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eripheral arterial disease (PAD) is most commonly a manifestation of systemic athero-
sclerosis in which the arterial lumen of the lower extremities becomes progressively oc-
cluded by atherosclerotic plaque. Patients with PAD are at triple the risk of all-cause
mortality and at more than 6 times the risk of death from coronary heart disease as those
without the disease, yet PAD is probably the most underdiagnosed and least aggressively managed
atherosclerotic disease. In the diagnosis of PAD, a detailed history and physical examination are
extremely important, although limited by a lack of consistent sensitivity and specificity. Other office-
based noninvasive tests, including the ankle-brachial index, can be easily performed to confirm
the diagnosis and help stratify the risk. The ankle-brachial index correlates well with disease se-
verity and functional symptoms and can also be used to assess disease progression and to predict
cardiovascular and cerebrovascular mortality. Once diagnosed, risk factor modification, symptom-
atic relief, and secondary prevention strategies with antiplatelet agents form the core of medical

management of PAD.

Peripheral arterial disease (PAD) is most
commonly a manifestation of systemic ath-
erosclerosis in which the arterial lumen of
the lower extremities becomes progressively
occluded by atherosclerotic plaque.! When
the resulting obstruction impedes blood flow,
symptoms may range from pain on exertion
that is relieved by rest (claudication), the
most classic manifestation of PAD, to pain
atrest (critical limb ischemia).* Epidemio-
logic studies have shown that approximately
2% to 3% of men and 1% to 2% of women
60 years and older have mild to moderate
symptoms of claudication.”® The prevalence
of PAD increases with advancing age, as ap-
proximately 20% of people older than 70
years have the disease.” However, relatively
few of these patients will develop severe com-
plications in the peripheral vasculature.'*!!
After 5 to 10 years, less than one third of pa-
tients with claudication report pain, less than
20% require vascular surgery, and less than
10% require amputation.'*'>

The most important implication of
PAD in terms of morbidity and mortality
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is that PAD serves as a strong surrogate
marker for the severity of atherosclerotic
disease in other vascular territories." The
detection of coronary artery disease is
directly related to the intensity of the evalu-
ation for atherosclerotic disease. In pa-
tients with PAD, the prevalence of coro-
nary artery disease ranges from 20% to 60%
when based on medical history, physical
examination, and electrocardiography and
up to 90% in patients who have under-
gone coronary angiography.*° Likewise,
cerebrovascular disease has been diag-
nosed in up to 40% to 50% of patients with
PAD.">!*16 Hence, the presence of athero-
sclerotic disease in 1 vascular bed should
not be approached as a localized, isolated
disease but as a marker for potentially
insidious disease in other vascular re-
gions.’>1%!" This concept becomes evi-
dent when the increased morbidity and
mortality due to cardiovascular and cere-
brovascular atherothrombotic events in
patients with PAD is considered.
According to American Heart Asso-
ciation 2002 data, cardiovascular disease ac-
counted for 60% of all deaths in the United
States.'® Cardiovascular disease is the most
common cause of death in patients with
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PAD, accounting for up to 75% of deaths.” A 10-year mor-
tality study showed that patients with large-vessel PAD have
a 3.1-fold greater risk of all-cause mortality and a 6.6-
fold greater risk of death from coronary heart disease than
patients with no PAD.? Another 10-year study showed that
patients with large-vessel PAD have a 3-fold excess car-
diovascular morbidity at baseline compared with control
subjects of the same sex.?! Recent publication of the Pe-
ripheral Arterial Disease Awareness, Risk and Treatment:
New Resources for Survival study stresses the need for
heightened awareness of PAD as a marker for atheroscle-
rotic disease.” In this multicenter, cross-sectional survey
of 6979 patients, PAD was detected in 29% of the patient
population.”? Among patients who had a diagnosis of PAD
only, 55% were newly diagnosed, while among patients
who had concurrent PAD and cardiovascular disease, 35%
were newly diagnosed as having PAD.>* Eighty-three per-
cent of the patients with a previous diagnosis of PAD were
aware of the diagnosis, but only 49% of their physicians
had recognized the PAD diagnosis at the time of screen-
ing (P<<.01).*? Such discrepancy between patient and phy-
sician awareness of PAD was similar whether or not
cardiovascular disease was present.”? The relative under-
diagnosis of PAD in this study was accompanied by less
intensive treatment of risk factors and thereby became a
barrier to effective secondary prevention of atheroscle-
rotic events.”

DIAGNOSIS OF PAD

Despite the importance of early detection of atheroscle-
rotic disease, the diagnosis of PAD is often overlooked
during routine physical examinations.”® Although car-
diac histories are performed in most examinations (92%),
routine histories concerning PAD are elicited by only 37%
of internists.?* Internists are also much more likely to rou-
tinely perform heart and lung examinations (95%) than
to palpate the dorsalis pedis pulse (60%) or calculate an
ankle-brachial index (ABI) (8%).** Even in the few pa-
tients who have symptoms of claudication, leg pain is of-
ten not mentioned because such complaints are attrib-
uted to growing old, arthritis, or muscular pain.”?° Hence,
physician and patient apathy, misconceptions, and lack
of awareness concerning the serious morbidity and mor-
tality associated with PAD are significant barriers to both
PAD diagnosis and effective secondary prevention of vas-
cular events.*” A detailed history and physical examina-
tion with special emphasis on the peripheral vascula-
ture in addition to noninvasive (eg, ABI, exercise testing,
segmental pulse pressures, ultrasonic duplex scanning)
and, where necessary, invasive diagnostic testing are es-
sential for the diagnosis of PAD.

HISTORY AND PHYSICAL EXAMINATION
History

A comprehensive patient history is a valuable first step
in the examination of the patient with suspected PAD.
Physical examination should include measurement of
blood pressure, auscultation of pulses and bruits, palpa-
tion of pulses (bilateral), exploration of skin (tone,

texture, color, and temperature) and pattern of hair dis-
tribution, and presence of skin lesions or ulcers. Claudi-
cation, characterized by cramping, tightness, tiredness,
or aching in the lower extremities, is brought on by
exercise and relieved with rest.” Patients may describe
Leriche syndrome, which includes claudication, impo-
tency, and global atrophy of the lower extremities due to
aortoiliac obstructive disease.”” Other manifestations
noted by patients may be hair loss on the feet and ankles
as well as problems with toenail growth. The patient
interview can provide important clues to the potential
location of an arterial occlusion, since the discomfort
occurs in the muscle group just distal to the obstruc-
tion.” For example, discomfort in the calf is characteris-
tically due to superficial femoral artery atherosclerosis,
whereas discomfort in the hip, thigh, or buttock is often
due to aortoiliac occlusion.?® The walking distance
required to induce symptoms is reproducible because
pain is consistently experienced at a certain distance,
terrain, and grade.?® Resolution of discomfort usually
requires a 2- to 5-minute rest, although pain may be
slower to resolve if the patient continues walking until
severe pain develops.?®

