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Peripheral arterial disease: prognostic significance and
prevention of atherothrombotic complications
Paul E Norman, John W Eikelboom and Graeme J Hankey

P

eripheral arterial disease, whether symptomatic or not, refers
to occlusive disease of lower-limb arteries. It is most commonly caused by atherothrombosis, but may reflect other
disease, such as arteritis, aneurysm, and embolism. In recent years,
it has become evident that PAD is an important predictor of
substantial coronary and cerebral vascular risk.1-4
Increased awareness of the prognostic importance of PAD5,6 has
led toThe
a search
for sensitive
markers.
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Clinical Update of the ABPI in general clinical practice is poor,
and implementation
the concept and prevalence of asymptomatic PAD is not widely
appreciated, and PAD continues to be underdiagnosed and undertreated.5 There is also evidence that the management of risk factors
in patients with symptomatic PAD is inadequate.9
In this article, we aim to examine:
• ABPI as a valid and reliable diagnostic marker of PAD;
• PAD, defined either by symptoms or an abnormal ABPI, as a
significant independent risk factor for systemic atherothrombosis;
• incorporating an assessment of PAD into the assessment of
overall vascular risk; and
• modifiable causal risk factors for PAD, and the potential for
appropriate vascular risk factor control to reduce the burden of
vascular disease.
We will not discuss the management of the lower-limb consequences of PAD.
Diagnosing peripheral arterial disease
Most clinicians think of PAD in terms of symptoms (intermittent
claudication, rest pain) and abnormal signs (diminished peripheral
pulses, ischaemic ulceration and gangrene). The clinical diagnosis
and assessment of severity of intermittent claudication is not
always reliable, and various structured questionnaires (notably
World Health Organization/Rose and Edinburgh Claudication
questionnaires) have been used in epidemiological studies.10
However, PAD can be confirmed in most cases by measuring the
ABPI (Box 1).11,12 This index is a simple, non-invasive bedside tool
for diagnosing PAD that can be used by any clinician. An ABPI of
less than 0.9 is diagnostic of PAD (Box 2). In addition to providing
a semi-quantitative and objective measure of the severity of
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ABSTRACT
• The prevalence of peripheral arterial disease (PAD) in people
aged over 55 years is 10%–25% and increases with age; 70%–
80% of affected individuals are asymptomatic; only a minority
ever require revascularisation or amputation.
• Patients with PAD alone have the same relative risk of death
from cardiovascular causes as those with coronary or
cerebrovascular disease, and are four times more likely to die
within 10 years than patients without the disease.
• The ankle–brachial pressure index (ABPI) is a simple, noninvasive bedside tool for diagnosing PAD — an ABPI less than
0.9 is considered diagnostic of PAD.
• About half of patients with PAD (defined by an abnormal
ABPI) have symptomatic coronary or cerebral vascular
disease.
• The ABPI is an independent predictor of coronary and
cerebrovascular morbidity and mortality.
• Patients with PAD require medical management to prevent
future coronary and cerebral vascular events.
• There are currently insufficient data to recommend routine
population screening for asymptomatic PAD using the ABPI.
MJA 2004; 181: 150–154

symptomatic PAD, the index also allows for identification of
asymptomatic PAD (Box 3). The validity of the ABPI as a diagnostic
marker of subclinical arterial vascular disease is confirmed by its
adverse prognostic significance for coronary and cerebrovascular
events.1,2,7,8
Duplex scanning, magnetic resonance imaging, computed tomography and digital subtraction angiography are also useful in
assessing PAD, but are generally used for anatomical localisation of
arterial disease before intervention rather than for initial diagnosis.
Epidemiology of peripheral arterial disease
The incidence of symptomatic PAD increases with age, from about
0.3% per year for men aged 40–55 years to about 1% per year for
men aged over 75 years.10 The prevalence of PAD varies considerably depending on how PAD is defined, and the age (and, to a lesser
extent, sex) of the population being studied.14 Using the definition
of an ABPI less than 0.9, most epidemiological studies report the
prevalence of PAD to be about 10%–25% in men and women over
55 years of age.15 Although only about 10%–20% of people with
PAD identified in epidemiological studies are symptomatic (usually
with intermittent claudication), this may be an underestimate
because of underascertainment of symptomatic cases.15,16 The
prevalence of PAD rises with age (eg, from 10.6% in men aged 65–
69 years to 23.3% in men aged 75–79 years in a population-based
Western Australian study17). On average, the prevalence of symptomatic disease at around 60 years of age is about 5%.10
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1 Measuring the ankle–brachial pressure index

