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grene. Prompt recognition of this
disorder is critical to avoid progres-
sive deterioration in physical func-
tion, limb loss, and premature death
from myocardial infarction or stroke.
The podiatrist plays an important
role in this process, and must under-
stand the prevalence and natural his-
tory, presenting symptoms and
signs, objective diagnostic tests, im-
portance of risk factor intervention,
and therapeutic alternatives.

Epidemiology 
The prevalence of PAD depends

on how one defines the disease.

Given the inaccuracy of physical ex-
amination, using pulse examination
as the sole criterion will grossly over-
estimate the true prevalence. In con-
trast, an historical query for the pres-
ence of intermittent claudication un-
derestimates the prevalence of PAD.
Epidemiological studies have wide-
ranging prevalence rates from 1.6%
to 12%, while other studies using ob-
jective disease detection with non-in-
vasive tests have prevalence rates var-
ing from 3.8% to 33%.(1) Non-inva-
sive methods for disease definition in
epidemiological surveys have usually

Continued on page 182

Welcome to Podiatry Management’s CME Instructional program. Our journal has been approved as a sponsor of Contin-
uing Medical Education by the Council on Podiatric Medical Education.

You may enroll: 1) on a per issue basis (at $17.50 per topic) or 2) per year, for the special introductory rate of $109 (you
save $66). You may submit the answer sheet, along with the other information requested, via mail, fax, or phone. In the near
future, you may be able to submit via the Internet.

If you correctly answer seventy (70%) of the questions correctly, you will receive a certificate attesting to your earned cred-
its. You will also receive a record of any incorrectly answered questions. If you score less than 70%, you can retake the test at
no additional cost. A list of states currently honoring CPME approved credits is listed on pg. 190. Other than those entities cur-
rently accepting CPME-approved credit, Podiatry Management cannot guarantee that these CME credits will be acceptable by
any state licensing agency, hospital, managed care organization or other entity. PM will, however, use its best efforts to ensure
the widest acceptance of this program possible.

This instructional CME program is designed to supplement, NOT replace, existing CME seminars. The
goal of this program is to advance the knowledge of practicing podiatrists. We will endeavor to publish high quality manuscripts
by noted authors and researchers. If you have any questions or comments about this program, you can write or call us at: Podia-
try Management, P.O. Box 490, East Islip, NY 11730, (631) 563-1604 or e-mail us at bblock@juno.com.

Following this article, an answer sheet and full set of instructions are provided (p. 190).—Editor

Goals and Objectives
After reading this article, the pod-

iatrist should be able to:

1) Verbalize a definition of periph-
eral arterial disease

2) Understand the risk factors asso-
ciated with peripheral arterial disease

3) Identify the objective methods
used to confirm the diagnosis of pe-
ripheral arterial disease

4) Appreciate the importance of
risk factor intervention as primary
therapy of peripheral arterial disease

5) Develop a strategy for treat-
ment of peripheral arterial disease
using medical, endovascular, and
surgical modalities.
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Peripheral arterial disease (PAD)
is defined as occlusive arterial
disease of the lower extremities

that reduces arterial flow during ex-
ercise or, in advanced stages, at rest.
The presentation of PAD is varied,
and may appear as asymptomatic ar-
terial disease with abnormal non-in-
vasive tests; symptomatic disease
presenting as either classic or atypi-
cal intermittent claudication (IC);
and critical limb ischemia (CLI),
manifesting as ischemic rest pain,
non-healing ischemic ulcers, or gan-
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The first objective test which
must be performed in patients either
at risk for PAD, or with symptoms
and physical findings of PAD is the
ankle-brachial index (ABI). The ABI is
a safe, simple, highly accurate, and
reproducible method of determining
* The presence and severity of PAD *
The cardiovascular risk of myocardial
infarction, stroke, and vascular death.

This test is easily performed in the
podiatric specialist’s office. It requires 

* Routine sphygmomanometer 
* Hand held, continuous wave

Doppler 
* Acoustic Gel.
In patients with symptoms sug-

gestive of PAD, physical findings in-
creasing the likelihood of PAD, or in
patients at high risk for PAD, the ABI
is the ideal office-based objective
evaluation. 

A sphygmomanometer is placed
on the upper arm, and the systolic

pressure is measured using a hand-
held Doppler device. This process is
repeated on the contralateral upper
arm. The higher of the two pressures
is used as the denominator of the
ABI calculation. Following this, the
sphygmomanometer is placed on
the lower leg, just above the ankle.
Again utilizing the hand-held
Doppler, an arterial Doppler signal is
obtained in the dorsalis pedis artery,
the cuff inflated until the arterial
Doppler signal disappears, and then
the cuff is gradually deflated. When
the arterial Doppler signal returns,
this represents the arterial pressure in
the dorsalis pedis artery. The
Doppler device is then positioned
posterior to the medial malleolus,
and the arterial Doppler signal of the
posterior tibial artery is obtained.
Using the identical method as de-
scribed for the dorsalis pedis artery,
the pressure is then determined in
the posterior tibial artery.

The higher of the two ankle pres-
sures (either the dorsalis pedis or
posterior tibial artery) is used as the
numerator of the ABI calculation.

The process is repeated on the
contralateral limb.