Differential Diagnosis

A thorough history can help differentiate symptomatic
PAD from symptoms of pseudoclaudication, which are
due to lumbar canal stenosis or lumbar radiculopathy
rather than PAD.? In pseudoclaudication, a variable level
of exercise is required to produce symptoms; symptoms
may occur with standing, and relief often requires tak-
ing weight off the extremity, a change in body position,
or an extended rest period (10-20 minutes).?® Other pos-
sible diagnoses that mimic claudication may include
lower-pressure hydrocephalus, spinal cord arteriove-
nous fistula, and other primary vasculopathies. A pa-
tient’s report of pain at rest or the presence of ischemic
ulcerations or gangrene indicates severe arterial disease,
referred to as critical limb ischemia.***®

Limitations of the Patient History

One important limitation of the medical history in pa-
tients with PAD is that many patients subsequently di-
agnosed as having PAD on the basis of noninvasive test-
ing do not initially present with classic symptoms of
claudication.>***3° One way the patient’s history has been
assessed has been with claudication questionnaires. This
is exemplified by the Rose claudication questionnaire for
detecting PAD.** These questionnaires have been vali-
dated in clinical studies and at the present time are rou-
tinely used only for research purposes. In some patients
who do report symptoms, the disease has already be-
come severe, affecting multiple arterial segments, be-
fore the patient notices a problem.?® Patients with clau-
dication or even asymptomatic patients with reduced ABI
(those not having classic claudication) are known to be
at higher risk of cardiovascular events.'’ If the physician
is unsure whether the patient’s history is consistent with
claudication, further testing with ABI may be warranted
because ABI is predictive of cardiovascular events.®!
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Figure 1. Examination of patients in whom peripheral arterial disease is
suspected. Reprinted with permission from Hiatt.3® Copyright 2001,
Massachusetts Medical Society. All rights reserved.

Physical Examination

The lower extremities should be inspected for the obvi-
ous appearance of ulcers, gangrene, edema, and atrophy
as well as for less obvious changes in nail thickness, ab-
sence of hair growth and perspiration, dry skin, and cool
temperature.”*° Careful palpation of pulses and auscul-
tation of bruits can assist in determining the site(s) or
severity of occlusive disease, particularly when this in-
formation is correlated with claudication distance and pain
location.** The femoral, popliteal, posterior tibial, and
dorsalis pedis pulses should be palpated, comparing each
pulse with the corresponding ipsilateral and radial
pulses.?>* Pulses should be graded consistently as ab-
sent, diminished, or normal (graded scale of 0-2).” Among
the pulse irregularities seen in patients with PAD, dor-
salis pedis abnormalities are the most prevalent; a por-
tion of these, however, may be due to a fairly common
congenital absence of the pedal pulse, the prevalence of
which in the literature varies from 4.0% to 32.5%.>* How-
ever, the absence of a posterior tibial pulse is always ab-
normal.? Superficial femoral artery occlusion, the most
common arterial lesion in claudication, is indicated by
normal femoral and absent distal pulses.”” Other com-
binations of pulse and bruit findings indicate disease in
other areas. For example, a diminished femoral pulse
coupled with a pronounced bruit over the iliac artery in-
dicates significant iliac stenosis.”” A normal popliteal pulse
with no pedal pulses may be evident in patients with in-
frapopliteal occlusive disease.” In any case, the absence
of pulses and presence of bruits may herald the pres-
ence of significant atherosclerotic disease.?>®
Atherosclerosis is not a focal disease. For this rea-
son, the physical examination should be conducted with
attention to its multisystemic nature. Assessment of the
circulatory and cardiovascular systems should begin with

blood pressure (BP) measurement in both arms.*® If sub-
clavian or brachiocephalic arterial disease is present, a
discrepancy in BP may be detected and the higher of the
2 values should be used.” Further examination of the car-
diovascular system may disclose signs of subclavian or
cervical (both carotid and vertebral) bruits, abdominal
aneurysm, cardiac murmurs, arrhythmia, or other con-
ditions that may impact patient care.”>2°

Limitations of the Physical Examination

The sensitivity, specificity, and predictive values of tra-
ditional clinical evaluation methods, such as pulse pal-
pation, for the detection of PAD were compared in the
San Diego Lipid Research Clinics Program Prevalence
Study population.*® Overall, it was found that claudica-
tion and an abnormal femoral pulse were very specific
for PAD diagnosis (95%-99%) but were not sensitive
(=20%).% The absence of a dorsalis pedis pulse was fairly
sensitive (50%) but less specific (73.1%) and had a very
low positive predictive value (17.7%).* The optimal com-
bination of sensitivity (71.2%) and specificity (91.3%)
and moderate positive predictive value (48.7%) was found
with an abnormal posterior tibial pulse.”® However, ac-
cording to these findings, use of the posterior tibial pulse
alone would miss a diagnosis of PAD in about 30% of pa-
tients, and fewer than half of patients with the abnormal
pulse would actually have PAD.*® Although the physical
examination provides important qualitative informa-
tion and is critical to overall patient treatment, addi-
tional noninvasive testing ensures the diagnosis and aids
in risk stratification of patients with suspected PAD*
(Figure 1),

ANKLE-BRACHIAL INDEX

The ABLis a simple, inexpensive, noninvasive tool that cor-
relates well with angiographic disease severity and func-
tional symptoms.?****° In the normal circulation, systolic
BP (SBP) is amplified down the lower limbs such that the
ankle SBP is slightly greater than or equal to the brachial
SBP.* When the measured ankle SBP is divided by the bra-
chial SBP, the resulting ABI is normally between 1.0 and
1.3.* However, in areas of arterial narrowing, SBPs distal
to areas of impeded flow are reduced.* In PAD, ankle SBPs
fall below brachial SBPs and the ABI is reduced to less than
1.%3* An ABI less than 0.90 is considered diagnostic of
PAD.»** Mild disease correlates with an ABI ranging from
0.70 to less than 0.90, whereas moderate disease corre-
lates with an ABI ranging from 0.40 to less than 0.70, and
severe disease is associated with an ABI less than 0.40.%°
Studies evaluating the diagnostic accuracy of the ABI have
demonstrated that it can differentiate between normal and
angiographically diseased limbs with a sensitivity of 97%
and a specificity of 100%>" and that the resting ABI is a
significant predictive variable for the severity of angio-
graphic disease.”

