warranted in such
instances. Only a small proportion of patients with
severe disease ultimately requires a major amputa-
tion.

Table 1. Understanding The Ankle-Brachial Index
(Ankle Systolic Pressure/Brachial Artery Systolic
Pressure).

Tools
Use standard blood pressure cuff and 5- to 7-MHz Doppler
ultrasound device

Take 2 standard blood pressure readings in both arms
Take 2 blood pressure readings in legs over dorsalis pedis and
posterior tibial arteries

Ankle-brachial calculation
Divide highest systolic ankle pressure by highest systolic
brachial pressure, and calculate an ankle-brachial index for
each respective limb

444 JABFP November–December 2001 Vol. 14 No. 6

 on 3 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 P

ract: first published as on 1 N
ovem

ber 2001. D
ow

nloaded from
 

http://www.jabfm.org/


Recognizing Patients at Risk
The probability of developing PAD can be assessed
by determining the presence of several risk factors
(Table 2). Smoking is the most significant risk
factor and is associated with disease progression
and a threefold increased risk of amputation and
death in patients with intermittent claudication.5

The 5-year mortality rate for patients with inter-
mittent claudication who continue to smoke is 40%
to 50%.14

Diabetes and impaired glucose tolerance are also
considered important risk factors for the develop-
ment and progression of PAD.8 Hypertension also
has been found to increase PAD risk and is partic-
ularly associated with the development of severe
disease. Hypertension has been shown to increase
the risk of claudication by twofold to threefold.15 In
the 1997 guidelines issued by the Joint National
Committee on Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC-VI), the ag-
gressive treatment of hypertension and its risk
factors is emphasized to prevent target-organ
disease.15

Because PAD-intermittent claudication is an
atherosclerotic disease, lipid abnormalities are also
important contributing risk factors. Patients with
increased low-density lipoprotein (LDL) choles-
terol, as well as those with elevated triglyceride
levels and decreased levels of high-density lipopro-
tein (HDL) cholesterol, have been shown to be at
increased risk for PAD.6 Increasing age,8 elevated
homocysteine levels (�14 �mol/L),16 lipopro-
tein(a),17 and increased fibrinogen and blood vis-

cosity5 have also been described as risk factors for
PAD.

Screening Guidelines
The US Preventive Services Task Force has rec-
ommended guidelines for screening for PAD and
intermittent claudication.2,18 Routine screening for
asymptomatic PAD patients in the general popula-
tion is not recommended in that it has not proved
to be cost-effective.19 Clinicians, however, should
be alert to symptoms of PAD in persons at in-
creased risk (persons older than 50 years, smokers,
diabetics) and should evaluate patients who have
clinical evidence of vascular disease. Two epidemi-
ologic studies have shown that a low ankle-brachial
index is an independent predictor of all-cause and
cardiovascular mortality.20,21 In a substudy of the
Systolic Hypertension in the Elderly Program
(SHEP) trial,21 an ankle-brachial index � 0.9 pre-
dicted all-cause mortality with a relative risk ratio
of 3.8. Similarly, in a study of women older than 65
years, an ankle-brachial index of � 0.9 predicted
all-cause mortality with a relative risk ratio of 3.1.20

These findings have prompted the suggestion that
ankle-brachial index measurements be included as
an integral part of the physical examination in pa-
tients older than 55 years of age and in those who
appear at risk for development of atherosclerosis.22

Screening for hypertension and hypercholesterol-
emia should be conducted, and appropriate coun-
seling should be given regarding the use of tobacco,
physical activity, and nutritional risk factors for
atherosclerotic disease.

Approaches to Treatment
In managing PAD, it is critically important to deal
with the high risk of developing severe and often
fatal cardiovascular complications. The first prior-
ity is to aggressively modify risk factors that en-
hance the progression of atherosclerosis and ath-
erosclerotic complications. It is also important,
however, to relieve the symptoms of intermittent
claudication. Unlike risk reduction, symptomatic
improvement is apparent to the patient, often
within a matter of weeks or a few months, and can
enhance a patient’s quality of life considerably.

Lifestyle Modification
Any lifestyle change that reduces the risk factors for
PAD is beneficial. Intervention programs include

Table 2. Risk Factors for Peripheral Arterial Disease
and Intermittent Claudication.