A normal ABI is defined as a rest-
ing measurement > 0.90. Any value <
0.90 represents the presence of PAD.
Obviously, the lower the ABI, the
more severe the PAD. Patients with
ABI values > 0.70 may be asymp-
tomatic, or have very mild symptoms
of intermittent claudication. ABI val-
ues between 0.40 and 0.70 represent
patients with mild to moderate inter-
mittent claudication. Values < 0.40
suggest the most advanced stages of
PAD, with ischemic rest pain, non-
healing ulcerations, and gangrene oc-
curring with frequency.

The ABI provides information
about the presence or absence of
PAD, along with the severity and risk

of co-morbid atherosclerotic
events. If the clinician, however,
desires more detailed information
concerning the location of arterial
occlusive disease, whether disease
is represented by stenoses or oc-
clusions, the length of atheroscle-
rotic disease, and the status of the
‘run-off’ arteries, other diagnostic
tests such as segmental limb pres-
sures, pulse volume recordings,
Doppler segmental waveforms,
and arterial duplex ultrasonogra-
phy should be considered.
The ABI is a highly accurate

method of determining the presence
of PAD and its severity. However, if
the ankle vessel is calcified, com-
monly seen in patients with diabetes
mellitus or end-stage renal disease,
an accurate ankle pressure cannot be
obtained. The pressure in these calci-
fied arteries is often > 200-250
mmHg. If not recognized as artifac-
tually high, the physician may false-
ly conclude that arterial circulation
is adequate, or even normal, in these
patients. In this scenario, other tests
available in the vascular diagnostic
laboratory are necessary, including
photoplethysmography, digital pres-
sures, arterial duplex ultrasonogra-
phy, and even assessments of wound
healing potential utilizing transcuta-
neous oximetry (TcP02).

Patients with classic historical
symptoms of PAD may have a normal
physical examination and ABI. In this

Continued on page 183
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included statistically validated
claudication questionnaires. The

Edinburgh Claudication Question-
naire (a modification of the World
Health Organization/Rose claudica-
tion questionnaire), when compared
with the independent assessment by
two physicians of 300 patients over
age 55, demonstrated a sensitivity of
91% and specificity of 99% for the di-
agnosis of intermittent claudication.1

The ankle-brachial index (ABI),
which is a comparison of the systolic
blood pressure in the dorsalis pedis
and posterior tibial arteries of the
limb to the brachial artery of the arm
using a hand-held Doppler, has been
validated against angiographically
confirmed PAD and found to be 95%
sensitive and almost 100% specific.2

In clinical practice, this is the most
simple, inexpensive, reliable and re-
producible method of identifying
patients with PAD.

The age-adjusted prevalence
of PAD, as defined by an ankle-
brachial index < 0.9 is 12%1. PAD
prevalence rates defined by non-
invasive testing are reported to be
2.5% at age 40 to 59 years, 8.3%
at age 60 to 69 years, and 18.8%
at age 70 to 79 years.3

Diagnosis of Peripheral
Arterial Disease

Classic (“Rose”) intermittent
claudication, the most common
symptom of PAD, is characterized by
exertional discomfort in a major
muscle group in a limb, which devel-
ops with exercise and is promptly re-
lieved with rest. A significant propor-
tion of patients with symptomatic
PAD will not describe classic symp-
toms, making the diagnosis more
difficult. More than 50 percent of pa-
tients with PAD are either asymp-
tomatic or have atypical symptoms,
one-third have classic symptoms of
intermittent claudication, and 10
percent of patients develop critical
limb ischemia.4 The spectrum of PAD
is not a continuum. Patients com-
monly present with CLI without
having experienced prior symptoms
(the classic example is the patient
with diabetes mellitus who sustains
minor trauma to a foot after wearing
ill-fitting shoes and develops gan-
grene, never having experienced
claudication in the past).
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require a highly trained technologist,
as well as a physician who under-
stands the subtleties of waveform in-
terpretation.

Segmental arterial Doppler wave-
forms may also be performed, and
are easier to interpret. Using a bidi-
rectional Doppler probe, Doppler
waveforms are obtained at each arte-
rial level. Normal Doppler wave-
forms are triphasic. Mild to moderate
PAD are represented by biphasic
Doppler waveforms. Severe PAD re-
sults in monophasic and ultimately,
flat waveforms. Segmental Doppler
waveforms are easy to perform, and
require little training to interpret. In

the scenario of non-compressible ar-
teries, however, Doppler waveforms
lose accuracy.

Arterial duplex ultrasonogra-
phy is a highly accurate examina-
tion, which may be performed from
the aortic bifurcation to the ankles.
Utilizing currently available Duplex
ultrasound scanners, arteries are vi-
sualized, often with color imaging,
and Doppler velocities are obtained.
A doubling in the peak systolic ve-
locity suggests a 50-99% stenosis. Ar-
terial duplex ultrasonography re-
quires a highly skilled technologist.
In addition, a complete examination
of both lower extremities is time-
consuming. In patients who are in

scenario, the astute clinician must
pursue an exercise physiologic study
performed in the vascular diagnostic
laboratory. Patients have resting pres-
sures measured, and are then placed
on a treadmill at a constant speed and
constant grade of incline. The patient
is asked to report initial symptoms of
limb discomfort, and then terminate
the exercise when the discomfort is
limiting. After exercise, pressures are
again measured. A significant de-
crease in post-exercise pressures con-
firms the diagnosis of PAD, and also
characterizes the functional limita-
tion of the symptoms.

