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Abstract Atherosclerosis is a disease process that affects the coronary, cerebral and

peripheral arterial circulation. While great emphasis has been placed on the
aggressive pharmacological management of coronary artery disease, less attention
has been paid to the pharmacological management of peripheral vascular disease,
despite its significant morbidity and mortality. The purpose of medical manage-
ment in peripheral arterial disease is to relieve symptoms of claudication and to
prevent thrombotic vascular events. These goals are best achieved through aggres-
sive risk factor modification and pharmacotherapy. Risk factor modification
includes smoking cessation, adequate control of blood pressure and cholesterol, as
well as aggressive glycaemic control in patients with diabetes mellitus. Anti-
platelet therapy and relief of claudication is also achieved through pharma-
cotherapy. With aggressive risk factor modification and adequate
pharmacotherapy, patients with peripheral arterial disease can have an improved
quality of life as well as prolonged survival.
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Table I. Prevalence of symptoms in patients with proven peripheral arterial disease

Study No. of participants Classic claudication? Atypical symptoms No symptoms
Hirsch et al.l®l 726 63 (9%) 386 (53%) 277 (38%)
McDermott et al.! 460 150 (32%) 219 (48%) 91 (20%)

a Classic claudication defined as: exercise-induced calf pain, not present at rest, requires stopping and resolves in 10 minutes or less.

Peripheral arterial disease (PAD) is a major man-
ifestation of systemic atherosclerosis and is fre-
quently associated with other atherosclerotic diseas-
es such as coronary artery disease (CAD) and cer-
Combined, this triad of
systemic atherosclerosis is the principle cause of
death and disability in persons aged 50 years and
older.["' Tt is estimated that 12% of the adult popula-
tion in the US, approximately 8—10 million people,
will be affected by PAD in their lifetime.>?!

The prevalence of PAD increases with age.!*!
The Framingham Heart Study reported that the aver-
age annual incidence of PAD based on symptomatic
intermittent claudication (IC) increased from 6 per
10 000 men aged 30—44 years to 61 per 10 000 men
aged 65-74. Similar findings were reported in wo-
men as well.l! It is estimated that 20% of the popu-
lation over the age of 70 have PAD.[”)

ebrovascular disease.

The most common clinical symptoms of PAD are
aching pain, cramping or numbness in the affected
limb. They are induced by activities that increase
blood and oxygen demand of the lower extremities
such as exercise and walking, and are usually re-
lieved by rest. However, the symptoms of classic
claudication (exercise-induced calf-pain, not present
at rest, which requires stopping and resolves within
10 minutes of rest) are rather uncommon among
patients with PAD. Recently Hirsch et al. reported
classic claudication in about 9% of 726 patients with
proven PAD.®! In another recent study McDermott
et al.”’! found classic symptoms of IC only in 32%,
atypical symptoms in 48% and no exertional leg
pain in 20% of patients with noninvasively proven
significant PAD (table I).

Because of the significant overlap between PAD,
CAD and cerebrovascular disease, patients with
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PAD have significantly higher morbidity and mor-
tality when compared with healthy controls. It has
been reported that patients with IC, when compared
with age-matched controls, have a 3-fold increase in
cardiovascular mortality rate.>!%-1?] It is estimated
that approximately 80% of mortality in PAD pa-
tients is from cardiovascular events. Sixty-three per-
cent of deaths are from CAD, 9% are from cer-
ebrovascular disease, and 8% are from other cardio-
vascular events such as a ruptured aneurysm.!'3-13 In
a retrospective analysis of 236 patients with PAD
(mean age, 80 years), Ness and Aronow,!'® found
that 68% of the patients had coexisting CAD and
42% had a history of ischemic stroke. However, the
true prevalence of coexisting CAD and cerebrovas-
cular disease in patients with PAD is highly depend-
ent upon the diagnostic method used to identify the
disease. The coexistence of CAD has been reported
at 39% using clinical history and electrocardiogram,
and as high as 90% when using angiography. Simi-
lar results have been reported with regard to cer-
ebrovascular disease, with prevalence reported as
low as 0.5-15% using clinical history, and as high as
44-52% using cervical bruit or abnormal Doppler
testing.>!%! This underscores the fact that PAD,
CAD and cerebrovascular disease, are all inevitable
manifestations of the same pathophysiological pro-
cess: systemic atherosclerosis.

Despite the high prevalence of PAD in the gener-
al population, and its strong association with cardio-
vascular morbidity and mortality, PAD has not re-
ceived sufficient attention with regard to aggressive
treatment and risk factor modification, especially
when compared with CAD.[3!17)

The medical management of PAD consists of two
primary goals: (i) relief of IC and, hence, improve-
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ment of functional status and quality of life (section
3); and (ii) prevention of thrombotic events in the
peripheral, coronary and cerebrovascular circula-
tion, which prolongs overall survival. Aggressive
risk factor modification (table IT) and pharmacologi-
cal therapy (table III) are the cornerstones through
which these goals may be achieved.

1. Risk Factor Modifications

1.1 Cigarette Smoking

Tobacco use is the single most important risk
factor for the development and progression of PAD.
In patients with PAD, tobacco use is associated with
decreased survival; with patients who quit smoking
having approximately twice the 5-year survival rate
of those who continue to smoke.'8! Smoking is
associated with increased progression of atheroscle-
rosis and increased risk of surgical amputation.!!
Tobacco use is also associated with increased risk of
developing IC and life-threatening ischaemia.[?%-2!1
Furthermore, smokers have lower patency and sur-
vival rates after revascularization than non-smok-
ers.[22!