2 The ankle–brachial pressure index*
Ankle–brachial
pressure index*

Interpretation†

> 1.1

Normal but consider incompressible
(calcified) arteries

0.9–1.1

Normal range

0.7–0.89

Consistent with mild to moderate peripheral
arterial disease (asymptomatic or intermittent
claudication)

< 0.7

Consistent with moderate to severe peripheral
arterial disease (intermittent claudication or
rest pain)

* The ratio of the brachial systolic pressure divided by the systolic pressure
detected in the posterior tibial or dorsalis pedis pulse (whichever is highest),
measured as shown in Box 1. † Based on Fowkes.13

(a) Hand-held Doppler probe being used to measure systolic
pressure in the dorsalis pedis pulse.

3 The role of ankle–brachial pressure index in
clinical practice

Right ABPI

Left ABPI

Higher of the two right ankle pressures

Higher of the two left ankle pressures

Higher of the two arm pressures

Higher of the two arm pressures

• Confirms the clinical diagnosis of peripheral arterial disease,
particularly in patients with atypical symptoms or co-existing
musculoskeletal problems.
• Provides a semi-quantitative (see Box 2) assessment of:

Right arm
systolic pressure

Right ankle Posterior tibial
systolic
Dorsalis pedis
pressure

Left arm
systolic pressure

Posterior tibial Left ankle
Dorsalis pedis

systolic
pressure

(b) Measurement of the ankle–brachial pressure index.
ABPI = ankle–brachial pressure index. Adapted from Hiatt WR.11

• severity of peripheral arterial disease, including asymptomatic
disease;
• progression of peripheral arterial disease over time; and
• response to intervention for peripheral arterial disease.
• Provides an indication of overall cardiovascular risk (see Box 4).

Systemic complications
While most patients fear amputation, it is cardiac or cerebrovascular events that are the major threats to handicap-free survival. PAD
is associated with a fourfold increase in the risk of cardiovascular
death, from about 1% per year among control subjects to 4%–6%
per year among patients with PAD.3,8,18 The more severe the PAD
as measured by the ABPI, the worse the prognosis (Box 4).4,8,12
Patients with symptomatic PAD have a 15-year accrued survival rate
of about 22%, compared with a survival rate of 78% in patients
without symptoms of PAD. Patients with critical leg ischaemia,
who have the lowest ABPI values, have an annual mortality of
25%.19
Reducing the burden of cardiovascular disease

Prognosis
Lower-limb complications
A minority of patients with intermittent claudication suffer from
worsening leg symptoms (rest pain, ischaemic ulceration or gangrene). Estimates of the proportion of patients with intermittent
claudication needing intervention, such as angioplasty or bypass
surgery, vary considerably, but are of the order of 10%–20%, with
only 1%–2% of patients progressing to amputation over five
years.10 Continued smoking, diabetes and a low initial ABPI are
the main risk factors for progression to amputation.10

Much of the evidence pertaining to primary and secondary
prevention of cardiovascular events in patients with PAD has been
extrapolated from observational and case–control studies of
patients with PAD, and randomised-controlled trials in patients
with coronary heart disease. The evidence we discuss here for the
use of interventions is graded according to the National Health and
Medical Research Council system for assessing levels of evidence.20
Unfortunately, not all of the interventions known to reduce
cardiovascular mortality (Box 5) will necessarily improve the
symptoms of intermittent claudication.
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4 Kaplan–Meier survival plot for 4268 patients at risk for
incident cardiovascular disease, by level of ankle–
brachial pressure index

• Smoking cessation (E32)

100

• Regular exercise and weight loss (E32)

90
% Surviving

5 Strategies for secondary prevention of serious
vascular events in patients with peripheral arterial
disease*

• Treatment of diabetes (E2)
• Treatment of hypertension (E2)

Ankle–brachial
pressure index:
< 0.8
0.8 to < 0.9
0.9 to < 1.0
1.0 to < 1.5

80
70
60

• Treatment of hyperlipidaemia with statins (E2)
• Antiplatelet drug therapy (E1)
• Angiotensin-converting enzyme inhibitor (E2)
* See reference 20 for definition of levels of evidence.

50
0

1

2

3

4

5

6

Years
Reproduced with permission from Newman et al.12 Ankle–brachial pressure
index (ABPI) < 0.8, 213 patients; ABPI 0.8 to < 0.9, 196 patients; ABPI 0.9 to
<1.0, 536 patients; ABPI 1.0 to < 1.5, 3323 patients. An ABPI less than 0.9 was
associated with a 1.62 (95% CI, 1.24–2.12) relative risk of death.