ABI Technique

The ABI can be measured in a primary care or hospital set-
ting, since the equipment required is inexpensive and por-
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table?**** (Figure 2). An ordinary BP cuff is positioned
over the upper arm and inflated above SBP. A Doppler ul-
trasonic velocity signal probe is then placed over the bra-
chial artery to detect the resumption of blood flow with cuft
deflation. Measurement of SBP is repeated on the other arm.
Ifa discrepancy exists, the higher of the 2 SBP values is used.
For measurement of ankle SBP, the BP cuff is moved to the
ankle and blood flow resumption is detected with the Dop-
pler probe over the posterior tibial artery and then over the
dorsalis pedis artery. Again, if there is a discrepancy in SBP
between the 2 arteries, the higher value is used. The pro-
cess should be repeated for the other leg. The lowest ABI
between both legs is the ABI that stratifies the patient’s risk
for a poor outcome.

Limitations of ABI

The major limitation of the ABI to establish the diagno-
sis of PAD is that calcific tibial peroneal arteries may be
rendered noncompressible, especially in patients with dia-
betes, resulting in erroneously high ABI values.” Be-
cause there is poor correlation between calcification and
severity of atherosclerosis,* the ABI is generally unreli-
able in this situation. Patients with incompressible ar-
teries should be referred to an accredited vascular labo-
ratory for measurement of a toe-brachial index or other
noninvasive testing.?>

Furthermore, the ABI is dependent on the brachial
pressure being a true measure of central systolic pressure.
This may not be the case in patients with bilateral subcla-
vian artery stenosis, occasionally seen in diabetic patients
or those with advanced vascular disease.”” Other limita-
tions of the ABI that should be recognized when surgery
is considered include its inability to localize arterial le-
sions accurately®® and the lack of an association between
ABI and the predicted potential for wound healing.*!

ABI to Monitor Disease Progression

Changes in the ABI over time can also be used to moni-
tor disease progression.* In a series of 508 patients stud-
ied for the natural course of PAD, there was only mod-
est categorical progression of disease; however, more
quantitative progression occurred than was evident from
categorical progression. During an average 4.6-year follow-
up, quantitative progression of PAD was evidenced by a
mean ABI change of -0.02 (95% confidence interval,
-0.031 t0 -0.007).** With regard to the use of the ABI as
amonitoring tool for individual patients, changes in the
ABI that exceed +0.15 are considered to be outside the
range of experimental error and indicate disease progres-
sion.” An improved ABI suggests enhanced perfusion via
collateral vessels, whereas deterioration marks disease pro-
gression or decreased perfusion secondary to problems
with a revascularization procedure.*

ABI to Assess Functional Capacity

Several studies have shown that the ABI is indepen-
dently associated with impaired lower extremity func-
tioning, even in asymptomatic patients. The Women’s
Health and Aging Study, an observational study of dis-

Interpretation of ABI
>1.30 Noncompressible
0.91-1.30 Normal
0.41-0.90 Mild to Moderate

Peripheral Arterial

Higher Right-Ankle Pressure

Right ABI -
Higher Arm Pressure

Higher Left-Ankle Pressure

Left ABI Hioher Arm P Disease
Igher Arm Fressure 0.00-0.40 Severe Peripheral
Arterial Disease

Right-Arm Left-Arm

Systolic Pressure Systolic Pressure
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Right-Ankle
Systolic Pressure
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Figure 2. Measurement of the ankle-brachial index (ABI). DP indicates dorsalis

pedis artery; PT, posterior tibial artery. Reprinted with permission from Hiatt.%®
Copyright 2001, Massachusetts Medical Society. All rights reserved.

abled women 65 years or older living in and around Bal-
timore, Md, used the ABI as a measure of lower extrem-
ity function.” Decreasing ABI values were associated with
progressive worsening in functional scores, even after ad-
justment for age, sex, race, smoking status, and comor-
bidities.” In asymptomatic women, lower ABI scores cor-
related with slower walking velocity, poorer standing
balance score, slower time to arise, and fewer blocks
walked per week.® In the Study of Osteoporotic Frac-
tures, the relationship between ABI (=0.90) and lower
extremity function was evaluated in 1492 women 65 years
or older. Results showed that 82 patients (5.5%) had an
ABI less than 0.90, consistent with PAD; of them, 67 (82%)
did not manifest the typical symptoms of claudication.*
Patients with an ABI less than 0.90 had significantly lower
hip abduction force, knee extension force, walking ve-
locity, and number of blocks walked than those with an
ABI of 0.90 or greater.** Other studies have shown that
progressive PAD is associated with muscle fiber loss,
poorer leg strength, and slower walking velocity.** Pa-
tients with claudication and very low ABI are at in-
creased risk of disease progression, leading to gangrene,
ulcers, and amputation.®**

ABI as a Predictor of Cardiovascular Morbidity
and/or Mortality

The ABI is well established as an independent predictor
of cardiovascular morbidity and mortality. In the Car-
diovascular Health Study, 5888 adults 65 years or older
were monitored for cardiovascular events after establish-
ing a baseline cardiovascular disease status and ABI mea-
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Table 1. Adjusted Relative Risk for Mortality
for Levels of Ankle-Brachial Index*

Categories of ABI RR 95% CI P Value
<04 3.35 2.16-5.20 <.001
0.4-0.85 2.02 1.34-3.02 <.001
>0.85 1.00 Reference

Abbreviations: ABI, ankle-brachial index; Cl, confidence interval;
RR, relative risk.

*Adjusted for all baseline variables. Reprinted from McKenna et al.*®
Copyright 1991, with permission from Elsevier.

Survival Rate

0.254 O Healthy Control Subjects (n=408) A
A Asymptomatic LV-PAD (n=49)
O Symptomatic LV-PAD (n=18)
A Severe Symptomatic LV-PAD (n=13)
0 2 4 6 8 10 12

Years

Figure 3. Kaplan-Meier survival curves based on mortality from all causes
among healthy control subjects and subjects with symptomatic or
asymptomatic large-vessel peripheral arterial disease (LV-PAD). Reprinted
with permission from Criqui et al.2° Copyright 1992, Massachusetts Medical
Society. All rights reserved.

surement.*> At 6-year follow-up, the age- and sex-
adjusted relative risk (RR) of ischemic events, given a low
ABI for patients with prevalent cardiovascular disease at
baseline, were as follows: total mortality, 1.50; cardiovas-
cular disease mortality, 2.04; total myocardial infarction
(MD), 1.61; and PAD, 6.52 (all with P<<.01).* For patients
with no prevalent cardiovascular disease at baseline, the
6-year age- and sex-adjusted RR of events, given a low ABI,
were as follows: total mortality, 2.44; cardiovascular dis-
ease mortality, 2.86; total MI, 2.02; angina, 1.64; conges-
tive heart failure, 2.30; and PAD, 10.59 (all with P<<.01).*
Crude mortality rate at 6 years was highest in patients who
had cardiovascular disease and a low ABI (<0.90) at base-
line (32.3%; P<<.90) and was lowest in patients with nei-
ther of these risk factors at baseline (8.7%; P<<.01).* A sig-
nificant progressive decline in survival was seen with each
0.1 decrement in ABI that was less than 1.0.*