Smoking
Hypertension
Diabetes
Lipid abnormalities
Increased LDL-cholesterol
Elevated triglycerides
Decreased HDL-cholesterol

Elevated homocysteine
Age
Increased fibrinogen and blood viscosity
Male sex
Lipoprotein(a)

LDL—low-density lipoprotein; HDL—high-density lipopro-
tein.
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cessation of or decrease in smoking, dietary modi-
fications for weight loss and lowering lipid levels,
and a combination of supervised and unsupervised
exercise (Table 3).

Smoking Cessation
Stopping or decreasing smoking undoubtedly re-
duces the progression of PAD. In fact, patients who
stop smoking have a twofold increase in their
5-year survival rate compared with those who con-
tinue to smoke.23

Diet
Dietary management to decrease weight and con-
trol serum lipid levels is also beneficial. The Na-
tional Cholesterol Education Project (NCEP)
guidelines recommend that patients with objective
evidence of PAD receive dietary and pharmaco-
logic therapy to achieve LDL cholesterol � 100
mg/dL.24

Exercise
Physical training and exercise therapy are recom-
mended for patients with intermittent claudication.
Regular exercise coupled with risk factor modifica-
tion, especially smoking cessation, is the corner-
stone of conservative therapy for intermittent clau-

dication.25,26 Various studies have shown
significant improvement in pain-free walking dis-
tance and maximum walking distance in patients
who followed a supervised exercise program for 6
months or longer.26,27 A recent study in older pa-
tients with PAD showed that exercise rehabilitation
lowered total cholesterol and LDL-cholesterol lev-
els, is associated with a decline in systolic blood
pressure, and significantly increased both pain-free
walking distance and maximum walking distance as
assessed by treadmill exercise performance.28 A re-
cently published meta-analysis of randomized, con-
trolled trials of exercise therapy showed an im-
provement in pain-free walking distance of 179%,
while maximum walking distance increased by an
average of 122%.29

Because the main factor limiting success of ex-
ercise therapy is lack of patient motivation, and
because exercise might not always be supervised in
real life, improvement might not be as dramatic in
unsupervised settings. The most effective programs
are supervised, involve walking exercise, and are of
at least 3 to 6 months’ duration. Maintenance of
regular exercise, either independent or supervised,
should be continued indefinitely, or the benefit
might inevitably be lost.

Pharmacotherapy
Antiplatelet and lipid-lowering therapies are effec-
tive in decreasing the risk of cardiovascular mor-
bidity and improving long-term survival. Some
agents can also improve symptoms of claudication.
Emerging therapies, such as carnitine and propio-
nyl-l-carnitine, prostaglandins, angiogenic growth
factors, and l-arginine, are under investigation and
could have potential benefit (Table 3). It should be
noted that exercise therapy is a recommended ad-
junct to pharmacotherapy.

Antiplatelet Agents
Aspirin, dipyridamole, ticlopidine, and clopidogrel
are the agents commonly referred to as antiplatelet
drugs, although cilostazol could also fall into this
category. Aspirin, ticlopidine, clopidogrel, and pi-
cotamide appear to prevent ischemic events. In
clinical trials, however, these agents have not been
shown to improve intermittent claudication, as
measured by pain-free walking distance or maxi-
mum walking distance. Cilostazol is of proven ben-
efit and pentoxifylline of questionable benefit in the
treatment of intermittent claudication.30–32 In fact,

Table 3. Approaches to Treatment of Peripheral
Arterial Disease and Intermittent Claudication.

Life-style modification
Smoking cessation
Diet for weight loss and lipid altering
Supervised and unsupervised exercise programs
Pharmacotherapy
Risk-reducing agents
Antiplatelet drugs: aspirin, ticlopidine, clopidogrel,
cilostazol*
Lipid-altering drugs: fibrates, niacin, statins (simvastatin,
lovastatin, pravastatin, atorvastatin), bile acid sequestrants

Agents under study
Propionyl-l-carnitine, prostaglandin drugs, angiogenic
growth factors, l-arginine

Drugs for treatment of intermittent claudication
Cilostazol
Pentoxifylline

Invasive therapy
Endovascular procedures
Surgical procedures

*Cilostazol, in addition to antiplatelet activity, improves vasodi-
lation, increases HDL-cholesterol levels, and decreases plasma
triglyceride levels.
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only these drugs are approved by the FDA for
treatment of this condition.