Spontaneous quit rates even for motivated per-
sons are low (<5% per year). Psychological support
and counselling improves quit rates. However, the
most effective method of smoking cessation is using
nicotine replacement therapy (NRT), either alone or
in combination with the oral antidepressant bupro-
pion.[23:24

Table IlI. Risk factors for peripheral arterial disease and treatment
goals

Smoking Cessation (nicotine replacement therapy,

bupropion)
Blood pressure <130/85mm Hg
Glycosylated haemoglobin <7%

Low-density lipoprotein <100 mg/dL
(2.59 mol/L)

Hypertension
Diabetes mellitus
Dyslipidaemia
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Table Ill. Pharmacological treatment of peripheral arterial disease

Drug class Drug?

Antiplatelet Clopidogrel 75 mg/day or aspirin
81-325 mg/day

ACE inhibition Ramipril 10 mg/day®

Statin Simvastatin 40 mg/day®

Anti-claudication Cilostazol 100mg twice daily

a Recommendations are made on the basis of the most solid
data available to date.

b The effects seen may be a group effect; further studies are
needed to evaluate this.

1.2 Hypertension

Epidemiological studies have shown hyperten-
sion to be associated with the development of CAD
and cerebrovascular disease, as well as with a 2- to
3-fold increased risk of claudication.?>8 Anti-
hypertensive therapy reduces the risk of stroke,
CAD and vascular death.?8! Solomon et al. found
neither adverse nor beneficial effects with the B-
blocker atenolol or the calcium channel antagonist
nifedipine on PAD when given as single therapy.
However, the combination of both decreased walk-
ing ability by 9% (pain-free walking distance mea-
sured by treadmill).’”) Another group of investiga-
tors found no adverse effects of selective or non-
selective B-blockers on the lower extremity circula-
tion in patients with PAD (assessed by pletys-
mographic measurement of calf blood flow and
symptoms of claudication before and after exer-
cise).’% The current consensus regarding the use of
B-blockers in patients with PAD is that they can be
safely used for the treatment of hypertension in all
but those with the most severe PAD.B! The large
interventional hypertension trials have not specifi-
cally targeted patients with PAD. Therefore, it is
unclear what effect antihypertensive therapy has on
the development or progression of PAD. However,
consensus recommends treatment of hypertension in
patients with PAD to a blood pressure of less than
130/85mm Hg.[*?

ACE inhibitors may be ideal agents for hyperten-
sion control in patients with PAD because of their
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vascular protective effects.’334 In the Heart Out-
comes Prevention Evaluation (HOPE) study,™!
ramipril was found to significantly reduce cardio-
vascular death, MI and stroke in a broad range of
patients at risk for cardiovascular death (relative risk
= 0.78; 95% CI, 0.7-0.86; p < 0.001). Secondary
outcomes such as revascularization, either cardiac or
peripheral, were also significantly reduced in pa-
tients treated with ramipril. Patients with PAD
(4051/9297) receiving ramipril had similar reduc-
tions in events as patients without PAD (figure 1).
Therefore, in patients with PAD, ramipril reduces
the risk of fatal and nonfatal ischemic events. Inter-
estingly, the beneficial results could not be ex-
plained by blood pressure lowering as most patients
did not have hypertension and the mean decrease in
systolic blood pressure was only 2mm Hg.

In a large, double-blind, randomised study the
angiotensin II (ATII) receptor antagonist losartan
was also found to significantly reduce the composite
endpoint of cardiovascular death, MI or stroke in
patients with hypertension compared with atenolol
(508/4605 [11%] vs 588/4588 [13%]; p = 0.021).13¢
Although the results seem to be very comparable to
the HOPE data, there are several important differ-
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Fig. 1. Results from the Heart Outcomes Prevention Evaluation
study (HOPE). Number of events (myocardial infarction, stroke or
death from cardiovascular cause) in patients with peripheral arterial
disease treated with either ramipril 10 mg/day (n = 1966) or placebo
(n = 2085) for an average of 5 years.®5* p < 0.001.
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ences between the two studies. The mean decrease
in systolic blood pressure compared with baseline
was 30.2mm Hg and 29.1mm Hg in the losartan and
atenolol groups, respectively. When primary end-
points were examined individually only the reduc-
tion of stroke in the losartan group was found to be
significant (232/4605 [5%] vs 309/4588 [7%]; p =
0.001). The prevalence of coronary or peripheral
revascularization procedures, a prespecified second-
ary endpoint, did not differ between the two treat-
ment groups. The total number of participants with a
history of PAD included in the study was low (520/
9193 [6%]). On the basis of the current data, the use
of losartan for the treatment of hypertension in pa-
tients with PAD can be recommended. However,
possible protective vascular effects of losartan and
other ATII receptor antagonists on PAD are still to
be determined.