With the use of sequential
limb blood pressure cuffs and
commercially available equip-
ment, segmental limb arterial
blood pressures may be obtained.
Each pressure measurement is
compared to its proximal cuff,
and to the cuff on the contralat-
eral limb. For example, the pres-
sure obtained in the proximal
thigh cuff is normally > 30
mmHg higher than the brachial
pressure. If this is not found, this
would suggest the presence of in-
flow aorto-iliac artery disease.
Each cuff pressure should be no
lower than 20 mmHg than the
pressure cuff proximal to that
level. Disease localization occurs
one segment proximal to the cuff
with the lower pressure. There-
fore, if the pressure in the lower
thigh cuff is 40 mmHg lower
than the high thigh cuff, this
would suggest superficial femoral
artery occlusive disease.

Pulse volume recordings
(PVR’s) are plethysmographic tests
which provide qualitative informa-
tion. Simply put, a blood pressure
cuff is inflated to a level that does
not interrupt arterial flow (usually ~
60-65 mmHg). As each arterial pulse
passes through the segment of artery
beneath the cuff, the volume of
blood causes distention of the artery.
This is sensed by the cuff, which
then transmits the volume change to
a recorder, providing a waveform. In
the normal setting, this waveform is
similar in appearance to an intra-ar-
terial pressure waveform. As the arte-
rial circulation worsens, the PVR
looses the dicrotic notch, lowers in
amplitude, and widens. These tests

PAD... need of revascularization,
this examination is as accu-
rate as arteriography in predict-
ing the optimal revascularization
method.

In patients who are being
considered for revascularization, du-
plex ultrasound scanning, magnetic
resonance angiogram (MRA), and
more recently computer tomograph-
ic angiography (CTA) are valuable in
localizing arterial disease. Duplex ul-
trasonography can be used for direct
visualization of arteries and is espe-
cially useful after revascularization
(surgical bypass grafts or stent place-
ment). MRA is considered one of the

most significant advances in di-
agnostic techniques in the past
10 years, as blood flow imaging is
possible without the administra-
tion of radiocontrast media. Stud-
ies have demonstrated the MRA
technique is accurate and compa-
rable to angiography. Both of
these tests are noninvasive and
thus pose no significant risk for
anaphylaxis or nephrotoxicity.
CTA is emerging as a very useful
test to plan revascularization
strategies. This technique requires
the administration of intra-
venous contrast. Angiography
should be reserved for those pa-
tients in whom revascularization
is mandatory.

Risk factors for the
Development of PAD 

The risk of developing PAD
can be predicted by age and well-
defined atherosclerotic risk fac-
tors, including tobacco use, dia-
betes mellitus, hypercholes-
terolemia and hypertension. The

Framingham Heart Study data has
defined age, sex, serum cholesterol
level, hypertension, tobacco use, dia-
betes mellitus, and coronary heart
disease as factors associated with an
increased risk for PAD and intermit-
tent claudication.5 This “risk factor
profile” is useful in determining pop-
ulations and patients at risk.

Age
The prevalence of PAD increases

sharply with age, from 3% in pa-
tients < 60 years of age to 20% in pa-
tient >75 years of age.4 Data from
subjects in the Framingham study re-
vealed that the prevalence of PAD

Continued on page 184
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long-term risk of complications, in-
cluding progression of PAD, myocar-
dial infarction and mortality. In a
study by Jonason et al., the rate of de-
velopment of rest pain in intermittent
claudication patients was 0% in non-
smokers and 16% in smokers, while
10 year rates of myocardial infarction
were 11% and 53%, 10 year cumula-
tive rates of cardiac death were 6%
and 43% and 10-year survival rates
82% and 46% among non-smokers
and smokers respectively.15 From the
limb standpoint, tobacco cessation is
associated with improved post-opera-
tive graft patency rates.16

Diabetes Mellitus 
PAD is prevalent in patients with

diabetes mellitus. A survey of pa-
tients with diabetes 50 years of age
or older demonstrated a prevalence
of PAD of 29%.17 In the Rotterdam
study, diabetes was present in 11.9%
and 16% of male and female patients
respectively, with abnormal ABI, ver-
sus 6.7% and 6.3% for those without
PAD.18 In the Cardiovascular Health
Study, diabetes was associated with a
3.8-fold increased prevalence of PAD
in patients over age 65.19 In a Veter-
ans Administration patient popula-
tion with intermittent claudication,
diabetes was the major independent
predictor of death.20

Hyperlipidemia
The Lipid Research Clinics (LRC)

Prevalence Study confirmed the asso-
ciation of dyslipoproteinemia
(specifically low HDL-cholesterol and
elevated LDL-cholesterol) with
symptoms and signs of PAD.21 In the
National Cholesterol Education Pro-
gram Adult Treatment Panel III re-
port on detection, evaluation and
treatment of high blood cholesterol
in adults, PAD (regardless of diagnos-
tic methods) is considered a coro-
nary artery risk equivalent.22 Lipid-
lowering agents, most commonly
HMG-CoA reductase inhibitors
(“statins”) are thought to benefit
PAD patients by decreasing risk for
coronary events and by potentially
reversing atherosclerotic lesions.
Data from the Scandinavian Simvas-
tatin Survival Study (4S) of 4,444 pa-
tients with known cardiovascular
disease revealed that use of simvas-
tatin reduced episodes of new or
worsening IC by 38%.23 In familial
hypercholesterolemic patients treat-

ed with simvastatin for 2 years, the
intima-media thickness in the
femoral artery decreased by a mean
of 0.283 mm. This suggests
atherosclerotic disease reversal with
statin treatment in high-risk hyperc-
holesterolemic patients.24

Hyperhomocyteinemia
Multiple prospective and case

controlled studies have suggested
that an elevated plasma homocys-
teine concentration is an indepen-
dent risk factor for atherothrombotic
vascular disease in the coronary,
cerebral, and peripheral vasculature.
In a meta-analysis of 27 studies, a
modest increase in homocysteine
was independently associated with
an increased risk of CAD, cerebrovas-
cular disease and PAD.25 In a prospec-
tive study of patients with symp-
tomatic PAD, for each 1.0 mol/L in-
crease in the plasma homocysteine
level, there was a 3.6% increase in
the risk of all-cause mortality at three
years and a 5.6% increase in the risk
of cardiovascular-related death.

