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eripheral arterial disease (PAD) affects more than
9 million Americans, and as many as 3 million
experience claudication, its primary lower
extremity ischemic symptom.1 The prevalence of

both PAD and claudication increases with age and expo-
sure to common risk factors, and this prevalence is
increasing.2 The prevalence of PAD and claudication are
closely associated with numerous comorbidities that also
affect ambulatory function, including arthritis, neuropa-
thy, spinal stenosis, and podiatric disease.3,4 Thus,
although classic claudication is present in approximately
one in 10 people with PAD, as many as 40% of individuals
with PAD have atypical leg pain.1

THE CLINICAL CONUNDRUM: THE
COPREVALENCE OF PAD,  CL A SSIC 
CL AUDICATION ,  AND ATYPICAL LEG PAIN 

The clinical conundrum, which is shared by individual
patients, endovascular practices, health systems, and the
public, is that efforts to diminish the impact of claudica-
tion symptoms are constrained by the following facts:

• Although PAD is common, classic claudication is not.
The presence of lower extremity arterial stenoses, or
the ankle-brachial index value, is not closely associat-
ed with the magnitude of leg symptoms. Similarly,
arterial patency is sometimes less than ideally associ-
ated with improvement in exercise-associated leg
pain.

• Current vascular training programs, regardless of spe-
cialty, do not provide expertise on use of exercise
and pharmacological claudication interventions.

• Patients have previously had limited access to infor-
mation regarding their treatment choices.

• Current health care payer policies do not provide
reimbursement aligned with the relative safety and
efficacy of claudication treatments, and PAD health
care costs are high.5

• The nation’s economic status is now strained by the
use of technologies that may not always yield tangi-
ble health benefits.

All patients with PAD, whether classic ischemic leg
symptoms are present or not, have been shown to have
limited physical activity, impaired walking speed and
endurance, and functional decline.6-8 In addition, PAD is a
“coronary heart disease equivalent” and is associated with
a two- to threefold increased short-term risk of cardio-
vascular ischemic events.9,10 In fact, the overall cardiovas-
cular morbidity of PAD is likely now greater, on average,
than that experienced by patients with clinical coronary
artery disease (CAD).11 It is imperative, therefore, that cli-
nicians who diagnose and treat PAD implement treat-
ments that are known to prevent future cardiovascular
events, improve functional limitations, and decrease fur-
ther functional deterioration. Current national guidelines
recommend aggressive risk-factor modification and
antiplatelet therapy for patients with PAD (Figure 1).1

These medical interventions are well accepted but
incompletely applied.3

This article focuses on the appropriate application of
claudication medical therapies to improve claudication
(Table 1). These evidence-based treatments are interven-
tions proven to improve symptoms and are much more

Therapeutic Choice
Is Quality

Claudication Care
Exercise and claudication pharmacotherapies as the foundation to redefine conservative care.

BY MUDASSAR AHMED, MD; SARA MURRAY, MD; AND ALAN T. HIRSCH, MD

Noninterventional
and Medical Management



APRIL 2008 I ENDOVASCULAR TODAY I 47

COVER STORY

powerful than the traditionally described conservative
medical care standard that was once synonymous with
nonrevascularization. Medical management of claudica-
tion is active, effective, low risk, cost effective, and is not
conservative care.12

PAD E XERCISE REHABILITATION A S A PRI-
M ARY CL AUDICATION THER APY

Claudication leads to functional status limitations due
to an exercise-associated supply-demand mismatch and
equally to the profound deconditioning experienced by
nearly all PAD patients over time. The biological sub-
strate of claudication and deconditioning are well known,
and functional limitations are due—beyond the
decreased leg blood flow—to dysfunction of the leg as
an end organ, including neurological, skeletal muscle,
metabolic, gait, and other impairments. Ultimately,
patients experience difficulty performing routine daily
activities, and functional independence is diminished. It is
vital to prevent this cycle of disability because a main

claudication treatment goal is to improve functional sta-
tus.13

Supervised exercise training is associated with
improvements in walking ability and improvements in
atherosclerosis risk factors. The data underlying this
improvement are unambiguous, and supervised exercise
has thus been emplaced as a class 1A first-line therapy
for all individuals with claudication, regardless of age,
ankle-brachial index value, or PAD anatomy. A meta-
analysis of randomized and nonrandomized trials of exer-
cise training by Gardner et al showed improvements in
mean walking distances of 180% in pain-free walking dis-
tance and 130% for maximal walking distance.14 Another
meta-analysis by Bulmer and Coombes demonstrated
median improvements in pain-free walking distance and
absolute walking distance of 80% and 120%, respective-
ly.15 This augmentation of walking ability has been shown
to correlate with performance of routine daily activities
and in subjective functional improvement.16,17

The mechanism of benefit with exercise training is

Figure 1. PAD guideline claudication treatment algorithm. (Reprinted with permission from Hirsch AT, et al. Circulation.