1.3 Dyslipidaemia

Several large randomised trials have looked at
lipid lowering therapy with HMG-CoA reductase
inhibitors (statins) in patients with CAD. The Scan-
dinavian Simvastatin Survival Study (4S),”! and
Cholesterol and Recurrent Events (CARE)P8! both
showed major reductions in cardiac morbidity and
mortality in patients receiving statin therapy. Stroke
was also reduced in both trials by approximately
20%, suggesting statin therapy has an effect on
atherosclerosis throughout the peripheral circula-
tion. In the 4S study, only 4% of participants had IC
at baseline. However, a post hoc analysis of the 4S
trial found that simvastatin reduced the risk of new
or worsening claudication by 38% compared with
placebo.[3”

The recently published Heart Protection Study
reported effects of cholesterol lowering in individu-
als with CAD, other arterial disease or diabetes
mellitus over a period of 5 years.*¥ A total of
20 536 patients were randomised to either simvasta-
tin 40 mg/day or matching placebo. All-cause mor-
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tality was significantly reduced from 14.7 to 12.9%,
mainly as a result of a reduction in coronary death.
MI and stroke were also significantly reduced in the
simvastatin group compared with placebo (8.7 vs
11.8% and 4.3 vs 5.7%, respectively). Simvastatin
reduced the need for revascularization procedures
from 11.7 to 9.1%; this finding was also highly
significant. For the first occurrence of any of these
major vascular events there was a significant 24%
reduction in the event rate (2033 [19.8%] vs 2585
[25.2%] patients, p < 0.0001). In the subgroup of
patients with PAD only, the reduction in major
vascular events was similar (24.7 vs 30.5%, p <
0.0001) [figure 2]. This very large, randomised
treatment trial supports the use of statin drugs in
patients without CAD but other arterial disease or
diabetes. Even before the release of this compelling
data the National Cholesterol Education Program
(NCEP) considered peripheral vascular disease a
coronary heart disease (CHD) risk equivalent and
recommended a target LDL of less than 100 mg/dL
(2.59 mmol/L) in these patients.*!!

Nicotinic acid has previously been shown to re-
duce cardiovascular morbidity and mortality.*>* It
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Fig. 2. Results from the Medical Research Council/British Heart
Foundation (MRC/BHF) Heart Protection Study. Number of events
(major coronary events, strokes or revascularization) in patients
with peripheral arterial disease treated with either simvastatin 40
mg/day (n = 1325) or placebo (n = 1376) for an average of 5
years.** p < 0.0001.
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increases high-density lipoprotein (HDL) as well as
lowering triglyceride levels. However, its use has
been limited because of previously published re-
ports discouraging its use among patients with dia-
betes because of a possible effect on blood glucose
levels.[*>*1 However, the Arterial Disease Multiple
Intervention Trial (ADMIT) performed in patients
with PAD6! showed no difference in glycosylated
haemoglobin (HgAic) levels from baseline among
those receiving nicotinic acid. Nicotinic acid raised
HDL by 29% and lowered triglycerides by approxi-
mately 25%.14%! Nicotinic acid also had an anticoag-
ulant effect lowering levels of fibrinogen and F1.2,
both markers for thrombin generation.*”] These
findings suggest that nicotinic acid may safely be
used in patients with diabetes as an alternative to a
statin and/or a fibric acid derivative in those who
cannot tolerate these agents, or fail previous therapy
to correct hypertriglyceridaemia or low HDL.

1.4 Diabetes Mellitus

Diabetic patients have a 2- to 4-fold increased
risk of developing IC compared with those without
diabetes.”#34 They also tend to have more severe,
diffuse multivessel PAD that is less amenable to
revascularization, and are also more prone to
restenosis. They are at high risk of developing
microangiopathy, such as retinopathy, nephropathy
and neuropathy.P% Aggressive glycaemic control
decreases the risk of microvascular complications.
However, limited data exist to support aggressive
glycaemic control to prevent the clinical manifesta-
tions of systemic atherosclerosis, especially PAD.

In the United Kingdom Prospective Diabetes
Study (UKPDS),5" intensive versus conventional
glycaemic control was evaluated. The study found
that aggressive glycaemic control reduced the over-
all microvascular complication rate by 25%. How-
ever, there was no significant difference found in
reducing risk of amputation as a result of PAD
(relative risk = 0.51; 99% CI, 0.01-19.64). Further-
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more, no significant effect on cardiovascular com-
plications was found (16% reduction, p = 0.052).
Despite this, the UKPDS did show a continuous
association between cardiovascular events and
hyperglycaemia. However, it did not definitively
show that aggressive management of hypergly-
caemia would reduce the risk of these events.®!
Unfortunately, the prevalence of PAD was not de-
fined in this patient population. Therefore, it is diffi-
cult to make any conclusions as to the effect of
aggressive glycaemic control on PAD. Current
guidelines recommend a target HbA ¢ level of <7%
in patients with diabetes.5?!

2. Antiplatelet Therapy

2.1 Aspirin

The Antiplatelet Trialists’ Collaboration (APTC)
is a meta-analysis that investigated the efficacy of
prolonged (at least 1 month) antiplatelet therapy
(mainly aspirin [acetylsalicylic acid]) in preventing
vascular events, including nonfatal myocardial in-
farction (MI), stroke and vascular death. Data were
evaluated from 145 randomised studies that includ-
ed approximately 100 000 patients. Approximately
70 000 of these patients were high-risk patients with
evidence of cardiovascular disease such as previous
MI, cerebrovascular disease and also peripheral vas-
cular disease. Results showed that there was a 27%
reduction in the odds ratio for subsequent vascular
death, MI or stroke in patients taking aspirin com-
pared with controls.’3! The APTC also found that in
patients who had bypass surgery or peripheral angi-
oplasty, aspirin significantly improved vessel paten-
cy. There was a reduction of vascular graft occlusion
from 25% in the control group to 16% in the aspirin
group (p < 0.0001).54 These results suggest efficacy
of aspirin to reduce morbidity and mortality in pa-
tients with PAD but it should be noted that to date no
prospective, randomised study has been performed
to confirm these findings.
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2.2 Dipyridamole, Ticlopidine
and Clopidogrel