Data from the Clopidogrel vs Aspirin in Patients at
Risk of Ischemic Events (CAPRIE) trial* confirm these
findings in a cohort of 2180 patients with PAD and ABI
data.*” For each 0.1 decrement in ABI measurement, there
was a corresponding 10.2% increase in RR for ischemic
stroke, nonfatal MI, or vascular death (P=.04).*" In ad-
dition, patients with an ABI less than or equal to 0.5 had
a higher annual event rate than patients with an ABI
greater than 0.5 (5.4% vs 4.1%).*" Results from another
study showed that mortality from cardiovascular dis-

ease was highest among patients with an ABI less than
0.40 and lowest among patients with an ABI of 0.85 to
1.50." After adjusting for age, sex, race, risk factors, and
history of coronary disease, an ABI of 0.40 to 0.85 was
associated with a more than 2-fold increase in mortal-
ity, and an ABI less than 0.40 was associated with a more
than 3-fold increase, compared with patients with an ABI
greater than 0.85 (Table 1).%

Similar findings concerning the relationship be-
tween ABI and morbidity and mortality were found in
the Edinburgh Artery Study of 1592 men and women 55
years and older.’! An ABI less than 0.9 was associated with
an increased risk of total mortality (RR, 1.79; P=<.001),
cardiovascular death (RR, 2.29; P=.001), fatal MI (RR,
2.21; P=.01), and nonfatal stroke (RR, 1.91; P=<.05)*' dur-
ing a period of 5 years.

ABI in Asymptomatic PAD

A subgroup of patients have been found to have a reduced
ABI but no complaints of claudication pain. Results of sev-
eral studies highlight the importance of the ABI as a pre-
dictor of cardiovascular or all-cause mortality in these
asymptomatic patients.?**>° A 10-year follow-up of 67 pa-
tients with an established diagnosis of PAD, based on an
ABI of 0.80 or less, showed a dramatic increase in rate of
mortality of both men (61.8%) and women (33.3%) with
PAD when compared with men (16.9%) and women
(11.6%) without the disease.” After adjusting for age, sex,
and other cardiovascular risk factors, the RR of all-cause
death, death from cardiovascular disease, and death from
coronary heart disease was 3.1, 5.9, and 6.6, respectively,
when compared with those with no evidence of disease.
After excluding subjects with a history of cardiovascular
disease at baseline, the RR of death from coronary heart
disease did fall from 6.6 to 4.3; however, this still repre-
sents a statistically significant elevation of risk. These find-
ings confirm that PAD (as diagnosed by ABI) is a strong
and independent predictor of subsequent mortality, espe-
cially deaths due to coronary heart disease. In terms of risk
of mortality and degree of PAD symptoms, results showed
that unilateral, moderately severe, asymptomatic disease
and disease isolated to the posterior tibial artery increased
the risk of death from coronary heart disease and cardio-
vascular disease from 3- to 6-fold when compared with pa-
tients without evidence of disease. This suggests that sub-
stantial risk exists for patients who would not usually
demand clinical attention. Kaplan-Meier survival curves
based on mortality from all causes among normal subjects
and subjects with symptomatic and asymptomatic large-
vessel PAD confirm the overall poor prognosis with ad-
vancing disease and the alarmingly high risk in asymp-
tomatic patients whose disease would not be detected
clinically (Figure 3).%

The Systolic Hypertension in the Elderly Program
study was originally designed to study the effect of treat-
ment in patients with systolic hypertension, but it also pro-
vides mortality data for a subset of 1287 patients without
evidence of cardiovascular disease or symptoms of PAD.*
At 4 years of follow-up, the odds of cardiovascular and total
mortality in patients with an ABI less than 0.90 were ap-
proximately 3 times the odds in patients with ABI of 0.90
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Table 2. Relationship Between Peripheral Arterial Disease and Total Mortality*

RR for Total Mortality for Adjusted RR or Relative

aged =60 y without clinical

Duration of PAD vs Control Subjects Hazard for Mortality for PAD vs
Source Study, y Cohort Description (95% CI) Control Subjects (95% CI)
Criqui et al,** 1992 10 565 Community-dwelling men and women Men, 3.3 (1.9-6.0); All subjects, 3.1 (1.9-4.9)
women, 2.2 (1.2-5.3)

Vogt et al,*" 1993 13 1027 Women and 903 men identified in a Men, 2.23 (1.99-2.49); Men, 1.8 (1.5-1.9);

blood flow laboratory women, 2.59 (2.29-2.92) women, 1.3 (1.2-2.0)
Ogren et al,*2 1995 10 470 Men aged 68 y from Malmo, Sweden 2.4 (2.2-2.8) 2.0 (1.3-3.0)
Leng et al,*' 1996 5 Men and women aged 55-74 y, randomly 1.79 (1.32-2.43) 1.58 (1.14-2.18)

selected from 11 general medicine

practices
Newman et al,* 1997 4 1267 Community-dwelling men and women 2.79 (1.88-4.13) (Age- and 2.76 (2.33-3.20)

cardiovascular disease at baseline

sex-adjusted)

Abbreviations: Cl, confidence interval; PAD, peripheral arterial disease; RR, relative risk.
*PAD was measured with the ankle-brachial index in these studies. Reprinted from McDermott.>* Copyright 1999, with permission from Elsevier.

or greater.” The significance of this increase in mortality
is further illustrated by the fact that total mortality in the
patients with subclinical PAD (ABI <0.90) approached that
of patients with a history of cardiovascular disease (17%
vs 20%).* In a separate study of 2023 middle-aged asymp-
tomatic men without coronary heart disease, a reduced ABI
was an independent predictor of coronary and cardiovas-
cular mortality.”® At 10 years, the RR for all-cause (2.77;
P=.01), cardiovascular (4.16; P=.01), and coronary (4.97,
P=.006) mortality were increased for subjects with an ABI
less than 0.90 vs those with a normal ABI.>° Hence, the evi-
dence strongly suggests that the value of the ABI to pre-
dict cardiac events and mortality extends to the asymp-
tomatic patient who would not normally present for medical
attention.

Given these data and those from other studies in
symptomatic and asymptomatic patients with PAD, strong
evidence now argues for the more widespread use of the
ABI in routine clinical practice?*?1?*#5152 (Table 2).

ABI and Stroke

At least 2 studies have specifically examined the ability of
ABI'measurement to predict ischemic stroke.”*>* In the Ath-
erosclerosis Risk in Communities study, 14839 adults aged
45 to 64 years were followed up for more than 7 years for
stroke incidence.” The incidence of ischemic stroke was
inversely related to the ABI, with the rate of stroke in pa-
tients with ABI less than 0.80 (6.5 events per 1000 person-
years) being approximately 5 times greater than the rate
in patients with an ABI of at least 1.20 (1.2 events per 1000
person-years).” However, the significance of ABl as a pre-
dictor of ischemic stroke was reduced once the hazard rates
were adjusted for other risk factors.”® This is congruent
with results from other studies that indicate the link be-
tween PAD and stroke to be weaker than the link be-
tween PAD and coronary artery disease.”” In the Hono-
lulu Heart Program, an age-adjusted 2-fold excess risk of
stroke was noted in men with an ABI less than 0.90 com-
pared with those having an ABI of 0.90 or greater (P<<.01).>*
The relationship between ABI and stroke was similar and
statistically significant with or without risk factors such
as diabetes and hypertension (P<.05).