Pentoxifylline, a methylxanthine derivative, was
until recently the only drug approved by the FDA
for relief of intermittent claudication symptoms. It
improves red-cell deformability, lowers fibrinogen
levels, and retards platelet aggregation. Early small
trials of pentoxifylline showed improvement in
maximum walking distance in patients with inter-
mittent claudication.33 More recently, with the
completion of larger trials, pentoxifylline has come
to be considered minimally effective in improving
intermittent claudication.31

Cilostazol, a phosphodiesterase III inhibitor, is a
new treatment option for intermittent claudication
approved by the FDA in 1999. In addition to its
antiplatelet properties, cilostazol improves vasodi-
lation, increases plasma HDL-cholesterol levels,
and decreases plasma triglyceride levels.15,34

Cilostazol and its active metabolites have a long
half-life of approximately 10 to13 hours and
achieve good serum concentration (Cmax for
cilostazol approximately 1,200 ng/mL at 3 hours),
with steady state reached in a few days.

Eight phase III placebo-controlled trials have
shown the efficacy of cilostazol.30–32,34–37 In these
studies comparing cilostazol with placebo, patients
receiving 100 mg or 50 mg of cilostazol twice a day
showed a significant increase in treadmill walking
distance.30,36 Patients on cilostazol also experi-
enced improved functional status in physical per-
formance and community walking ability.35 In a
double-blind study comparing cilostazol with pla-
cebo, maximum walking distance increased 41%
with cilostazol.30 The withdrawal of cilostazol in
one study resulted in worsening symptoms of in-
termittent claudication, establishing the benefit of
treatment with the agent.31 In comparison, the ef-
fects of pentoxifylline, like those of placebo, re-
mained essentially unchanged after withdrawal.31

Therapy with cilostazol resulted in improvements
in the lipid profile, with significant increases in
HDL-cholesterol levels of about 10% (P � .001)
and significant decreases in triglyceride levels of
about 15% (P � .001), with greater effects found in
patients with higher baseline triglyceride levels.34

Cilostazol was well tolerated, even in patients
with renal or mild hepatic impairment; the main
side effects were headache, diarrhea, and palpita-
tions.36,38,39 The standard cilostazol dosage of 100
mg twice a day provides the most efficacy, but

patients who experience side effects might benefit
from reducing the initial dosage to 50 mg twice a
day.36 Cilostazol is contraindicated in patients with
congestive heart failure, although it has not been
shown in any clinical trial to precipitate or worsen
this disease. The contraindication is based on the
finding that other phosphodiesterase III inhibitors
increased the morbidity and mortality of patients
with class III or IV congestive heart failure (New
York Heart Association), which these drugs were
intended to treat.40 There has been no increased
mortality associated with cilostazol. Although
cilostazol is six to seven times more expensive than
generic pentoxifylline, its proven benefit makes it a
superior drug for treatment of intermittent claudi-
cation.

Aspirin has no effect on intermittent claudica-
tion symptoms but is useful in reducing cardiovas-
cular events in the population of patients with
PAD.41 A drawback is that aspirin, even in rela-
tively low doses (�325 mg/d), has been associated
with gastrointestinal intolerance.42

Ticlopidine blocks the activation of platelets by
adenosine diphosphate (ADP) and has been shown
to reduce the risk of stroke and myocardial infarc-
tion in patients with intermittent claudication.43

Ticlopidine, however, is associated with throm-
botic thrombocytopenic purpura44 and neutropenia
and has not been approved for treatment of inter-
mittent claudication.

Clopidogrel, a new thienopyridine derivative,
has an action similar to ticlopidine and is indicated
for secondary prevention of ischemic events in pa-
tients who have had a recent myocardial infarction,
stroke, or symptomatic PAD. In a recent study
(CAPRIE),45 clopidogrel, when compared with as-
pirin, resulted in a 23.8% relative risk reduction of
ischemic stroke, myocardial infarction, or other
vascular death in the PAD group. Like ticlopidine,
clopidogrel has been shown to be associated with
an increased risk of thrombotic thrombocytopenic
purpura.46 Clopidogrel is not indicated for the
treatment of intermittent claudication.