The use of dipyridamole as monotherapy has not
been shown to have significant antithrombotic ef-
fects in patients with PAD.3 However, its efficacy
as combination therapy with aspirin has had mixed
results. In the APTC, no significant difference was
found between the use of dipyridamole and aspirin
versus aspirin alone with regards to preventing vas-
cular events.>3l However, McCollum et al.’® found
that in patients undergoing femoropopliteal bypass
surgery, the incidence of cardiovascular events was
significantly lower in patients receiving aspirin and
dipyridamole (35 events) than in patients who re-
ceived placebo (53 events) [p = 0.004].

Ticlopidine and clopidogrel are both adenosine
diphosphate receptor antagonists that have potent
antiplatelet activity. In the Swedish Ticlopidine
Multicenter Study (STIMS), ticlopidine was com-
pared with placebo in preventing cardiovascular
events in 687 patients with IC. Ticlopidine was
found to significantly reduce cardiovascular events
and was also found to reduce mortality by 30% (p =
0.015).571 The findings from the Estudio Multicen-
trico Argentino de la Ticlopidine en las Arteriopa-
tias Perifericas (EMATAP) trial showed ticlopidine
to significantly reduce thrombotic events and revas-
cularization in patients with IC (5/304 vs 20/311
patients treated with ticlopidine and placebo, re-
spectively, p = 0.002).5% Furthermore, ticlopidine
has been found to relieve symptoms, increase walk-
ing distance and improve lower extremity ankle
pressure indices.’*%1 However, these trials were
rather small and their results never confirmed in a
larger trial. Therefore, use of ticlopidine in PAD can
be recommended for its antiplatelet action only.

Unfortunately, the use of ticlopidine has been
limited because of potential adverse effects, most
importantly, bone marrow suppression. Neutropenia
has been reported to occur in approximately 2.4% of
patients taking ticlopidine. Thrombotic thrombo-
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cytopenia purpura occurs at a rate of about 1 in
every 2000-4000.1°"1 Therefore, haematological
monitoring is recommended during the first 3
months of therapy. More common adverse effects
include nausea, diarrhoea, vomiting and GI bleed-
ing, which also limit its clinical use.[37->861]

The Clopidogrel versus Aspirin in Patients at
Risk of Ischemic Events (CAPRIE) trial looked at
the use of clopidogrel versus aspirin in preventing
vascular events in patients with systemic atheroscle-
rosis (recent stoke, MI or symptomatic PAD).[%?!
The study enrolled 19 185 patients and followed
them for an average of approximately 2 years. Pa-
tients treated with clopidogrel had an annual 5.32%
risk of stroke, MI or vascular death compared with
5.83% with aspirin. This represents a statistically
significant 8.7% relative risk reduction (p = 0.043;
95% CI 0.3-16.5).1?1 In a subset analysis of 6452
patients with PAD, clopidogrel recipients had a
23.8% relative risk reduction (p = 0.0028; 95% CI =
8.9-36.2) compared with aspirin recipients with an
annual event rate of 3.71% compared with 4.86%
(figure 3). Safety was also evaluated. Clopidogrel
could be as safely used as medium-dose aspirin
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Fig. 3. Results of the clopidogrel versus aspirin in patients at risk of
ischemic events (CAPRIE) trial. Number of events (ischemic stroke,
myocardial infarction or vascular death) in patients with peripheral
arterial disease treated with either clopidogrel 75 mg/day (n = 3223)
or aspirin (acetylsalicylic acid) 325 mg/day (n = 3229) for an aver-
age of 2 years.[°2* p = 0.0028.
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(325mg) with no significant difference in frequency
of neutropenia or thrombocytopenia. As a result, no
haematological monitoring is recommended.

2.3 Warfarin

The utility of warfarin as secondary prevention in
patients with PAD has yet to be fully established.
Limited studies have shown that systemic an-
ticoagulation with warfarin slows the progression of
PAD, as well as reduces stroke and recurrent MI in
patients after an M6 Long-term anticoagulation
with warfarin in addition to aspirin is recommended
after thrombolytic therapy for acute arterial occlu-
sion in PAD.[%! In the Post Coronary Artery Bypass
Graft Trial (Post CABG),[%%! low-dose warfarin was
not found to have any significant benefit on cardio-
vascular morbidity and mortality during the 3 years
of follow up. However, after extended follow-up of
approximately 7.5 years mortality was reduced by
35% (p = 0.008), and death or nonfatal MI by 31%
(p = 0.003). Nonetheless, there was no reduction in
peripheral vascular procedures in patients treated
with warfarin. It has been shown that patients with
PAD have altered coagulation markers, which are
associated with increased risk of vascular complica-
tions.[67:681

However, as a result of bleeding complications
from full anticoagulation (International Normalised
Ratio [INR] 2-3), warfarin use in this population has
been limited. The ADMIT trial looked at the effica-
cy and safety of low-dose warfarin (INR 1.5-2.0 or
maximum dose of 4mg). There was a 3% rate of
bleeding complications in patients receiving warfa-
rin compared with a 4% rate for placebo.l® Howev-
er, given in combination with nicotinic acid (niacin),
warfarin therapy had an increased rate of bleeding
complications compared with warfarin alone. Low-
dose warfarin was found to have a significant an-
ticoagulation effect compared with placebo.