OTHER NONINVASIVE TECHNIQUES
Exercise Testing

Measurement of ABI coupled with exercise testing can
provide additional information on the dynamics of clau-
dication.* Exercise testing may be especially useful in pa-
tients with claudication symptoms who have a normal
ABI or normal pulse at rest.***" In healthy subjects, ankle
SBP is maintained during moderate exercise.* However,
in patients with claudication, ankle SBP falls to low or
undetectable levels with low-level workloads and re-
turns to baseline after a few minutes of rest.* A standard
exercise treadmill can be used for this assessment by al-
lowing the patient to walk at a standard speed and grade
for a predetermined period (ie, 2 mph at 12% incline for
5 minutes) or until claudication develops.** Immedi-
ately after exercise, the patient is asked to lie in a supine
position and the ankle SBP is measured.” In patients with
PAD, the post exercise ABI will drop significantly.*® If the
exercise produces pain or discomfort while the ABI re-
mains normal or unchanged, PAD is not the cause of the
symptoms.?>*

An alternative method of exercise testing that re-
quires no special equipment is active pedal plantarflex-
ion (heel raises).”>® The patient stands facing a wall
while using light fingertip support for balance. Keeping
knees straight, the patient raises his or her heels as high
as possible and then immediately lowers them; the cycle
is repeated 30 to 50 times. As with treadmill testing, the
ankle SBP is measured with the patient in a supine po-
sition immediately after completing the exercise se-
quence.’”>® Excellent correlation of ABI values obtained
by either treadmill exercise testing or pedal plantarflex-
ion has been demonstrated in 2 separate comparative
evaluations.”~° Pedal plantarflexion is an alternative to
the treadmill exercise test.”>>°

Segmental Pressures and Pulse Volume Recordings
When further detection, localization, or characterization

of potential arterial lesions is necessary, other noninva-
sive or invasive tests are required. The measurement of seg-
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mental pressures and pulse volume recordings can local-
ize occlusions of limb segments by comparing the differences
in the SBPs and the magnitude and contour of pulse vol-
umes to segments located most proximally and distally to
the site of occlusion.**> When used in combination, seg-
mental pressures and pulse volume recordings have dem-
onstrated 95% accuracy as compared with angiography.”
An alternative to pulse volume recording is Doppler ve-
locity waveform analysis,** in which a continuous-wave
Doppler probe is used over multiple arterial segments to
detect the blood flow velocity and the velocity patterns.”
Within each pulse cycle, the probe can detect the quality
and magnitude of the triphasic flow pattern (forward, re-
verse, and late forward flow) to detect any pressure- or flow-
reducing lesions.* Disadvantages of Doppler velocity wave-
form analysis include a high dependence on operator
technique and the inability to pinpoint the artery being stud-
ied.** However, both Doppler velocity waveform analy-
sis and pulse volume recording are particularly useful in
assessing diabetic patients with incompressible arteries, since
false elevations in the ABI and segmental pressures are ex-
pected.*¥

Ultrasonic Duplex Scanning

When it is necessary to localize occlusions more pre-
cisely than arterial segments or to more fully characterize
the severity and morphologic features of occlusions, ul-
trasonic duplex scanning is a noninvasive preliminary al-
ternative to angiography.” Duplex ultrasound can pro-
vide information concerning artery wall thickness, degree
of flow turbulence, vessel morphologic characteristics, and
changes in blood flow velocity in areas of stenosis.>> The
accuracy (specificity) of the duplex ultrasound is very high
(92%-98%), although its sensitivity for assessing stenosis
is variable.® Several investigators have noted that its sen-
sitivity for detecting lesions in the iliac and superficial fem-
oral arteries is higher than for detecting stenosis in the pop-
liteal or common femoral arteries.” In contrast, duplex
ultrasound may be more sensitive than invasive angiog-
raphy for detecting patent distal vessels.*® Because of the
relative expense of duplex ultrasound compared with other
noninvasive tests, its use should be reserved for patients
for whom detailed knowledge of vessel morphologic and
flow characteristics are required.’® Appropriate applica-
tions for duplex ultrasound include preparation for planned
angioplasty or surgical procedure, detection of restenosis
after an endovascular procedure, or surveillance of femo-
ropopliteal or distal saphenous vein grafts for detection
of myointimal lesions before graft failure.*** Other non-
invasive imaging techniques such as magnetic resonance
angiography and spiral computed tomography may be used
in addition to or instead of duplex scanning to assess cer-
tain lesions before surgical management.” Although non-
invasive imaging studies are becoming more commonly
used preoperatively, catheter-based angiography is still con-
sidered the gold standard.

RISK REDUCTION

Once patients with clinical or subclinical PAD are iden-
tified, the primary aim of medical management is to re-

duce morbidity and mortality through aggressive risk fac-
tor reduction, initiate antiplatelet therapy, and provide
symptomatic relief where possible.?>%’

Risk Factor Modification

Risk factors for developing PAD include advanced age,
cigarette smoking, diabetes mellitus, an elevated homo-
cysteine level, hyperlipidemia, and hypertension. Risk fac-
tor reduction is of utmost importance in patients with
PAD, as the risk factors for the development PAD are com-
mon to the development of other manifestations of ath-
erothrombotic disease, including MI and stroke. 72233
Hence, any modification of a risk factor for the purpose
of attenuating PAD should also be beneficial in reduc-
ing the risk of coronary or cerebrovascular disease.'”