Lipid-Altering Agents
In PAD, the major lipid risk factors for peripheral
atherosclerosis are elevated LDL cholesterol, de-
creased HDL cholesterol, and increased triglycer-
ide levels. Clinical trials have shown that lipid mod-
ification is associated with stabilization or
regression of femoral atherosclerosis.47 Colestipol-
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niacin therapy was shown to be effective in reduc-
ing progression of atherosclerotic disease,48 and
other lipid-altering drugs, such as cholestyramine,
are also recommended.2,49 More recently, statins
have become the primary intervention. Simvastatin
was found to reduce the incidence of carotid bruits
and cerebrovascular events, as well as new-onset or
worsening angina pectoris and intermittent claudica-
tion, and to improve survival.36,50

Emerging Agents
Several new agents are under study and have shown
modest benefit in the PAD population. Patients
with PAD develop metabolic abnormalities in skel-
etal muscles of the lower extremities, resulting in
changes in carnitine metabolism and accumulation
of acylcarnitines.

Propionyl-l-carnitine has been shown to im-
prove exercise and quality of life in patients with
intermittent claudication.51

Prostaglandin drugs (PG), such as PGE1 and
PGI2, show promise in the treatment of intermit-
tent claudication.5 In an open-label study compar-
ing pentoxifylline, PGE1, and exercise treatment in
PAD patients, a 30% increase in maximum walking
distance was obtained with exercise or pentoxifyl-
line compared with a 149% increase with intrave-
nous PGE1; disease progression was also reduced
with PGE1.

52 Recent trials using a PGI2 analog
that is orally active (Beraprost) failed to show a
statistically significant improvement in walking dis-
tance compared with placebo; the oral prostacyclin
was also found to be poorly tolerated at higher
doses secondary to side effects.36,53

Angiogenic growth factors, such as vascular en-
dothelial growth factor (VEGF) and basic fibro-
blast growth factor (bFGF), are mitogenic agents
for development of new collateral channels in mod-
els of peripheral ischemia. Recent studies using
gene transfer of naked DNA encoding for VEGF
have shown promise in angiogenesis in patients
with critical limb ischemia.54 Phase I and phase II
trials are in progress evaluating these agents for
treatment of claudication and critical leg ischemia.

l-Arginine has been shown to induce nitric ox-
ide formation and improve endothelial-dependent
vasodilation in patients with atherosclerosis. Small
studies have shown improvement in pain-free walk-
ing distance and maximum walking distance after
treatment of intermittent claudication with this
compound,55 and an l-arginine-enriched food bar

has been recommended as nutritional therapy for
PAD.56

Invasive Therapies
For most patients with PAD, the primary care phy-
sician should feel comfortable in the management
of their vascular issues. Arteriography is not neces-
sary in the diagnostic evaluation of patients with
PAD and is indicated only when the condition
necessitates definitive revascularization, either en-
dovascular or surgical. Referral to a vascular care
specialist is indicated for patients with lifestyle-
limiting claudication (refractory to exercise and
pharmacotherapy) or evidence of critical limb isch-
emia (eg, rest pain or tissue loss, including ulcers or
gangrene). To help define the anatomy when per-
forming an arteriographic examination, noninvasive
arterial studies, including ankle-brachial indexes
and arterial imaging with duplex ultrasonography,
may be added to guide the operator in planning a
diagnostic strategy. As in all invasive procedures,
substantial cardiovascular morbidity and mortality
exist in addition to the expense. In each case, there-
fore, the risk-benefit ratio must be weighed.

Conclusions
The primary goals of therapy for PAD and inter-
mittent claudication are to relieve symptoms (in the
case of intermittent claudication) and to reduce
progression of the disease and development of car-
diovascular complications. Risk-factor modification
is key. Improvements in walking ability can in-
crease a patient’s overall mobility and have a posi-
tive impact on cardiovascular outcome. Invasive
measures should be considered if medical treatment
fails, if the patient’s mobility is severely limited by
claudication, or if there is critical limb ischemia.

References
1. Weitz JI, Byrne J, Clagett GP, et al. Diagnosis and

treatment of chronic arterial insufficiency of the
lower extremities: a critical review. Circulation 1996;
94:3026–49.