Therefore, low-dose warfarin can be used safely
and is also effective as an anticoagulant in patients
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with PAD. However, further study is needed to
determine if low-dose warfarin can decrease vascu-
lar events in patients with PAD.

3. Pharmacotherapy for Claudication

3.1 Pentoxifylline

Pentoxifylline is a xanthine derivative used to
treat IC in patients with PAD. It is a haemorrheo-
logical agent that decreases blood viscosity and im-
proves erythrocyte flexibility.[”! It has been found
to increase absolute claudication distance after 24
weeks of treatment by approximately 20%.7!-73
However, in a recent study, Dawson et al.[*! report-
ed similar effects of pentoxifylline and placebo on
increasing maximal walking distance. Two meta-
analyses of randomised, placebo-controlled trials
found that pentoxifylline increased initial claudica-
tion distance by approximately 20-30 metres and
absolute claudication distance by approximately
45-50 metres.[”>7 Both analyses concluded that
while pentoxifylline may have a small positive ef-
fect on claudication, there is currently insufficient
data to justify generalised use in patients with symp-
tomatic PAD.

3.2 Cilostazol

Cilostazol inhibits the action of phosphodiester-
ase and increases the amount of intracellular cyclic
adenosine monophosphate. This results in signifi-
cant antiplatelet and vasodilatory activity, as well as
antiproliferative properties.””-7"! As antiplatelet and
vasodilatory drugs were shown to have no positive
effect on claudication-limited walking distance, the
mechanism by which cilostazol achieves improve-
ment in PAD patients remains speculative.3%

Several randomised, placebo-controlled studies
using cilostazol 100mg twice daily have shown im-
proved maximal walking distance of 40-50% com-
pared with placebo.’+81821 There is evidence for a
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dose-response effect of cilostazol. Maximal walking
distance was less comparing 50mg with 100mg
twice daily but still significantly greater than with
placebo™! (figure 4). In a direct comparison mean
maximal walking distance of cilostazol-recipients
was significantly greater compared with that of pa-
tients who received pentoxifylline or placebol’*!
(figure 5). Furthermore, cilostazol has been shown
to improve functional status and quality of life.[!83!

The most common adverse effect is headache in
34% of patients compared with 14% of placebo
recipients. Palpitations, dizziness and diarrhoea
have also been described.

Other phosphodiesterase inhibitors such as milri-
none possess more positive inotropic effects than
cilostazol, and are used in the treatment of acute and
chronic heart failure. One study using oral milrinone
long-term in patients with chronic heart failure
found increased mortality in the milrinone arm.34
On the basis of these findings the use of cilostazol is
contraindicated in patients with heart failure.
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Fig. 4. Results from a new pharmacological treatment for intermit-
tent claudication. The mean maximal (max.) walking distance in
patients with peripheral arterial disease treated with placebo (n =
140), cilostazol 50mg bid (n = 139) or cilostazol 100mg bid (n =
140) at baseline and after 24 weeks of treatment. In both cilostazol
groups maximal walking distance improved significantly from base-
line (* p < 0.001) compared with placebo. Cilostazol 100mg bid was
more effective then 50mg bid.83 bid = twice daily.
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Fig. 5. Results from a comparative study of cilostazol and pentoxi-
fylline in patients with intermittent claudication. The mean maximal
(max.) walking distance in patients with peripheral arterial disease
treated with placebo (n = 226), pentoxifylline 400mg po tid (n = 212)
or cilostazol 100mg bid (n = 205) at baseline and after 24 weeks of
treatment. The treatment results for placebo and pentoxifylline were
similar (p = 0.82). Treatment with cilostazol lead to a significant
improvement in maximal walking distance (* p < 0.0005) compared
with placebo.l”l bid = twice daily; po = orally; tid = three times
daily.

4. Conclusion

Peripheral vascular disease is just one manifesta-
tion of the general disease process of atherosclero-
sis. There is growing evidence that atherosclerosis
in the peripheral circulation should be considered in
the same manner as atherosclerosis in the coronary
circulation. Until evidence to the contrary is report-
ed, patients with PAD should be treated as aggres-
sively with respect to risk factor modification (table
II) and additional pharmacological therapy (table
IIT) as patients with CAD.

Acknowledgements

No sources of funding were used to assist in the prepara-
tion of this manuscript. The authors have no conflicts of
interest that are directly relevant to the content of this manu-
script.

References
1. Murray CJ, Lopez AD. Alternative projections of mortality and
disability by cause 1990-2020: global burden of disease study.
Lancet 1997; 349 (24): 1498-504

© Adis Data Information BV 2003. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Kannel WB, Skinner JJJ, Schwartz MJ, et al.