2006;113:1474-1547.)
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multifactorial and is science based via several mecha-
nisms that are known to occur in humans.13 Clinicians
who are expert in the care of claudication should be
familiar with this pathophysiology and should not pre-
sume that exercise is merely reconditioning nor achieves
its benefits by conjectural recruitment of collateral blood
flow. There is no direct evidence that either angiogenesis
or collateral blood flow recruitment can explain the mag-
nitude of improvement that is documented in response
to exercise training. There is evidence that exercise train-
ing is associated with improved endothelial arteriolar
function, and this mechanism could support improved
muscle blood flow. 

The evidence base also supports the role of exercise
training in improving glycemic control, dyslipidemia, and
hypertension, as well as lowering concentrations of
inflammatory markers when exercise is sustained.
Exercise improves hemorrheology and elicits consistent
improvements in muscle metabolism and oxygen extrac-
tion. Exercise improves fibrinolysis,18 and indirect evi-
dence suggests that training is associated with improved
walking economy. Despite the complexity of these mech-
anisms, the totality of evidence for potent biological
effects and major clinical improvement in both objective
walking time and functional status is as robust as for any
claudication treatment.

Supervised exercise therapy, as stated previously, is a
class 1A, first-line claudication therapy. Referral to a
supervised PAD rehabilitation program is preferred over
self-monitored home exercise. Key elements of a super-
vised exercise-training program can be found in Table 1.
Exercise training, as a first-line claudication therapy, has
several advantages, including that any primary care or
vascular specialty clinician can prescribe it, it is effective
in inducing clinical improvement in individuals with mul-
tiple causes of limb dysfunction, and it improves risk fac-
tors. Disadvantages are few but do include the current
lack of reimbursed programs and the time required for
participation. Both of these limitations could be easily
reversed because health care payers and clinicians could
emplace reimbursement via simple administrative deci-
sions at the payer or hospital level, and motivation to
participate is present for all other proven rehabilitative
interventions and is only absent for PAD when clinicians
do not encourage participation. 

There is no evidence that functional gains achieved via
an exercise program are lost once the supervised phase is
completed. Even if this were true, every other claudica-
tion treatment also requires sustained intervention if
long-term success is considered. Claudication medica-
tions require long-term adherence, endovascular proce-
dures have limited patency, and open surgical procedures

have both limited patency and an invariable short-term
cardiovascular morbidity and mortality rate. 

A baseline exercise treadmill test is valuable in identify-
ing potential coronary ischemia, which may limit exercise
ability, and in establishing a baseline from which to mon-
itor progress during exercise training. Prescribed exercise
therapy has been shown to be cost effective when com-
pared to percutaneous transluminal angioplasty.19

Furthermore, supervised exercise training has a specific
current procedural terminology code (CPT 93668) for
reimbursement. Even when not directly reimbursed by
CMS, indirect costs from invasive procedures could be
used to defray the cost of this program if clinicians
demanded it. It is hard to imagine why all payers would
not eagerly support primary use of this beneficial, safe,
cost-effective, and science-based claudication treatment. 

PHARM ACOLOGICAL THER APY OF 
CL AUDICATION

Similar to individuals with CAD, individuals with PAD
sometimes believe that endovascular therapies might
supplant the use of medications. In contrast, all individu-
als with PAD require a comprehensive medical manage-
ment plan to lower their cardiovascular risk. As for CAD,
there are effective medications that can also be used to
diminish limb ischemic symptoms. 

Two medications are FDA approved for the manage-
ment of intermittent claudication: cilostazol and pentoxi-
fylline. Cilostazol is a phosphodiesterase (PDE)-III
inhibitor that increases tissue concentrations of cyclic
adenosine monophosphate. Although the exact mecha-
nism of benefit of cilostazol to improve claudication
remains unclear, this medication’s antiplatelet and
vasodilatory effects are considered to be potentially
important.20 In multiple placebo-controlled, multicenter,
randomized clinical trials, cilostazol improved walking
distance by 40% to 60% after 3 to 6 months of thera-
py.21,22 The recommended dose is 100 mg orally twice
daily. Potential adverse events of cilostazol include
headache, rapid heart rate or dizziness, nausea, loose
stools, and diarrhea, but the impact of potential adverse
effects can usually be moderated by careful dose titra-
tion. No cardiovascular morbidity or mortality has been
described with cilostazol, either in clinical trials or via
postmarketing surveillance. Nevertheless, this medication
is contraindicated in patients with heart failure, as are all
PDE-III inhibitors.