C-Reactive Protein 
C-reactive protein (CRP) has re-

cently emerged as a novel risk factor
associated with risk of systemic
atherosclerosis. CRP together with
the total cholesterol-HDL-C ratio
were the strongest independent pre-
dictors of development of symp-
tomatic PAD in a study by Ridker
PM, et al. CRP in the same study pro-
vided additive prognostic informa-
tion over standard lipid measures.26

Natural History of Peripheral
Arterial Disease

The impact of peripheral arterial
disease on limb and life is quite differ-
ent, and has implications on manage-
ment strategies. Weitz, et al., defined
the 5-year outcomes (on both limb
and life) of PAD on patients over age
55 with IC. The majority of patients
have no progression of limb symp-
toms over the subsequent five years
after initial presentation. Of the re-
maining, 27% demonstrate progres-
sion of symptoms, while the need for
revascularization or limb loss occurs
in a minority (<10%) of patients.1

Despite the relatively stable prog-
nosis for the affected limb, there is a
marked risk of cardiovascular mor-
bidity and mortality over 5-years

Continued on page 185
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increased 10-fold from men
aged 30-44 to men aged 65-74

and almost 20-fold in women from
the younger to older age-groups.6 In
the Rotterdam and San Diego epi-
demiological studies, prevalence
rates increased with advancing age
both for IC and for PAD defined
with the use of objective tests.7,8

Hypertension
The role of hypertension as a

major risk factor for the develop-
ment and progression of PAD is well
demonstrated in the Framingham
Offspring Study and the German
Epidemiological Trial on Ankle
Brachial Index (GET ABI study).9,10 No
studies are available, however, to
evaluate whether antihypertensive
therapy directly alters the progres-
sion of symptomatic PAD. The Ap-
propriate Blood Pressure Control in
Diabetes (ABCD) Study demonstrat-
ed a marked reduction in cardiovas-
cular events in normotensive PAD
patients with diabetes when treated
with an intensive blood pressure-
lowering strategy as compared to
standard antihypertensive therapy.11

In the most recent guidelines from
the Joint National Committee on the
Detection, Evaluation, and Treat-
ment of hypertension, PAD is con-
sidered equivalent in risk to ischemic
heart disease, therefore supporting
aggressive blood pressure control.12

Tobacco Use
The single most important modifi-

able risk factor for the development of
atherosclerotic disease is tobacco use.
The amount and duration of tobacco
use correlate directly with the devel-
opment and progression of PAD.
Smoking increased the risk of inter-
mittent claudication by 8 to 10-fold in
the Reykjavik Study and cessation of
tobacco use resulted in a 50% reduc-
tion in rates of intermittent claudica-
tion over a 20-year period among Ice-
landic men.13 The best evidence for a
causal role of tobacco use in
atherosclerotic PAD is an improve-
ment in outcome with tobacco cessa-
tion. Tobacco cessation results in im-
proved ankle pressure and exercise tol-
erance in patients with intermittent
claudication as early as 10 months
after tobacco cessation.14 Tobacco ces-
sation also has a major impact on the
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prevent limb loss, and improve func-
tional status of patients with inter-
mittent claudication. Patients with
PAD must be approached with the
same intensity for secondary cardio-
vascular disease prevention and risk
factor modification as recommended
for patients with coronary artery or
carotid artery disease. In 2001, a
multidisciplinary task force of the
American College of Cardiology and
American Heart Association pub-
lished recommendations for risk fac-
tor modification in patients with
atherosclerotic cardiovascular dis-
ease.32 In these guidelines, all pa-
tients diagnosed with PAD must re-
ceive aggressive therapy to prevent
subsequent atherosclerotic disease
and clinical events. Secondary pre-

vention strategies include: 
1. Tobacco cessation 
2. Physical activity 
3. Dietary modification 
4. Weight maintenance/ reduc-

tion with target BMI 18.5-24.9
kg/m2 and waist circumference <35
in women and <42 inches for men. 

5. Blood pressure control 
6. Modification of elevated total

and LDL-cholesterol levels 
7. Anti-platelet therapy. 
8. ACE inhibitor therapy 
9. Glycemic control in patients

with diabetes mellitus Modification
of risk factors requires knowledge,
patience, and perseverance by the
clinician, as most patients find this
aspect of their care very challenging
with limited short-term rewards.

Anti-platelet Therapy
Anti-platelet agents are recom-

mended to prevent associated car-

after diagnosis of intermittent claudi-
cation. The rate of nonfatal cardio-
vascular events (myocardial infarc-
tion and stroke) is 20%, with 5-year
mortality rates of 30 %.27 At the time
of diagnosis of IC, at least 10% of pa-
tients with PAD have concomitant
cerebrovascular disease, and 28%
have coronary heart disease.