Antiplatelet Therapy

Antiplatelet therapy for prevention of secondary vascular
events is the cornerstone of pharmacologic intervention
in PAD. Antiplatelet agents have reduced the risk of non-
fatal M1, ischemic stroke, and vascular death in patients
with atherosclerotic cardiovascular disease by approxi-
mately 25%.%>°® The Antiplatelet Trialists’ Collaboration
reported a 23% reduction in serious vascular events in pa-
tients diagnosed as having PAD and treated with antiplate-
let therapy when compared with controls (P=.004).% Al-
though many of the patients in the meta-analysis were
receiving aspirin, the use of aspirin for the secondary pre-
vention of ischemic events in patients with PAD has not
received approval from the Food and Drug Administra-
tion because of a lack of sufficient evidence®; however,
its use in these patients recently received guideline rec-
ommendation.” Although aspirin may reduce serious vas-
cular events, most high-risk patients remain at risk of is-
chemic vascular events.”® Evidence indicates that
clopidogrel is slightly more effective than aspirin.*-®

The CAPRIE trial randomized 19 185 patients with re-
cent MI, recent stroke, or PAD (6452 patients) to receive
clopidogrel, 75 mg once daily, or aspirin, 325 mg once daily,
for 1 to 3 years.* Overall, there was an 8.7% risk reduc-
tion in favor of clopidogrel in the composite primary end
point (ischemic stroke, MI, or vascular death) when com-
pared with aspirin (P=.04)." Although CAPRIE was not
powered to assess differences between subgroups, when pa-
tients with PAD were considered separately, the RR for the
risk of a primary end point event was reduced by 23.8%
(4.9% vs 3.7%) in favor of clopidogrel.*

Combination antiplatelet therapy using 2 synergis-
tic yet mechanistically different agents may further re-
duce platelet activity. Results of the recent Clopidogrel in
Unstable Angina to Prevent Recurrent Events and Percu-
taneous Coronary Intervention—Clopidogrel in Unstable
Angina to Prevent Recurrent Events trials have shown that
combination antiplatelet therapy using clopidogrel and as-
pirin reduces the risk of ischemic events by 20% to 30%,
depending on end points, in patients with acute coronary
syndromes, including those undergoing percutaneous coro-
nary interventions.®®® The efficacy and safety of this com-
bination in the PAD population will need to be clarified
by future clinical research. Until that time, among the an-
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tiplatelet agents, clopidogrel remains the only one to have
a Food and Drug Administration—-approved indication for
use in reducing ischemic events (M1, stroke, and vascular
death), in several vascular territories, in patients with es-
tablished atherosclerotic disease including recent stroke,
recent MI, or established PAD.

SYMPTOMATIC RELIEF
Exercise Rehabilitation Therapy

Exercise rehabilitation therapy has favorable effects on
cardiovascular risk factors in addition to its known po-
tential to improve symptoms of claudication. Cardiovas-
cular benefits of regular exercise include improvement
in glucose metabolism, reduction in levels of choles-
terol and triglycerides, and enhancement of smoking ces-
sation.” For patients with claudication symptoms, ex-
ercise rehabilitation therapy is one of the most effective
medical therapies.* Exercise has been associated with an
average 179% increase in initial claudication distance (ie,
the distance to onset of claudication pain), a 122% in-
crease in maximal walking distance on the treadmill, and
improvements in community-based walking ability, func-
tional status, quality of life, total caloric expenditure, and
physical functioning.” Patients should be counseled that
exercise must be continued for its effects to be main-
tained.* Given that patient motivation may be a signifi-
cant factor limiting success, the most successful pro-
grams stress regularity and consistency over intensity.*
Of note, a Current Procedural Terminology code (93668)
is available for supervised exercise rehabilitation treat-
ment for patients with claudication.®

Pharmacologic Agents

Two pharmacologic agents, pentoxifylline and cilostazol,
while not indicated for secondary prevention of athero-
sclerotic vascular events, may be useful for the manage-
ment of disabling symptoms due to claudication.®® Pen-
toxifylline, a methylxanthine derivative, has multiple
pharmacologic properties, including rheologic activity and
a weak antithrombotic effect.” Some clinical trials have
shown that pentoxifylline improves maximal treadmill walk-
ing distances.”*** Unfortunately, this effect has generally
been modest (a 12% increase) and has not differed statis-
tically significantly from placebo in all trials.>*3¢*% For these
reasons, the American College of Chest Physicians cur-
rently recommends that pentoxifylline not be used rou-
tinely in patients with claudication.’

Cilostazol, a type 3 phosphodiesterase inhibitor, is
the most recent addition to Food and Drug Administra-
tion—approved products for claudication.® Initial clau-
dication distances and absolute claudication distances have
been approximately doubled with cilostazol as com-
pared with placebo in randomized, controlled clinical
trials.®® However, patients with arrhythmias or a recent
history of MI, revascularization, or unstable angina were
excluded from the claudication clinical trials.®® Other ben-
eficial effects include significant improvements in func-
tional status, quality of life, and ABIL.* Cilostazol has not
been associated with severe hematologic adverse events

or with the increased cardiac mortality seen with other
phosphodiesterase inhibitors.® Cilostazol is contraindi-
cated for use in patients with heart failure, since the long-
term effects of this agent in this population are un-
known.® Thus, cilostazol may improve pain-free walking
distance for patients in whom lifestyle modifications are
insufficient to control symptoms and/or in whom revas-
cularization is not an option.

CONCLUSIONS

Peripheral arterial disease, a manifestation of atheroscle-
rotic disease, is often asymptomatic, yet its presence is an
important marker for atherosclerotic disease in other vas-
cular beds. Patients with PAD are at up to 6-fold greater
risk of death from coronary heart disease and 3-fold greater
risk of all-cause mortality than patients with no evidence
of disease. Prospective studies evaluating mortality rates
in PAD have also demonstrated that the risk of mortality
increases with age'®'? and severity of PAD**** and is higher
in men than in women.'>* Overall, camulative 5- and 10-
year mortality rates for men with PAD were 42% and 65%,
respectively, in a 15-year follow-up cohort'*—a rate sig-
nificantly greater than expected for an age-adjusted US
population without PAD (10-year mortality, <30%).'*'" De-
spite these disturbing numbers, physician awareness of the
diagnosis of PAD is relatively low. Patients with PAD are
not always treated as aggressively with risk-factor modifi-
cation and antiplatelet therapies as are patients with other
manifestations of atherosclerotic disease.

Peripheral arterial disease can be easily and inexpen-
sively diagnosed by measuring the ABI. A low ABI corre-
lates with a greater risk of atherothrombotic events in other
vascular beds. Even asymptomatic patients with reduced
ABI values are at increased risk for cardiovascular mor-
bidity and mortality. Treatment strategies for patients with
diagnosed PAD include risk-factor modification, second-
ary prevention with an antiplatelet agent, and symptom-
atic relief. The measurement of the ABI in clinical prac-
tice may uncover lower extremity atherosclerotic disease,
which portends an increased risk of cardiovascular events,
and should be considered routine in selected populations
such as those older than 70 years or older than 50 years
with diabetes or a history of smoking.

Accepted for publication December 19, 2002.

This project was supported by an unrestricted educa-
tional grant from Sanofi-Synthelabo Inc, New York, NY, and
Bristol-Myers Squibb, Plainsboro, NJ.

Corresponding author and reprints: Emile R. Mohler
III, MD, Philadelphia Heart Institute, Room 432, Univer-
sity of Pennsylvania School of Medicine, Presbyterian Medi-
cal Center, 39th and Market streets, Philadelphia, PA 19104
(e-mail: mohlere@uphs.upenn.edu).