Pentoxifylline is a methylxanthine derivative with hem-
orrheologic properties, including a reduction in blood
viscosity, increased blood cell deformability, and
decreased neutrophil activation. It was the first drug
approved for the treatment of intermittent claudication



because it showed a 20% to 30% improvement in walking
distance in two randomized trials.23,24 The dose of pen-
toxifylline is 400 mg orally three times daily, and potential
adverse effects include sore throat, nausea, and diarrhea.
Since approval, wide clinical experience has not support-
ed the overt efficacy of pentoxifylline. More recent clini-
cal trial data have compared the effectiveness of pentoxi-
fylline with cilostazol and demonstrated that pentoxi-
fylline’s benefit was nearly that of placebo.25

The intersocietal PAD guidelines1 recommend the use
of cilostazol as a class 1 recommendation and first-line

therapy for patients with intermittent claudication. In the
absence of heart failure, a 3-month therapeutic trial is
recommended for all such patients. In contrast, use of
pentoxifylline is a class 2B recommendation with the
recognition that its benefits are marginal and not well
established.

Note that the role of these claudication medications for
individuals with critical limb ischemia (eg, ischemic rest
pain, nonhealing wounds, or gangrene) is not associated
with any evidence base of efficacy. Parenteral administra-
tion of prostacyclin and/or iloprost has shown beneficial

Primary clinician role

• Establish the PAD diagnosis using the ankle-brachial index measurement or other objective vascular laboratory evaluations.

• Determine that claudication is the major symptom limiting exercise.

• Discuss risk/benefit of claudication therapeutic alternatives, including pharmacological, percutaneous, and surgical 

interventions.

• Initiate systemic atherosclerosis risk modification.

• Perform treadmill stress testing.

• Provide formal referral to a claudication exercise rehabilitation program.

Exercise guidelines for claudication*

Warm-up and cool-down period of 5 to 10 minutes each.

• Types of exercise:

- Treadmill and track walking are the most effective exercise for claudication.

- Resistance training has conferred benefit to individuals with other forms of cardiovascular disease and its use, as tolerated,

for general fitness is complementary to (but not a substitute for) walking.

• Intensity:

- The initial workload of the treadmill is set to a speed and grade that elicit claudication symptoms within 3 to 5 minutes.

- Patients walk at this workload until they achieve claudication of moderate severity, which is then followed by a brief 

period of standing or sitting rest to permit symptoms to resolve.

• Duration:

- The exercise-rest-exercise pattern should be repeated throughout the exercise session.

- The initial duration will usually include 35 minutes of intermittent walking and should be increased by 5 minutes each 

session until 50 minutes of intermittent walking can be accomplished.

• Frequency:

- Treadmill or track walking 3 to 5 times per week.

Role of direct supervision

• As patients improve their walking ability, the exercise workload should be increased by modifying the treadmill grade or

speed (or both) to ensure that there is always the stimulus of claudication pain during the workout.

• As patients increase their walking ability, there is the possibility that cardiac signs and symptoms may appear, such as dys-

rhythmia, angina, or ST-segment depression. These events should prompt physician re-evaluation.

*These general guidelines should be individualized and based on the results of treadmill stress testing and the clinical status of the patient. A full discussion of the exercise precautions
for persons with concomitant diseases can be found elsewhere. For diabetes, see Ruderman N, et al. Handbook of Exercise in Diabetes. Alexandria, VA: American Diabetes Association;
2002 (362a). For hypertension, see ACSMs guidelines for exercise testing and prescription. In: Franklin BA, ed. Baltimore, MD: Lippincott Williams & Wilkins; 2000 (3 62b). For coro-
nary artery disease, see Guidelines for cardiac rehabilitation and secondary prevention/American Association of Cardiovascular and Pulmonary Rehabilitation. Champaign, IL: Human
Kinetics; 1999 (362c). 

Adapted with permission from Hirsch AT, et al. Circulation. 2006;113:1474-1547.

TABLE 1.  KEY ELEMENTS OF A THERAPEUTIC CLAUDICATION EXERCISE TRAINING PROGRAM
(LOWER EXTREMITY PAD REHABILITATION)1
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(but inconsistent) clinical trial results and may be consid-
ered in patients to decrease ischemic pain and improve
ulcer healing.26,27 Revascularization remains the corner-
stone of care for patients with critical limb ischemia.