The overall mortality rate in pa-
tients with intermittent claudication
is 30% at 5 years, 50% at 10 years,
and 70% at 15 years. The mortality
of patients with intermittent claudi-
cation is approximately 2.5-fold that
of an age-matched general popula-
tion.34 The majority of these deaths
are caused by coronary artery dis-
ease, cerebrovascular disease, and
other vascular diseases (i.e. abdomi-
nal aortic aneurysm, mesenteric is-
chemia).28 Subjects with asymp-
tomatic PAD appear to have the
same risk of cardiovascular events
and death seen in patients with in-
termittent claudication.

For patients with critical limb is-
chemia, the outcomes are signifi-
cantly worse. In addition to the
marked increase in rates of limb loss,
20% of these patients die within 6
months. The annual mortality rate
in patients with CLI is 25%. Virtually
all patients who present with gan-
grene and/or ischemic rest pain are
dead within 10 years. 34, 29

Severity of PAD can be defined
based on ABI values. An abnormal
ABI is a potent predictor of cardio-
vascular events and premature mor-
tality. In the Heart Outcomes Pre-
vention Evaluation (HOPE) study, an
abnormal ABI was a strong predictor
of cardiovascular morbidity and
mortality during 4.5 years of follow-
up, even in patients without symp-
toms suggestive of PAD.30

These findings have prompted
the American Diabetes Association
to recommend screening ABI in all
diabetic patients over age 50, and in
diabetic patients < 50 with other
PAD risk factors (e.g., smoking, hy-
pertension, hyperlipidemia, or dura-
tion of diabetes >10 years).31

The Management of PAD
The goals of therapy for patients

with PAD are to prevent systemic
atherosclerotic disease progression
and clinical cardiovascular events,

PAD... diovascular morbidity
and mortality. Platelet acti-
vation is increased in patients
with PAD, suggesting an under-
lying prothrombotic state.33 Until
recently, however, the use of aspirin
in patients with PAD was not based
on direct evidence, but only on
analogous data in coronary and
cerebral atherosclerosis, where anti-
platelet therapy has documented
clear efficacy.

A meta-analysis of anti-platelet
treatment in patients after peripheral
arterial bypass surgery, albeit demon-
strating a non-significant effect on
cardiovascular outcomes and sur-
vival, revealed a mildly positive ef-
fect on the patency of peripheral ar-
terial bypass grafts.34

The Antithrombotic Trialists’
Collaboration summarized the re-
sults from 287 studies involving
135,000 patients randomized to anti-
platelet therapy or placebo. This
meta-analysis also evaluated 77,000
patients treated with different anti-
latelet regimens. In the subset of pa-
tients treated with anti-platelet ther-
apy for PAD (N=9214), anti-platelet
therapy demonstrated a 23% reduc-
tion in serious vascular events, with
similar benefits among patients with
intermittent claudication and those
patients undergoing lower extremity
revascularization.35

Ticlopidine, a thienopyridine
derivative which blocks the activa-
tion of platelets by adenosine
diphosphate (ADP), has demonstrat-
ed significant benefit in patients
with PAD. Enthusiasm for this drug
has been tempered, however, by the
substantial risk of thrombocytope-
nia, neutropenia (which occurs in
2.3 % of treated patients), and
thrombotic thrombocytopenic pur-
pura (which occurs in 1 in 2000-
4000 patients).36 We do not recom-
mend the routine use of ticlopidine
in patients with PAD. 

Clopidogrel (Plavix), a second
thienopyridine derivative, has an ac-
tion similar to ticlopidine without
the serious hematological side ef-
fects. The Clopidogrel Versus Aspirin
in Patients at Risk of Ischemic Events
(CAPRIE) Study, a multicenter,
multinational, prospective random-
ized trial, evaluated aspirin versus
clopidogrel in over 19,000 patients
with recent stroke, MI, or symp-

Continued on page 186
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Regular aerobic 
exercise reduces

cardiovascular risk 
(by lowering cholesterol,

blood pressure, 
and improving glycemic
control) and produces

symptomatic
improvement 

in patients with PAD.



duces symptomatic improvement in
patients with PAD. The beneficial
effects of exercise may be explained
by several mechanisms, including
improvements in endothelial va-
sodilator function, skeletal muscle
metabolism, blood viscosity and in-
flammatory responses. Exercise
training also improves oxygen ex-
traction and walking efficiency by
decreasing oxygen consumption for
the same workload.40

In a meta-analysis of randomized
trials of exercise in patients with in-
termittent claudication, exercise
therapy significantly improved pain-
free walking time by 180% and max-
imal walking time by 150% over 6
months. When compared to percuta-
neous revascularization, supervised
exercise produced significant im-

provements in walking time at six
months, and did not differ signifi-
cantly from surgical treatment.41

We recommend a supervised ex-
ercise program which encompasses
specific factors. Supervised exercise
therapy is the most effective symp-
tomatic therapy for patients with
IC. Supervised exercise therapy in-
cludes 6-month programs, with ses-
sions three times per week, walking
as the main form of exercise, and
sessions lasting 60 minutes. The
main factors limiting success of ex-
ercise therapy include lack of pa-
tient motivation and compliance,
and the economic obstacles for re-
imbursement in the United States.
Available data analyzing the imple-
mentation of supervised exercise in
patients with PAD are pessimistic.
In the United Kingdom, regular
walking exercise was not followed
by almost 50% of patients with in-

termittent claudication.42

Pharmacologic Treatment of
Peripheral Arterial Disease

Pentoxifylline (Trental®), a
methylxanthine derivative, improves
red cell deformability, lowers fibrino-
gen levels, and retards platelet aggre-
gation. It is the first medication ap-
proved by the FDA (in 1984) for the
treatment of patients with IC.1 A re-
cent review of all available trials con-
cluded that the actual improvement
in walking distance attributable to
pentoxifylline is unpredictable, may
not be clinically important com-
pared with the effects of placebo,
and does not justify the added ex-
pense for most patients.43 Based on
current evidence we do not recom-
mend the routine use of pentoxi-
fylline in patients with PAD. 