. Criqui MH, Fronek A, Barrett-Connor E, et al. The prevalence

of peripheral arterial disease in a defined population. Circula-
tion 1985; 71: 510-5

. Hiatt WR, Hoag S, Hamman RF. Effect of diagnostic criteria on

the prevalence of peripheral arterial disease: the San Luis
Valley Diabetes Study. Circulation 1995; 91: 1472-9

. Kannel WB. The demographics of claudication and the aging of

the American population. Vasc Med 1996; 1: 60-4

. Stoffers HE, Rinkens PE, Kester AD, et al. The prevalence of

asymptomatic and unrecognized peripheral arterial occlusive
disease. Int J Epidemiol 1996; 25: 282-90

Intermittent
claudication: incidence in the Framingham Study. Circulation
1970; 41: 875-83

. Kannel WB, McGee DL. Update on some epidemiologic fea-

tures of intermittent claudication: the Framingham Study. J
Am Geriatr Soc 1985; 33: 13-8

. Hirsch AT, Criqui MH, Treat-Jacobson D. Peripheral arterial

disease detection, awareness, and treatment in primary care.
JAMA 2001 Sep 19; 286 (11): 1317-24

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

peripheral arterial disease. JAMA 2001; 286: 1599-606

Leng GC, Lee AJ, Flowked FG, et al. Incidence, natural history
and cardiovascular events in symptomatic and asymptomatic
peripheral artery disease in the general population. Int J
Epidemiol 1996; 25: 1172-81

Leng GC, Fowkes FG, Lee AJ, et al. Use of ankle brachial
pressure index to predict cardiovascular events and death: a
cohort study. BMJ 1996; 313: 1440-4

Dormandy J, Heeck L, Vig S. The natural history of claudica-
tion: risk to life and limb. Semin Vasc Surg 1999; 12: 123-37

Hertzer NR, Beven EG, Young JR, et al. Coronary artery
disease in peripheral vascular patients: a classification of 1000
coronary angiograms and results of surgical management. Ann
Surg 1984; 199: 223-33

Dormandy J, Mahir M, Ascady G, et al. Fate of the patient with
chronic leg ischemia: a review article. J Cardiovasc Surg 1989;
30: 50-7

Aronow WS, Ahn C. Prevalence of coexistence of coronary
artery disease, peripheral arterial disease, and atherothrombot-
ic brain infarction in men and women 262 years of age. Am J
Cardiol 1994; 74: 64-5

Ness J, Aronow WS. Prevalence of coexistence of coronary
artery disease, ischemic stroke, and peripheral arterial disease
in older persons, mean age 80 years, in an academic hospital-
based geriatric practice. ] Am Geriatr Soc 1999; 47: 1255-6

McDermott MM, Mehta S, Ahn H, et al. Atherosclerotic risk
factors are less intensively treated in patients with peripheral
arterial disease than in patients with coronary artery disease. J
Gen Intern Med 1997; 12: 209-15

Faulkner KW, House AK, Castleden WM. The effect of cessa-
tion of smoking on the accumulative survival rates of patients
with symptomatic peripheral vascular disease. Med J Aust
1983; 1: 217-9

Leng GC, Papacosta O, Whincup P, et al. Femoral atherosclero-
sis in an older British population: prevalence and risk factors.
Atherosclerosis 2000; 152: 167-74

Drugs 2003; 63 (7)



646

Kim et al.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

34.

35.

36.

Jonason T, Ringqvist I. Factors of prognostic importance for
subsequent rest pain in patients with intermittent claudication.
Acta Med Scand 1985; 218: 27-33

Hirsch AT, Treat-Jacobson D, Lando HA, et al. The role of
tobacco cessation, antiplatelet and lipid-lowering therapies in
the treatment of peripheral arterial disease. Vasc Med 1997; 2:
243-51

Ameli FM, Stein M, Provan JL, et al. The effect of post-
operative smoking on femoropopliteal bypass grafts. Ann Vasc
Surg 1989; 3: 20-5

Silagy C, Mant D, Fowler G, et al. Meta-analysis on efficacy of
nicotine replacement therapies in smoking cessation. Lancet
1994; 343: 139-42

Hurt RD, Sachs DPL, Glover ED, et al. A comparison of
sustained-release bupropion and placebo for smoking cessa-
tion. N Engl J Med 1997; 337: 1195-202

Murabito JM, D’ Agostino RB, Silbershatz H, et al. Intermittent
claudication: a risk profile from the Framingham Heart Study.
Circulation 1997; 96: 44-9

Vogt MT, Cauley JA, Kuller LH, et al. Prevalence and corre-
lates of lower extremity arterial disease in elderly women. Am
J Epidemiol 1993; 137: 559-68

Safar ME, Laruent S, Asmar RE, et al. Systolic hypertension in
patients with arteriosclerosis obliterans of the lower limbs.
Angiology 1987; 38: 287-95

Collins R, Peto R, MacMahon S, et al. Blood pressure, stroke,
and coronary heart disease, II: short-term reductions in blood
pressure: overview of randomized drug trials in their epidemi-
ological context. Lancet 1990; 335: 827-38

Solomon SA, Ramsay LE, Yeo WW, et al. Beta blockade and
intermittent claudication: placebo controlled trial of atenolol
and nifedipine and their combination. BMJ 1991; 303: 1100-4

Hiatt WR, Stoll S, Nies AS. Effect of beta-adrenergic blockers
on the peripheral circulation in patients with peripheral vascu-
lar disease. Circulation 1985; 72: 1226-31

Radack K, Deck C. Beta-adrenergic blocker therapy does not
worsen intermittent claudication in subjects with peripheral
arterial disease: a meta-analysis of randomized controlled tri-
als. Arch Intern Med 1991; 151: 1769-76

The sixth report of the Joint National Committee on Prevention,

Detection, Evaluation and Treatment of High Blood Pressure.
Arch Intern Med 1997; 157: 2413-46

. Rutherford JD, Pfeffer MA, Moye LA, et al. Effects of captopril

on ischemic events after myocardial infarction: results of the
Survival and Ventricular Enlargement trial. Circulation 1994;
90: 1731-8