MEDICAL TRE ATMENT IS  M ANDATORY AND
IS NOT CONSERVATIVE TRE ATMENT

Endovascular clinicians, as central caregivers who
establish PAD care standards, must be familiar with and
use guideline-derived (evidence-based medicine) treat-
ment of each risk factor (eg, smoking, diabetes mellitus,
hypertension, and hyperlipidemia). A review of the treat-
ment strategies for the atherosclerotic risk of PAD is
beyond the scope of this article. However, two medica-
tion classes that deserve special attention by all vascular
clinicians include the HMG-CoA reductase inhibitors (or
statins) and the antiplatelet medications. Statins are
extremely efficacious in reducing LDL levels and have
been shown to reduce cardiovascular ischemic events,
hospitalization, and mortality beyond their lipid-lowering
effects.1,28,29 Unless contraindicated or not tolerated,
statin use is a class 1 recommendation for all patients
with PAD.

The Antithrombotic Trialists’ Collaboration provided a
meta-analysis of 287 studies that showed a 22% odds
reduction for adverse cardiovascular events in patients
with PAD treated with aspirin compared to placebo.30

The recommended daily dose is 75 to 325 mg for all
patients with PAD unless specifically contraindicated. For
patients who are unable to take aspirin, clopidogrel can
be administered at a dose of 75 mg orally daily. The
CAPRIE trial31 randomized patients to aspirin and clopi-
dogrel and, in patients with PAD, clopidogrel was found
to be more efficacious than aspirin in reducing the risk of
myocardial infarction, stroke, or vascular death. There is
no proven role for dual antiplatelet therapy for any PAD
clinical syndrome, and warfarin has no protective effect.32

THER APEUTIC CHOICE IS THE FOUNDATION
OF QUALITY CLAUDICATION CARE

Endovascular clinicians should note that exercise, phar-
macotherapy, and invasive therapies are not competitive
treatments, but they are always complementary. Each
modality of claudication treatment (eg, cilostazol, super-
vised exercise, or percutaneous and open revasculariza-
tion) can be combined and lead to even better exercise
tolerance and functional status. Vascular clinicians,
responsible for the overall quality of national claudica-
tion care, must support patient access to all proven inter-
ventions. 

The science base documents true equipoise between
available claudication treatments, which have never been

evaluated simultaneously in one population. The CLEVER
study is an NHLBI-funded trial designed to assess the rela-
tive efficacy, safety, and health economic impact of the
three current claudication treatments that might be
offered to individuals with atherosclerotic aortoiliac PAD.
Subjects are randomly assigned to one of four treatment
groups: (1) optimal medical care (home exercise and
cilostazol), (2) supervised exercise rehabilitation for 6
months, (3) primary aortoiliac stenting, or (4) stenting
with supervised exercise. The study will recruit 252 sub-
jects and continues active recruitment. The “CLEVER
Design Paper” will be published in the Journal of Vascular
Surgery.33 The 20 national CLEVER study sites have created
a novel system in which PAD exercise rehabilitation—pre-
viously unavailable in the US despite the PAD guideline
class 1A efficacy recommendation—can be conveniently
offered to subjects at no cost, provides all subjects with
supervised achievement of all current atherosclerotic risk
reductions goals, carefully evaluates clinical benefit and
safety, monitors rates of both cardiovascular and periph-
eral adverse events, and prospectively measures associat-
ed health economic costs. All patients who are potential
CLEVER study candidates who reside near CLEVER study
sites should be offered information about the trial and
thereby should be able to consider study participation. All
endovascular therapists should support “best science” as
represented by NHLBI clinical investigations. 

CONCLUSION
PAD is a major national cause of cardiovascular mor-

bidity and mortality. Temporal increases in population-
based atherosclerotic risk factor exposure (eg, obesity
and diabetes) suggest that the societal costs of PAD are
likely to increase. As all clinicians become familiar with
this PAD burden, this disease will not remain underrecog-
nized and undertreated. As additional patients seek and
receive medical care, all vascular clinicians must support,
prescribe, and utilize all effective therapeutic claudication
options. Supervised exercise therapy and claudication
medications are proven to be as effective as currently
available revascularization treatments. As for any impor-
tant illness, clinicians should inform each PAD patient of
their treatment options. Patients with PAD deserve, no
less than individuals with any important illness, access to
therapeutic choice. ■
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