Smoking cessation (level of evidence, E32)
Smoking cessation remains a priority for all smokers — the
survival benefit from cessation is unequivocal.21 Over 80% of
patients with PAD are current or ex-smokers.19 The association
between smoking and PAD is about twice as strong as that with
coronary heart disease.10,22 Smoking results in earlier onset of
symptoms and the severity of PAD increases with the number of
cigarettes smoked. For patients with intermittent claudication,
previous smoking has a long legacy of increased risk of PAD.17,18,22
It is important to emphasise to patients with symptomatic PAD
that their leg symptoms will probably worsen, the results of any
intervention will be less successful and the risks of amputation
greater if they continue to smoke.23 Strategies for helping patients
quit smoking have been reviewed elsewhere.23
Exercise and weight loss (E1)
There is ample evidence that regular exercise is good for cardiovascular health.24 There is also evidence that exercise can improve
walking distance in patients with intermittent claudication.25 It is
likely that a structured or supervised program is most effective,
particularly for older patients. Weight loss is generally associated
with improved cardiovascular health and, in the case of intermittent claudication, it should, for obvious reasons, result in an
increased walking distance.
Treatment of hyperlipidaemia (E2) and hypertension (E2)
The association between hyperlipidaemia and PAD is not as strong
as it is with coronary heart disease. There is, however, recent
evidence that lipid-lowering with a statin may improve walking
distance in patients with intermittent claudication.28 More importantly, the Heart Protection Study reported that simvastatin (40 mg
daily) use in patients with PAD (including those without prior
coronary heart disease) resulted in a highly significant 25%
proportional reduction in all major vascular events.29 For this
reason alone, a statin should be considered for all patients with
PAD, although the threshold cholesterol level for qualifying for a
Pharmaceutical Benefits Scheme authority prescription is still
higher for PAD than coronary heart disease (> 6.5 mmol/L v
4.0 mmol/L30).
152

Intervention trials in hypertension have not included intermittent claudication as an endpoint.31 It is unlikely that controlling
hypertension will improve intermittent claudication, but it will
reduce the risk of other cardiovascular events, particularly
stroke.32
Treatment of diabetes (E2)
Diabetes is important in PAD for a number of reasons (Box 6).
Patients with diabetes are prone to medial calcification (Mönckeberg’s sclerosis) of lower-limb arteries in particular. While not an
occlusive process, this pattern of calcification is a marker of poor
prognosis.33 Good glycaemic control has the potential to prevent,
or at least delay, amputation in patients with diabetes. This is
primarily through preventing neuropathy and its associated ulceration and infection rather than stopping progression of any
macrovascular PAD. Intensive glycaemic control also reduces the
risk of other diabetes-related microvascular disease, particularly
renal and ocular complications.34
Antiplatelet drugs (E1)
Aspirin has an established role in preventing myocardial infarction,
stroke and cardiovascular death.35 Aspirin does not improve
intermittent claudication, but appears to delay progression and
reduce the need for intervention in PAD.36 In terms of secondary
prevention, the CAPRIE study showed that clopidogrel compared
with aspirin was associated with an 8.7% (95% CI, 0.3%–16.5%)
relative-risk reduction in stroke, myocardial infarction, or vascular
death.37 Subgroup analyses suggested that the greatest efficacy of
clopidogrel compared with aspirin was in patients with PAD, in
whom there was a 24% risk reduction. Despite these data,
clopidogrel is not approved as a replacement for aspirin in patients
who have worsening PAD despite aspirin therapy.30 Warfarin is not
indicated for uncomplicated PAD, although it may be useful
following intervention.
Angiotensin-converting enzyme (ACE) inhibitors (E2)
Several large trials have shown that ACE inhibitors improve
outcomes in patients with cardiovascular disease,38 including
those with clinical or subclinical PAD.39 The magnitude of the
treatment effect was greater than might be expected by the
reduction achieved in blood pressure, suggesting that ACE inhibitors may have a direct beneficial effect on the heart or vasculature
independent of their effect on blood pressure. Of interest is that
subgroup analysis in the HOPE trial suggested that patients with
PAD gained even more benefit from ramipril than those without
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6 Diabetes and peripheral arterial disease
• The prevalence of diabetes in intermittent claudication is up to
20%, with some cases of diabetes previously undiagnosed
(therefore, consider screening for diabetes).
• Intermittent claudication is about twice as common in patients
who have diabetes compared with patients who do not.
• Neuropathy associated with diabetes greatly increases the risk of
foot sepsis and progression to amputation; more intensive
management of all risk factors in patients with intermittent
claudication and diabetes is indicated.
• Ankle–brachial pressure index may be spuriously high in patients
with diabetes because arteries are incompressible (calcified).