2. Tabet S, Berg AO, for the US Preventive Services
Task Force. Screening for peripheral arterial disease.
In: Guide to clinical preventive services: report of the
US Preventive Services Task Force. Baltimore: Wil-
liams & Wilkins, 1996.

3. Fowkes FG, Housley E, Cawood EH, Macintyre
CC, Ruckley CV, Prescott RJ. Edinburgh Artery
Study. Prevalence of asymptomatic and symptomatic

448 JABFP November–December 2001 Vol. 14 No. 6

 on 3 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 P

ract: first published as on 1 N
ovem

ber 2001. D
ow

nloaded from
 

http://www.jabfm.org/


peripheral arterial disease in the general population.
Int J Epidemiol 1991;20:384–92.

4. Leng GC, Fowkes FG. The Edinburgh Claudication
Questionnaire: an improved version of the WHO/
Rose Questionnaire for use in epidemiological sur-
veys. J Clin Epidemiol 1992;45:1101–09.

5. Management of peripheral arterial disease (PAD).
TransAtlantic Inter-Society Consensus (TASC)
Working Group. J Vasc Surg 2000;31(1 Pt.2):S5–
S14, S93–S101.

6. Criqui MH, Denenberg JO, Langer RD, Fronek A.
The epidemiology of peripheral arterial disease: im-
portance of identifying the population at risk. Vasc
Med 1997;2:221–6.

7. Criqui MH, Denenberg JD, Langer RD, Fronek A.
The epidemiology of peripheral arterial disease: im-
portance of population at risk. Vasc Med 1997;2:
221–6.

8. Murabito JM, D’Agostino RB, Silbershatz H, Wil-
son WF. Intermittent claudication. A risk profile
from The Framingham Heart Study. Circulation
1997;96:44–9.

9. Ogren M, Hedblad B, Isacsson SO, Janzon L,
Jungquist G, Lindell SE. Non-invasively detected
carotid stenosis and ischaemic heart disease in men
with leg arteriosclerosis. Lancet 1993;342:1138–41.

10. Kannel WB, McGee DL. Update on some epidemi-
ologic features of intermittent claudication: the Fra-
mingham Study. J Am Geriatr Soc 1985;33:13–8.

11. Aronow WS, Ahn C. Prevalence of coexistence of
coronary artery disease, peripheral arterial disease,
and atherothrombotic brain infarction in men and
women � 62 years of age. Am J Cardiol 1994;74:
64–5.

12. McDaniel MD, Cronenwett JL. Basic data related to
the natural history of intermittent claudication. Ann
Vasc Surg 1989;3:273–7.

13. Imparato AM, Kim GE, Davidson T, Crowley JG.
Intermittent claudication: its natural course. Surgery
1975;78:795–9.

14. Hirsch AT, Treat-Jacobson D, Lando HA, Hat-
sukami DK. The role of tobacco cessation, antiplate-
let and lipid-lowering therapies in the treatment of
peripheral arterial disease. Vasc Med 1997;2:243–51.

15. Sixth report of the Joint National Committee on
detection, evaluation, and treatment of high blood
pressure (JNC-VI). Arch Intern Med 1997;157:
2413–46.

16. Taylor LM Jr, Moneta GL, Sexton GJ, Schuff RA,
Porter JM. Prospective blinded study of the relation-
ship between plasma homocysteine and progression
of symptomatic peripheral arterial disease. J Vasc
Surg 1999;29:8–19.

17. Cheng SW, Ting AC, Wong J. Lipoprotein (a) and
its relationship to risk factors and severity of athero-
sclerotic peripheral vascular disease. Eur J Vasc En-
dovasc Surg 1997;14:17–23.

18. Fowkes FG. Epidemiology of peripheral vascular
disease. Atherosclerosis 1997;131(Suppl):S29–S31.

19. Walsh JJ Jr, Cofelice M, Lumpkin D, Kerstein MD.
Is screening for vascular disease a valuable proposi-
tion? J Cardiovasc Surg 1988;29:306–9.

20. Vogt MT, Cauley JA, Newman AB, Kuller LH,
Hulley SB. Decreased ankle/arm blood pressure in-
dex and mortality in elderly women. JAMA 1993;
270:465–9.