Cilostazol, a phosphodiesterase
III inhibitor, was the second oral
agent approved for the treatment of
mild to moderate intermittent clau-
dication in 1999. In addition to its
antiplatelet properties, cilostazol pro-
motes vasodilatation, increases plas-
ma HDL and decreases plasma
triglycerides, and potentially inhibits
smooth muscle cell accumulation
after percutaneous coronary inter-
vention.1 The true mechanism
whereby cilostazol improves pain-
free walking distance is unknown. 

Cilostazol increases pain-free
and maximal walking distances by
40-70% and 65-83% respectively
after 12-24 weeks when used at the
recommended dose of 100 mg oral-
ly twice daily. Treatment with
cilostazol is also associated with im-
provements in health-related quali-
ty of life.44 

In the pivotal prospective, multi-
center, 24-week randomized trial
comparing cilostazol to pentoxi-
fylline and placebo in 698 patients
with intermittent claudication, the
improvement seen with cilostazol (a
mean percent increase of 54% from
baseline) was significantly greater
than that seen with either pentoxi-
fylline (a 30% mean percent in-
crease) or placebo. Side effects, such
as headache, palpitations, and diar-
rhea, were more common in the
cilostazol group, but discontinuation
rates were similar between cilostazol
and pentoxifylline (16% vs. 19%).45

Chronic use of phosphodi-
Continued on page 187
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tomatic PAD. Clopidogrel was
associated with a modest yet sig-

nificant reduction in the primary
composite endpoint of MI, ischemic
stroke, and vascular death when
compared with aspirin. In a sub-
group analysis of 6,452 patients en-
rolled in CAPRIE due to PAD, clopi-
dogrel offered a relative risk reduc-
tion of 24% over aspirin. 

Clopidogrel is well-tolerated,
with no increase in adverse events or
discontinuation when compared to
aspirin. Clopidogrel has been associ-
ated with a low risk of adverse hema-
tologic effects. The estimated risk of
thrombotic thrombocytopenic pur-
pura is 4 per million patients, a level
that does not warrant routine hema-
tologic monitoring.37 Clopidogrel is
the only anti-platelet agent approved
by the United States Food and Drug
Administration (FDA) specifically for
the reduction of cardiovascular
events in patients with PAD.38

The combined effect of aspirin
plus clopidogrel has been demon-
strated in patients with acute coro-
nary syndromes.39 Currently en-
rolling trials will address combina-
tion therapy in PAD; however, this
recommendation cannot be made at
present.

We recommend anti-platelet
therapy in every eligible patient with
PAD. If the economic issues of long-
term clopidogrel are manageable,
this agent is superior to aspirin in re-
ducing the risk of major cardiovascu-
lar events and vascular death.

Exercise Therapy 
Patients with intermittent claudi-

cation have marked impairment in
exercise performance and overall
functional capacity. Reduced walk-
ing capacity is associated with im-
pairment in the performance of ac-
tivities of daily living and in general
quality of life. Their peak oxygen
consumption measured during grad-
ed treadmill exercise is 50 % of age-
matched subjects with normal pe-
ripheral arterial circulation, indicat-
ing a level of impairment similar to
patients with debilitating congestive
heart failure.23

Regular aerobic exercise reduces
cardiovascular risk (by lowering
cholesterol, blood pressure, and im-
proving glycemic control) and pro-
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therapy, first proposed more than 35
years ago by Dotter and Judkins51 for
the treatment of diseased coronary
arteries, revolutionized the manage-
ment of certain patients with periph-
eral arterial disease (PAD). This ap-
proach, however, with its reliance on
techniques such as angioplasty,
stents, stent-grafts, and various me-
chanical devices, was not viewed by
the practicing interventionist as a vi-
able option for individuals with PAD
until the 1980’s. Since then, interest
has rapidly grown and endovascular
therapy has now become a primary
option in the treatment of PAD.52

While the technology and de-
vices available for endovascular ther-
apy in PAD have become increasing-
ly more sophisticated and reliable, a
review of the data reveals that en-
dovascular therapy is not risk-free.
Early experience with angioplasty for
PAD in 352 patients (453 angioplas-
ties) resulted in 59 complications in
53 patients53 The advent of endovas-
cular stents led to improved patency,
but not a significant reduction in ad-
verse events, including access site
complications. In a series of patients
with iliac artery atherosclerosis for
whom 147 iliac artery stents in 98
limbs were deployed, there were 29
(19.4%) complications.54

Vascular surgical procedures are
classically reserved for patients with
critical limb ischemia (ischemic rest
pain, non-healing ischemic ulcers,
gangrene). These patients have mul-
tilevel arterial disease, and require
bypass procedures to targets below
the knee. The autogenous saphenous
vein is the ideal conduit to use for
such procedures, and if performed by
skilled and experienced surgeons,
limb salvage and patency rates are
quite acceptable.55
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program for intermittent
claudication?