Yusuf S, Pepine CJ, Garces C, et al. Effect of enalapril on
myocardial infarction and unstable angina in patients with low
ejection fractions. Lancet 1992; 340: 1173-8

Dahloef B, Devereux RB, Kjeldsen SE, et al. Cardiovascular
morbidity and mortality in the Losartan Intervention For End-
point reduction in hypertension study (LIFE): a randomized
trail against atenolol. Lancet 2002; 359: 995-1003

Yusuf S, Sleight P, Pogue J, et al. Effects of an angiotensin-
converting-enzyme inhibitor, ramipril, on death from cardio-
vascular causes. N Engl J Med 2000; 342: 145-53

© Adis Data Information BV 2003. All rights reserved.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Randomized trial of cholesterol lowering in 4444 patients with
coronary heart disease: the Scandinavian simvastatin survival
(4S) study. Lancet 1994; 344: 1383-9

Sacks RM, Pfeffer MA, Moye LA, et al. The effect of pravasta-
tin on coronary events after myocardial infarction in patients
with average cholesterol levels. N Engl J Med 1996; 335:
1001-9

Pedersen TR, Kjekshus J, Pyorala K, et al. Effect of simvastatin
on ischemic signs and symptoms in the Scandinavian Simvas-
tatin Survival Study (4S). Am J Cardiol 1998; 81: 333-5

Heart Protection Study Collaborative Group. MRC/BHF Heart
Protection Study of cholesterol lowering with simvastatin in
20536 high-risk individuals: a randomized placebo-controlled
trail. Lancet 2002; 360: 7-22

Executive summary of the Third Report of the National Choles-
terol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel II1). JAMA 2001; 285: 2486-97

Clofibrate and niacin in coronary heart disease. JAMA 1975;
231: 360-81

Canner PL, Berge KG, Wenger NK, et al. Fifteen year mortality
in Coronary Drug Project patients: long-term benefit with
niacin. J Am Coll Cardiol 1986; 8: 1245-55

Brown G, Albers JJ, Fisher LD, et al. Regression of coronary
artery disease as a result of intensive lipid lowering therapy in
men with high levels of apolipoprotein B. N Engl ] Med 1990;
323: 1289-98

Blankenhom D, Nessim S, Johnson R, et al. Beneficial effects
of combined colestipol-niacin therapy on coronary atheroscle-
rosis and coronary venous bypass grafts. JAMA 1987; 257:
3233-40

Elam MB, Hunninghake DB, Davis KB, et al. Effect of niacin
on lipid and lipoprotein levels and glycemic control in patients
with diabetes and peripheral arterial disease. The ADMIT
Study: a randomized trial. JAMA 2000; 284: 1263-70

Chesney CM, Elam MB, Herd JA, et al. Effect of niacin,
warfarin, and antioxidant therapy on coagulation parameters in
patients with peripheral arterial disease in the Arterial Disease
Multiple Intervention Trial (ADMIT). Am Heart J 2000; 140:
631-6

Kannel WB, McGee DL. Diabetes and cardiovascular disease:
the Framingham Study. JAMA 1979; 241: 2035-8

Kannel WB, D’Agostino RB, Wilson PW, et al. Diabetes,
fibrinogen, and risk of cardiovascular disease: the Framingham
experience. Am Heart J 1990; 120: 672-6

Donnelly R, Emslie-Smith A, Gardiner I, et al. Vascular com-
plications of diabetes. BMJ 2000; 320: 1062-6

UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood glucose control with sulfonylureas or insulin compared
with conventional treatment and risk of complications in pa-
tients with type 2 diabetes (UKPDS 33). Lancet 1998; 352:
837-53

American Diabetes Association. Standards of medical care for
patients with diabetes mellitus. Diabetes Care 2001; 24 Suppl.
1: S33-43

. Antiplatelet Trialists” Collaboration. Collaborative overview of

randomized trials of antiplatelet therapy, I: prevention of
death, myocardial infarction, and stroke by prolonged anti-

Drugs 2003; 63 (7)



Drug Treatment of PAD

647

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

platelet therapy in various categories of patients. BMJ 1994;
308: 81-106

Antiplatelet Trialists’ Collaboration. Collaborative overview of
randomized trials of antiplatelet therapy, II: maintenance of
vascular graft or arterial patency by antiplatelet therapy. BMJ
1994; 308: 159-68

Schafer Al. Antiplatelet therapy. Am J Med 1996; 101: 199-209

McCollum C, Alexander C, Kenchington G, et al. Antiplatelet
drugs in femoropopliteal vein bypasses: a multicenter trial. J
Vasc Surg 1991; 13: 150-61

Janzon L, Bergqvist D, Boberg J, et al. Prevention of myocardi-
al infarction and stroke in patients with intermittent claudica-
tion: effects of ticlopidine: results from the STIMS, the Swed-
ish Ticlopidine Multicenter Study. J Intern Med 1990; 227:
301-8

Blanchard J, Carreras LO, Kindermans M, et al. Results of
EMATAP: a double-blind placebo-controlled multicenter trial
of ticlodipine in patients with peripheral arterial disease. Nouv
Rev Fr Hematol 1993; 35: 523-8

Arcan JC, Panak E. Ticlopidine in the treatment of peripheral
occlusive arterial disease. Semin Thromb Hemost 1989; 15:
167-70