21. Newman AB, Sutton-Tyrrell K, Vogt MT, Kuller
LH. Morbidity and mortality in hypertensive adults
with a low ankle/arm blood pressure index. JAMA
1993;270:487–9.

22. Vogt MT, McKenna M, Wolfson SK, Kuller LH.
The relationship between ankle brachial index, other
atherosclerotic disease, diabetes, smoking and mor-
tality in older men and women. Atherosclerosis
1993;101:191–202.

23. Faulkner KW, House AK, Castleden WM. The ef-
fect of cessation of smoking on the accumulative
survival rates of patients with symptomatic periph-
eral vascular disease. Med J Aust 1983;1:217–9.

24. Summary of the second report of the National Cho-
lesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult treatment Panel
II). JAMA 1993;269:3015–23.

25. Hiatt WR, Regensteiner JG, Hargarten ME, Wolfel
EE, Brass EP. Benefit of exercise conditioning for
patients with peripheral arterial disease. Circulation
1990;81:602–9.

26. Regensteiner JG, Gardner A, Hiatt WR. Exercise
testing and exercise rehabilitation for patients with
peripheral arterial disease: status in 1997. Vasc Med
1997;2:147–55.

27. Gardner AW, Poehlman ET. Exercise rehabilitation
programs for the treatment of claudication pain. A
meta-analysis. JAMA 1995;274:975–80.

28. Izquierdo-Porrera AM, Gardner AW, Powell CC,
Katzel LI. Effects of exercise rehabilitation on car-
diovascular risk factors in older patients with periph-
eral arterial occlusive disease. J Vasc Surg 2000;31:
670–7.

29. Ernst E, Fialka V. A review of the clinical effective-
ness of exercise therapy for intermittent claudication.
Arch Intern Med 1993;153:2357–60.

30. Dawson DL, Cutler BS, Meissner MH, Strandness
DE Jr. Cilostazol has beneficial effects in treatment
of intermittent claudication: results from a multi-
center, randomized, prospective, double-blind trial.
Circulation 1998;98:678–86.

31. Dawson DL, DeMaioribus CA, Hagino RT, et al.
The effect of withdrawal of drugs treating intermit-
tent claudication. Am J Surg 1999;178:141–6.

32. Dawson DL, Cutler BS, Hiatt WR, et al. A compar-
ison of cilostazol and pentoxifylline for treating in-
termittent claudication. Am J Med 2000;109:523–30.

33. Lindgarde F, Jelnes R, Bjorkman H, et al. Conser-

Peripheral Arterial Disease 449

 on 3 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 P

ract: first published as on 1 N
ovem

ber 2001. D
ow

nloaded from
 

http://www.jabfm.org/


vative drug treatment in patients with moderately
severe chronic occlusive peripheral arterial disease.
Scandinavian Study Group. Circulation 1989;80:
1549–56.

34. Elam MB, Heckman J, Crouse JR, et al. Effect of the
novel antiplatelet agent cilostazol on plasma lipopro-
teins in patients with intermittent claudication. Ar-
terioscler Thromb Vasc Biol 1998;18:1942–7.

35. Money SR, Herd JA, Isaacsohn JL, et al. Effect of
cilostazol on walking distances in patients with in-
termittent claudication caused by peripheral vascular
disease. J Vasc Surg 1998;27:267–74.

36. Beebe HG, Dawson DL, Cutler BS, et al. A new
pharmacological treatment for intermittent claudica-
tion: results of a randomized, multicenter trial. Arch
Intern Med 1999;159:2041–50.

37. Data on file. Rockville, Md: Otsuka America Phar-
maceutical, 2000.

38. Mallikaarjun S, Forbes WP, Bramer SL. Effect of
renal impairment on the pharmacokinetics of cilosta-
zol and its metabolites. Clin Pharmacokinet 1999;
37(Suppl 2):33–40.

39. Bramer SL, Forbes WP. Effect of hepatic impair-
ment on the pharmacokinetics of a single dose of
cilostazol. Clin Pharmacokinet 1999;37(Suppl 2):
25–32.