A) Six month duration
B) Supervision by an exercise
physiologist/physical therapist
C) Each session lasts 10 minutes
D) 3 sessions per week.

6) Clopidogrel has demonstrated a
significant reduction in myocardial
infarction, stroke, and vascular death
in patients with intermittent
claudication and peripheral arterial
disease when compared to similar
patients treated with aspirin.
Cilostazol has demonstrated

A) Antiplatelet effects which
exceed that of aspirin and
clopidogrel
B) A reduction in stroke when
compared to aspirin therapy
C) An improvement in pain-free
walking distance to a statistically
significant degree over placebo
and pentoxifylline.
D) Similar impact on pain-free
walking distance when
compared to clopidogrel.

7) A patient presents with a painless
ulcer on the plantar aspect of the
left foot. The patient is unsure as to
how the ulcer formed, and does not
know the duration of the ulcer. The
patient has no history of exercise-
induced limb discomfort, and has
never been told of peripheral
arterial disease in the past. The ulcer
is located on the plantar aspect of
left second metatarsal head. The
base of the ulcer has extensive
yellow exudate, and there is a large
amount of surrounding callus
formation. The patient has no
pinprick or light touch sensation,
proprioception, or vibratory
sensation of the feet. The first step
in the management of this patient is

A) Schedule the patient for an
arteriogram
B) Perform an ankle-brachial
index at the bedside
C) Debride the ulcer
D) Order transcutaneous
oximetry

8) When performing an ankle-
brachial index, if a systolic Doppler
pressure exceeds 250 mmHg, one
can presume that

A) The patient’s circulation is
abnormal

1) The most common symptomatic
manifestation of peripheral arterial
disease is

A) Ischemic ulceration
B) Classic “Rose” intermittent
claudication
C) Atypical exertional limb
symptoms
D) Gangrene

2) Peripheral arterial disease affects
what percent of adults over age 60
in the United States?

A) 1%
B) 8%
C) 15%
D) 50%

3) The ankle-brachial index
A) Has a 15% risk of invoking
significant limb pain during the
examination.
B) Carries sensitivity and
specificity rates of ~80%.
C) Requires an advanced degree in
physiology to accurately perform
D) Requires a sphygmomanometer,
acoustic gel, and Doppler.

4) A 57 y.o. female presents with
bilateral buttocks numbness with
walking 50 yards. These symptoms
have been noticeable for the past 3
years, and have progressively
worsened over the past 6 months.
When the patient stops and stands,
the numbness resolves within 5
minutes. She does not experience
similar symptoms at rest, or with
standing. Her right arm blood
pressure is 170 mmHg; left arm
blood pressure 200 mmHg. The
pressure via hand-held continuous
wave Doppler of the right dorsalis
pedis artery is 140 mmHg, posterior
tibial artery 130 mmHg; left dorsalis
pedis artery 110 mmHg, posterior
tibial artery 90 mmHg. Which of the
following is a true statement:

A) Based on the history and
Doppler pressures, the
symptoms are clearly non-
vascular in nature.
B) The right leg ankle-brachial
index is 0.65.
C) The left leg ankle-brachial
index is 0.65.
D) The patient has right
subclavian artery disease.

5) Which of the following is not a
component of an effective exercise

B) The Doppler is malfunctioning
C) You are performing the test
incorrectly
D) The patient’s circulation is
normal.

9) A patient with hypertension and
hyperlipidemia describes a history
classic for intermittent claudication
of the right lower extremity. There
are no rest symptoms or ulcerations.
Both pedal pulses are easily
palpable. The ankle-brachial index is
normal. Your next step is

A) Prescribe custom orthotic
devices for plantar fasciitis
B) Either refer the patient for a
treadmill challenge test or
perform toe raises in your office
followed by repeat ABI
determination.
C) Order an MRI of the
lumbosacral spine looking for
lumbar canal stenosis
D) Order an MRA of the lower
extremity arteries.

10) Which of the following
diagnostic tests will not help plan
revascularization in a patient with
ischemic rest pain of the foot?

A) Magnetic resonance
arteriography
B) Arterial duplex
ultrasonography
C) Transcutaneous oximetry
D) Computed Tomographic
Angiography

11) The most important modifiable
risk factor for the development of
peripheral arterial disease is

A) Male sex
B) Hypertension
C) Age
D) Tobacco Use

12) In the Cardiovascular Health
Study, diabetes was associated with
a ___-fold increased prevalence of
PAD in patients over age 65.

A) 2.0
B) 3.8
C) 5.0
D) 7.0

13) Patients with asymptomatic PAD
have mortality rates which are
_______________ to those patients
with intermittent claudication?

A) Similar
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B) Lower than
C) Higher than
D) Unknown

14) Secondary prevention strategies in patients with
PAD include all of the following EXCEPT

A) Tobacco Cessation
B) Weight loss
C) Use of wool socks
D) Reduction in LDL-cholesterol

15) The CAPRIE study demonstrated superiority of
what agent over aspirin in preventing recurrent heart
attacks, strokes, or dying from vascular disease?

A) Persantine
B) Inderal
C) Trental
D) Clopidogrel (Plavix)

16) Cilostazol is a phosphodiesterase III inhibitor
whose mechanism of action includes all of the
following EXCEPT

A) Increased dilation of arteries
B) Promotes platelet aggregation and adhesion
C) Reduction in triglycerides and elevation of
HDL-cholesterol
D) Inhibition of smooth muscle cells in coronary
arteries after angioplasty

17) Which of the following instructions for use of
cilostazol is correct?