8 Questions that need to be answered before the ankle–
brachial pressure index (ABPI) can be recommended
for population screening*
Answer is yes or probably yes:
1. Is ABPI a convenient, standardised and valid test that
independently predicts events?
2. Are there population norms to guide the interpretation of the
results of ABPI?
3. Is a low ABPI specific for increased cardiovascular risk?
4. Does measuring the ABPI provide clinically significant prognostic
value above and beyond that provided by traditional risk factors?
Answer is unknown:
5. Will the results of the ABPI change clinical management?

7 Indications for referring a patient to a vascular surgeon
• Rest pain, ischaemic ulceration or gangrene.
• Intermittent claudication which interferes with work or lifestyle, has
not responded to a trial of non-interventional management, or is
associated with diabetes.
• Diagnostic uncertainty: atypical symptoms, coexisting
musculoskeletal cause for pain, ambiguous ankle–brachial
pressure index (incompressible arteries).

6. What are the direct and indirect risks of screening (eg, falsepositive and false-negative results)?
7. Does modification of the treatment plan on the basis of the results
of the ABPI lead to clinical benefit?
8. Does the overall benefit of measuring ABPI outweigh the adverse
consequences and costs associated with screening and follow-up?
* Adapted from Mosca.43

• Other (eg, significant carotid stenosis or aneurysmal disease).

PAD.38 Although ACE inhibitors are of potential concern in renal
artery stenosis (which is associated with PAD), it is likely that, with
careful monitoring, the secondary prevention benefits of ACE
inhibitors outweigh the risks in patients with PAD.31
Drugs for the treatment of intermittent claudication
This topic has been reviewed elsewhere.12 Numerous drugs for
treating intermittent claudication have been studied in randomised
and non-randomised trials; most were too small to be conclusive.
The drug with the most promise at present is cilostazol (an
inhibitor of phosphodiesterase type 3), which has been shown to
significantly improve walking distance by 20%–40% in four trials
involving 1534 patients with intermittent claudication12 (E1). This
drug is not currently available in Australia.
Novel risk-factor modification
Elevated blood levels of homocysteine, C-reactive protein and
fibrinogen have all been reported in patients with PAD, but it
remains to be shown that they are both causal and modifiable risk
factors for atherothrombosis. Modest alcohol consumption may be
beneficial in patients with PAD.10
Summary of implications for clinical practice
The “conservative therapy” approach to intermittent claudication
(let alone asymptomatic PAD) practised by many clinicians, particularly vascular surgeons, has tended to consist of reassurance,
surveillance and half-hearted strategies for promoting exercise and
smoking cessation.31 This approach is inadequate; there is now
compelling evidence that patients with PAD are at high risk of
cardiovascular death and that this risk can be reduced by a range
of medical therapies. The ABPI is an independent predictor of
coronary and cerebrovascular morbidity and mortality, and pro-

vides a convenient tool for further stratifying patients according to
their cardiovascular risk. This is particularly so for those determined to be at intermediate risk by traditional Framingham-based
criteria, who may not otherwise qualify for the most intensive riskfactor intervention.40 Data from several large drug trials indicate
that patients with PAD may gain as much, if not more, benefit from
intervention than those with other manifestations of atherothrombosis.29,37,38 Although specialist vascular surgeons should be
involved in managing severe PAD (Box 7), management of mild
disease and risk factors should be undertaken by all clinicians.
Unanswered questions and future research
From a population perspective, secondary prevention has its
limitations, as most vascular events occur in individuals without
pre-existing clinical disease. Screening for asymptomatic atherothrombotic disease using the ABPI, followed by primary-prevention measures, has been advocated in the past.41 This is supported
by the observation that people with asymptomatic PAD appear to
have the same increased risk of cardiovascular death as those with
intermittent claudication, and that some of these deaths are
preventable.42 However, several questions need to be considered
before implementing routine screening for risk factors in clinical
practice,43 and many of these remain unanswered with respect to
the ABPI (Box 8). We believe it is premature to recommend
screening for PAD in the general population, as there are as yet
insufficient data to support the pharmacological treatment of
asymptomatic PAD in patients without other cardiovascular risk
factors, and it remains to be shown that the overall benefit
outweighs the adverse consequences and costs associated with
screening and follow-up.
The introduction of similar regulations for the prescribing of
statins and clopidogrel for symptomatic PAD as for coronary heart
and cerebrovascular disease also needs to be addressed.
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