40. Packer M, Carver JR, Rodeheffer RJ, et al. Effect of
oral milrinone on mortality in severe chronic heart
failure. The PROMISE Study Research Group.
N Engl J Med 1991;325:1468–75.

41. Antiplatelet Trialists’ Collaboration. Collaborative
overview of randomised trials of antiplatelet thera-
py–I: Prevention of death, myocardial infarction, and
stroke by prolonged antiplatelet therapy in various
categories of patients. BMJ 1994;308:81–106.

42. Krupski WC, Weiss DG, Rapp JH, Corson JD,
Hobson RW 2nd. Adverse effects of aspirin in the
treatment of asymptomatic carotid artery stenosis.
The VA Cooperative Asymptomatic Carotid Artery
Stenosis Study Group. J Vasc Surg 1992;16:588–97.

43. Janzon L, Bergqvist D, Boberg J, et al. Prevention of
myocardial infarction and stroke in patients with
intermittent claudication; effects of ticlopidine. Re-
sults from STIMS, the Swedish Ticlopidine Multi-
centre Study. J Intern Med 1990;227:301–8.

44. Bennett CL, Weinberg PD, Rozenberg-Ben-Dror
K, Yarnold PR, Kwaan HC, Green D. Thrombotic
thrombocytopenic purpura associated with ticlopi-
dine. A review of 60 cases. Ann Intern Med 1998;
128:541–4.

45. A randomized, blinded, trial of clopidogrel versus
aspirin in patients at risk of ischaemic events
(CAPRIE). CAPRIE Steering Committee. Lancet
1996;348:1329–39.

46. Bennett CL, Connors JM, Carwile JM, et al.
Thrombotic thrombocytopenic purpura associated
with clopidogrel. N Engl J Med 2000;342:1773–7.

47. Olsson AG, Ruhn G, Erikson U. The effect of serum
lipid regulation on the development of femoral ath-
erosclerosis in hyperlipidaemia: a non-randomized
controlled study. J Intern Med 1990;227:381–90.

48. Cashin-Hemphill L, Mack WJ, Pogoda JM, San-
marco ME, Azen SP, Blankenhorn DH. Beneficial
effects of colestipol-niacin on coronary atheroscle-
rosis. A 4-year follow-up. JAMA 1990;264:3013–7.

49. Blankenhorn DH, Hodis HN. Treating serum lipid
abnormalities in high-priority patients. Postgrad
Med 1991;89:81–2, 87–90, 93–6.

50. Pedersen TR, Kjekshus J, Pyorala K, et al. Effect of
simvastatin on ischemic signs and symptoms in the
Scandinavian simvastatin survival study (4S). Am J
Cardiol 1998;81:333–5.

51. Brevetti G, Perna S, Sabba C, Martone VD, Di Iorio
A, Barletta G. Effect of propionyl-l-carnitine on
quality of life in intermittent claudication. Am J
Cardiol 1997;79:777–80.

52. Scheffler P, de la Hamette D, Gross J, Mueller H,
Schieffer H. Intensive vascular training in stage IIb
of peripheral arterial occlusive disease. The additive
effects of intravenous prostaglandin E1 or intrave-
nous pentoxifylline during training. Circulation
1994;90:818–22.

53. Hiatt WR. Current and future drug therapies for
claudication. Vasc Med 1997;2:257–62.

54. Baumgartner I, Pieczek A, Manor O, et al. Consti-
tutive expression of phVEGF165 after intramuscular
gene transfer promotes collateral vessel development
in patients with critical limb ischemia. Circulation
1998;97:1114–23.

55. Boger RH, Bode-Boger SM, Thiele W, Creutzig A,
Alexander K, Frolich JC. Restoring vascular nitric
oxide formation by l-arginine improves the symp-
toms of intermittent claudication in patients with
peripheral arterial occlusive disease. J Am Coll Car-
diol 1998;32:1336–44.

56. Maxwell AJ, Anderson BE, Cooke JP. Nutritional
therapy for peripheral arterial disease: a double-
blind, placebo-controlled, randomized trial of
HeartBar. Vasc Med 2000;5:11–19.

450 JABFP November–December 2001 Vol. 14 No. 6

 on 3 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 P

ract: first published as on 1 N
ovem

ber 2001. D
ow

nloaded from
 

http://www.jabfm.org/