A) Take immediately after eating
B) Avoid spicy foods
C) Avoid diltiazem or omeprazole
D) Take each dose with grapefruit juice

18) Indications for revascularization in patients with
PAD include all of the following EXCEPT

A) Limb discomfort after walking 1.0 miles
B) Rest pain that awakens a patient from sleep
C) Gangrene
D) Non-healing ulceration on the toe

19) Which of the following treatment strategies is
most appropriate?

A) Surgical bypass in a patient with 10 block
intermittent claudication
B) Percutaneous transluminal angioplasty in a
patient with 10 block intermittent claudication
C) Risk factor modification, antiplatelet therapy,
exercise in a patient with 10 block intermittent
claudication
D) Pentoxifylline in a patient with 10 block
intermittent claudication

20) Complication rates of patients who undergo iliac
artery intervention occur in what % of cases?

A) 0.5
B) 10
C) 20
D) 50

E X A M I N A T I O N
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Signature__________________________________Soc. Sec.#______________________Daytime Phone_____________________________

State License(s)___________________________Is this a new address? Yes________ No________

Check one: ______ I am currently enrolled. (If faxing or phoning in your answer form please note that $2.50 will be charged 
to your credit card.)

______ I am not enrolled. Enclosed is a $17.50 check payable to Podiatry Management Magazine for each exam 
submitted. (plus $2.50 for each exam if submitting by fax or phone).

______ I am not enrolled and I wish to enroll for 10 courses at $109.00 (thus saving me $66 over the cost of 10 individual 
exam fees). I understand there will be an additional fee of $2.50 for any exam I wish to submit via fax or phone.

Note: If you are mailing your answer sheet, you must complete
all info. on the front and back of this page and mail with your
check to: Podiatry Management, P.O. Box 490, East Islip,
NY 11730. Credit cards may be used only if you are faxing or
phoning in your test answers.

TESTING, GRADING AND PAYMENT INSTRUCTIONS
(1) Each participant achieving a passing grade of 70% or

higher on any examination will receive an official computer form
stating the number of CE credits earned. This form should be safe-
guarded and may be used as documentation of credits earned.

(2) Participants receiving a failing grade on any exam will be
notified and permitted to take one re-examination at no extra cost.

(3) All answers should be recorded on the answer form
below. For each question, decide which choice is the best an-
swer, and circle the letter representing your choice.

(4) Complete all other information on the front and back of
this page.

(5) Choose one out of the 3 options for testgrading: mail-in,
fax, or phone. To select the type of service that best suits your
needs, please read the following section, “Test Grading Options”.

TEST GRADING OPTIONS
Mail-In Grading
To receive your CME certificate, complete all information

and mail with your check to:
Podiatry Management

P.O. Box 490, East Islip, NY 11730
There is no charge for the mail-in service if you have already

enrolled in the annual exam CPME program, and we receive this
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exam during your current enrollment period. If you are not en-
rolled, please send $17.50 per exam, or $109 to cover all 10
exams (thus saving $66 over the cost of 10 individual exam fees).

Facsimile Grading
To receive your CPME certificate, complete all information and

fax 24 hours a day to 1-631-563-1907. Your CPME certificate will
be dated and mailed within 48 hours. This service is available for
$2.50 per exam if you are currently enrolled in the annual 10-exam
CPME program (and this exam falls within your enrollment period),
and can be charged to your Visa, MasterCard, or American Express.

If you are not enrolled in the annual 10-exam CPME pro-
gram, the fee is $20 per exam.

Phone-In Grading
You may also complete your exam by using the toll-free ser-

vice. Call 1-800-232-4422 from 10 a.m. to 5 p.m. EST, Monday
through Friday. Your CPME certificate will be dated the same day
you call and mailed within 48 hours. There is a $2.50 charge for
this service if you are currently enrolled in the annual 10-exam
CPME program (and this exam falls within your enrollment peri-
od), and this fee can be charged to your Visa, Mastercard, Ameri-
can Express, or Discover. If you are not currently enrolled, the fee
is $20 per exam. When you call, please have ready:

1. Program number (Month and Year)
2. The answers to the test
3. Your social security number
4. Credit card information

In the event you require additional CPME information,
please contact PMS, Inc., at 1-631-563-1604.

Enrollment/Testing Information
and Answer Sheet
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LESSON EVALUATION

Please indicate the date you completed this exam 

_____________________________

How much time did it take you to complete the lesson?

______ hours ______minutes

How well did this lesson achieve its educational 
objectives?

_______Very well      _________Well      

________Somewhat      __________Not at all

What overall grade would you assign this lesson?   

A    B    C    D

Degree____________________________

Additional comments and suggestions for future exams:

__________________________________________________

__________________________________________________

__________________________________________________

__________________________________________________

__________________________________________________

__________________________________________________

EXAM #7/04
Peripheral Arterial Disease

(Jaff)

1. A B C D

2. A B C D

3. A B C D

4. A B C D

5. A B C D

6. A B C D

7. A B C D

8. A B C D

9. A B C D

10. A B C D

11. A B C D

12. A B C D

13. A B C D

14. A B C D

15. A B C D

16. A B C D

17. A B C D

18. A B C D

19. A B C D

20. A B C D

Circle:
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