BN REFERENCES _ py

1. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR. Large vessel and
isolated small vessel disease. In: Fowkes FGR, ed. Epidemiology of Peripheral
Vascular Disease. New York, NY: Springer-Verlag; 1991:85-96.

2. Rose GA. The diagnosis of ischaemic heart pain and intermittent claudication in
field surveys. Bull World Health Organ. 1962;27:645-658.

3. McDermott MM, Greenland P, Liu K, et al. Leg symptoms in peripheral arterial

(REPRINTED) ARCH INTERN MED/VOL 163, OCT 27, 2003

2313

WWW.ARCHINTERNMED.COM

©2003 American Medical Association. All rights reserved.



10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.
35.
36.

disease: associated clinical characteristics and functional impairment. JAMA. 2001;
286:1599-1606.

. 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:
3026-3049.

. Jackson MR, Clagett GP. Antithrombotic therapy in peripheral arterial occlusive

disease. Chest. 2001;119(suppl 1):283S5-299S.

. Reunanen A, Takkunen H, Aromaa A. Prevalence of intermittent claudication and

its effect on mortality. Acta Med Scand. 1982;211:249-256.

. Skau T, Jonsson B. Prevalence of symptomatic leg ischaemia in a Swedish com-

munity—an epidemiological study. Eur J Vasc Surg. 1993;7:432-437.

. Jelnes R, Gaardsting O, Hougaard Jensen K, Bakgaard N, Tennesen KH, Schroeder

T. Fate in intermittent claudication: outcome and risk factors. BMJ. 1986;293:
1137-1140.

. Regensteiner JG, Hiatt WR. Current medical therapies for patients with periph-

eral arterial disease: a critical review. Am J Med. 2002;112:49-57.

Leng GC, Lee AJ, Fowkes FGR, et al. Incidence, natural history and cardiovas-
cular events in symptomatic and asymptomatic peripheral arterial disease in the
general population. /nt J Epidemiol. 1996;25:1172-1181.

Dormandy J, Heeck L, Vig S. The natural history of claudication: risk to life and
limb. Semin Vasc Surg. 1999;12:123-137.

Muluk SC, Muluk VS, Kelley ME, et al. Outcome events in patients with claudi-
cation: a 15-year study in 2777 patients. J Vasc Surg. 2001;33:251-258.
Criqui MH, Denenberg JO. The generalized nature of atherosclerosis: how pe-
ripheral arterial disease may predict adverse events from coronary artery dis-
ease. Vasc Med. 1998;3:241-245.

Dormandy J, Heeck L, Vig S. Lower-extremity arteriosclerosis as a reflection of
a systemic process: implications for concomitant coronary and carotid disease.
Semin Vasc Surg. 1999;12:118-122.

Hertzer NR, Beven EG, Young JR, et al. Coronary artery disease in peripheral vas-
cular patients: a classification of 1000 coronary angiograms and results of sur-
gical management. Ann Surg. 1984;199:223-233.

Ness J, Aronow WS. Prevalence of coexistence of coronary artery disease, is-
chemic stroke, and peripheral arterial disease in older persons, mean age 80 years,
in an academic hospital-based geriatrics practice. J Am Geriatr Soc. 1999;47:
1255-1256.

Kannel WB. Risk factors for atherosclerotic cardiovascular outcomes in differ-
ent arterial territories. J Cardiovasc Risk. 1994;1:333-339.

American Heart Association. 2002 Heart and Stroke Statistical Update. Dallas,
Tex: American Heart Association; 2002.

Kannel WB. The demographics of claudication and the aging of the American
population. Vasc Med. 1996;1:60-64.

Criqui MH, Langer RD, Fronek A, et al. Mortality over a period of 10 years in pa-
tients with peripheral arterial disease. N Engl J Med. 1992;326:381-386.

Criqui MH, Langer RD, Fronek A, Feigelson HS. Coronary disease and stroke in
patients with large-vessel peripheral arterial disease. Drugs. 1991;42(suppl 5):
16-21.

Hirsch AT, Criqui MH, Treat-Jacobson D, et al. Peripheral arterial disease detec-
tion, awareness, and treatment in primary care. JAMA. 2001;286:1317-1324.
Ouriel K. Detection of peripheral arterial disease in primary care. JAMA. 2001;
286:1380-1381.

McLafferty RB, Dunnington GL, Mattos MA, et al. Factors affecting the diagno-
sis of peripheral vascular disease before vascular surgery referral. J Vasc Surg.
2000;31:870-879.

Dormandy JA, Rutherford RB. Management of peripheral arterial disease (PAD):
TransAtlantic Inter-Society Consensus (TASC). J Vasc Surg. 2000;31(suppl 1,
pt 2):51-5296.

Olin JW. Clinical evaluation and office-based detection of peripheral arterial dis-
ease. Available at: http://www.svmb.org/medpro/cme/p1/cme_part1.html. Ac-
cessed November 2, 2000.

Halperin JL, Creager MA. Arterial obstructive diseases of the extremities. In: Los-
calzo J, Creager M, Dzau V, eds. Vascular Medicine: A Textbook of Vascular Biol-
ogy and Diseases. 2nd ed. New York, NY: Little Brown & Co Inc; 1996:825-852.
Jaff MR. Severe peripheral arterial disease and critical limb ischemia: incidence,
pathophysiology, presentation, methods of diagnosis. Available at: http://www
.svmb.org/medpro/cme/p3/cme_part3.html. Accessed January 7, 2002.
Meijer WT, Hoes AW, Rutgers D, Bots ML, Hofman A, Grobbee DE. Peripheral
arterial disease in the elderly: the Rotterdam Study. Arterioscler Thromb Vasc
Biol. 1998;18:185-192.

Criqui MH, Fronek A, Klauber MR, Barrett-Connor E, Gabriel S. The sensitivity,
specificity, and predictive value of traditional clinical evaluation of peripheral ar-
terial disease: results from noninvasive testing in a defined population. Circula-
tion. 1985;71:516-522.

Leng GC, Fowkes FGR, Lee AJ, Dunbar J, Housley E, Ruckley CV. Use of ankle
brachial pressure index to predict cardiovascular events and death: a cohort study.
BMJ. 1996;313:1440-1443.

Barnhorst DA, Barner HB. Prevalence of congenitally absent pedal pulses. N Eng/
J Med. 1968;278:264-265.

Hiatt WR. Medical treatment of peripheral arterial disease and claudication.
N Engl J Med. 2001;344:1608-1621.

McDermott MM. Ankle brachial index as a predictor of outcomes in peripheral
arterial disease. J Lab Clin Med. 1999;133:33-40.

Hiatt WR, Jones DN. The role of hemodynamics and duplex ultrasound in the
diagnosis of peripheral arterial disease. Curr Opin Cardiol. 1992;7:805-810.
Papamichael CM, Lekakis JP, Stamatelopoulos KS, et al. Ankle-brachial index

37.
38.

39.
40.
41.

42.

43.

44,

45.