Balsano F, Coccheri S, Libretti A, et al. Ticlopidine in the
treatment of intermittent claudication: a 21-month double-
blind trial. J Lab Clin Med 1989; 114: 84-91

Prescribing information: Ticlid® (ticlodipine hydrochloride)
tablets. In: Physicians’ Desk Reference®. Montvale (NJ):
Medical Economics Co., 2000: 2670-3

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

Tilgren C. Obliterative arterial disease of the lower limbs, IV:
evaluation of long-term anticoagulation therapy. Acta Med
Scand 1965; 178: 203-19

Smith P, Arneson H, Holme I. The effect of warfarin on mor-
tality and reinfarction after myocardial infarction. N Engl J
Med 1990; 232: 147-52

Working party on thrombolysis in the management of limb
ischemia. Thrombolysis in the management of lower limb
peripheral arterial occlusion-a consensus document. Am J
Cardiol 1998; 81: 207-18

Knatterud GL, Rosenberg Y, Campeau L, et al. Long-term
effects on clinical outcomes of aggressive lowering of low-
density lipoprotein cholesterol levels and low-dose anticoagu-
lation in the post coronary artery bypass graft trial: Post CABG
Investigators. Circulation 2000 Jul 11; 102 (2): 157-65

Conlan MG, Folsom AR, Finch A, et al. Associations of factor
VIIT and von Willebrand factor with age, race, sex and risk
factors for atherosclerosis: the Atherosclerosis Risk in Com-
munities (ARIC) Study. Thromb Haemost 1993; 70: 380-5

Cortellaro M, Cofrancesco E, Boschetti C, et al. Increased
fibrin turnover and high PAI-1 activity as predictors of ische-
mic events in atherosclerotic patients. Arterioscler Thromb
1993; 13: 1412-7

Garg R, Elam MB, Crouse JR, et al. Effective and safe modifi-
cation of multiple atherosclerotic risk factors in patients with
peripheral arterial disease. Am Heart J 2000; 140: 790-803

© Adis Data Information BV 2003. All rights reserved.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

Angelkort B, Spurk P, Habbaba A, et al. Blood flow properties
and walking performance in chronic arterial occlusive disease.
Angiology 1985; 36: 285-92

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

Lindgarde F, Labs KH, Rossner M. The pentoxitylline experi-
ence: exercise testing reconsidered. Vasc Med 1996; 1: 145-54

Lindgarde F, Jelnes R, Bjorkman H, et al. Conservative drug
treatment in patients with moderately severe chronic occlusive
peripheral arterial disease: Scandinavian Study Group. Circu-
lation 1989; 80: 1549-56

Dawson DL, Cutler BS, Hiatt WR, et al. A comparison of
cilostazol and pentoxifylline for treating intermittent claudica-
tion. Am J Med 2000; 109: 523-30

Hood SC, Moher D, Barber GG. Management of intermittent
claudication with pentoxifylline: meta-analysis of randomized
controlled trials. CMAJ 1996; 155: 1053-9

Girolami B, Bernardi E, Prins MH, et al. Treatment of intermit-
tent claudication with physical training, smoking cessation,
pentoxifylline, or nafronyl: a meta-analysis. Arch Intern Med
1999; 159: 337-45

Kohda N, Tani T, Nakayma S, et al. Effect of cilostazol, a
phosphodiesterase III inhibitor, on experimental thrombosis in
the porcine carotid artery. Thromb Res 1999; 96: 261-8

Igawa T, Tani T, Chijiwa T, et al. Potentiation of anti-platelet
aggregating activity of cilostazol with vascular endothelial
cells. Thromb Res 1990; 57: 617-23

Tsuchikane E, Fukuhara A, Kobayashi T, et al. Impact of
cilostazol on restenosis after percutaneous coronary balloon
angioplasty. Circulation 1999; 100: 21-6

Coffman JD. Vasodilator drugs in peripheral vascular disease. N
Engl J Med 1979; 300: 713-7

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

Dawson DL, Culter BS, Meissner MH, et al. Cilostazol has
beneficial effects in the treatment of intermittent claudication:
results from a multicenter, randomized, prospective, double-
blinded trail. Circulation 1998; 98: 678-86

Beebe HG, Dawson DL, Cutler BS, et al. A new pharmacologi-
cal treatment for intermittent claudication: results of a random-
ized, multicenter trial. Arch Intern Med 1999; 159: 2041-50

Packer M, Carver JR, Rodheffer RJ, et al. Effect of oral

milrinone on mortality in severe chronic heart failure. N Engl J
Med 1991; 325: 1468-75

Correspondence and offprints: Dr David S. Sheps, Division
of Cardiovascular Medicine, Department of Medicine, Uni-
versity of Florida, Box 100277, Gainesville, FL 32610, USA.
E-mail: shepsds@aol.com

Drugs 2003; 63 (7)



	Contents 637
	Abstract 637
	1. Risk Factor Modifications 639
	1.1 Cigarette Smoking 639
	1.2 Hypertension 639
	1.3 Dyslipidaemia 640
	1.4 Diabetes Mellitus 641

	2. Antiplatelet Therapy 642
	2.1 Aspirin 642
	2.2 Dipyridamole, Ticlopidine and Clopidogrel 642
	2.3 Warfarin 643

	3. Pharmacotherapy for Claudication 644
	3.1 Pentoxifylline 644
	3.2 Cilostazol 644

	4. Conclusion 645
	Acknowledgements 645
	References 645
	Correspondence 647
	Email 647