46.
47.

48.
49.
50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

as a predictor of the extent of coronary atherosclerosis and cardiovascular events
in patients with coronary artery disease. Am J Cardiol. 2000;86:615-618.
Ouriel K, McDonnell AE, Metz CE, Zarins CK. Critical evaluation of stress testing
in the diagnosis of peripheral vascular disease. Surgery. 1982;91:686-693.
Miiller-Bihl U, Wiesemann A, Oser B, Kirchberger |, Strecker E-P. Correlation of
hemodynamic and functional variables with the angiographic extent of periph-
eral arterial occlusive disease. Vasc Med. 1999;4:247-251.

Yao ST, Hobbs JT, Irvine WT. Ankle systolic pressure measurements in arterial
disease affecting the lower extremities. Br J Surg. 1969;56:676-679.

Baxter GM, Polak JF. Lower limb colour flow imaging: a comparison with ankle:
brachial measurements and angiography. Clin Radiol. 1993;47:91-95.

Treiman GS, Oderich GSC, Ashrafi BA, Schneider PA. Management of ischemic
heel ulceration and gangrene: an evaluation of factors associated with success-
ful healing. J Vasc Surg. 2000;31:1110-1118.

Bird CE, Criqui MH, Fronek A, Denenberg JO, Klauber MR, Langer RD. Quanti-
tative and qualitative progression of peripheral arterial disease by non-invasive
testing. Vasc Med. 1999;4:15-21.

McDermott MM, Fried L, Simonsick E, Ling S, Guralnik JM. Asymptomatic pe-
ripheral arterial disease is independently associated with impaired lower extrem-
ity functioning: the Women’s Health and Aging Study. Circulation. 2000;101:
1007-1012.

Vogt MT, Cauley JA, Kuller LH, Nevitt MC. Functional status and mobility among
elderly women with lower extremity arterial disease: the Study of Osteoporotic
Fractures. J Am Geriatr Soc. 1994;42:923-929.

Newman AB, Shemanski L, Manolio TA, et al. Ankle-arm index as a predictor of
cardiovascular disease and mortality in the Cardiovascular Health Study. Arte-
rioscler Thromb Vasc Biol. 1999;19:538-545.

CAPRIE Steering Committee. A randomised, blinded trial of clopidogrel versus as-
pirinin patients at risk of ischaemic events (CAPRIE). Lancet. 1996;348:1329-1339.
Dormandy JA. Ankle:arm blood pressure index as a predictor of atherothrom-
botic events: evidence from CAPRIE [abstract]. Cerebrovasc Dis. 1999;9(suppl
1):14. Abstract 21.

McKenna M, Wolfson S, Kuller L. The ratio of ankle and arm arterial pressure as
an independent predictor of mortality. Atherosclerosis. 1991;87:119-128.
Newman AB, Tyrrell KS, Kuller LH. Mortality over four years in SHEP partici-
pants with a low ankle-arm index. J Am Geriatr Soc. 1997;45:1472-1478.
Kornitzer M, Dramaix M, Sobolski J, Degre S, De Backer G. Ankle/arm pressure
index in asymptomatic middle-aged males: an independent predictor of ten-
year coronary heart disease mortality. Angiology. 1995;46:211-219.

Vogt MT, McKenna M, Anderson SJ, Wolfson SK, Kuller LH. The relationship
between ankle-arm index and mortality in older men and women. J Am Geriatr
Soc. 1993;41:523-530.

Ogren M, Hedblad B, Isacsson S-0, Janzon L, Jungquist G, Lindell S-E. Ten year
cerebrovascular morbidity and mortality in 68 year old men with asymptomatic
carotid stenosis. BMJ. 1995;310:1294-1298.

Tsai AW, Folsom AR, Rosamond WD, Jones DW. Ankle-brachial index and 7-year
ischemic stroke incidence: the ARIC study. Stroke. 2001;32:1721-1724.
Abbott RD, Rodriguez BL, Petrovitch H, et al. Ankle-brachial blood pressure in
elderly men and the risk of stroke: the Honolulu Heart Program. J Clin Epide-
miol. 2001;54:973-978.

McPhail IR, Spittell PC, Weston SA, Bailey KR. Intermittent claudication: an ob-
jective office-based assessment. J Am Coll Cardiol. 2001;37:1381-1385.
Amirhamzeh MMR, Chant HJ, Rees JL, Hands LJ, Powell RJ, Campbell WB. A
comparative study of treadmill tests and heel raising exercise for peripheral ar-
terial disease. Eur J Vasc Endovasc Surg. 1997;13:301-305.

Kuller LH. Is ankle-brachial blood pressure measurement of clinical utility for
asymptomatic elderly? J Clin Epidemiol. 2001;54:971-972.

Antithrombotic Trialists” Collaboration. Collaborative meta-analysis of ran-
domised trials of antiplatelet therapy for prevention of death, myocardial infarc-
tion, and stroke in high risk patients. BMdJ. 2002;324:71-86.

Department of Health and Human Services. Internal analgesic, antipyretic, and
antirheumatic drug products for over-the-counter human use; final rule for pro-
fessional labeling of aspirin, buffered aspirin, and aspirin in combination with
antacid drug products. 63 Federal Register 56802-56819 (1998) (codified at 21
CFR § 343).

Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KAA. Effects of clo-
pidogrel in addition to aspirin in patients with acute coronary syndromes with-
out ST-segment elevation. N Engl J Med. 2001;345:494-502.

Mehta SR, Yusuf S, Peters RJG, et al. Effects of pretreatment with clopidogrel
and aspirin followed by long-term therapy in patients undergoing percutaneous
coronary intervention: the PCI-CURE study. Lancet. 2001;358:527-533.
American Medical Association. CPT (Current Procedural Terminology) 2001. Chi-
cago, Ill: American Medical Association; 2001.

Jaff M. Pharmacotherapy. In: Creager M, ed. Management of Peripheral Arterial
Disease: Medical, Surgical and Interventional Aspects. London, England: Re-
MEDICA Publishing Ltd; 2000:57-67.

Girolami B, Bernardi E, Prins MH, et al. Treatment of intermittent claudication
with physical training, smoking cessation, pentoxifylline, or nafronyl: a meta-
analysis. Arch Intern Med. 1999;159:337-345.

Porter JM, Cutler BS, Lee BY, et al. Pentoxifylline efficacy in the treatment of
intermittent claudication: multicenter controlled double-blind trial with objec-
tive assessment of chronic occlusive arterial disease patients. Am Heart J. 1982;
104:66-72.

Reilly MP, Mohler ER 11I. Cilostazol: treatment of intermittent claudication. Ann
Pharmacother. 2001;35:48-56.

(REPRINTED) ARCH INTERN MED/VOL 163, OCT 27, 2003

2314

WWW.ARCHINTERNMED.COM

©2003 American Medical Association. All rights reserved.



